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ABSTRACT

With the increasing number of older adults around the
world, the overall number of dementia cases is expected
to rise dramatically in the next 40 years. In 2020, nearly
6 million individuals in the USA were living with Alzhei-
mer’s disease, the most common type of dementia, with
anticipated growth to nearly 14 million by year 2050.
This increasing prevalence, coupled with high societal
burden, makes prevention and intervention of dementia
a medical and public health priority. As clinicians and
researchers, we will continue to see more individuals with
hearing loss with other comorbidities including dementia.
Epidemiologic evidence suggests an association between
hearing loss and increased risk of dementia, presenting
opportunity for targeted intervention for hearing loss to
play a fundamental role in dementia prevention. In this
discussion, we summarize current research on the asso-
ciation between hearing loss and dementia and review
potential casual mechanisms behind the association (e.g.,
sensory-deprivation hypothesis, information-degradation
hypothesis, common cause). We emphasize key areas of
research which might best inform our investigation of
this potential casual association. These selected research
priorities include examination of the causal mechanism,
measurement of co-existing hearing loss and cogni-
tive impairment, and potential of aural rehabilitation.
Addressing these research gaps and how results are then
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translated for clinical use is paramount for dementia pre-
vention and overall health of older adults.
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INTRODUCTION

In both the initial 2017 and updated 2020 Lancet Com-
mission reports on dementia prevention (Livingston 2017,
Livingston 2020), hearing loss was identified as the lead-
ing potentially modifiable risk factor for dementia. A
sharp increase in research on the association between
hearing loss and dementia has developed over the past
decade, building upon initial research from decades ago.
As early as 1968, in an experimental condition designed
to mimic hearing loss and decreased speech intelligibility,
participants demonstrated increased difficulty of perfor-
mance on word-recall cognitive tasks compared to normal
listening conditions (Rabbitt 1968). Some 20 years later,
a landmark case-control study (Uhlmann et al. 1989)
reported higher odds of dementia in those with hearing
loss compared to normal hearing.

Given the rapidly aging population, the global pace
of research has accelerated with regards to potentially
modifiable risk factors of dementia, including hearing
loss. While there is a growing body of knowledge on the
association of hearing loss with dementia, significant gaps
remain in our understanding. In this article, we aim to
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(1) provide a foundational understanding of dementia
epidemiology, presentation, and diagnosis in the USA;
(2) contextualize research on the association between
hearing loss and dementia to guide dementia prevention
and intervention; (3) review mechanistic theories about
the hearing-dementia association; (4) review priorities for
future research; and (5) provide a perspective on how we
can utilize current and future evidence to improve patient
care. We conclude by offering context as we look toward
the coming decades and posit that targeted collaboration
between the auditory science and cognitive science com-
munities may present a unique opportunity to alter the
landscape of cognitive aging and dementia care.

EPIDEMIOLOGY AND CLINICAL DIAGNOSIS
OF DEMENTIA

In its 2020 updated report, the Lancet Commission esti-
mated up to 40 % of dementia cases could, in theory, be
prevented through intervention on modifiable dementia
risk factors (Livingston 2020). These risk factors include
lower educational attainment, hypertension, smoking,
obesity, depression, physical inactivity, diabetes, infre-
quent social contact, excessive alcohol consumption,
head injury, air pollution, and, notably, fearing impairment.
Among these modifiable risk factors, it was estimated
that intervention on hearing impairment could prevent or
delay up to 8 % of dementia cases (Livingston 2020). The
disproportionate weight attributed to hearing loss is due,
in part, to the high prevalence of hearing loss in the older
adult population. It is estimated that two-thirds of adults
over the age of 70 years have bilateral hearing loss, with
significant growth in the population prevalence of hearing
loss expected in the coming decades as the population
ages (Fig.1) (Lin et al. 2011; Goman and Lin 2016; Alz-
heimer’s Disease Facts and Figures 2020). In addition to
its high prevalence, hearing loss has a strong relationship
with dementia. Hearing impairment is associated with an
estimated 94 % increase in risk of dementia over time
(Livingston 2017) compared to non-hearing impaired. We
provide a population-based perspective and review of the
evidence leading to this high level of risk and discussion
of the potential mechanism behind this risk in the coming
sections. To understand where auditory science may fit
into the broader picture of dementia prevention, we must
first understand the role and presentation of dementia
within the US population.

The Prevalence and Cost of Dementia

By 2034, the population over the age of 65 years in the
USA 1s projected to outnumber those under the age of
19 years for the first time in US history (Vespa et al. 2020).
Morcover, by 2060, the number of individuals over the
age of 65 will almost double from 49 million in 2016 to
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Fic. 1 Estimated and projected trends in prevalence of hearing
loss (mild hearing loss and moderate or greater hearing loss) and
dementia in older adults by age categories in the USA from 2020 to
2050. Data compiled from Goman et al. 2016 and the Alzheimer’s
Disease Facts and Figures 2020 Report

over 94 million (Vespa et al. 2020). In the USA, an esti-
mated 5.8 million individuals were living with Alzheimer’s
disease in 2020, which is expected to increase to nearly
14 million by 2050 (Alzheimer’s Disease Facts and Figures
2020). The growing prevalence of dementia translates to
increased financial, social, and emotional burdens on both
communities and families. The total cost of care for those
over 65 years living with dementia in the USA is estimated
at $305 billion in the year 2020 alone (Alzheimer’s Disease
Facts and Figures 2020). Family and social care account
for up to 85 % of the cost of care for those with dementia
(Livingston 2017). In 2019, 16 million family members
in the USA provided over 18.6 billion hours of care to
individuals with Alzheimer’s disease, a labor cost valued
at $244 billion (Alzheimer’s Disease Facts and Iigures
2020)—cost that often goes unrecognized. These numbers
do little to express the social and emotional strain on indi-
viduals and families who are providing or requiring care.
The astronomical financial and emotional costs of demen-
tia are among the many drivers behind the research for
prevention or intervention at all stages of cognitive aging.
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Identifying Dementia

Cognitive decline may be thought of as a trajectory along
a continuum spanning normal cognition, expected cogni-
tive changes observed with aging, mild cognitive impair-
ment (MCI), and dementia (Fig. 2). Cognitive decline
then represents a change in cognitive functioning from an
individual’s prior ability (Knopman et al. 2014). While a
general decrease in cognitive performance 1s anticipated
with increasing age for many cognitive processes, par-
ticularly processing speed and memory (Salthouse 1996),
departures from prior ability greater than that expected
for an individual’s age and education suggest possible
transition along the clinical spectrum.

Broadly, mild cognitive impairment refers to a sympto-
matic predementia phase in which the cognitive impair-
ment demonstrated is beyond that expected based on
age, education history, or other individual characteristics
(Albert et al. 2011). A formal diagnosis of MCI is made
via clinical, cognitive, and functional observed criteria
(Albert et al. 2011). MCI is considered if concern over
a change in cognition from previous ability is expressed
from the individual, informant, or clinician, and if cog-
nitive performance is poorer in one or more cognitive
domains (e.g., memory, executive function, attention, lan-
guage, and visuospatial skills) compared to that expected
based on age and educational background. With MCI,
while difficulty may exist performing complex tasks, the
individual can maintain independence with everyday
functional activities or requires minimal assistance for
social or occupational functioning (Albert et al. 2011;
Knopman et al. 2014). Not all individuals will continue
to progress from MCI to dementia. However, a diagnosis
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Fic. 2 Conceptual model of cognitive trajectory along the cog-
nitive decline dementia continuum. This continuum represents
a departure from normal aging with decreased cognitive ability
greater than expected with normal aging (green region). Mild cog-
nitive impairment (MCI) diagnosis may be provided with a change
in cognition with minimal functional loss (orange region). For those
who do progress from MCI to dementia, a dementia diagnosis may
be provided with further progression with cognitive impairment
severe enough to interfere with every ability (blue region)
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progresses to dementia when the symptoms of cognitive
impairment begin to interfere with the individual’s inde-
pendence in everyday activities (McKhann et al. 2011).
Of paramount importance to understanding research
challenges of dementia is the generally insidious progres-
sion of disease and clinical presentation. For example,
Alzheimer’s disease and related dementias (ADRD) are
generally slow and progressive disorders without a defini-
tive onset or clear transition points between an asymp-
tomatic phase, symptomatic predementia phase, and the
transition to dementia (McKhann et al. 2011). Impor-
tantly, defined cut-points between age-expected cogni-
tive ability, MCI, and dementia currently do not exist.
Therefore, diagnoses are made based on clinical expertise
and judgment and may be supported by pathophysiology
(e.g., labs, imaging) if available (Jack et al. 2011, 2018).
Readers may seek additional information elsewhere for
the distinctions between clinical based dementia diag-
nosis and diagnosis in research studies which follow a
different framework for diagnosis recommendations (Jack
et al. 2011; Albert et al. 2011; McKhann et al. 2011;
Sperling et al. 2011; Jack et al. 2018).

Clinical diagnosis of dementia is made by a careful his-
tory and physical exam, cognitive testing, laboratory, and
imaging studies. Neurocognitive evaluations are instru-
mental components in a provider’s clinical examination
of a patient’s cognitive status. As such, an abundance of
neurocognitive tests exist to inform clinical judgment.
The assessments evaluate global cognitive performance
or cognitive ability within five/six recognized cognitive
domains: memory, attention, executive function, lan-
guage, and visuospatial (and social) as recognized by the
American Psychiatric Association’s Diagnostic and Sta-
tistical Manual (DSM-V) (Hugo and Ganguli 2014). This
variety of available cognitive tests is completed across
visual and auditory modalities, including some designed
to be administered over the phone.

In contrast to the criteria for clinical diagnosis described
above, recommendations for criteria for diagnosis in a
research setting allow for the additional incorporation of
biomarkers. Biomarkers are loosely categorized as those
reflecting amyloid-beta deposition, tau deposition, or signs
of neuronal injury (Albert et al. 2011; Jack et al. 2011;
Sperling et al. 2011; Jack et al. 2018). Importantly, the
biomarkers within each category are not necessarily spe-
cific to Alzheimer’s disease (AD) and may be indicative of
AD as well as other dementia etiology. In research regard-
ing preclinical dementia, biomarkers are used to iden-
tify participants with AD pathophysiology with empha-
sis placed on the hypothesized ordering to biomarker
presentation (Sperling et al. 2011). However, in MCI- or
AD-related research, usage of biomarkers for diagnosis is
more conservative due to an expressed need for additional
outcomes research (Jack et al. 2011). While biomarkers
suggesting amyloid pathology are thought to precede
neuronal injury in research settings, much remains to
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determine how biomarkers may be used to determine
dementia etiology and prognostication, or their utility in
short- vs. long-term dementia trajectories before wide-
spread use in clinical diagnosis (Albert et al. 2011). A more
recent research framework from the National Institute
on Aging and Alzheimer’s Association (Jack et al. 2018)
proposed a biological definition of Alzheimer’s disease.
The new framework proposes an AT(N) classification sys-
tem based on the presence/absence of B amyloid deposi-
tion, pathologic tau, and neurodegeneration and may be
expanded to included future biomarkers. Recent research
has placed blood biomarkers at the forefront as the next
potential biomarkers (Molinuevo et al. 2018). P-taul81
has been proposed as an easily accessible biomarker as
an AD-specific biomarker for predicting and evaluating
neurodegeneration (Moscoso et al. 2021). P-tau231 has
been found as a biomarker of early tau pathology and has
demonstrated similar ability to identify clinical stages of
AD as p-taul81 earlier than other means of identification
(Ashton et al. 2021). The plasma concentration of the
neurofilament light chain (NfL) has also been suggested
as a plasma biomarker for AD (Lewczuk et al. 2018) and
in combination with amyloid-B42 may help in evaluating
risk of developing dementia in those dementia-free (de
Wolf et al. 2020). The variety of diagnostic criteria across
phase of dementia progression within clinical vs. research
setting presents challenges to summarizations and infer-
ence of this research.

Alzheimer’s disease is recognized as the most com-
mon type of dementia (Alzheimer’s Disease Facts and
Figures 2020), but increasing evidence recognizes that
many older adults demonstrating cognitive impairment
have mixed pathology (Boyle et al. 2019). Other types
of dementia such as vascular dementia, dementia with
Lewy bodies, and frontotemporal dementia should also
be recognized and represent different etiology (Hugo
and Ganguli 2014). While biomarker testing for AD
(e.g., amyloid-PET, CSF amyloid-beta and tau) is not
required, if available, it increases the certainty that
the dementia is due to the AD pathophysiological
process vs. other dementias and could aid in disease
and symptom management (McKhann et al. 2011).
At this time, amyloid-PET is approved by the FDA,
and there are on-going studies to examine its utility
(Rabinovici JAMA 2019). Some biomarkers that are
thought to be characteristic of AD may also be seen in
other dementias. The last few decades have informed
our understanding of progression of dementia patho-
physiology and the connection to disease stage and the
pathophysiologic process. However, as noted, a bio-
marker-based diagnosis is currently only supported for
research-based diagnosis (Jack et al. 2018) and remains
to be clarified for clinical use (McKhann et al. 2011).
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As discussed, current evidence suggests a pre-clinical
asymptomatic phase may be years if not decades for some
individuals (Braak and Braak 1991; Jack et al. 2011). A
long pre-clinical phase of disease presents challenges
for epidemiologic studies and interventions or trials for
dementia, yet provides opportunity for early detection
and potential prevention of clinical symptom progres-
sion. Further clouding the diagnostic picture, not all indi-
viduals who demonstrate the neuropathological hallmarks
of AD with amyloid beta accumulation and tau protein
will develop clinical symptoms (i.e., cognitive decline or
functional impairment) during their lifetime (Sperling
et al. 2011; Jack et al. 2013). Alternatively, some indi-
viduals may demonstrate significant cognitive impairment
early with fewer pathologic changes (Sperling et al. 2011;
Jack et al. 2013). The imperfect relationship between
pathological changes and the presentation of symptoms
opens questions of what contributes to this varied pres-
entation of disease and makes clinical prediction for the
progression of disease challenging.

Dementia Prevention

What remains clear is that the expected growth in
dementia cases worldwide requires action on demen-
tia prevention and intervention as currently there is
no FDA approved disease modifying treatment for
ADRD. Current treatment considerations for most
forms of dementia have the goal of delaying or mini-
mizing the impact of clinical symptoms for a period
of time (Livingston 2020). In the absence of a cure,
the primary objective of epidemiologic research is to
identify dementia risk factors associated with patho-
logic progression or dementia diagnosis or identify
factors associated with the progression of dementia
symptoms. Subsequent goals of this research are to
then identify opportunities to prevent or postpone
dementia along the continuum. With identification of
such risk factors, we may then emphasize research on
the implementation and delaying of dementia onset,
which could have great implications at the population
level. An intervention which could delay the onset of
dementia by 5 years could lead to a 57 % reduction
in the number of patients with dementia (Sperling
et al. 2011) and 40 % lower cost by 2050 (Zissi-
mopoulos 2014). With foundational evidence of the
association between hearing impairment and demen-
tia from epidemiologic research, the expertise and
potential collaboration between auditory scientists and
disciplines involved with cognitive aging may enrich
our evidence base and contribute towards prevention
and intervention efforts.
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THE LINK BETWEEN HEARING
AND DEMENTIA—WHAT WE KNOW NOW

In this review, we will primarily highlight evidence of
the association and potential causal effect within stud-
ies with completed objective measures of auditory func-
tion. Self-reported hearing not only is important but also
incorporates an individual’s perception of their hearing
and communication ability (i.e., communication demands,
regular listening environments, mental health).
Significant heterogeneity in study methodology and
study design exists, making comparisons and data syn-
thesis across studies challenging. Prior work has varied
in audiometric parameters to define hearing loss, audi-
tory frequencies used, sample size, study population,
consideration of potential confounders, and how demen-
tia was measured and operationalized, to name a few.
Differing ways of measuring cognitive impairment or
dementia are particularly challenging as different crite-
ria may be used across studies. Dementia ascertainment
in studies through medical chart history compared to
clinical, research-based settings, or in-person dementia
diagnosis may introduce variability in dementia diag-
nosis across studies. Therefore, cognitive function may
be assessed in a variety of formats depending on the
clinical or research environment. A wide variety of addi-
tional neurocognitive tests and test batteries across cog-
nitive domains exist (Belleville et al. 2017), in addition
to global cognitive screeners (i.e., Mini-Mental State
Exam ([MMSE], Folstein et al. 1975) or the Montreal
Cognitive Assessment ([MoCA], Nasreddine et al. 2005),
to aid in evaluation of cognitive function. These test
batteries are often comprehensive, requiring additional
time considerations as well as implementation by trained
personnel experienced in the delivery of neurocognitive
assessments in both clinical and research settings.

Peripheral Hearing Loss

A handful of previous reviews have provided summa-
ries of current evidence (Albers et al. 2015; Loughrey
2018; Thomson et al. 2017; Yuan et al. 2018; Fortunato
et al. 2016). In perhaps the most rigorous review to
date, The Lancet Commission (Livingston 2017) reported
a pooled relative risk from three longitudinal studies (Lin
et al. 2011; Deal et al. 2016; Gallacher et al. 2012) which
indicated 1.9 times greater risk of incident dementia
among hearing impaired individuals 55 years of age and
older compared to those with normal hearing. The Com-
mission found only these three studies on the association
between peripheral hearing impairment and incident
dementia met the specified inclusion criteria of audio-
metrically (objective) measured hearing, longitudinal
evaluation (at least 5 years), and covariate adjustment.
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Each of these criteria is a fundamental component
toward investigation of causality. Objectively measured
hearing is important when attempting to isolate the inde-
pendent effect of hearing loss due to cochlear damage on
dementia. Cross-sectional evaluations, where hearing and
cognition are measured at the same time point, present
challenges for causal inference of cognitive impairment.
With cross-sectional studies, we are not able to assess
which comes first—hearing loss or dementia. Addition-
ally, cognition is particularly susceptible to confounding
by psychosocial factors (i.e., episodic depression, anxiety,
stress, exhaustion, comorbid conditions, or medications)
when measured at one time point but is less susceptible
with longitudinal measures. Therefore, comparing group
differences in cognitive test scores cross-sectionally may
not accurately depict changes in underlying cognitive
function but may instead include the effect of these other
psychosocial factors. Additionally, many prior studies
failed to account for known additional factors (i.e., con-
founders) which could contribute toward, and therefore
cloud, the estimated association found between hearing
and cognition.

Other reviews have also reported associations between
hearing and dementia. A meta-analysis (Loughrey
et al. 2018) of prospective studies found 1.22 (95 % CI
1.09, 1.36) or 1.28 (95 % CI 1.02, 1.59) greater odds of
cognitive impairment or dementia, respectively, for those
with age-related hearing loss. In addition, hearing loss has
been specifically associated with declines in global cogni-
tive function, executive function, processing speed, and
memory (Lin et al. 2011; Loughrey et al. 2018; Alattar
et al. 2020; Brewster et al. 2021; Gao et al. 2020). How-
ever, what constitutes hearing ability or impairment often
differs across studies. Some studies have included hearing
ability continuously per decibels in hearing level (dB HL)
(Armstrong et al. 2019), while others have categorized hear-
ing ability (i.e., mild or greater loss (Lin et al. 2011; Lin
et al. 2013), moderate or greater loss (Gates et al. 1996)
or clinically recognized categories (WHO Grades of hear-
ing 2020; Lin et al. 2011; Deal et al. 2016) or only con-
sidered specific frequency regions (Uhlman et al. 1989;
Gates et al. 1996) rather than the more traditional range
of 500-4000 Hz or 500-8000 Hz. This heterogeneity of
definitions presents challenges for pooling or summarizing
results across studies. The degree of hearing difficulty var-
les by categorization used and represents different levels of
impairment and functional ability such as in categorization
of those with any measured hearing impairment (i.e., pure
tone average [PTA] > 25 dB HL) vs. those with a moderate
or greater hearing impairment (PTA > 40 dB HL) (WHO
Grades of hearing 2020).

As mentioned, many studies summarize peripheral
hearing acuity as a four-frequency pure tone average
(PTA, 500-4000 Hz). While this is informative and
sufficient for many hypothesis considering functional
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performance of hearing acuity, when reviewing the poten-
tial biological or physiological causal association between
hearing and dementia, it may also be worth consider-
ing specific frequency ranges depending on the research
hypothesis. Additional heterogeneity in study definitions
of hearing impairment might include “better” vs. “worse
ear PTA” or might fail to define which ear is referenced.
Studies examining the association of hearing loss and
its possible consequences (e.g., hearing loss is the expo-
sure) may wish to conservatively use “better ear PTA,” as
many of the proposed mechanistic pathways underlying
these relationships have to do with an individual’s over-
all hearing ability. In comparison, for studies examining
biological mechanism and etiology of hearing loss (i.e.,
hearing loss is the outcome of interest), it may be more
informative to consider worse ear PTA.

Central Auditory Function

While an association between age-related peripheral hear-
ing loss and dementia is well established (Livingston 2020),
the relationship between cognitive decline/dementia and
central auditory function remains much more abstract.
Termed cognitwe hearing science by some (Dryden et al. 2017;
Tune et al. 2012), the interdependence between central
auditory function and cognitive processing blurs the dis-
tinction between the two processing abilities. Not only
does the integrity of an auditory stimulus rely on an accu-
rately encoded signal by a functioning peripheral system,
but the stimulus must further be decoded by the cen-
tral auditory system. This decoding requires the involve-
ment of higher-level cognitive processes. Distinguishing
the boundaries between central auditory dysfunction and
cognitive impairment has been a subject of research for
decades (CHABA 1988; Humes et al. 2013b). However,
as with peripheral hearing loss, studies have used a diverse
grouping of definitions, tests, cognitive domains, and sam-
ple populations (e.g., both young and old (Humes 2013,
b)) or hearing impaired and non-impaired populations
(Nuesse 2018). This heterogeneous operationalization
of both processing abilities creates significant barriers to
pooled evidence and causal inference.

Dryden et al. systematically reviewed evidence in
2017. While the quality and potential bias in the stud-
ies included were mixed, among studies involving adult
unaided listeners with normal to moderate hearing
loss, a correlation between cognitive performance and
speech perception was overall weak depending on the
speech-in-noise test used and cognitive domain of inter-
est, with the greatest correlation seen with process-
ing speed. The degree un-aided hearing loss plays in
moderating the relationship between central auditory
functioning (e.g., decoding of speech stimuli or speech
perception ability in noise) and cognitive performance
remains to be determined. However, results continue
to highlight the interdependence of cortical resources
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utilized during both central auditory processing and
cognitive processes (Humes et al. 2013a, b; Humes and
Young 2016; Sardone et al. 2019).

The interdependence between central auditory func-
tion and cognitive processing presents not only challenges
to inference but also unique opportunities in identifying
targets for prevention. Prior work has hypothesized that
central auditory dysfunction (CAD) may be a prodro-
mal symptom and therefore an early marker of cognitive
decline in older adults (Gates et al. 1996). AD pathology
is known to reach the primary auditory cortex. Work
conducted nearly 30 years ago demonstrated AD pathol-
ogy of plaques and neurofibrillary tangles within the
medial geniculate body and central nucleus of the infe-
rior colliculus as well as the primary auditory and audi-
tory association cortices of patients diagnosed with AD,
but not in non-AD elderly patients (Sinha et al. 1993).
Braak staging (Braak and Braak 1997) indicates that audi-
tory assocliation cortices are one of the last brain regions
affected by AD pathology, supporting central auditory
dysfunction as a marker of AD, but with unclear indica-
tion of CAD as an early marker (Sardone et al. 2020).
In a volunteer sample from a dementia surveillance
cohort (Gates et al. 2011), the hazard ratio for incident
dementia was 9.9 (95 % CI 3.6, 26.7) among those with
severe central auditory dysfunction, as measured using
the Dichotic Sentence Identification test, compared to
those demonstrating normal central auditory function.
Further work suggested that the Dichotic Sentence Iden-
tification test in free report mode may be the most sensi-
tive test for the presence of memory impairment among
those demonstrating mild memory impairment without
dementia (Gates et al. 2008). Investigation of the associa-
tion between central auditory processing and biomarkers
for AD neurodegeneration including CSF tau, cortical
thickness, and volumetric measures of AD-related brain
regions was consistent across measures of central auditory
processing (Tuwaig et al. 2017). Whether CAD has utility
for predicting dementia in addition to predictions possible
with current ADRD biomarkers has yet to be determined.

The nature of the association between central audi-
tory function, as measured via speech-in-noise ability,
and cognition may differ by aided vs. unaided hearing.
Additional work has demonstrated that for aided listening
with background noise, higher level cognitive process-
ing capacity was the most important factor in the dif-
ferences observed in speech understanding performance.
In contrast, for unaided listening, peripheral hearing
was the predominant factor driving performance. For
select individuals, high-frequency hearing played a pre-
dominant role regardless of aided status or degree of loss
(Humes et al. 2013a). Investigation of various measures
of central hearing ability suggests an association of central
auditory processing dysfunction with subjective memory
complaints/impairment (Fausto et al. 2018; Idrizbegovic
et al. 2011; Armstrong et al. 2019) potentially further supporting
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the idea of speech-in-noise difficulty as a marker of cogni-
tive function.

Some researchers have described an idea of central
presbycusis meant to represent “age-related auditory pro-
cessing disorder underlying poor speech understanding
in noise, competing speech, or distorted speech” (Gates
2012). The existing research on this construct is het-
erogeneous, incorporating measures of both speech and
non-speech stimuli (Humes et al. 2012). A review of past
research (Humes et al. 2012) concluded insufficient evi-
dence existed to claim central presbycusis as an independent
construct, but proposed that it may instead represent a
disease manifestation from multiple conditions involving
age-related or disease-related changes in both the audi-
tory system and the brain.

Management of Hearing Loss for Dementia
Prevention

As mentioned, the treatment of hearing loss makes it a
worthy target of interest among dementia risk factors due
to the readily available management strategies for hearing
loss (e.g., hearing aids). The data on the use of hearing
aids to decrease risk of cognitive decline in observational
or cross-sectional studies are mixed (Ray et al. 2018;
Amieva et al. 2015; Dawes et al. 2019; Maharani
et al. 2018, Amieva et al. 2020). In observational stud-
ies, we are often not able to control factors which influ-
ence if someone becomes a hearing aid user (e.g., higher
education, higher socioeconomic status, greater access
to healthcare), many of which are also factors which are
protective against dementia. Therefore, it is challenging
to disentangle the potential effects of hearing aids on
cognition vs. the effect of these other factors, possibly
influencing the effect seen and therefore introducing bias
into our study. However, the question of whether hearing
aid use or other treatments for hearing impairment may
alter the subsequent risk of dementia has begun to receive
attention in well-designed pilot studies and clinical trials.
These clinical trials aid in minimizing this potential bias
through study design tools such as randomization and
masking (Celentano and Szklo 2020). The Aging and
Cognitive Health Evaluation in Elders (ACHIEVE) pilot
study conducted in 40 older adults demonstrated clear
efficacy in hearing handicap and social outcomes and a
suggestion of efficacy in improving or stabilizing memory
scores (although not powered to detect a difference) for
those randomized to the use of a hearing aid compared to
a successful aging education control (Deal et al. 2017). A
full-scale (N = 977) randomized clinical trial is currently
being conducted (Deal et al. 2018). A pilot study of hear-
ing aid use by older adults with depression, another pos-
sible downstream risk of hearing impairment which may
mediate or moderate the hearing-dementia association,
observed small to moderate improvement in depressive
symptoms, memory, and general cognitive functioning

393

(Brewster et al. 2020). Further consideration of the age
and rapidity of hearing loss onset and its proximity to
hearing aid uptake and the influence of other rehabilita-
tion strategies on dementia risk is vastly understudied.

Although encompassing a significantly smaller portion
of the hearing impaired population compared to hearing
aid users, the influence of cochlear implantation on cog-
nition has also received study (Claes et al. 2018). Work
in a pilot sample among 23 cochlear implant candidates
and 16 implant recipients demonstrated better perfor-
mance on measures of reaction time, cognitive flexibility,
working memory, and strategy use compared to implant
candidates (Jayakody et al. 2017). Prospective evalua-
tion of cognitive performance among individuals pre- and
post-cochlear implant surgery has suggested improved
cognitive performance on global cognition or executive
function post implantation (Sarant et al. 2019; Mosnier
2015). However, many studies have focused on pre/post
performance on speech perception, perceived function,
and quality of life for older adults rather than neurocog-
nitive outcomes specifically. While these outcomes are
absolutely important, investigation of the impact on cog-
nitive performance following cochlear implant surgery
using neurocognitive assessments in multivariate models
with appropriately considered control groups is limited
(Miller et al. 2015; Moberly et al. 2019). With expanding
cochlear implant candidacy and our aging population,
well-designed longitudinal studies could vastly improve
our understanding and counseling considerations for
older adult cochlear implant candidates.

MECHANISTIC THEORIES

As described above, the association between central audi-
tory function and dementia is complex and its interde-
pendence with dementia presents challenges for causal
inference. Therefore, current mechanistic theories pre-
dominantly consider peripheral hearing impairment as
a potential cause of dementia and central auditory func-
tion as a marker of cognitive decline. While there are
gaps in the understanding of mechanism(s) behind the
relationship between age-related hearing loss and demen-
tia, elucidating these mechanisms is vital for the design,
implementation, and evaluation of preventive strategies,
interventions, or recommendations for patient care or
health policy. Hypotheses on the causal mechanism of
the association have eloquently been described in prior
works (Griffiths et al. 2020; Wayne and Johnsrude 2015;
Lin et al. 2014b). While limited evidence supports the
notion that dementia leads to hearing loss (CHABA,
1988; Baltes and Lindenberger 1997), the direction of
the association between age-related hearing loss and
dementia remains to be clarified. A greater body of evi-
dence supports how age-related hearing loss may contrib-
ute to cognitive decline directly (“sensory-deprivation”
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hypothesis) or indirectly (“information-degradation”
hypothesis) or how both may be the result of an exter-
nal variable all together (“common-cause” hypothesis)
(Wayne and Johnsrude 2015). We will briefly review evi-
dence for each of these mechanistic theories as depicted
in our modified mechanistic framework (Fig. 3). Readers
may seek additional evidence for each proposed hypoth-
esis in Wayne and Johnsrude (2015) or Lin et al. (2014b).

Sensory Deprivation Hypothesis

Evidence suggests that prolonged sensory deprivation due
to age-related hearing loss has a lasting adverse effect on
brain structure and function. Age-related hearing loss
could lead to cortical re-allocation, deafferentation, or
atrophy to support speech perception processing. This
reorganization can be to the detriment of general cogni-
tive performance, adding to existing brain pathology (e.g.,
amyloid burden, neuronal loss) by altering critical brain
regions which could otherwise be utilized for higher-
level cognitive processing. Prolonged sensory deprivation
from peripheral hearing loss may lead to changes and
decreases in cortical brain volume similar to that seen
with cognitive decline (Lin 2014a; Eckert et al. 2019).
In particular, changes to temporal lobe volume and
reduced gray matter density have been noted in those
with peripheral hearing loss (Armstrong et al. 2019; Lin
et al. 2014b; Wingfield and Peelle 2015). These are brain
regions important for semantic memory and involved
in progression along the dementia continuum. Brain
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regions affected include the superior temporal gyrus
and Heschel’s gyrus as well as frontal and pre-frontal
brain regions (Husain et al. 2011). Reduced whole-brain
gray matter volume is significantly associated with brain
regions recruited for speech understanding, including the
frontal cortex and hippocampus (Rudner et al. 2019).
Evidence indicates that hearing loss is associated with
lower white matter microstructural integrity in brain
regions critical for cognitive processing, even in older
adults considered dementia-free (Croll et al. 2020; Rigters
et al. 2017; Alfandari et al. 2018; Armstrong et al. 2019).
Critical ages or length of sensory deprivation necessary
to evoke these structural changes remains to be charac-
terized. Even in early stages of cognitive impairment,
cortical reorganization due to age-related hearing loss
is apparent (Campbell and Sharma 2014; Sharma and
Glick 2017); however, the degree of reorganization nec-
essary to evoke brain atrophy and changes to cognitive
performance has not been determined. This research sug-
gests prolonged sensory deprivation may lead to a reduc-
tion in cortical volume beyond that seen from dementia
pathology alone or may necessitate reorganization due
to prolonged deprivation. This additional structural and
functional decline results in further restriction of cortical
capacity available for cognitive processing.

Information Degradation Hypothesis

In contrast to the physical nature of the association
between age-related hearing loss and cognitive decline

Central Auditory

Function
Changes to Brain
structure and function

Peripheral
Hearing Loss

N

Fic. 3 Hypothesized framework for the mechanism of the hearing
and dementia association. The center blue circle includes potential
causal paths between peripheral hearing loss and cognitive decline
or dementia, including changes to brain structure and function
(i.e., sensory deprivation hypothesis), increased cognitive demands
(i.e., information degradation hypothesis), and other effects such
as social isolation. Additionally, a common cause such as systemic

Increased cognitive
demands

Social Isolation

Common Cause
e.g. Systemic vascular disease
Genetics

Dementia and
Cognitive Decline

e

vascular disease or genetic factors may lead to both peripheral
hearing loss and cognitive decline and dementia. Further inclusion
of central auditory function as a result of direct and indirect effects
from this causal pathway and may serve as a marker of cognitive
decline or dementia. It is likely more than one of the pathways
depicted may explain the link between hearing and dementia
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posed by the sensory deprivation hypothesis, the infor-
mation degradation hypothesis proposes that the associa-
tion is due to the increased cognitive processing required
to compensate for an impoverished sensory input. This
increased processing for degraded perception draws on
the same resources needed for other higher-level cognitive
processing and semantic encoding (Peelle 2018). The sub-
sequent increased cognitive demands required to accurately
encode information takes extensive listening effort with
particular demands on attention, memory, and executive
function (Wingfield et al. 2005; Tun et al. 2009; Peelle
2018; Pichora-Fuller et al. 2016). The cognitive capacity
of an individual and ability to compensate for decreased
cognitive performance varies and may partially explain
some of the variance between existing brain pathology and
presentation of clinical symptoms as previously described.
This listening effort required with hearing impairment may
increase the cognitive load and the full demands placed
on the brain at any time (Whitson et al. 2018). These
demands then draw on the compensatory buffering ability
of the individual, potentially resulting in the earlier pres-
entation of clinical symptoms and dementia.

Additionally, differences between compensatory mecha-
nisms activated for cognitive performance between older
and younger adults with sensory deficits are evident and
may highlight increased fatigue in older adults for the dual
tasks of listening and understanding (Schneider et al. 2002).
Thus, this hypothesis implies temporary cognitive impair-
ment. Through the amelioration of auditory input, cogni-
tive performance on higher-level tasks might be restored.

Common Cause

The association between hearing and cognition in older
adults could also simply stem from the same underly-
ing mechanism, resulting in both impairments (Baltes
and Lindenberger 1997; Wayne and Johnsrude 2015).
Investigation of a common cause associated with both
hearing and cognitive impairment has been primarily
evaluated through PTA due to the presumed independ-
ent effect of peripheral hearing. General neural degen-
eration commonly seen with aging could potentially
result in decreased cognitive function and auditory per-
formance (Wayne and Johnsrude 2015; Surprenant and
Neath 2006). Age-associated slowing of processing speed
may result in slower overall cognitive functioning as well
as slower processing for sensory integration and percep-
tion (CHABA 1988; Salthouse 1996). Concurrent changes
in both cognitive and sensory modalities in older adults
could also stem from conditions such as cerebrovascular
disease (Livingston 2017; Eckert et al. 2013; Laughlin
et al. 2013). Systemic vascular pathology impacting the
spiral ganglion or stria vascularis as well as the vascula-
ture of the brain could potentially alter both auditory and
neural functioning. Investigation into an underlying com-
mon genetic risk between AD and hearing loss suggests
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that genetic risk for AD (as represented by a weighted
sum of identified polymorphisms for AD and the inflam-
matory pathway) is associated with poorer speech-in-noise
performance and self-reported difficulty hearing with
background noise (Brenowitz et al. 2020). The apolipo-
protein €4 (APOE €4) allele is the strongest known genetic
risk factor for Alzheimer’s disease, but is not associated
with hearing impairment (Morita et al. 2019), nor does
it modify the association between hearing loss and cogni-
tive decline (Alattar et al. 2020), suggesting that APOE
€4 may not be a driving factor that may explain the
relationship between hearing loss and dementia in older
adults. Alternatively, other works suggest that APOE €4
status may be marginally associated with better hearing
thresholds (Mener et al. 2016). Consideration of identified
genetic risk factors for hearing loss may provide further
into insight avenues for investigation of a common cause
between hearing and dementia. The genetic determinants
of age-related hearing loss remain largely unknown but
have become a focus of recent work (Wells et al. 2019).
However, question of causality in this association between
shared genes remains (Mitchell et al. 2020) as the number
of studies investigating genetic risk is limited, warranting
further investigation.

Other Potential Factors in the Association
Between Hearing and Cognition

The association of hearing and cognition may also be
mediated through other potential risk factors for demen-
tia, including social isolation, depression, or decreased
physical activity. Social isolation and loneliness as a con-
sequence of hearing loss is not a new concept, nor is the
idea that decreased social interaction increases risk of
dementia (Rafnsson 2020; Rutherford et al. 2018; Shukla
et al. 2020; Maharani et al. 2019). While evidence is
mixed, hearing loss may lead to increased risk of depres-
sion in older adults, which has been considered either a
prodromal symptom or an independent risk factor for
cognitive decline (see also for review Rutherford et al
2018). Further, hearing loss may lead to reduced physical
activity due to anxiety from decreased auditory awareness
(Choti et al. 2016; Chen et al. 2015). Additional evidence
suggests that hearing loss is associated with increased
prevalence of frailty which has been suggested to increase
risk for dementia or may serve as an early marker of
dementia (Panza et al. 2015; Liljas 2017). How these
potential mediators fit within the larger context of the
above hypothesis remains to be clarified, yet each offers
opportunity for targeted intervention.

Summary of Proposed Hypothesis and
Mechanism

It is likely that one or more of the proposed mechanisms
explain and/or mediate the association between hearing



396

loss and dementia. The specific contribution of each
proposed mechanism toward risk of dementia may vary
individually. While common risk factors (i.e., age, educa-
tion, vascular disease) are thought to contribute towards
the association (Humes 2013a; Whalley et al. 2004;
Wayne and Johnsrude 2015), these factors likely do not
explain the full story. In epidemiologic studies which have
attempted to control for these confounding factors as best
as able, the association persists, potentially indicating that
other mechanisms are likely involved.

PRIORITIES FOR FUTURE RESEARCH

Given the wide multi-disciplinary scope of research on
hearing and dementia, identification of research priori-
ties can help propel the field of auditory science toward
meaningful advances in both hearing and dementia
care. A foundational objective is identifying subgroups
of individuals who may be at a greater risk of cognitive
decline or may benefit most from intervention. Many cru-
cial research questions and additional perspectives exist
(Wayne & Johnsrude 2015; Whitson et al. 2018). Here
we highlight three areas of research priorities which we
believe will provide the greatest advancements in under-
standing the association and possible causal role of hear-
ing impairment along the dementia continuum. These

MECHANISM = MEASUREMENT
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include (1) the driving mechanism behind the association,
(2) standardized use of validated measurement tools for
the assessment of hearing and cognition in older adults,
and (3) evaluating the efficacy/effectiveness of interven-
tions to treat hearing impairment to delay the onset of
dementia (Fig. 4).

What is the Driving Mechanism Behind the
Hearing-cognition Association?

If we can determine the link(s) or driver(s) behind the
association of hearing loss with cognition, we may better
plan for and provide appropriate intervention options
to delay the onset or alter the trajectory of the clinical
course of dementia. How best to intervene, and ultimately
whether treatment for hearing loss will be effective in
decreasing or delaying dementia risk, largely depends on
the underlying mechanism. Research has yet to determine
if there is an independent effect of hearing loss on cog-
nitive impairment for older adults. As described above,
the relationship between AD pathology and the pres-
entation of symptoms is heterogeneous. We do not yet
know by what means hearing impairment may influence
a potential buffer which delays/prevents the presenta-
tion of symptoms in some individuals yet leads to earlier
symptomatology in others.

TREATMENT

¢ Sensory deprivation * Appropriate and efficient ¢ Does amplification

¢ Information degradation auditory measure delay/prevent dementia?

¢ Common Cause ¢ Maintain fidelity of * Howto bestintervene?
cognitive tests with ¢ Other means of treatment?

hearing impairment

:KEY RESEARCH GAPs:

FiG. 4 Key research gaps in hearing impairment and cognition. Tar-
geted research on the mechanism behind the association between
hearing and cognition will guide intervention and prevention strat-
egies. Additional research gaps include careful study and identifi-
cation of the most appropriate and efficient auditory measure for

association and causal effect studies of hearing and cognition, as
well as ensuring fidelity of cognitive tests with hearing impairment.
Further understanding of if treating hearing loss via amplification or
another means influences dementia risk is vital for public health
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If the association between hearing impairment and
dementia was only due to a common cause of both hear-
ing loss and dementia, such as vascular disease or genet-
ics, the opportunity for directly preventing or changing
the progression of dementia through treating hearing loss
would be limited. In turn, research focus would shift to
intervention on the underlying biological or neurological
mechanism at hand which could have significant down-
stream effects on hearing and cognition for older adults.

Both the sensory-deprivation and information degra-
dation hypotheses imply a more direct effect of hearing
impairment on dementia risk. While the long-term vs.
short-term timeline of this effect varies by hypothesis,
both suggest that hearing impairment leads to down-
stream effects on available cognitive resources. How-
ever, the nature of the effect from either hypothesis has
implications for approaches to intervention. With struc-
tural and functional changes in the brain due to hear-
ing impairment via the sensory deprivation hypothesis,
early identification of hearing impairment and options
to potentially delay or prevent deafferentation or atro-
phy within the auditory or sensory regions of the brain
are essential to prevent lasting structural damage. This
hypothesis may further demonstrate treatment benefit
at later stages of hearing impairment, for example, by
delaying additional neural reorganization or atrophy.
In contrast, the information degradation hypothesis
would provide a strong argument for new and existing
hearing intervention options at any stage of the disease
process—with improved integrity of auditory input via
rehabilitation or hearing treatment, the strain on cogni-
tive resources for environmental awareness or commu-
nication would be reduced.

Disentangling central auditory dysfunction and cog-
nitive decline will be essential for targeting prevention
efforts or early identification of subgroups at greater
risk for cognitive decline. The temporality of the asso-
ciation and whether central auditory dysfunction is an
early marker of dementia or represents an independent
process, and how to differentiate the two, remain a chal-
lenge in understanding the link between hearing loss and
dementia. The dependence of both peripheral and central
hearing on higher-level, auditory-based cognitive func-
tioning leaves significant questions of how to interpret the
influence of each component along the auditory pathway.
If central auditory dysfunction represents an early marker
of dementia, how measures of CAD may fit within the
context of existing early biomarkers of dementia or neu-
ropsychiatric test batteries remains to be determined.

In all likelihood, multiple mechanisms are involved in
the hearing-dementia association; thus, further investiga-
tion should determine if one mechanism serves as a pri-
mary driver and how each might interact to alter risk. It
is possible the primary driver is unique to the individual,
allowing for a person-centered approach to intervention
that alters the progression to dementia.
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How Do We Best Measure Hearing and
Dementia in this Process?

Data are only as good as the measurement tools used to
collect them. If we are not able to effectively measure
our construct of interest, then our data may not appro-
priately answer the question of interest. The majority of
studies on hearing impairment and dementia or cogni-
tive decline have focused on utilizing audiometry or self-
reported hearing—yet these measures reflect two differing
constructs for hearing impairment. While both measures
reflect aspects of hearing function, understanding the pri-
mary research objective will determine the most effective
measure. We need to identify what hearing measures (i.c.,
self-reported hearing, pure tone average, specific configu-
ration of impairment, central auditory function measures)
provide the best representation of the mechanisms driving
the association. We should also identify the most practi-
cal and useful measure to estimate a causal effect or for
detection of cognitive change in a clinical environment
or population-based research study. Synthesis and har-
monization of data are most effective and informative if
less heterogeneous and streamlined types of measures are
collected across a wide range of studies and represented
populations. Investigation of the agreement of the vari-
ous objective measures utilized (i.e., four-frequency PTA
in the better hearing ear vs. 500-8000 Hz in the bet-
ter hearing ear) and how self-reported hearing ability or
electrophysiologic measures may supplement knowledge
gained from pure tone averages may foster consistency
across studies. Because the auditory pathway encompasses
both peripheral and central hearing components, effec-
tively and efficiently discerning and utilizing these respec-
tive measures for study of cognition in older adults are
imperative to progress in this research.

There is a need to disentangle the potential for sen-
sory bias in cognitive testing and the dependence on
cognitive functioning for auditory measures, particularly
speech-in-noise measures. Cognitive tests and screening
tools rely on an individual’s auditory or visual abil-
ity for completion. This dependence has led some to
question if auditory or visual impairments may lead
to potential sensory bias with cognitive tests (Fillgrabe
2020; Guerreiro and Van Gerven 2017). Confirming
the validity of the test within the cognitive domain and
construct of interest is essential for use in the growing
number of older adults with sensory impairments (Pye et
al. 2017). Among important questions to consider is
whether accommodations during testing for individuals
with hearing loss are appropriate. Cognitive tests which
maintain integrity of the assessment but are simple and
efficient for hearing impaired older adults, researchers,
and clinicians will have the greatest utility. Addressing
hearing and vision needs prior to cognitive assessments
will be important for confidence and synthesis of study
results.
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Prior work suggests challenges with completion of
standard audiometry for those with more advanced
dementia, particularly those living in managed care set-
tings. A systematic review of only 3 studies suggested that
only 56-59 % of dementia participants were not able
to appropriately complete audiometric testing (Bott et
al. 2019). However, limitations of this review, including
the small number of studies included, small sample size,
and variability in methodology and study design, leave sig-
nificant clinical and methodologic questions. Recent work
suggests test-retest reliability for a wide scope of standard
clinical audiology measures in those with mild dementia is
comparable to cognitively normal adults (McClannahan et
al. 2021). More than 30 years ago, it was recommended
that auditory-evoked potential testing be used as an alter-
native for those with dementia (Hedner et al. 1987) and
more recent study (Villeneuve et al. 2017; Bott 2020)
suggests feasibility. However, given the variability in per-
formance ability demonstrated for those across the trajec-
tory of cognitive impairment, more information is needed
for clinical providers to determine the most appropriate
means of hearing evaluation for their patients with more
severe cognitive impairment.

Does Treating Hearing Loss Alter Dementia Risk?

Evidence for the impact treating hearing impairment has
on cognitive decline or dementia is accumulating. How-
ever, until the results of the current longer-term clini-
cal trials are available, the evidence of these effects on
cognitive decline and dementia risk largely stem from
observational studies. There is great power in our insights
gained from observational studies; however, evidence of
causality for decreased or delayed cognitive decline due
to hearing aid use is more challenging. Challenges include
selective effects of who chooses to pursue hearing aids as
well as heterogeneity in device, fitting, use, temporality,
or unmeasured confounding. Not only must we still deter-
mine if treating hearing loss using hearing aids attenu-
ates dementia risk or delays presentation, we also have a
limited understanding of how and when to best intervene.

Public health prevention strategies recognize the poten-
tial for targeted intervention at each stage of the disease
process—known as primary, secondary, and tertiary pre-
vention (Fig. 5) (Celentano and Szklo 2020). Evidence for
hearing intervention at these levels of prevention remains
limited, and an understanding of how hearing loss treat-
ment throughout the process might influence upstream
higher-level cognitive processing is virtually non-existent.
Determining the best choices for prevention within a
population is dependent on evidence of efficacy, effective-
ness, and cost efficiency—all areas with extensive gaps in
evidence for hearing loss and dementia.

Primary prevention strategies involve the reduction of
risk factors before the disease process begins (Celentano
and Szklo 2020). In this association, primary prevention
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detection and intervention of preclinical dementia. (C) Tertiary pre-
vention with a focus on management of patients with a dementia
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focuses on reducing the onset of cognitive decline among
those with cognitive abilities with that expected for age and
background. Early identification of hearing loss and adop-
tion of hearing treatment may prevent structural changes in
the brain (sensory deprivation hypothesis), thereby reducing
the additional “hit” to cortical structures and demands on
neural allocation. Key objectives of hearing aid clinical tri-
als are to determine if adoption of hearing aids for hearing
impairment (at least peripheral hearing impairment) may
delay progression of cognitive decline and how the use of
amplification may therefore influence the outcome.
Secondary prevention involves the early detection and
prevention of disease through screening and early identi-
fication and encompasses intervention upon those at clear
risk of progression of cognitive impairment. Identification
of hearing impaired older adults with concurrent mild
cognitive impairment, subjective cognitive complaints, or
significant biomarkers of dementia is the focus of these
efforts. Delay of further cognitive decline and transition
to dementia through amplification use, aural rehabilita-
tion, and communication strategies would make a lasting
contribution to dementia prevention. Attention should
be paid to following best practices for device fitting if
possible to ensure patient hearing needs are met as best
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as able, including the use of real ear measures for hear-
ing aid programming and objective measures for coch-
lear implant mapping such as neural response telemetry
(NRT) and electrical stapedial reflex threshold (ESRT).

The last stage of prevention, tertiary prevention, in
this case follows the onset of dementia and focuses on
supportive and rehabilitative services to minimize mor-
bidity and mortality or maximize quality of life. The use
of hearing aids may decrease risk presented by mediators
within the hearing and dementia pathway by reducing
social isolation or depression risk for older adults, which
can worsen dementia symptom trajectories. Importantly,
neuropsychiatric (i.e., depression, agitation, anxiety, delu-
sions, aggression, apathy, etc.) symptoms are fairly com-
mon at all stages of dementia and are associated with
poor outcomes for both patients and caregivers (Kales
et al. 2014). However, hearing aid use has been associ-
ated with fewer and lower severity neuropsychiatric symp-
toms and less severe depressive symptoms in older adults
with cognitive impairment (Kim et al. 2020). Therefore,
not only does hearing aid use among ADRD patients
demonstrate improved communication, decreased hearing
handicap, and improved quality of life (Mamo et al. 2018;
Dawes et al. 2015, 2019), but it may also reduce common
dementia-related behaviors detrimental for individuals
and challenging for caregivers and providers.

Within tertiary prevention, we must further determine
how to provide auditory rehabilitation for adults with
cognitive impairment (Hubbard et al. 2018). While cur-
rent evidence suggests treating hearing loss in cognitively
impaired older adults yields benefits as described above,
the strength of the evidence is limited due to its case-
report and subjective nature. Determining alternative
accessible and effective means of hearing rehabilitation
for cognitively impaired and aging adults is imperative
to meeting future population needs. Consideration for
hearing rehabilitation might include alternative strategies
such as hearable devices if appropriate or simple assis-
tive listening devices. Even with changes in health policy
improving access to hearing care and rehabilitation, hear-
ing aids may not be feasible for some older adults and
likely do not meet the listening needs of many adults
when used as the only form of rehabilitation. Alternative
strategies which present non-technology driven proposals
(Nieman et al. 2017) should be evaluated to determine if
these approaches better meet the auditory and cognitive
needs for some older adults.

UTILIZING CURRENT AND FUTURE EVIDENCE
TO IMPROVE PATIENT CARE

How auditory scientists, cognitive scientists, epidemiol-
ogists, and other investigators present the research on
hearing and cognitive impairment can have significant
implications for how clinical providers educate patients
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and their families. Epidemiologic studies comprise much
of the research on hearing and cognitive impairment in
older adults. These studies are primarily observational,
conducted using population-level data. This design
allows for the observation of health-related trends within
a selected population of individuals. Thus, on average,
observation of a significant positive association in epide-
miologic data suggests that those with hearing impair-
ment demonstrate an increased risk of cognitive impair-
ment compared to those with normal hearing. This type
of data does not imply that a given individual with hear-
ing impairment will go on to develop dementia but helps
identify groups of individuals whom primary care provid-
ers may wish to monitor for cognitive change.

In comparison, some of the work by cognitive and
auditory researchers has been conducted within selective
and controlled clinical or research environments. These
environments allow for ease of participant recruitment and
control of variables, yet the use of clinic-based populations
does not necessarily ensure that the complex relationship
between hearing ability and cognitive impairment seen
within the broader real world is captured. Many clinic-
or research-based participants may have underlying con-
cerns which have led them to participate in studies, and
participants often possess characteristics which may not
be generalizable or representative of the general popula-
tion or under-represented groups. Thus, while epidemio-
logic cohorts also have their limitations, understanding
trends within a population helps identify areas of further
research. These population trends inform health program
planning, health policies, and identification of areas for
targeted research. Each research environment presents
differing angles or perspectives with which scientists may
address research needs, enriching collaborations and our
comprehensive approach to the public health issue.

Given the varied disciplines involved in research on
hearing and cognitive impairment, understanding how to
synthesize the current evidence, translate findings, and
guide future research for scientific progression is vital.
However, current research has primarily remained siloed
within disciplines. Auditory science and cognitive science
researchers have the opportunity and expertise to address
aspects of the primary research gaps described above.
Transparency of and careful consideration of study
design, measurement tools implemented, and discussion
of results’ applicability for clinical or community popu-
lations are essential to characterize the role of hearing
impairment within the dementia timeline and meet the
needs of our current and future older adults.

CONCLUSION

While research on the contribution of age-related hearing
loss to dementia risk has been around for decades, grow-
ing evidence of the adverse consequences of hearing loss
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for older adults has brought conversations about hearing
health and care into the clinical exam room and to the
attention of older adults and policy makers. The human
and economic expense of caring for the coming wave of
adults reaching or past retirement age demands interdis-
ciplinary collaboration. Auditory science has the oppor-
tunity to contribute towards efforts to reduce this impact.
Identification of the mechanism(s) driving the association
between hearing and dementia, directed hearing-dementia
research for the greatest public health impact and societal
needs, and thoughtful translation of this research for cli-
nicians and patients can have a monumental impact on
prevention and intervention strategies for older adults.
The interdependent and synergistic processes of hearing
and cognition require careful approach. Optimizing our
strategies to treat hearing loss could diminish the risk of
adverse outcomes and enhance health and quality of life
for older adults.
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