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ABSTRACT

Hearing is one of the major senses that enables distant communication, with the cochlea in the inner ear and its associated structures serving as the site where sound waves are transformed into an action potentials. However, this processing of hearing is disrupted by many factors, which include infectious agents, cardiovascular disease, diabetes mellitus, and advancing age (age-related hearing loss [ARHL]). ARHL or presbycusis is the most common communication disorder, which is primarily the degeneration of the cochlea. It is a complicated and multifactorial disease exacerbated by both genetic background and environment of an individual. The affected individuals are unable to hear and recognize the sound especially in noisy areas. Four categories of hearing loss have been represented. Many genes and quantitative trait loci control the trait of hearing. Many studies have been conducted on a mouse model for studying the effects of different loci on hearing loss. The problem of hearing loss may cause incident dementia, fall, depression, and social isolation in the affected individuals. However, an early assessment could help to curtail the negative outcome of hearing impairment. Use of hearing aids is effective in perceiving sound, thus, helpful in hearing. However, they are not easily affordable for many individuals. The aim of the study was to evaluate different types of hearing loss: ARHL, its genetic, cellular, and molecular basis, and its evaluation and treatment.
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Introduction

Hearing is one of the major senses that enables distant communication. Ears are the paired organs that receive and transmit the sound waves coming from air, solids, and liquids. The brain and central nervous system are the structures that manipulate the sound waves. The ear is divided anatomically into three parts, i.e., the external ear, the middle ear, and the inner ear. The vibrations produced by these sound waves strike the tympanic membrane or the eardrum. These vibrations are transmitted to three ossicles (malleus, incus, and stapes). Finally, these sound waves are transferred to the cochlea in the inner ear, causing the basilar membrane to oscillate.

An action potential is generated by the nerve cells present on the basilar membrane. The problem in any part of the ear may lead to hearing impairment. This problem of hearing loss may result from infections, genetic deficit, an increased exposure to noise (intense sound), biochemical insult, tumor growth, head injury and aging. Among different causes of congenital hearing loss, 50% are genetic in nature, 25% are idiopathic, and the remaining 25% are acquired. The genetic causes further comprise syndromic (30%) and nonsyndromic (70%). On the basis of inheritance pattern, 77% of genetic cases are autosomal-recessive, 22% are autosomal-dominant, and 1% are X-linked. While mitochondrial inheritance comprises 1% transfer from the mother.

Prelingual deafness poses a real threat to other disabilities. The capability to hear in early growth ages is critical for the normal development of speech and cognition. The hearing impairment also leads to reduced visual reception along with other motor skills of a child.



Causes of Hearing Loss


Viral Infections

Viral infections can lead to up to 40% of hearing loss in humans, which may be congenital or acquired. These viruses may cause mild or severe infections, which may either be unilateral or bilateral. The inner ear structures—hair cells or the organ of Corti—are directly damaged by these viral infections.1 Cytomegalovirus (CMV, which is a double-stranded DNA virus) is an early acquired virus in utero. More than 1% neonates are infected with this virus in the United States.2 A mother infected by this virus in an earlier pregnancy will cause an increase in the number of newborns infected by this virus.3,4 CMV causes an inflammation in the cochlea, organ of Corti, spiral ganglion, Reissner’s membrane, and scala media.5,6 The hearing impairment can be diagnosed in infected children at an early age of 27–33 months.

Rubella is another virus (RNA single-stranded virus) that also causes hearing loss in infants by maternal infection during early pregnancy. It may manifest as congenital cataract, intellectual disability, microcephaly, cardiac anomalies, and blueberry muffin lesions.7

Immunodeficiency virus (HIV) is another single-stranded RNA retrovirus that causes 14%–49% auditory impairment in infected patients.8,9 Investigations have suggested that HIV causes both central and peripheral infection in the auditory system. HIV has been found associated with vestibular hair cells, tectorial membrane, and the cells of stria vascularis.10 The severity of this viral infection causes severe hearing impairment in the infected individual.9 Hearing loss occurs as a result of acquired viral infections such as measles (a single-stranded RNA virus), which cause 5%–10% hearing loss in the United States.11 Varicella-zoster virus (which is a double-stranded DNA enveloped virus) is transmitted through sneezing and coughing by direct contamination with the fluid from vesicles of an infected person.

Another infectious disease that causes hearing loss is mumps (caused by a single-stranded RNA virus), which can also lead to complications such as pancreatitis, oophoritis, infertility, and orchitis.12 Vaccines and other antiviral drugs can be manipulated to decrease the level of severity of hearing loss in congenital and acquired viral infections.13 Use of hearing aids and cochlear implantation is also appropriate.



Noise-Induced Hearing Loss (NIHL)

NIHL is also considered to be a major cause of hearing loss which accounts for 7%–21% of occupational hearing loss in Europe.14 NIHL refers to the hearing loss in the frequency range from 0.5 to 6 kHz, as an average of both ears or for the better or worse ear.15 In a study conducted on cement industry workers, it was found that a decrease in hearing ability, which was 5 dB among the younger laborers of age 21–30 years in the 3–6 kHz frequency, and for older laborers, it was 20 dB.16

Similarly, the study conducted by Leensen suggests that a hearing loss in young and old construction workers was 0–7 dB as compared to the control group.17 Same results were obtained for NIHL in different studies conducted in the construction industries in different areas. The workers were exposed to noise, resulting in a decrease in hearing ability at a shipyard in India to 6% as compared to the office staff without noise exposure.18

In three independent studies conducted on over 87,000–140,000 US military personnel, it was reported that a higher-than-expected hearing loss was found among infantry soldiers who had an active experience of war.19,20 Similar results were obtained on the recruits having a service time of 11.7 months when compared to the nonexposed control.21

The farmers who had been using noisy machinery at farms had a higher risk of hearing loss in comparison to nonexposed full-time or part-time farmers.22 In further studies, it was reported that 40% people (mostly young adults) who were using hearing aids for listening to music faced a problem of hearing loss and had been experiencing hearing impairment for 1–20 years.23

However, hearing loss is also attributed to the genetics of the individual. Many studies have reported that there is a relationship between hearing loss and genetics.24,25 The genes that are involved in oxidative stress, heat-shock proteins, and endolymphatic potassium transport have been studied.



Other Factors of Hearing Loss

Hearing loss is the inevitable outcome of aging.26 However, there are some older individuals with normal hearing.27 The young individuals are also susceptible to hearing loss. However, the prevalence of hearing impairment in young individuals is lower in comparison to older individuals.28 Among other factors which account for hearing loss are noise exposure,29 cardiovascular diseases,30,31 exercise,32 and diabetes mellitus (DM).33

DM has been found to be associated with hearing loss in many studies. The serum glucose directly influences the hearing threshold in diabetic patients.34 The patients suffering from DM have been reported to have a higher incidence of sensorineural hearing loss. The hearing has been found normal during early stages of DM, but 30% of patients with chronic DM had a hearing impairment.35 The most recent studies show that 70% of patients with DM had sensorineural hearing impairment, which suggests that patients with DM type 2 require a higher hearing threshold as compared to healthy controls.36 The loss in sensorineural hearing loss may be caused by hyper viscosity caused either by DM or hypertension. The severity of hearing loss increases with an increase in the glucose level of diabetic patients.

“It was found that there is a delay in interpeak latencies I–III, III–V, I–V in the diabetic groups which suggests delayed transmission of the auditory stimulus in the auditory pathway of the diabetics at the level of brainstem and midbrain.”37 However, there is no supportive evidence available for hypertension to be a cause of hearing impairment.38

Hearing loss has also been reported at a young age. Historical data and recent studies show that the risk of hearing loss is increasing in school and college students.39 Tinnitus is the most prevalent condition among students. In a survey, it was reported that 85% students of American colleges faced the problem of tinnitus.40 However, the condition of tinnitus was permanent in 2% students only. Other students had a temporary or rare problem of tinnitus. The problem of tinnitus in Swedish High School students was 9% of 13–19 years of age.41 At the same time, other reports suggest that the prevalence of tinnitus is 15% in college students.

The students who reported the problem of tinnitus had exposure to loud music (up to 50% students) or workplace noise (29% students).42 The problem of tinnitus prevalence increases with an increase in age, especially after mid-50s.43 However, the problem of hearing loss is associated with low socioeconomic conditions of the people. These low socioeconomic conditions are correlated with smoking, insufficient exercise, poor diet, and excessive intake of alcohol.44 All of the factors are independently associated with a higher prevalence of hearing loss. The socioeconomic conditions during childhood account for an even greater proportion. However, the process of hearing loss can be delayed and the acuity of hearing loss can be moderated. Changing the environmental and socioeconomic conditions may decrease the prevalence of hearing impairment.

Males are more susceptible to hearing loss than females. However, other studies suggest that there is no correlation between sex and hearing loss. In previous studies, it was reported that non-White ethnicity had a reduced risk of hearing impairment, such as Bangladeshi, Pakistani, and African.45 This was associated with melanin, which could have a protective effect on the cochlea against hearing impairment.46 However, recent studies have contradictory findings that non-White ethnicity is susceptible to hearing loss. This can be related to poor health conditions in these regions.47



Age-Related Hearing Loss (ARHL)

Aging refers to a complicated biological process of gradual and irreversible decline in the physical, physiological, and metabolic abilities of an individual, increasing the risk of vulnerability to diseases and death. Cardiovascular diseases, hypertension, Alzheimer’s disease, type 2 diabetes, arthritis, cataract, osteoporosis, and cancer are all outcomes of the process of aging. Presbycusis or ARHL is also associated with the process of aging, which results from the deterioration of the cochlea, inner hair cells, or other associated structures.

The structural and functional changes in the central nervous system contribute to the process of presbycusis. The hearing loss commences at 30s, increases with the passage of time, and worsens after 70s, hence hearing loss is mild in early ages, gets moderate to severe with increasing age. Even some people do not feel that they have hearing loss unless the situation worsens. The other effects associated with hearing loss include communication difficulties, incident dementia, depression, negative mental state, cognitive decline, social isolation, and falls. It could also be responsible for fatal outcomes in case of roadside incidents.

The reasons for ARHL are complex. Genetic background, environment, and lifestyle of an individual contribute to ARHL as shown in Figure 1. ARHL is commonly linked to alterations in the morphology of the inner ear. Other changes associated with ARHL are the those in the nerve pathway, tympanic membrane, and middle ear bones. ARHL is more common in families with severe ARHL. However, the general population is equally affected by the disease.


[image: An illustration depicts the different factors affecting ARHL, which include (i) advancing age, (ii) genetics, and (iii) environment.]

Fig 1 | Different factors affecting ARHL, which include (i) advancing age, (ii) genetics, and (iii) environment






Genetics of ARHL

The onset of ARHL and its severity are influenced by the inherited variations in multiple genes. Normal functioning of the gene is a prerequisite for the proper functioning of the ear. Any mutation in the described gene will be responsible for the onset of nonsyndromic hearing impairment at an early age. Other genes that are associated with ARHL are also involved in their role in the process of aging and other diseases associated with the process of aging. Alteration in the mitochondrial DNA (mtDNA) is one of the well-studied factors associated with ARHL. Mitochondria are the powerhouse of the cell, which converts the energy obtained from food into a specific form that cells can use. A small amount of DNA is also present in the mitochondria.

Mutations occur in mtDNA with aging, including deletions. The damage caused by these mutations results in the buildup of damaging molecules called reactive oxygen species (ROS), the byproduct of energy generation by the mitochondria. The malfunctioning, thus death of the cells, will occur if any damage occurs in mtDNA. Those cells are more susceptible to damage that have high energy requirements. The cells in the inner ear are more affected by this mtDNA damage. This damage will result in the malfunctioning of the cells, thus causing hearing impairment.

The genetic and molecular bases of ARHL can be well studied using mice as an animal model. Different patterns of ARHL are exhibited by different strains and specific loci are associated with increased hearing loss. The onset of hearing loss occurs in 18-month-old CBA/J mice. Other strains, such as C57BL/6, DBA/2G, and BALB/cJ, have an onset of ARHL between 2 and 3 months.46 However, a CBA/J mouse is not susceptible to other diseases and premature hearing impairment.48 The studies report that a loss in hair cells occurs in 18-month-old mice, which causes a high threshold shift, suggesting the loss of hair cells as a factor in hearing impairment.49 The degeneration of spiral ganglion takes place as a consequence of hair loss in many animal species, including mice, gerbils, and humans.50

The process of aging is strongly correlated with cochlear histopathologies, causing hearing impairment in rhesus monkeys as well as humans.51 The damage to the hair cells and spiral ganglion ultimately leads to damage to the organ of Corti. The same phenotype is present both in humans and mice during ARHL. The genetic studies of B6 mice show that the locus for hearing loss is present on chromosome 10 and was named “Age-Related Hearing Loss” and represented symbolically as ahl.52 The gene which causes the phenotype of hearing loss in mice is called modifier of deaf waddler (mdfw), with the atp2b2 gene mutation, which could be allelic with ahl.53 This ahl locus also contributes to acoustic trauma.54 SLC7A8 is another gene that has been found to be linked with ARHL in humans.

In humans, the locus DFNB29 for deafness is present on chromosome 21q22.1 and results from a recessive mutation in CLDN14, which encodes for claudin14, a family of proteins encoded by 27 genes and has the function in stabilizing and maintaining the integrity of basolateral and apical membrane domains, thus preventing the movement of solvents and solutes across the intracellular spaces.55 However, the junction is highly specialized and more elaborate between the hair cell and the Dieter cell, so that the ionic barrier is maintained between endolymph and perilymph.56 Hearing is a complex trait that demands the interaction and proper functioning of many genes. It is reported that more than 15 quantitative trait loci (QTLs) have been found and mapped, which contribute to the progression of ARHL in laboratory mice.57,58

However, the recent studies report that hearing impairment caused by the ahl/mdfw locus is associated with cadherin 23 (Cdh23).59 In addition to the Cdh23 gene, Gipc3, Cs, and Fscn2 also control the hearing ability. The progression of ARHL is delayed in the +ahl allele in B6 mice; however, the condition is inevitable in these mice. It is suggested that the ahl locus is associated with the damage and loss of the spiral ganglion and the organ of Corti. Another locus called ahl2, present on chromosome 5, may contribute to the retention of hearing.53 The other locus is present on chromosome 11 and represented symbolically as ahl8 in D2 and B6 mice.60 The genetic factors presumably control the onset of ARHL, but environmental insult is a major contributor to the damage in the cochlea.



Cellular and Molecular Bases of ARHL

The “longevity genes” and a healthy environment have helped in aging research both in humans and animals.61,62 The presence of longevity genes and availability of a healthy environment will promote healthy aging and vice versa. The cellular aging model can be categorized into (a) aging as a regulated program and (b) aging as dysregulation. The former category suggests that aging is an adaptation. A limited mitotic division in dividing cells is also an adaptation that causes shortening of the telomere.63 This mechanism ensures cell replacement and also provides defense against cancer.

The same condition may be applicable to the aging of the cochlea. The cell death caused by apoptosis, necrosis, or autophagy accelerates the process of aging. The apoptotic pathway, either extrinsic or intrinsic, activates a cascade of reactions that causes cell death by affecting the stability of mitochondrial membranes. The endoplasmic reticulum, on the other hand, under stress stimulus will accumulate Ca2+, activation of caspases and ultimately cause damage in DNA. The death or DNA damage in the cells of the cochlea with the passage of time will cause presbycusis, because the gene expression in the cochlea changes. It will eventually alter the gene expression of important housekeeping genes and membrane lipids.64 In a recent study, it was demonstrated that quantitative analysis of normal ears of 54–89 years of age suggests that cochlear synaptopathy and degeneration of cochlear nerve peripheral64 axons may contribute to human presbycusis.

Oxidative stress is another important factor that causes cellular injury. This oxidative attack on cellular DNA, biomolecules, and metabolic pathways will promote environmental stress. According to the free-radical theory of aging, proposed by Herman (1956), “Progressive oxidation is called Aging”. This theory is also applicable to presbycusis. Ototoxicity, noise, and ischemia also exert oxidative stress on the cochlea, leading to cochlear injury (Rybak, Talaska Chap. 8). The modifications in DNA, lipids, and proteins in cochlear cells caused by oxidation will increase during the process of aging.

The inactivation or suppression of genes that code for antioxidant enzymes glutathione peroxidase and SOD1 will exacerbate the cochlear pathology in ARHL, including loss of neurons, hair cells, and thinning of stria vascularis. The administration of antioxidants, such as D-methionine, glutathione, and N-acetyl cysteine, causes a reduction in ototoxic and noise injury. The dietary supplementation of vitamin C, vitamin E, and carotenoids will slow the process of degeneration of the cochlea and hearing loss.

The error in mtDNA caused by mutations or ROS will hamper the process of energy production of the cell, thus causing an impairment of the entire cell function (Table 1). The mitochondrial clock theory65 is analogous to the free-radical theory of aging. The error in mtDNA in cochlear cells will promote ARHL. The effect can be countered by antioxidants and caloric restrictions. Moreover, cellular aging also contributes to disruption and dysregulation of calcium, promoting neural presbycusis.66 The calcium dysregulation also modifies the Cdh23 locus,66 thus causing sensory presbycusis.




	Table 1 | Role of mtDNA & ROS in ARHL




	Factor
	Description
	Contribution to ARHL





	mtDNA
	Circular DNA located in mitochondria; encodes proteins essential for oxidative phosphorylation
	Mutations/deletions in mtDNA impair energy production in cochlear cells, especially hair cells



	mtDNA mutations
	Age-related increase in point mutations or deletions
	Accumulation leads to mitochondrial dysfunction and cell death in the cochlea



	ROS
	By-products of mitochondrial respiration; includes superoxide, hydrogen peroxide, etc.
	Excess ROS causes oxidative damage to proteins, lipids, and mtDNA in auditory cells



	Oxidative stress
	Imbalance between ROS production and antioxidant defenses
	Leads to mitochondrial damage, apoptosis of cochlear hair cells, and neural degeneration



	Antioxidant defenses
	Include glutathione, superoxide dismutase, catalase
	Age-related decline reduces protection against ROS, exacerbating mitochondrial and cochlear cell damage



	Mitochondrial dysfunction
	Result of accumulated mtDNA damage and oxidative stress
	Impaired adenosine triphosphate production affects high-energy-demanding cochlear cells → progressive hearing loss



	Apoptosis in cochlear cells
	Programmed cell death triggered by oxidative and mitochondrial stress
	Loss of inner/outer hair cells and spiral ganglion neurons → hallmark of ARHL





The insulin-like growth factor 1 (IGF-1) has a vital role in the development of the nervous system. Profound deafness, intellectual disability, and poor growth are the outcomes of a mutation in IGF-1 in humans.67 The level of IGF-1 is highest at puberty and adulthood and decreases with age.68 The IGF-1 also functions in neuroprotection, as its level is upregulated after brain injury. In a study, it was reported that IFG-1−/− null mice suffered from deafness at all stages, whereas IGF-1+/+ wild-type mice had a degeneration of spiral ganglion and suffered from significant presbycusis with a decrease in the level of IFG-1 with advancing age. So, it is suggested that IGF-1 is essential for the development and maintenance of normal hearing.69

Evidences suggest that hearing loss leads to a decrease in social activities, thus social isolation in these persons.70 The untreated hearing loss causes less educational attainment and thus less occupational status.71 Other studies report that females with hearing impairment face a social problem of not being married, whereas males are more likely to get married with hearing loss. However, psychological distress is a common problem both in men and women with hearing loss.72 Other effects are also shown in Figure 2. Risk factors and preventive approaches for ARHL have been explained in Table 2.
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Fig 2 | The figure shows various effects caused by ARHL in humans, including (i) social stigma, (ii) increased risk of dementia, (iii) reduced speech perception, (iv) speech/language delay, and (v) psychological stress






	Table 2 | Deep risk factors and preventive approaches for ARHL




	Category
	Risk Factor
	Mechanism/Contribution to ARHL
	Preventive Approach





	Genetic factors
	Genetic predisposition (e.g., mitochondrial mutations)
	Inherited susceptibility to oxidative stress or mitochondrial dysfunction
	Genetic screening, personalized medicine



	Mitochondrial decline
	mtDNA mutations, impaired biogenesis
	Reduced energy production in cochlear cells, increased apoptosis
	Antioxidant support, mitochondrial protectants (e.g., CoQ10, PQQ)



	Oxidative stress
	Excess ROS production
	Damages cochlear hair cells and neurons
	Antioxidants (e.g., vitamins C and E), lifestyle changes



	Inflammation
	Chronic low-grade inflammation (inflammaging)
	Promotes cochlear tissue degeneration
	Anti-inflammatory diet, physical activity



	Noise exposure
	Lifetime occupational or recreational noise
	Accelerates cochlear damage and hair cell loss
	Use of ear protection, noise regulations



	Ototoxic medications
	Aminoglycosides, cisplatin, loop diuretics, etc.
	Direct toxicity to cochlear structures
	Monitoring and limiting ototoxic drug exposure, alternatives when possible



	Metabolic disorders
	Diabetes, hypertension, dyslipidemia
	Impair blood supply and increase oxidative stress in the cochlea
	Control of blood glucose, BP, and lipid levels



	Nutritional deficiency
	Lack of essential vitamins/minerals (B12, folate, Mg, Zn)
	Impairs nerve and vascular health
	Balanced diet, supplementation as needed



	Lifestyle factors
	Smoking, alcohol abuse, sedentary lifestyle
	Increases oxidative and inflammatory burden
	Smoking cessation, moderation in alcohol, regular exercise



	Age-related changes
	Degeneration of cochlear cells and neurons
	Natural decline in cell function and repair capacity
	Early monitoring, auditory training, hearing aids as needed



	Cognitive decline
	Hearing loss and cognitive aging are interconnected
	Hearing loss may worsen cognitive decline
	Hearing rehabilitation may reduce cognitive burden



	Socioeconomic factors
	Limited access to hearing health care
	Delayed diagnosis and treatment
	Public health education, access to screening, and audiology services







Assessment of Hearing Loss

The physician should be vigilant in performing an early diagnosis of speech and language development in neonates, so that hearing loss can be detected at an early stage. The diagnosis includes physical examination of the child, in which assessment is made on the outer and inner ear morphology, facial symmetry and movement, head and jaw size, and their symmetry. Audiologic studies using the auditory brainstem response test give efficient hearing thresholds. Ancillary studies and imaging studies (MRI) are also effective in the early diagnosis of hearing loss.

For pediatric hearing loss, laboratory tests are also effective and reliable. Complete blood count, thyroid function test, urinalysis, and autoimmune serologies are performed in this regard. The other mode of assessment includes consultation from an ophthalmologist and genetic testing.

For assessment of presbycusis, speech audiometry and pure tone audiometry are effective. The diagnosis of hearing loss is based on the physical and medical history of the patient. The capability for localization of sound is reduced in the patients.73



Prevention and Treatment of ARHL


Altering Behavior

Many environmental/behavioral factors exaggerate the risk of ARHL. Ototoxicity, excessive noise, smoking, and low standards of living contribute to the risk of ARHL. Avoiding all of these factors will ultimately reduce the risk of ARHL. Hygienic living conditions, proper diet, and exercise are likely to preserve the hearing.



Pharmacological Approach

Calcium channel blockers may provide protection against ARHL. The dietary antioxidants may also prove effective against cochlear changes in ARHL.65 The redox homeostasis may also provide a web of checks and balances in antioxidant therapy (Wangemann Chap. 3). ROS perform signaling functions at their low concentration. However, the exogenous agents can disturb this balance.74

Several drugs are efficient in producing positive results of caloric restrictions. Metformin, 2-deoxyglucose (used for diabetes treatment), and resveratrol75 are included in these drugs. The first two drugs have their own potential risks and, therefore, are not recommended in anti-aging therapies. Resveratrol, on the other hand, is efficient in controlling the age-related pathologies by increasing the level of SIRT1, which is a longevity-promoting protein in mammals.

“Preconditioning” is another important phenomenon that provides protection against ARHL. The preconditioning includes noise exposure, heat shock, restraint, and hypoxia, applied in a controlled manner. This preconditioning involves noninjurious “noise-conditioning” and later on injurious “toughening”.76 However, the approach is impractical and is not applied clinically. This preconditioning activates some transcription factors, which will produce protective effects against certain diseases, including ARHL.77



Restoration of Lost Hearing

Prevention is the best option against ARHL. The restoration of lost cells poses a great challenge. The irreversible changes may occur in other cells due to a decrease in the cell population of the cochlea. For example, the loss of hair cells will ultimately lead to the replacement of the organ of Corti. Cochlear implants and hearing aids, however, may prove efficient in restoring the hearing capability. Cochlear implants are highly recommended as they are helpful in promoting the afferent neuron survival. Gene therapy is another option for restoring hearing, but it requires reprogramming of many cell types.



Use of Hearing Aids

Historically, the primary remediation for hearing loss has been the use of hearing aids. Modern technology has helped to develop advanced hearing devices. The hearing aids that are being used include smartphones, personal sound amplification products, hearing apps, and wireless hearing aids. These devices, however, are not affordable to many individuals. Moreover, there have been many reports that show that in spite of possessing these devices, many people do not use or rely on them. An evidence-graded decision matrix for ARHL management has been explained in Table 3.




	Table 3 | Evidence-graded decision matrix for arhl management




	Intervention
	Level of Evidence (GRADE)
	Effectiveness
	Target Population
	Clinical Recommendation Strength





	Hearing aids
	High
	Improves hearing function, quality of life
	Mild-to-moderate sensorineural hearing loss
	Strong



	Cochlear implants
	Moderate to High
	Improves speech perception in severe cases
	Severe-to-profound hearing loss
	Strong



	Antioxidant supplementation
	Low to Moderate
	Some benefit in slowing cochlear damage
	Elderly at risk of oxidative stress
	Conditional



	Auditory rehabilitation (training)
	Moderate
	Improves communication strategies
	Hearing-impaired older adults
	Strong



	Regular audiologic monitoring
	High
	Early detection, treatment adjustments
	All older adults, especially at risk
	Strong



	Noise exposure reduction
	High
	Prevents additional hearing damage
	All populations
	Strong



	Pharmacologic agents (e.g., neuroprotectants, anti-inflammatories)
	Low
	Experimental, unclear long-term outcomes
	Under clinical investigation
	Weak (Investigational)



	Lifestyle modifications (e.g., exercise, diet)
	Moderate
	Reduces systemic risks contributing to ARHL
	Aging population with comorbidities
	Strong



	Management of comorbidities (diabetes, hypertension)
	High
	Indirectly preserves cochlear health
	Adults with metabolic or vascular conditions
	Strong



	Genetic screening/precision therapy
	Low to Moderate
	Emerging tool, not yet standard
	At-risk families, early-onset ARHL
	Conditional








Conclusion

It is concluded from the study that hearing loss is a prevalent condition in the world and ARHL is the most common communication disorder in the world. The gene for hearing is located on chromosome 10 in humans. However, many QTLs are involved in controlling the process of hearing and hearing loss. ARHL is the outcome of the process of aging. Damaged DNA or death of the cell will lead to presbycusis. ROS and errors in mitochondrial DNA are other causes of ARHL. The suppression or defect in the genes encoding antioxidant enzymes will exacerbate the process of ARHL. Controlling the process of aging will help slow the onset of ARHL.
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