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Abstract

Introduction: Accumulating evidence links hearing loss to impaired cognitive performance 

and increased risk for dementia. Hearing loss can lead to deafferentation-induced atrophy of 

frontotemporal brain regions and dysregulation of cognitive control networks from increased 

listening effort. Hearing loss is also associated with reduced social engagement, loneliness, and 

depression, which are independently associated with poor cognitive function.

Areas Covered: We summarize the evidence and postulated mechanisms linking hearing loss to 

dementia in older adults and synthesize the available literature demonstrating beneficial effects of 

hearing remediation on brain structure and function.

Expert Opinion: Further research is needed to evaluate whether treatment of hearing loss may 

reduce risk of cognitive decline and improve neural consequences of hearing loss. Studies may 

investigate the pathologic mechanisms linking these late-life disorders and identify individuals 

vulnerable to dementia, and future clinical trials may evaluate whether hearing treatment may 

reduce risk for dementia.
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Plain Language Summary

Evidence suggests that hearing loss is associated with impaired cognitive performance, increased 

risk for dementia, and poor brain health in older adults. Fortunately, preliminary studies have 

shown positive effects of hearing treatment on cognitive outcomes and reversal of adverse neural 

effects of hearing loss. In the following, we review the available evidence providing support for 

hearing loss as a modifiable risk factor for dementia. However, there are important limitations to 

such findings and further research is needed to definitively evaluate whether hearing treatment 

may protect cognitive and brain health in older adults. If future studies demonstrate that hearing 

treatment has beneficial effects on cognitive and neural outcomes, such results may take advantage 

of the recent widespread efforts to improve access to hearing treatment in the United States.
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1. INTRODUCTION

Historically considered a benign component of aging, hearing loss (HL) in recent years has 

been associated with cognitive decline, dementia, and poor brain health in older adults. The 

2020 Lancet Commission on dementia estimated that HL is the single largest potentially 

modifiable risk factor for dementia, accounting for 8% of the population attributable risk 

for dementia [1]. As HL also is linked to depression, frailty, physical inactivity, and other 

risk factors for dementia, the impact of HL on cognitive health may even be underestimated. 

Unfortunately, many older adults with HL go without treatment due to issues related to 

accessibility, affordability [2], and stigma around HL and aging. High prevalence of HL 

among older adults (>50% of Americans over 60 years old with HL [3]) coupled with 

low treatment levels [4] has resulted in widespread efforts to increase availability of HL 

treatment [2,5,6], including introduction and bipartisan passage of the Over-the-Counter 

Hearing Aid Act of 2017 in the United States [7].

In concert with accumulating data linking HL to poor brain health, evidence has begun to 

emerge of specific neural and behavioral mechanisms linking peripheral HL to cognitive 

dysfunction [8–10]. Preliminary studies have also provided evidence that treatment of HL 

also may reverse specific maladaptive neuroplastic changes associated with chronic HL. 

These data provide hope that novel therapeutic targets can be identified and strategies to 

optimize brain health in the setting of HL can be developed, however a critical synthesis 

of the relevant literature is needed given divergent findings and methodological complexity 

among studies of HL and neural functioning. In this review, we summarize the evidence 

and postulated mechanisms linking HL to dementia in older adults, synthesize the available 

literature demonstrating beneficial effects of hearing remediation on brain structure and 

function and propose future research directions to better understand the relationship between 

HL and dementia.
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2. PHYSIOLOGY AND PATHOPHYSIOLOGY OF HEARING LOSS

The ability to hear depends on the precise encoding of sound into a neural signal by 

the peripheral auditory system followed by decoding of the signal into meaning by the 

brain. When used in the context of this review and unless stated otherwise, ‘hearing loss’ 

refers to impairments of the peripheral auditory system (cochlea) that affect the precise 

peripheral encoding of sound. Audiometry is the most common method used to assess 

hearing ability, and audiometric measures reflect the sensitivity of the peripheral auditory 

system to detect pure tones. Importantly, detection of pure tones does not substantively 

depend on higher-order cortical processing [11], meaning that audiometry can be reliably 

performed in adults with early dementia [12]. Age-related HL is the most common form 

of HL observed in adults and reflects progressive, irreversible damage to cells within the 

cochlea. The cochlea is particularly susceptible to damage over time given that most of 

the inner ear is post-mitotic (and hence incapable of regeneration), with risk factors for 

HL being age, race, sex, and noise exposure. Animal models of age-related HL as well as 

postmortem human temporal bone specimens from older adults demonstrate loss of sensory 

inner and outer hair cells, damage to the stria vascularis, and loss of cochlear nerve fibers 

[13]. The end result of accumulated damage to the cochlea (‘sensorineural HL’) is impaired 

encoding of sound and transmission of an impoverished and degraded auditory signal to the 

brain [14].

3. PERIPHERAL VERSUS CENTRAL AUDITORY FUNCTION AND 

DEMENTIA

Higher order assessments of hearing that involve speech, speech-in-noise, or other measures 

of central auditory function (e.g., dichotic digits) depend on both peripheral encoding of 

sound as well as extensive central cortical and subcortical pathways for auditory processing 

[15]. These latter assessments of hearing are more indicative of listening in real-world 

settings and reflect the combined functional output of both the peripheral and central 

auditory systems. This review paper focuses only on the role of peripheral hearing and 

cognitive impairment given that the implications of associations between peripheral versus 

central auditory function with cognitive function are very different. In the former case, 

there may be potential mechanistic pathways (detailed later in this review) through which 

peripheral hearing contributes to cognitive impairment and which may be modifiable. In 

the latter case, central auditory measures may be acting as a biomarker or surrogate for the 

same cortical processes underlying dementia. However, unraveling the specific contribution 

of central (versus peripheral) HL to dementia is complicated, since coexisting peripheral 

deficits may confound measurements of downstream central auditory processing dysfunction 

[15].

In the case of central auditory dysfunction, one must consider the reverse pathway 

(i.e., cognitive decline causing reduced hearing capacity). While AD-specific risk factors 

such as APOE ε4 allele status have not been associated with peripheral HL [16], not 

have neuropathologic changes associated with AD been found in peripheral auditory 

pathways [17–20], the neural and behavioral manifestations of central HL can be difficult 
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to distinguish from that of dementia [21]. For example, neurodegenerative processes 

implicated in the development of AD can degrade auditory brain function in temporal and 

parietal areas, which can itself damage central hearing function and affect speech-in-noise 

perception [15]. Likewise, the relative death of studies linking speech-in-noise perception to 

cognitive function further limits our understanding of the complex dynamic between central 

auditory function and cognition, both of which draw in large part on the same cortical 

resources. One large (N=82,039) study from the UK Biobank highlighted the important role 

of speech-in-noise perception, a measure of central HL, as a predictor of incident dementia 

[22]. However, as speech-in-noise performance can be a biomarker for cognitive impairment 

itself, it is difficult to distinguish between the pathophysiological processes underlying 

central auditory dysfunction and dementia.

4. HEARING LOSS AS A RISK FACTOR FOR DEMENTIA

HL has been linked consistently to accelerated cognitive decline [23] and increased 

risk of incident dementia [1] in population-based observational studies of older adults. 

Against the benefit of large sample sizes in these studies are unavoidable limitations 

in the measurements of hearing and cognition. Many population-based longitudinal 

studies evaluate cognition only using clinical diagnosis of dementia or global cognitive 

screening tools, as opposed to comprehensive neuropsychological assessments with rigorous 

diagnostic evaluations and strict biomarker support. Such analyses often do not speak to the 

specific dementia subtype, and ‘Dementia’ as referenced in this section refers to all-cause 

clinical diagnosis of dementia.

Moreover, available studies often enroll participants who are cognitively normal without 

pre-existing cognitive impairment and do not include adequate methods to assess for 

dementia status upon study dropout, which may underestimate the dementia conversion 

rates attributable to HL on follow-up. Lastly, while many cognitive assessment procedures 

most utilized in these studies are administered with only verbal (vs. written) instructions, 

neurocognitive testing in such studies generally occurs in a quiet room involving face-to-

face communication between the research participant and examiner. Evidence suggests that 

HL is still associated with worse cognitive performance even when excluding tests that only 

rely on auditory stimuli (as opposed to written stimuli) [24,25]. Despite these limitations, 

the risk imposed by HL on cognitive performance in older adults is a replicated finding that 

compels research on pathophysiologic mechanisms as well as interventions to mitigate this 

potential risk.

To cite the strongest studies linking HL to cognitive decline, one meta-analysis of nine 

prospective cohort studies (mean follow-up 10.4 years) found that HL was associated with 

accelerated rates of cognitive decline across multiple cognitive domains [23]. In one analysis 

of N=639 older adults enrolled in the Baltimore Longitudinal Study on Aging who were 

dementia-free at baseline, those with mild HL (vs. normal hearing) had 1.89 times the risk 

of developing dementia over 12 years; the estimated risk for individuals with moderate HL 

(vs. normal hearing) was 3.00 [26]. In another analysis of N=1,889 participants from the 

Health, Aging and Body Composition Study, moderate-severe HL was associated with 1.55 
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times the risk of dementia over 9 years. Overall, HL has been estimated to increase risk for 

dementia by 94% [27], with risk increasing as HL severity increases [28,29].

5. MECHANISMS LINKING HEARING LOSS TO DEMENTIA

Recent research has begun to examine the postulated neural and behavioral pathways 

linking HL to cognitive dysfunction in older adults. Knowledge of the pathologic 

mechanisms may identify older adults with HL who may benefit from early interventions 

and facilitate the development of rationally designed therapeutics to augment hearing 

treatment in order improve cognitive outcomes. There is accumulating evidence that the 

development of dementia is related to complex interactions between neuropathological 

processes and environmental or social factors [1]. We hypothesize that the neural and 

behavioral mechanisms reviewed below are not specific to a certain neuropathology, as 

there is limited evidence that HL induces neuropathologic changes associated with dementia 

(e.g., β-Amyloid, Tau, vascular pathology). Rather, chronic HL through such mechanisms 

may lower available cognitive reserve, thereby increasing an individual’s susceptibility to 

functional impairment secondary to existing neuropathological damage.

However, before assuming that compensatory neural changes initiated by chronic HL are 

in a causal pathway leading to dementia, one must consider that common causes may 

underly both age-related changes in cognition and hearing [30]. Chronic inflammation, 

vascular pathology [31], and oxidative stress [32], contribute to both age-related cochlear 

degeneration and the pathogenesis of neurodegenerative diseases such as Alzheimer’s 

disease (AD) [33]. Central nervous system–wide structural and functional decline related 

to normative aging also may result in the development of this frequent comorbidity, leading 

some to suggest that perhaps HL is not causally related to dementia [34].

5.1 Behavioral Mechanisms

Chronic HL can impair communication and lead to social isolation, loneliness [35], and 

depression [36], which are risk factors for dementia [37,38]. Loneliness has been associated 

with over double the risk of AD diagnosis [39], and links between HL and worse episodic 

memory performance have been suggested to be partially mediated by loneliness and social 

isolation [40]. One prospective study found that individuals with either HL or depressive 

symptoms alone had faster cognitive declines over a 10-year follow-up, yet those with 

both HL and depressive symptoms presented the greatest risk of dementia [41]. One may 

hypothesize that social factors and late-life depression may represent an intermediate step in 

the progression of some older adults from HL to dementia [42].

Moreover, older adults with HL have been found to have decreased physical functioning[43], 

slowed gait speed [44], and greater risk of frailty [45], possibly mediated through effects 

of HL on cognitive load and reduced awareness of environmental sound cues leading to 

poorer balance and decreased activity. Fortunately, hearing treatment has been associated 

with improved gait speed [46] and reduced risk of falls [47]. Lastly, tinnitus (perception of 

sound without a corresponding external acoustic stimulus) is highly comorbid with HL and 

can tax available cognitive reserve to direct attentional resources towards salient information 

and away from the phantom sound [48]. Tinnitus has consistently been associated with 
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worse cognitive performance [49,50], including one case-control study that found an 68% 

increased risk of developing dementia before the age of 65 [50].

5.2 Neural Mechanisms

5.2.A Auditory Deprivation Hypothesis—Neuroimaging studies of HL have 

demonstrated compensatory and neuroplastic changes associated with degraded auditory 

input that provide plausible pathways by which chronic HL may be linked to cognitive 

dysfunction [30]. Impoverished auditory signals from the impaired cochlea decrease input 

to the primary and secondary auditory cortex [51,52] and chronic deafferentation can 

lead to downstream atrophy of auditory and cognitive control networks (e.g., primary 

auditory cortex, prefrontal cortex, and anterior cingulate cortex). Cross-sectional structural 

neuroimaging studies have observed an association between worse hearing ability and 

smaller frontotemporal brain volumes [53,54]. One longitudinal epidemiological study 

found that greater audiometric HL was prospectively and independently associated with 

accelerated volume declines in whole brain and lateral temporal lobe (superior, middle, 

and inferior temporal gyri) [52]. While the literature is somewhat mixed [34], studies 

have in general found regional frontotemporal atrophy (vs. widespread central nervous 

system degeneration), which argues for the auditory deprivation hypothesis and against 

the common-cause mechanism of age-related changes in structure/function. It is intuitive 

to hypothesize that such deafferentation-induced atrophy adversely affects cognitive 

performance in other domains subserved by these frontotemporal regions (e.g., executive 

functioning/episodic memory) thereby increasing risk for dementia [10]. However, one 

important caveat is that the available evidence evaluating such neural effects of HL primarily 

concern the links between HL and cognitive dysfunction, as opposed to dementia diagnosis.

5.2.B Effortful Listening (or Information Degradation) Hypothesis—HL can 

result in poor fidelity and distorted encoding of complex sounds (e.g., speech) by the 

cochlea, leading to increased listening effort [55]. Increased listening effort can tax the 

cognitive control network (CCN), diminish the resources available for higher level cognitive 

processing, and impair cognitive reserve [56]. The effect of poor peripheral encoding of 

sound is demonstrated by studies under conditions where the auditory signal is degraded, 

and greater engagement of frontal brain system and CCN structures are required for auditory 

processing to the detriment of other cognitive processes (e.g., working memory) [55,57]. For 

example, functional MRI studies using background noise, distorted speech, or incongruent 

audio-visual tasks demonstrate compensatory CCN recruitment during listening tasks in 

individuals with HL versus controls [58,59]. Aberrant frontotemporal activity among 

individuals with HL can even be observed in passive listening tasks with clear speech [60] 

and at rest [61]. One may speculate that in the short term, HL may lead to compensatory 

activation of the CCN to support speech and cognitive processing, but excessive glutamate 

excitotoxicity over time may lead to maladaptive remodeling and dysregulation of cognitive 

networks [62].

5.3 Overlapping Neural and Behavioral Mechanisms

While the causative neural and behavioral pathways reviewed above are presented 

separately, one must consider the substantial overlap between such mechanisms (Figure 
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1). For example, tinnitus can impair an individual’s ability to switch attention away from 

the perceived sound, resulting in dysregulation of CCN structures beyond the specific effects 

of HL on listening effort. Consistent with this hypothesis, individuals with tinnitus have 

been found to have altered baseline connectivity in the CCN and attenuated activation of 

the middle frontal gyrus during a cognitive control task [48]. Likewise, social isolation 

and loneliness may affect the same neural pathways that are implicated in the causal 

links between HL and dementia. Higher loneliness scores have been associated with 

smaller amygdala, hippocampal, and para-hippocampal volumes [63], and can be predicted 

by connectivity of prefrontal, limbic, and temporal networks (i.e., pathways involved in 

cognitive functioning) [64]. Lastly, HL is associated with increased risk of depression in 

older adults [36], which can itself affect CCN structures [65] and executive functioning [66], 

thereby exacerbating the adverse neural effects of HL. Adverse effects of clinical depression 

on motivation and processing speed can exacerbate impairments in functional hearing and 

listening effort, thereby accelerating the process of cognitive decline [67].

One may hypothesize that such behavioral and neural effects of HL may increase 

risk for dementia through decreasing cognitive reserve, rather than directly effecting 

neuropathological biomarkers associated with dementia (Figure 1). For example, as social 

participation and engagement in leisure activities have been associated with increased 

cognitive reserve [68], it is possible that loneliness and depression secondary to HL 

may impair cognitive reserve and increase vulnerability to neuropathological contributors 

to dementia (e.g., emerging AD pathology or vascular disease). Likewise, deafferentation-

induced frontotemporal atrophy and CCN dysregulation can deplete cortical resources 

that would otherwise be available to help mitigate and act as a ‘buffer’ against such 

neuropathological changes. According to such a model, HL imposes a constant load on 

an individual’s cognitive reserve, and clinical symptoms from existing brain pathology may 

manifest earlier as cognitive and functional impairment.

6. COGNITIVE EFFECTS OF HEARING TREATMENT

Accumulating evidence suggests that hearing treatment may improve cognitive outcomes 

in older adults, though there are important limitations to such findings. One important 

caveat to existing data is that many studies utilize cognitive functioning (vs. dementia) as 

a primary outcome, which hinders our ability to clearly interpret the effects of hearing 

treatment on risk for dementia. Likewise, many are small case-control studies that evaluate 

the effects of hearing treatment on cognitive functioning by comparing older adults with HL 

to normal hearing healthy controls. Most available observational studies examining cognitive 

status before and after hearing treatment only evaluate cognitively normal participants, 

which limits generalizability of such findings to older adults with pre-existing cognitive 

impairment. Lastly, studies of hearing aid use are often plagued by inaccurate reporting, as 

few use objective measures of when hearing aids are in place, turned on, and actually being 

used.

The strongest data demonstrating positive effects of hearing aids on cognition arise from 

large naturalistic studies that evaluate multiple domains of cognitive functioning before and 

after hearing treatment. Observational studies have found that hearing aids are associated 
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with improved memory, global cognition, and executive functioning [69,70]. One systematic 

review evaluating the effects of hearing aids on cognition revealed mixed results but found 

a promising effect of hearing aids on executive functioning [71]. In the only available study 

evaluating individuals with cognitive impairment, participants with MCI and HL who used 

hearing aids were at a significantly lower risk of dementia diagnosis, but hearing aid use 

among those with pre-existing dementia was not associated with improved scores on the 

clinical dementia rating scale [72]. Some randomized controlled trials demonstrate evidence 

that hearing aids may improve cognitive outcomes among cognitively intact older adults 

[73,74], but interpretation of such findings are limited by small sample sizes and mixed 

results [75].

When HL is severe to profound, hearing aids may not adequately provide clarity of 

speech and cochlear implants (prosthetic devices that convert acoustic sound to electrical 

signals that stimulate the cochlear nerve) have become the gold standard for treatment. 

Observational studies have observed improvement in memory, executive functioning, 

processing speed, and global cognition at 6–24 months post-implantation [76,77]. Older 

adults with worse preoperative cognitive scores appear to benefit the most post-implantation 

[76,78], however no available study evaluates the effects of cochlear implantation on 

dementia risk.

7. NEURAL EFFECTS OF HEARING TREATMENT

In the past few years, studies have begun to examine how hearing aids and cochlear implants 

may normalize adverse neural changes associated with chronic HL. Many limitations pertain 

to the existing literature, including small sample sizes, inadequate control groups, and 

available studies specifically evaluate brain regions important for auditory and sensory 

integration regions rather than those relevant to cognitive functioning. As such, it is unclear 

whether restoration of normative cortical allocation patterns with hearing treatment supports 

cognitive processing or is associated with reduced dementia risk. However, intriguing 

findings of relatively rapid neural changes with hearing treatment have been reported despite 

the insidious development of HL over years.

Older adults with HL can demonstrate cross-modal reorganization, a process by which 

cortices associated with deficient sensory modalities (e.g., auditory cortex) are recruited 

by other intact senses (e.g. visual cortex) for neural processing [79]. Such cortical 

reorganization is associated with worse auditory speech perception [80], and effective 

multimodal integration (e.g., auditory and visual information) has been shown to aid 

language and speech comprehension [81]. After one year of hearing aid use, Pereira-Jorge 

et al. [82] found increased functional MRI activation in auditory and language cortices 

during auditory tasks, which correlated with improved speech recognition scores. Hearing 

aid use was associated with deactivation of visual association areas and increased cortical 

thickness in multimodal integration regions (e.g., superior temporal gyrus and angular 

gyrus). Following six months of hearing aid use, Glick et al. [83] observed a reversal in 

cross-modal organization of auditory cortex for visual processing, which coincided with 

gains in speech perception and improved cognitive performance across several domains.
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The neural effects of cochlear implants are less often studied due to the limitations of 

MRI use in cochlear implant patients, though functional near-infrared spectroscopy is an 

emerging technology compatible with cochlear implant devices. Chen et al. [84] observed 

decreased intramodal- and increased cross-modal functional connectivity between visual 

and auditory cortices, which correlated with speech recognition outcomes among post-

lingually deaf cochlear implant users. Other analyses have also observed adaptive cross-

modal reorganization of the visual cortex for auditory processes coinciding with improved 

performance in speech recognition following cochlear implantation [85].

8. EXPERT OPINION

While preliminary studies reveal promising effects of hearing treatment on cognitive 

outcomes and neural consequences of chronic HL, further research is needed to evaluate 

whether HL is a modifiable risk factor for dementia. Rigorously designed clinical trials 

and observational studies are needed to determine whether hearing treatment is effective for 

the prevention of cognitive decline and for the treatment of current cognitive impairment. 

A National Institute on Aging-funded Aging and Cognitive Health Evaluation in Elders 

(ACHIEVE) study is a large ongoing randomized controlled trial that will definitively test 

if a best practices hearing intervention vs. a health education control intervention reduces 

cognitive decline (primary outcome), incident dementia, and structural brain atrophy among 

older adults with HL (NCT03243422) [86].

In this clinical trial, N=977 cognitively intact older adults with HL have been randomized 

to a hearing intervention (hearing aids, education/counseling) or a successful aging control 

intervention (individual sessions with a health educator covering healthy aging topics) and 

followed semi-annually for 3 years. Results from the full trial are not yet published and 

will become available in 2023. However, initial short-term data of N=40 participants in the 

ACHIEVE pilot study (NCT02412254) have been published and reveal improved perceived 

hearing handicap and memory following 6 months of the hearing intervention [75].

Future studies may consider adapting the ACHIEVE trial design to a population with MCI 

to evaluate whether a hearing intervention (vs. education control) may delay conversion to 

dementia. While it is unlikely that hearing treatment affects underlying neuropathological 

contributors to dementia, one may hypothesize that treatment may increase or maintain 

cognitive reserve and delay clinical symptoms attributable to existing brain pathology 

associated with dementia. As self-reported hearing aid use can often be overestimated 

compared to datalogging [87], objective documentation of daily hearing aid use is a critical 

design element in these trials, especially when evaluating a population with cognitive 

impairment. Fortunately, modern hearing aids can objectively track usage with built-in data 

logging features.

As existing studies in HL often assess cognition using global cognitive screening tools or 

clinical diagnosis of dementia, it is currently unknown which subtype of dementia is most 

linked to HL. Understanding the links between HL and dementia subtype (e.g., AD, vascular 

dementia, frontotemporal dementia) may help identify interventions to augment hearing 

treatment based on an understanding of the underlying pathophysiology. Longitudinal 
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studies incorporating rigorous criteria for classification of cognitive status and diagnosis 

with longer follow-up are needed. Classification and stratification of dementia pathologies 

in such studies may include both clinical and biomarker support. Likewise, studies may 

evaluate whether augmentation of hearing treatment with proposed treatments for cognitive 

impairment (e.g., cholinesterase inhibitors, strict blood pressure control) or behavioral 

symptoms of dementia may be associated with greater effect sizes on cognitive performance 

as well as in other functional domains.

In addition to pursuing clinical trials leveraging current standard of care treatments for 

HL, mechanistic studies should be conducted to further evaluate the hypothesized pathways 

by which HL is causally linked to cognitive decline and dementia. Further understanding 

the mechanisms linking these common disorders of later-life may facilitate identification 

and dissemination of interventions to augment hearing treatment capable of protecting 

brain and cognitive health during aging. Longitudinal multimodal neuroimaging studies 

incorporating comprehensive assessments of cognitive, hearing, and psychiatric functioning 

in a population with and without HL would help elucidate the model proposed in Figure 

1. At the very least, studies evaluating the consequences of HL or hearing treatment on 

cognitive outcomes should incorporate psychiatric assessments and social phenotyping in 

order to measure the moderating effects of these variables.

In concert with these mechanistic studies, efforts should be undertaken to understand the 

individual characteristics of older adults with HL who are at greatest risk for dementia. As 

social isolation and loneliness are independently associated with poor cognitive outcomes, 

it is possible that hearing-impaired older adults who are lonely with limited social 

engagement may be more vulnerable to dementia. Likewise, the presence of depression 

may synergistically combine with HL through the pathways reviewed above to create a 

phenotype at ultra-high risk for cognitive problems. While most studies of HL define 

exposed individuals based solely on the loudness thresholds at which a sound can be heard 

(i.e., gold-standard pure tone audiometry), considering the pattern of auditory thresholds 

and speech understanding may better identify individuals vulnerable to dementia. Functional 

assessments of speech discrimination in quiet (e.g., speech recognition threshold or word 

recognition score) and in noise (speech-in-noise tests) may be more indicative of hearing 

ability in real-world settings hearing functioning and reflect the combined functional output 

of both the peripheral and central auditory systems. However, as central auditory measures 

can act as a biomarker for the same cortical processes underlying dementia, such studies 

must be careful to not conflate the measurements of peripheral and central hearing when 

interpreting the effects of HL on cognitive functioning.

Therefore, large prospective longitudinal studies enriched for individuals at risk for dementia 

are needed to further understand the links between HL and risk for dementia. Such studies 

may consider measuring an individual’s social context, hearing profile, and psychiatric 

functioning to allow for identification of specific patient-related factors that particularly 

increase risk for dementia. Such studies must carefully adjust for relevant covariates such 

as cerebrovascular disease, socio-economic status, and education. Better understanding these 

characteristics may identify those vulnerable to dementia in order to target them with 

treatments based on the mechanisms involved in the pathogenesis of cognitive decline 
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specific for each individual. For example, interventions such as ‘smart’ assistive hearing 

technologies, as opposed to conventional hearing aids, may better address individuals with 

poor speech-in-noise perception who are at risk for dementia.

Such information eventually may allow targeting the neural mediators and behavioral 

outputs as reviewed above to maximize functionality. Given the significant interactive effects 

between social, psychiatric, and cognitive functioning in HL, one may speculate that hearing 

treatment may be necessary but not sufficient to recondition cognitive and brain functioning 

among older adults with chronic HL. For example, relying on adaptive neuroplastic changes 

in the CCN induced by repetitive cognitive exercises, cognitive remediation interventions 

may maximize the effects of hearing aids on executive functioning, memory, and processing 

speed [88]. Other strategies to optimize hearing aid effects on cognitive and neural outcomes 

may include a psychosocial intervention to address loneliness [89] or implementation of 

standard treatments for clinical depression. Treatment with antidepressant medications has 

been associated with attenuated responses in the hippocampus and medial prefrontal cortex 

[90], and adaptive changes in regions of the prefrontal cortex have also been reported 

following completion of evidence-based psychotherapies such as cognitive behavioral 

therapy [91]. Overall, there is a need to further examine the use of multimodal and 

integrated interventions that target both audiological and extra-audiological variables (e.g., 

communication education, psychosocial skills, depression treatment), in order to optimize 

hearing treatment effects on cognitive outcomes [92,93]. Likewise, research is needed to 

understand how HL may impact access to or ability to engage in such treatments (e.g., 

psychotherapy or psychosocial interventions).

Given the high prevalence of HL, its association with cognitive decline, and the dire 

consequences of dementia for older adults, it is imperative to elucidate the pathologic 

mechanisms involved and facilitate access to treatment for vulnerable individuals. As 

hearing aids can be expensive and difficult to obtain, the 2021 Update of the National 

Plan to Address Alzheimer’s Disease now calls for increased access to hearing aids in 

order to promote brain health and reduce risk of dementia [94]. More broadly, there is a 

need for research to consider the role of declining sensory afferents beyond hearing (e.g., 

vision, olfaction, and proprioception) on cognitive functioning. If future studies demonstrate 

that treatment of sensory loss may have positive effects on cognitive and brain health in 

older adults, such results may facilitate education efforts and increase availability of sensory 

treatments for older adults.
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Article highlights

• Historically considered a benign component of aging, hearing loss in recent 

years has been associated with cognitive decline, dementia, and poor brain 

health in older adults

• Hearing loss can have adverse effects on brain structure and function and can 

lead to loneliness and late-life depression

• Accumulating evidence suggests that hearing treatment may improve 

cognitive outcomes in older adults, though there are important limitations 

to such findings

• Preliminary studies also provide evidence that hearing treatment may reverse 

specific neuroplastic changes associated with chronic hearing loss

• Further research is needed to determine whether hearing treatment is effective 

for the prevention and/or treatment of current cognitive decline

• Given the potential benefits of hearing treatment on cognitive and neural 

outcomes, there is an urgent need to provide increased access to hearing care
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Figure 1: 
Neural and behavioral consequences of hearing loss on a pathway leading to dementia.

Hearing loss, through the behavioral and neural mechanisms reviewed, can impose a 

constant load on an individual’s available cognitive reserve. Such effects can deplete 

available cognitive resources that would otherwise be available to help mitigate and act as a 

‘buffer’ against neuropathological contributors to dementia (e.g., emerging AD pathology 

or vascular disease) resulting in an earlier manifestation of cognitive and functional 

impairment.
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