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This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the author’s clinical reccommendations.

A 72-year-old man presents for a routine visit accompanied by his wife. He has no
health issues, but his wife volunteers that she has concerns about his hearing. On
further questioning, the patient notes problems with hearing and understanding
others but attributes these issues to his wife and other family members not speaking
clearly. The patient’s wife notes that she has heard about the recent availability of
over-the-counter hearing aids as well as media reports that hearing loss is linked with
the risk of dementia. She wonders whether her husband could benefit from using over-
the-counter hearing aids. How would you respond?

THE CLINICAL PROBLEM

Age-related declines in hearing gradually affect every person during life. A person’s
ability to hear depends on the inner ear (cochlea) precisely encoding sounds into
neural signals, which are then processed and decoded into meaning at the cortical
level. Pathologic processes that occur at any level of this pathway from the ear to the
brain can adversely affect hearing, but age-related hearing loss involving the cochlea
is the most common cause.!

Age-related hearing loss is characterized by the progressive loss of the sensory
hair cells of the inner ear, which are responsible for encoding sound into neural
signals.™? Unlike other cells throughout the body, sensory hair cells in the inner
ear cannot regenerate, and these cells are progressively lost over the course of life
owing to the cumulative effects of multiple etiologic processes. The strongest risk
factors for age-related hearing loss include older age, lighter skin color as an indicator
of cochlear pigmentation (given that melanin is protective in the cochlea), male sex,
and noise exposure.? Other risk factors include cardiovascular disease risk factors
such as diabetes, smoking, and hypertension, which can contribute to microvascular
injury to cochlear blood vessels.?

Beginning in early adulthood, hearing begins to diminish gradually, particularly
with regard to sounds at higher frequencies. The prevalence of clinically significant
hearing loss increases across the life span, nearly doubling with every decade of life
such that more than two thirds of all adults 60 years of age or older have some form
of clinically significant hearing loss (Fig. 1).>* In the United States in 2019, approxi-
mately 72.9 million, or one in five, persons were estimated to have hearing loss.*

Epidemiologic studies have shown associations between hearing loss and im-
paired communication, cognitive decline,” dementia,® higher medical costs,” and other
adverse health outcomes.*® Research over the past decade has particularly focused on
the effects of hearing loss on cognitive decline and dementia, and on the basis of this
evidence, the Lancet Commission on Dementia concluded in 2020 that hearing loss

N ENGL ) MED 390;16 NEJM.ORG APRIL 25, 2024

The New England Journal of Medicine

From the Department of Otolaryngolo-
gy—Head and Neck Surgery, Johns Hop-
kins University School of Medicine, Balti-
more. Dr. Lin can be contacted at flinl@
jhmi.edu or at the Department of Otolar-
yngology—Head and Neck Surgery, Johns
Hopkins School of Medicine, JHOC 6210,
601 N. Caroline St., Baltimore, MD 21287.

N Engl ) Med 2024;390:1505-12.
DOI: 10.1056/NEJMcp2306778
Copyright © 2024 Massachusetts Medical Society.

1505

Downloaded from negjm.org by SANJAY PRASAD on June 26, 2024. For personal use only.
No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.



1506

The NEW ENGLAND JOURNAL of MEDICINE

KEY CLINICAL POINTS

AGE-RELATED HEARING LOSS

« Age-related declines in hearing gradually and progressively affect every person during life, initially
manifesting as difficulty understanding speech in background noise or other specific situations.

« Age-related hearing loss detrimentally affects communication and social functioning and is considered
to be one of the most clinically significant risk factors for cognitive decline and dementia.

« Management of age-related hearing loss is focused on the use of communication strategies and
technologies (hearing aids and cochlear implants) to increase the clarity of the speech signal.

- Evidence from a randomized trial suggests that hearing aid use can improve communication and
quality of life and may reduce cognitive loss within 3 years in older adults who are at risk for cognitive

decline.

« Technology and regulatory changes now enable adults to self-test and track their hearing using a
smartphone (www.hearingnumber.org) and to purchase over-the-counter hearing aids. This approach
aligns with broader trends toward empowering consumers with knowledge and options to act on their

own health without a clinician intermediary.

in middle and late life was the single largest
potentially modifiable risk factor for dementia,
accounting for 8% of all dementia cases.® The
main mechanisms through which hearing loss has
been hypothesized to increase the risks of cogni-
tive decline and dementia include adverse effects
of hearing loss and impoverished auditory encod-
ing of sound on cognitive load, brain atrophy, and
social isolation.>™

STRATEGIES AND EVIDENCE

CLINICAL PRESENTATION

Age-related hearing loss manifests gradually and
subtly over time in both ears without any clear
inciting event. It affects the audibility and clarity
of sounds and a person’s everyday communication
experience. Persons with mild hearing loss are
often not aware of diminishing hearing and in-
stead perceive their hearing difficulties as being
attributable to external reasons (e.g., others not
speaking clearly and background noise). At great-
er levels of hearing loss, persons may increasingly
notice trouble with speech clarity even in quiet
settings and can find conversations in noisier set-
tings exhausting, given the increased cognitive
effort that is required for processing the degraded
speech signal.! Often, family members are most
aware of patients’ hearing difficulties.

EVALUATION

Evaluation of a patient’s hearing issues requires
understanding that a person’s perception of hear-
ing depends on four components: the quality of
the incoming sound (e.g., because the speech sig-

nal becomes degraded in rooms with background
noise or reverberant acoustics), the mechanical
conduction of sound through the middle ear to
the cochlea (i.e., conductive hearing), transduc-
tion of the acoustic signal into a neuroelectrical
signal by the cochlea and transmission to the
brain (i.e., sensorineural hearing), and decoding
of the neural signal into meaning by the cortex
(i.e., central auditory processing) (Table 1). When
a patient notes problems with hearing, the cause
can lie with any of these components, and in
many cases, more than one component is affected
before hearing problems become apparent.

The goal of the initial clinical evaluation is to
evaluate the patient for readily treatable forms of
conductive hearing loss or other forms of hear-
ing loss that may warrant further evaluation with
an otolaryngologist. Conductive forms of hearing
loss that are readily treatable by the primary care
clinician include otitis media and cerumen im-
paction and can be apparent on the basis of his-
tory (e.g., acute onset with otalgia and aural full-
ness with an upper respiratory tract infection) or
otoscopy (e.g., evidence of complete cerumen im-
paction in the ear canal). Symptoms and signs
accompanying hearing loss that require further
evaluation or consultation with an otolaryngolo-
gist include ear drainage, abnormal otoscopic ex-
amination, unremitting tinnitus, vertigo, fluctu-
ating or asymmetric hearing, or sudden onset of
hearing loss without evidence of a conductive
cause (e.g., middle-ear effusion).

Sudden sensorineural hearing loss is one of
the few forms of hearing loss that requires ur-
gent evaluation with an otolaryngologist (ideally

N ENGL J MED 390;16 NEJM.ORG APRIL 25, 2024

The New England Journal of Medicine
Downloaded from negjm.org by SANJAY PRASAD on June 26, 2024. For personal use only.
No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.



CLINICAL PRACTICE

within 3 days after onset) because earlier diag-
nosis and intervention with glucocorticoids may
improve the chances of hearing recovery. Sudden
sensorineural hearing loss is a relatively uncom-
mon event, with an annual incidence of 1 in 10,000
persons, and most commonly occurs in adults 40
years of age or older.” As compared with a unilat-
eral hearing loss from a conductive cause, pa-
tients with sudden sensorineural hearing loss will
often report an acute, painless hearing loss in one
ear that results in a near-complete inability to hear
or understand speech in the affected ear.!?

Multiple bedside screening methods for hear-
ing loss exist, including whispered-voice and fin-
ger-rub tests. However, these measures produce
widely varying levels of sensitivity and specificity*®
and may be of limited usefulness depending on
the suspected probability of a patient having age-
related hearing loss. It is especially important to
note that, given the progressive decline in hearing
across the life span (Fig. 1), some degree of age-
related hearing loss can be inferred to be present
regardless of screening results on the basis of
a patient’s age, symptoms indicative of hearing
loss, and an absence of other clinical findings sug-
gestive of other causes.

Confirmatory evaluation of hearing loss is per-
formed with referral to an audiologist. During an
audiologic evaluation, a patient’s hearing is tested
with a calibrated audiometer in a sound-attenuating
enclosure. The softest intensity of sound in deci-
bels that a patient can reliably detect (i.e., the hear-
ing threshold) is assessed across a range from
125 to 8000 Hz, with lower thresholds being in-
dicative of better hearing. In children and young
adults, thresholds across all frequencies will be
close to 0 dB, but with progressive age-related de-
clines in hearing, these thresholds will gradually
increase, particularly for sounds at higher frequen-
cies. The World Health Organization classifies
hearing according to the average of a person’s
hearing thresholds at the frequencies of sound that
are considered to be the most important for speech
(500, 1000, 2000, and 4000 Hz), termed the four-
frequency pure tone average (PTA4) (Table 2). The
PTA4 can be used by the clinician or patient to
understand the functional implications of the pa-
tient’s level of hearing and appropriate management
strategies (Fig. 2). Other tests that are performed
during the audiologic examination (e.g., bone-
conduction audiometry and speech understanding)
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Figure 1. Prevalence of Hearing Loss in the United States in 2019,

The prevalence and severity of hearing loss increase with age. A person’s
hearing can be summarized by an average of the hearing thresholds in
each ear at the frequencies of sound that are most important for speech
(500, 1000, 2000, and 4000 Hz). This summary measure of hearing that is
used by the World Health Organization is referred to as the four-frequency
pure tone average (PTA4; also called the “hearing number”) and indicates
in decibels the softest level of speech sound that the person can hear. A
PTA4 in the better ear of 20 to 34 dB indicates mild hearing loss, 35 to 49
dB moderate hearing loss, 50 to 64 dB moderately severe hearing loss, and
65 dB or above severe or greater hearing loss. Prevalence data are from the
Global Burden of Disease, Institute for Health Metrics and Evaluation, Uni-
versity of Washington (https://vizhub.healthdata.org/gbd-compare/#).

can also help to differentiate whether there may be
a conductive or central auditory processing cause
of hearing loss and to guide appropriate hearing
rehabilitative options.

Evaluations of hearing that patients perform
on their own are also increasingly available by
means of digital applications. A recently adopted
consumer technology industry standard! for hear-
ing-related technologies (e.g., smartphones and
wireless earbuds) specifies how these applications
can directly measure and report to users their
PTA4 (also termed the “hearing number”; www
.hearingnumber.org), which can be tracked on a
regular basis. Such an approach aligns with broad-
er trends toward empowering persons with direct
access to metrics to monitor their own health and
increases awareness that hearing exists along a
continuum that can be monitored and acted on
over the course of life, as is done for other health
metrics (e.g., blood pressure).
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Table 1. Components Affecting Perception and Understanding of Speech.

Component

Speech signal

Conductive hearing

Sensorineural hearing

Central auditory processing

Description

Speech is a complex auditory signal composed  Distance from the speech source, competing sounds,

of sounds of different frequencies, each
of different intensity, and all changing in

real time and embedded within an auditory

soundscape of competing sounds.

cochlea.

and less faithful encoding of speech and

other sounds that characterize the auditory

soundscape.

at the level of the brain stem and higher-
order cortical structures.

The pinna, ear canal, tympanic membrane, and  Common processes that can affect conductive hear-
middle ear ossicles collect and transduce
sound vibrations into pressure waves in the

Sensory hair cells in the cochlea precisely trans-  Age-related hearing loss is characterized by gradual
duce the sonically generated pressure waves
into neuroelectrical signals that are transmit-
ted by means of the cochlear nerve to the
brain stem and cortex. Injury or damage to
cochlear structures results in a degraded

Decoding of the neural signal from the cochlea  Central auditory processing can be a demanding
into semantic and auditory meaning occurs

Factors That Adversely Affect the Component

and rooms with reverberant acoustics (gener-

ally rooms with higher ceilings and multiple hard
surfaces) will distort and degrade speech before it
reaches the listener.

ing include a cerumen impaction that completely
obstructs the entire lumen of the ear canal or a
middle-ear effusion that can result from eusta-
chian-tube dysfunction caused by an inflammatory
process that affects the opening of the eustachian
tube (e.g., upper respiratory tract infection and rhi-
nitis). Less common processes include tympanic-
membrane perforations or fixation of the middle-
ear ossicles.

loss of function of the sensory hair cells and other
structures of the cochlea, which often result from
the combined effects of multiple etiologic factors.

cortical task in which task difficulty is determined
by the quality and fidelity of the ascending neural
signal as well as by other factors affecting auditory
decoding, such as the availability of visual lip cues
from the speaker, semantic context around the
speech signal, and the listener’s familiarity with the
speaker’s voice.

Impairments with auditory processing and decoding
can occur, which are generally related to other condi-
tions that affect brain function (e.g., traumatic brain
injury, cognitive impairment, and attention disorders).

1508

MANAGEMENT

The primary clinical rationale for addressing age-
related hearing loss is to enhance a person’s ac-
cess to speech and other sounds in the auditory
environment (e.g., music and audible alerts) in or-
der to promote effective communication, engage-
ment with daily activities, and safety. At present,
there are no restorative therapies for age-related
hearing loss, and management of the condition
is focused on hearing protection, adoption of com-
munication strategies to optimize the quality of
the incoming auditory signal (over competing
background noise), and the use of hearing tech-
nologies such as hearing aids and cochlear im-
plants (Fig. 2). The prevalence of hearing aid use
or cochlear implantation among persons who

could benefit (as determined on the basis of their
audiologic hearing) remains very low. Among
persons with hearing impairment in the United
States, the prevalence of hearing aid use is below
20%* and that of cochlear implantation is less
than 5%." Reasons for the low rate of adoption
are multifactorial and include such factors as
stigma, poor accessibility to and affordability of
hearing interventions, and the inability of hearing
technologies to compensate fully for the degraded
peripheral encoding of sound caused by age-relat-
ed hearing loss.®

Hearing-protection strategies are focused on
reducing noise exposure by means of movement
away from or reduction in the volume of the sound
source and by the use of hearing-protection de-
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Typical Hearing Experience

In Quiet

No problem hearing sounds

Does not have problems hearing con-
versational speech

May have difficulty hearing conversa-
tional speech

Difficulty hearing conversational
speech; can hear raised voices
without difficulty

Does not hear most conversational
speech; may have difficulty hearing
and understanding raised voices

Extreme difficulty hearing raised voices

Table 2. Functional Implications of Hearing on Communication Experience.*

PTA4 in the Better- WHO Classification of Grade

Hearing Ear of Hearing Loss

<20dB Normal hearing

20to<35dB Mild hearing loss

35 to <50 dB Moderate hearing loss

50 to <65 dB Moderately severe
hearing loss

65 to <80 dB Severe hearing loss

80to <95 dB Profound hearing loss

=95 dB Complete hearing loss

Cannot hear speech and most
environmental sounds

In Background Noise

No or minimal problems hearing con-
versational speech

May have difficulty hearing conversa-
tional speech

Difficulty hearing and taking part
in conversation

Difficulty hearing most speech and
taking part in conversation

Extreme difficulty hearing speech and
taking part in conversation

Conversational speech cannot be heard

Cannot hear speech and most
environmental sounds

s

Adapted from the World Health Organization (WHO) World Report on Hearing (Table 1.3).> A person’s hearing can be summarized by an

average of the hearing thresholds in each ear at the frequencies of sound that are most important for speech (500, 1000, 2000, and 4000 Hz).
This summary measure of hearing that is used by the WHO is referred to as the four-frequency pure tone average (PTA4; also called the
“hearing number”) and indicates in decibels the softest level of speech sound that the person can hear. The PTA4 can be used to under-
stand a person’s hearing and communication experience in daily life. An audiometric report will typically provide this summary value, or
this measure can be obtained by means of a hearing test on a smartphone (www.hearingnumber.org).

vices (e.g., ear plugs) when needed. Communica-
tion strategies include encouraging persons to be
face to face and at arm’s length when conversing
and to reduce background noise. Face-to-face com-
munication allows for both a clearer auditory
signal to be received and for the listener to have
visual access to facial expressions and lip move-
ments that can aid in central decoding of the
speech signal.

Hearing aids remain the primary treatment
option for age-related hearing loss. Hearing aids
amplify sound, and more advanced hearing aids
can also increase the signal-to-noise ratio of the
desired target sound (e.g., amplifying a speaker’s
voice over the background noise) by means of
directional microphones and digital signal pro-
cessing, which is critical for improving communi-
cation in noisy settings. Before 2022, hearing aids
in the United States could only be purchased with
a hearing professional (typically an audiologist or
hearing-instrument specialist) as an intermediary.

Beginning on October 17, 2022, the Food and
Drug Administration enacted new regulations

allowing for the sale of over-the-counter hearing
aids that would be available to consumers, with-
out a hearing professional as an intermediary.'
These over-the-counter hearing aids are intended
for adults with perceived mild-to-moderate levels
of hearing loss with PTA4 values generally less
than 60 dB, which encompasses 90 to 95% of all
persons with hearing loss (Fig. 1). In contrast,
prescription hearing aids have higher levels of
sound output and can be used by adults with
more severe levels of hearing loss but are only
available with a hearing professional as an inter-
mediary. The cost of these over-the-counter hear-
ing aids once the market is mature is expected to
be on par with higher-quality wireless earbuds
that often range from $100 to $300 in the United
States. Over-the-counter hearing aids may even-
tually become indistinguishable from wireless
earbuds as hearing-aid features become routinely
incorporated into these devices.

A previous Cochrane systematic review con-
cluded that hearing aids in adults improve out-
comes of both hearing-specific and general health-
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Any level | Communication strategies
to improve the clarity or
aid in understanding of
the speech signal

10-60 dB | OTC hearing aids

20-90 dB | Prescription hearing aids

=60 dB Cochlear implants

A
Communication strategies
Everyday hearing technologies
OTC hearing aids
Prescription hearing aids
@ === Cochlear implants s
0 10 20 30 40 50 60 70 80 90 100
PTA4 (dB)
B
PTA4
Range Strategy or Technology Description

Get close and face-to-face
Being at arm’s length from the speaker and being able to see the speaker’s face will
aid in understanding
Avoid rooms with background noise and reverberation
Competing sounds distort speech quality
Spaces that have soft surfaces (carpets and upholstered furniture) and lower ceilings
have less reverberation

Any level | Everyday hearing technologies | Make telephone calls over the Internet when possible

Technologies that allow for telephone calls over the Internet, such as Skype, Google
Voice, WhatsApp, and FaceTime, have better sound quality than regular landline
and cellular telephone calls

Use closed captioning

Use of captioning or subtitles while watching television or movies makes it easier to

understand what is being said

OTC hearing aids are generally intended for adults with a PTA4 of <60 dB

The OTC market is just beginning to develop in the United States since federal
enactment of regulations on OTC hearing aids in October 2022

OTC hearing aid options are still relatively limited at present with highly variable pricing
for a pair of hearing aids ranging from $100 to more than $1,000

Prescription hearing aids are for all levels of hearing loss and are obtained with a
hearing care provider (generally an audiologist or hearing-instrument specialist)
as an intermediary

Prescription hearing aids are not covered by traditional Medicare plans but may be
covered to some extent by other insurance plans. Prices for a pair of hearing aids
range widely from $1,000 to more than $8,000 depending on the wholesale cost of
the hearing aids and the costs charged by the hearing care provider for hearing-aid
fitting and support services

Cochlear implantation is generally intended for persons with hearing loss of greater
severity (PTA4 =60 dB in one or both ears) who do not obtain sufficient benefit with
a hearing aid for daily communication

Cochlear implants are routinely covered by traditional Medicare and most other
insurance plans

counter.

Figure 2. Management of Age-Related Hearing Loss.

Panel A shows the general PTA4 ranges at which various strategies and technologies may be useful, and Panel B
provides details about the various strategies and technologies that are currently available. OTC denotes over the
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related quality of life.”” One recently published
randomized trial (Aging and Cognitive Health
Evaluation in Elders [ACHIEVE]) investigated the
distal effects of hearing intervention (e.g., hear-
ing aids and related audiologic services to support
technology use) as compared with health educa-
tion (control) on reducing 3-year cognitive decline
in adults 70 to 84 years of age with hearing loss."®
In the primary analysis of the total ACHIEVE
cohort, hearing intervention did not reduce 3-year
cognitive decline as compared with control. How-
ever, a prespecified sensitivity analysis showed
that in the trial population of participants who
were at increased baseline risk for cognitive
decline, hearing intervention reduced cognitive
change by 48% over a period of 3 years (change in
3-year global cognitive decline, —0.211 SD units
in the intervention group vs. —0.402 SD units in
the control group). In contrast, no effect of hear-
ing intervention was observed in the trial popula-
tion consisting of healthy volunteers at decreased
baseline risk for cognitive decline. Continued
follow-up of the ACHIEVE cohort beyond 3 years
and other longer-term studies will be needed to
further understand the potential effects of hear-
ing intervention on reducing cognitive decline and
the risk of dementia.

Persons who have hearing loss of greater se-
verity (PTA4 values generally 260 dB) and who
continue to have difficulty with understanding
speech despite the use of hearing aids may be
candidates for a cochlear implant. A cochlear
implant is a neuroprosthetic device that encodes
sounds and directly stimulates the cochlear nerve.
It is implanted by an otolaryngologist during out-
patient surgery that takes approximately 2 hours.
A period of 6 to 12 months is needed after im-
plantation for the patient to become accustomed
to hearing with the implant and perceiving the
neuroelectrical stimuli as meaningful language
and sound. Although there is variance in hearing
results after a cochlear implant, the improvement
in speech understanding and communication is
often described as “life-changing” by many adults
who had long struggled to adequately communi-
cate.”” Potential candidates for a cochlear implant
should be referred to a cochlear implant center or
an otolaryngologist who specializes in cochlear
implantation.

AREAS OF UNCERTAINTY

Age-related hearing loss results from the combined
effects of multiple etiologic factors occurring over
one’s lifetime."* Whether pharmacologic or genetic
therapies could be feasibly used to reduce the pro-
gression of age-related hearing loss or to restore
hearing function is an active area of academic and
industry research, but efforts have been largely
unsuccessful to date.”® Although several mecha-
nisms have been proposed through which age-
related hearing loss could adversely affect health,
one provocative mechanism suggests that impaired
hearing and diminished auditory afferents may
directly affect brain function and structure.?! Un-
derstanding whether existing hearing rehabilita-
tive technologies could modify these effects and
help support brain health will be important for
optimizing future intervention strategies.

GUIDELINES

In 2021, the U.S. Preventive Services Task Force
determined that there is insufficient evidence to
assess the benefits and harms of screening for
hearing impairment in asymptomatic adults 50
years or older.?? Clinicians were advised to use their
own clinical judgment about conducting hearing
tests in patients who have symptoms of hearing
loss or who have raised concerns about their hear-
ing. To my knowledge, no other clinical practice
guidelines on age-related hearing loss are cur-
rently available.

CONCLUSIONS

The patient described in this vignette presents with
a history consistent with age-related hearing loss.
After evaluating for and ruling out a potential con-
ductive cause or need for otolaryngology referral,
I would presume that some degree of age-related
hearing loss is present. I would counsel the pa-
tient and his wife about the ways in which age-
related hearing loss as well as other factors can
affect perceptions of hearing and how hearing
strategies and technologies can improve commu-
nicative and social functioning and potentially
have distal effects on supporting cognitive health.
Depending on the patient’s preference, I would
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refer the patient to an audiologist for a formal
diagnostic evaluation and counseling about treat-
ment options or to a well-regarded retail center
that sells hearing aids (e.g., Costco). If the patient
is familiar with using technology, I would provide
resources to help the patient learn how to do a
self-test of hearing with a smartphone. I would
also discuss the availability of over-the-counter

hearing aids and explain that retail choices for
over-the-counter hearing aids and support options
for these technologies are expected to rapidly in-
crease in the next 2 to 3 years as the market for
over-the-counter hearing aids matures in the Unit-
ed States.

Disclosure forms provided by the author are available with the
full text of this article at NEJM.org.
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