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Hearing loss is among the most prevalent chronic conditions affecting older adults worldwide.
According to the World Health Organization (WHO), approximately one-third of adults over age 65
experience disabling hearing loss, a figure that rises to over 50% in those aged 75 and older. By 2050,
the WHO estimates that more than 700 million people globally will have significant hearing
impairment.

Despite its high prevalence, hearing loss in elderly populations is frequently underdiagnosed and
undertreated. This is partly due to its gradual onset and the mistaken belief that hearing decline is an
inevitable, unmodifiable consequence of aging. Current evidence strongly suggests otherwise: many
forms of age-related hearing deterioration are preventable, modifiable, or substantially manageable
through a combination of protective behaviors, nutritional optimization, medical intervention, and
assistive technology. The consequences of untreated hearing loss extend far beyond communication
difficulty. Research has established robust associations between hearing impairment and:

» Accelerated cognitive decline and dementia (Frank Lin et al., Johns Hopkins, 2011-2023)
* Depression and social isolation

* Increased fall risk and physical disability

* Reduced quality of life and functional independence

* Elevated all-cause mortality

Age-Related Hearing Loss (Presbycusis)

Presbycusis (from Greek: presbys, elder + akousis, hearing) is the progressive, bilateral, symmetrical
sensorineural hearing loss associated with aging. It typically affects high-frequency sounds first
(>2,000 Hz), making it difficult to understand consonants such as /s/, /f/, /th/, and /sh/, which are
critical for speech intelligibility.

Type Primary Pathology Audiometric Pattern

Sensory Loss of hair cells in basal cochlea  Abrupt high-frequency decline

Neural Loss of spiral ganglion neurons Poor speech discrimination disproportionate to tone loss
Metabolic (Strial) Atrophy of stria vascularis Flat audiometric curve; gradual onset

Mechanical (Cochlear Conductive) Stiffening of the basilar membrane Gradually sloping loss

Mixed Combination of above Variable pattern

Clinicians must distinguish presbycusis from:
* Noise-induced hearing loss (NIHL): Often with a characteristic 4,000 Hz notch; history of loud
noise exposure
e Conductive hearing loss: Due to cerumen impaction, otosclerosis, or middle ear disease;
treatable
* Ototoxic hearing loss: Drug-induced (see Section 6)
* Sudden sensorineural hearing loss (SSNHL): Medical emergency; requires urgent intervention

Pathophysiology

* Age: The strongest predictor; cumulative cellular damage over decades
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* Sex: Men generally exhibit earlier and steeper high-frequency decline, potentially due to
occupational noise exposure and hormonal differences

* Genetic predisposition: Family history of early presbycusis significantly increases risk;
identified susceptibility genes include GJB2, KCNQ4, and mitochondrial DNA variants

* Race/Ethnicity: White and Asian populations show higher prevalence of age-related high-
frequency loss compared to African Americans in some studies

Risk Factor Estimated Contribution to Hearing Loss
Noise exposure (occupational/recreational)  High (up to 40% of age-related loss)
Cardiovascular disease Moderate—High

Diabetes mellitus Moderate (2% increased risk)

Smoking Moderate (1.7x increased risk)

Obesity Moderate

Ototoxic medications Moderate—High (dose-dependent)

Chronic ear infections Moderate

Nutritional deficiencies Moderate

Hypertension Moderate

At the cellular level, presbycusis involves:
* Oxidative stress: Accumulated reactive oxygen species (ROS) damage cochlear hair cells,
which are non-regenerating in mammals
* Mitochondrial dysfunction: Particularly in the highly metabolically active stria vascularis
* Glutamate excitotoxicity: Overstimulation of cochlear afferent synapses
* Reduced cochlear blood flow: Due to atherosclerosis and microvascular disease
* Apoptosis of spiral ganglion neurons: Progressive loss limits auditory nerve signal transmission

Protective Habits and Lifestyle Modifications

Noise-induced cochlear damage is the single most preventable cause of cumulative hearing loss. The
National Institute for Occupational Safety and Health (NIOSH) recommends limiting exposure to
sounds above 85 decibels (dB) and mandates protection above this threshold.
* Use hearing protection (foam earplugs: 25-33 dB reduction; earmuffs: 20—30 dB) in loud
environments such as power tools, lawn equipment, concerts, and sporting events
* Follow the 60/60 rule for personal audio devices: volume at no more than 60% of maximum for
no more than 60 minutes at a time
» Step away from loud environments regularly; even brief breaks during sustained noise
exposure significantly reduce damage
* Measure ambient noise using free smartphone decibel meter apps (e.g., NIOSH SLM) to make
informed decisions in unfamiliar environments
* Be particularly vigilant at: live concerts (typically 100—120 dB), motorcycles (90-100 dB), and
firearms (140-165 dB peak)
Clinical Note: A single gunshot without ear protection can cause immediate permanent cochlear
damage.

The cochlea is an extremely vascular structure, and auditory health is closely tied to cardiovascular
function. The following lifestyle modifications preserve cochlear perfusion:
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* Regular aerobic exercise: 150 minutes of moderate-intensity activity per week (walking,
swimming, cycling) improves cochlear blood flow and reduces systemic inflammation

* Blood pressure control: Target systolic BP <130 mmHg per current ACC/AHA guidelines;
hypertension accelerates cochlear microvascular damage

* Smoking cessation: Tobacco use reduces cochlear blood flow, increases free radical
production, and is independently associated with a 1.69-fold increased risk of hearing loss
(Cruickshanks et al., 1998)

* Limit alcohol consumption: Chronic heavy alcohol use is associated with auditory nerve
damage; moderate consumption (<1 drink/day for women, <2 for men) may be acceptable

Diabetes mellitus increases risk of hearing loss through microangiopathy of cochlear vessels and
neuropathy of the auditory nerve. Key management goals:

* Maintain HbA1c <7% per diabetes care guidelines
* Monitor hearing annually in diabetic patients aged 60+
* Control associated dyslipidemia (elevated LDL is independently linked to hearing decline)

Stress Management

* Adequate sleep (7-9 hours): Sleep deprivation increases inflammatory cytokines associated
with inner ear damage

* Stress reduction: Chronic elevated cortisol constricts cochlear vasculature; mindfulness-based
stress reduction (MBSR) programs have shown benefit in tinnitus reduction, which often
accompanies hearing loss

» Treat obstructive sleep apnea (OSA): OSA causes repeated hypoxemic episodes that damage
cochlear hair cells; CPAP therapy may slow progression

Ear Hygiene
* Never insert objects into the ear canal (including cotton swabs/Q-tips), which can pack
cerumen against the eardrum or cause direct trauma
* Annual cerumen management: In older adults with narrow ear canals or heavy wax production,
have cerumen professionally removed by irrigation, manual extraction, or microsuction
* Use swimmer's earplugs when swimming to prevent otitis externa and middle ear infections
* Dry ears promptly after bathing; moisture promotes bacterial/fungal overgrowth

Cognitive Engagement
Emerging research suggests that maintaining cognitive engagement may attenuate the impact of
hearing loss on dementia risk:

* Engage in reading, puzzles, learning new languages or musical instruments, and social activity
* Social engagement specifically may offset the cognitive burden of hearing difficulty

Nutritional Strategies

Nutritional epidemiology increasingly demonstrates that dietary patterns and specific micronutrients
modulate cochlear health through antioxidant, anti-inflammatory, and vascular mechanisms. While no
single diet has been proven to reverse presbycusis, several nutrients show strong evidence for
protective effects.

Antioxidants
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Nutrient Mechanism Food Sources RDA/AI (Adults 70+)

Vitamin C Scavenges ROS; protects hair cells Citrus, bell peppers, kiwi, broccoli 75-90 mg/day
Vitamin E Lipid-soluble antioxidant; protects cell Almonds, sunflower seeds, olive oil, 15 mg/day
membranes avocado
Beta-Carotene (Vitamin A Antioxidant; supports epithelial Sweet potatoes, carrots, leafy greens 700-900 ug RAE/day
precursor) integrity
Glutathione Endogenous cochlear antioxidant N-acetylcysteine (NAC) No RDA; supplemental NAC

supplementation; asparagus, spinach 600-1200 mg

B Vitamins

* Folate (B9): Low serum folate is associated with age-related hearing loss in multiple studies;
supplementation may reduce risk in folate-deficient elderly. Sources: leafy greens, legumes,
fortified grains. Recommended: 400 pg/day.

* Vitamin B12: Deficiency is extremely common in adults over 65 (due to reduced gastric acid
and intrinsic factor); associated with both sensorineural hearing loss and tinnitus. Sources:
meat, fish, dairy, fortified cereals; supplementation (500—1,000 pg/day oral) may be required in
deficient patients.

* Niacin (B3): Vasodilatory effects; may improve cochlear blood flow. Sources: poultry, fish,
peanuts.

Minerals

* Magnesium: Reduces noise-induced cochlear ischemia; clinical trials showed magnesium
supplementation reduced noise-induced hearing loss. Sources: dark chocolate, leafy greens,
legumes, whole grains. RDA (70+): 320-420 mg/day.

* Zinc: Immune function and antioxidant enzyme co-factor; zinc deficiency is linked to inner ear
susceptibility to infection and oxidative damage; tinnitus may respond to zinc supplementation
in deficient individuals. Sources: oysters, red meat, pumpkin seeds, chickpeas. RDA (70+): 8-
11 mg/day.

* Iron: Iron-deficiency anemia impairs cochlear oxygenation. Sources: red meat, lentils, fortified
cereals. Older adults may need monitoring; excess iron is harmful.

Omega-3 Fatty Acids

Prospective data from a large cohort study found that higher omega-3 intake was associated with a
14% lower risk of hearing loss in older women. Omega-3s reduce cochlear inflammation and improve
vascular endothelial function.

» Sources: fatty fish (salmon, sardines, mackerel, herring), walnuts, flaxseed, chia seeds
* Supplemental dose (if dietary intake insufficient): 1-2 g EPA+DHA/day

Coenzyme Q10 (CoQ10)

A mitochondrial cofactor and endogenous antioxidant, CoQ10 levels decline with age. Preliminary
studies suggest supplementation (100—400 mg/day) may protect mitochondria-rich cochlear structures
from oxidative damage. Well-tolerated; may be considered as adjunct in patients with mitochondrial
hearing loss or statin use (statins deplete CoQ10).

Dietary Patterns
Rather than focusing on individual nutrients, adherence to whole dietary patterns is recommended:
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* Mediterranean Diet: Rich in olive oil, fish, vegetables, legumes, and whole grains; associated
with slower cognitive and sensory decline in prospective studies

» DASH Diet (Dietary Approaches to Stop Hypertension): Emphasizes potassium, magnesium,
and calcium-rich foods; reduces hypertension, a key driver of cochlear damage

* MIND Diet (Mediterranean-DASH Intervention for Neurodegenerative Delay): Specifically
designed to protect neural tissue; combines elements of both

Foods and Substances to Limit

Substance Impact on Hearing Recommendation

High sodium Worsens endolymphatic hydrops; exacerbates Méniére's <2,300 mg/day; <1,500 mg if hypertensive
disease

Saturated/Trans fats Promote atherosclerosis; reduce cochlear perfusion Limit red/processed meat; eliminate trans fats

Excessive sugar/refined Worsens insulin resistance and diabetic neuropathy Favor low glycemic index foods

carbohydrates

Quinine (tonic water) Can exacerbate tinnitus Minimize consumption if tinnitus is present

Heavy alcohol Directly ototoxic in excess; cochlear and auditory nerve <1-2 standard drinks/day maximum
damage

Caffeine (high doses) Vasoconstriction; may worsen tinnitus in sensitive Moderate intake (£2-3 cups coffee/day)
individuals

Pharmacological Considerations

Ototoxic Medications
Many commonly prescribed medications in older adults carry significant ototoxic risk. Clinicians and
patients must be aware of these agents and employ monitoring strategies.

High-Risk Ototoxins

Drug Class Examples Mechanism Effect

Aminoglycoside Gentamicin, tobramycin, Free radical damage to outer hair cells Permanent sensorineural hearing loss;

antibiotics streptomycin vestibular damage

Loop diuretics Furosemide (Lasix), Strial edema; ion transport disruption Usually reversible if detected early;
ethacrynic acid permanent with high doses

Platinum chemotherapy Cisplatin, carboplatin ROS-mediated outer hair cell apoptosis  Permanent; dose-dependent; cisplatin

agents more ototoxic than carboplatin

Quinine and antimalarials  Quinine, chloroquine, Disrupts cochlear and retinal cells Reversible at low doses; permanent at
hydroxychloroquine high doses

Salicylates (high dose) Aspirin >3-4 g/day Reversible outer hair cell dysfunction Fully reversible upon discontinuation

NSAIDs (high dose) Ibuprofen, naproxen Similar to salicylates Generally reversible

(high doses)

Caution: The combination of loop diuretics with aminoglycosides is synergistically ototoxic and should
be avoided whenever possible.

Ototoxicity Monitoring Protocol
Patients receiving aminoglycosides or cisplatin should undergo:
1. Baseline audiogram before treatment initiation
2. Serial pure-tone audiometry (standard and extended high-frequency) every 2—4 weeks during
therapy
3. Tinnitus and dizziness monitoring at each clinic visit
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4. Dose reduction or drug substitution if ototoxic changes are detected

Medications with Potential Otoprotective Properties
Research is ongoing, but the following are under investigation:

* N-Acetylcysteine (NAC): Antioxidant precursor to glutathione; multiple clinical trials
demonstrate reduction in noise-induced and cisplatin-induced hearing loss. Available OTC;
600-1,200 mg/day considered in high-risk patients.

¢ D-Methionine: Antioxidant amino acid; shows promise in cisplatin otoprotection in clinical trials
(St. Jude Children's Research Hospital and others)

* Sodium thiosulfate: FDA Fast Track designation for cisplatin otoprotection in pediatric
oncology; under study in adults

* Magnesium aspartate: Evidence in military personnel for noise-induced hearing loss prevention

* Alpha-lipoic acid: Mitochondrial antioxidant; early human data for tinnitus and presbycusis

Medications for Tinnitus
Tinnitus (ringing, buzzing, or hissing in the ears) accompanies hearing loss in approximately 80% of
affected individuals. No FDA-approved pharmacotherapy specifically for tinnitus exists, but the
following are used off-label:
* Antidepressants (nortriptyline, sertraline): Reduce tinnitus distress and associated
depression/anxiety; not curative
* Anticonvulsants (gabapentin, clonazepam): Mixed evidence; may reduce loudness perception
in some patients
* Betahistine: Used in Europe for Méniére's disease-related tinnitus; limited evidence in non-
Méniere's tinnitus
* Melatonin: Randomized controlled trials show modest benefit for sleep quality in tinnitus
patients; 3—6 mg at bedtime

Medical and Audiological Treatment Options
A comprehensive audiological evaluation for older adults should include:
*  Pure-Tone Audiometry (PTA): Tests air and bone conduction thresholds from 250-8,000 Hz;
identifies type and degree of loss
* Speech Audiometry: Word recognition score (WRS) and speech reception threshold (SRT);
critical for hearing aid candidacy
*  Tympanometry: Assesses middle ear function and eardrum mobility
* Otoacoustic Emissions (OAE): Assesses outer hair cell function; useful for monitoring
ototoxicity
* Auditory Brainstem Response (ABR): Evaluates neural transmission; detects retrocochlear
pathology
* Extended High-Frequency Audiometry (EHF): Tests 9,000-20,000 Hz; detects early ototoxic
damage before standard-frequency thresholds shift

Medical Management of Underlying Conditions
Treating the following comorbidities may slow progression:
» Otosclerosis: Conductive hearing loss due to stapes fixation; treated by
stapedectomy/stapedotomy (surgical procedure) or hearing amplification
» Méniere's Disease: Low-sodium diet, diuretics (acetazolamide, hydrochlorothiazide),
intratympanic dexamethasone or gentamicin injections, and endolymphatic sac surgery
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* Chronic Otitis Media: Surgical repair (tympanoplasty, ossiculoplasty) restores conductive
hearin

. Acousﬁc Neuroma (Vestibular Schwannoma): Managed by watchful waiting, stereotactic
radiosurgery (Gamma Knife), or microsurgical resection; hearing preservation surgery for small
tumors

* Hypothyroidism: Treating thyroid deficiency often improves sensorineural hearing when it is the
underlying etiology

* Autoimmune Inner Ear Disease (AIED): Rapid bilateral sensorineural hearing loss responsive
to oral corticosteroids (prednisone 60 mg/day); may require immunosuppressants
(methotrexate)

* Sudden Sensorineural Hearing Loss (SSNHL): Medical emergency; urgent high-dose oral or
intratympanic corticosteroids within 72 hours of onset is standard of care; hyperbaric oxygen
therapy as adjunct in some centers

Intratympanic Therapy
Direct injection of medications into the middle ear allows high local concentrations with minimal
systemic effects:
* Intratympanic dexamethasone: First-line rescue therapy for SSNHL that does not respond to
systemic steroids
* Intratympanic gentamicin: Chemical ablation of vestibular function in Méniére's disease; risks
hearing damage

Assistive Technologies

Hearing aids remain the most effective and widely used intervention for age-related hearing loss. They
do not restore normal hearing but significantly improve communication ability, quality of life, and
possibly cognitive outcomes.

Types of Hearing Aids

Type Best Suited For Advantages Disadvantages
Behind-the-Ear (BTE) Mild to profound loss Durable; easy handling for elderly More visible; may whistle
Receiver-in-Canal (RIC/RITE) Mild to severe loss Discreet; natural sound quality Smaller parts difficult to handle
In-the-Ear (ITE) Mild to severe loss Easier insertion; volume control Less powerful; occlusion effect
In-the-Canal (ITC) Mild to moderate loss  Cosmetically appealing Difficult to handle; battery life
Completely-in-Canal (CIC) Mild to moderate loss  Nearly invisible Very small; poor elderly dexterity
Bone-Anchored (BAHA) Conductive or single- Bypasses outer/middle ear Surgical implant required

sided deafness

Key Features to Consider for Older Adults
Rechargeable batteries: Eliminates difficulty handling tiny batteries

* Bluetooth connectivity: Streams audio from TV, phones, and computers directly

» Directional microphones: Improve speech understanding in noise

» Telecoil (T-coil): Interfaces with hearing loop systems in theaters, churches, and public spaces

* App control: Smartphone apps for volume and program adjustment (if patient is tech-
comfortable)

Over-the-Counter (OTC) Hearing Aids
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Since 2022, the FDA has authorized OTC hearing aids for adults with mild-to-moderate hearing loss.
These are available without a prescription or audiologist visit (though professional fitting remains
recommended). Brands include Jabra Enhance, Sony CRE, Lexie, and others. OTC aids are
significantly more affordable but may not suit moderate-to-severe loss or complex auditory profiles.

Cochlear Implants
For older adults with severe to profound bilateral sensorineural hearing loss who do not benefit from
hearing aids, cochlear implants (Cls) are highly effective. Key points:
* Mechanism: Bypass damaged hair cells; directly stimulate auditory nerve via an electrode
array inserted into the cochlea
* Candidacy: Adults with bilateral severe-to-profound SNHL; speech recognition scores <50% in
the ear to be implanted
* Age is not a contraindication: Multiple studies confirm excellent outcomes in adults aged 70—
90+
* Outcomes: 60-80% open-set sentence recognition in quiet environments post-rehabilitation;
significant QOL improvement; possible cognitive benefit
* FDA approval: No upper age limit for cochlear implantation
* Rehabilitation: Requires auditory rehabilitation and speech-language pathology follow-up for
optimal outcomes

Bone-Anchored Hearing Aids (BAHA / OSIA)

For patients with conductive hearing loss, single-sided deafness, or mixed hearing loss, bone-
anchored devices (Cochlear BAHA, Oticon Medical Ponto, Medel OSIA) transmit sound vibrations
directly to the cochlea via the skull, bypassing the outer and middle ear.

Assistive Listening Devices (ALDs) and Communication Strategies
Beyond hearing aids, a range of assistive technologies supports daily function:
* Personal sound amplification products (PSAPs): For mild situational difficulty; not medically
classified as hearing aids
* Captioned telephones (CapTel, ClearCaptions): Real-time captions during phone calls;
available at no cost in the US for those who qualify
* TV amplifiers and streamers: Direct audio streaming to hearing aids or headsets
* Alerting devices: Vibrating alarm clocks, visual smoke/CO alarms, doorbell signalers
* FM and infrared systems: Used in theaters, houses of worship, and public venues (require T-
coil or neckloop)
» Smartphone apps: Live transcribe (Google), Otter.ai, Apple Live Captions for real-time speech-
to-text
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