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Twenty-five years ago a case-control study published in the Journal of the American

Medical Association (Uhlmann, Larson, Rees, Koepsell, & Duckert, 1989) first reported that

hearing impairment in older adults was strongly and independently associated with the

likelihood of having dementia—raising the intriguing hypothesis that age-related hearing

impairment may contribute to dementia risk. Surprisingly, in the ensuing years, little

research has been conducted to further explore this association despite the high prevalence

of hearing impairment in older adults. Progress in this field has been hindered by the lack of

interaction among disciplines. For example, while auditory scientists and audiologists/ENTs

have expertise in understanding how to measure and address hearing impairment, they have

had limited opportunities to work with researchers who study cognitive decline and

dementia. Likewise, epidemiologists and cognitive scientists who have investigated the risks

for cognitive decline and dementia have been unfamiliar with how to measure hearing and to

integrate these tests into studies. Underlying much of this divide is the fact that age-related

hearing loss is a condition that will affect nearly every person in society—giving rise to the

perception that hearing loss is likely to be an inevitable, and hence mostly inconsequential,

part of aging.

Over the last four years, however, growing epidemiologic and clinical research studies have

suggested otherwise. Longitudinal studies of community-dwelling older adults have

demonstrated that hearing impairment is independently associated with a 30-40% rate of

accelerated cognitive decline (Lin et al., 2013) (on both auditory and non-auditory cognitive

tests) and with a substantially increased risk of incident all-cause dementia (Gallacher et al.,

2012; Lin, Metter, et al., 2011). Compared to individuals with normal hearing, those

individuals with a mild, moderate, and severe hearing impairment, respectively, had a 2-, 3-,

and 5-fold increased risk of incident all-cause dementia over >10 years of follow-up (Lin,

Metter, et al., 2011). Neuroimaging studies have also demonstrated independent associations

of hearing impairment with reduced cortical volumes in the auditory cortex (Peelle, Troiani,
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Grossman, & Wingfield, 2011) and accelerated rates of lateral temporal lobe and whole

brain atrophy (Lin et al., 2014).

Investigating the potential mechanisms (Figure) which underlie these associations begins

with an understanding that age-related hearing loss reflects progressive damage to cochlear

structures from aging and other factors (e.g., noise, vascular risk factors) that result in poorer

encoding of sound by the cochlea. Common factors that could underlie a simple correlation

between hearing and cognition include: age, vascular risk factors (e.g., diabetes, smoking),

or social factors (e.g., education). In contrast, mechanistic pathways through which hearing

impairment could contribute to poorer cognitive functioning include the effect of hearing

impairment on cognitive load, brain structure, and decreased social engagement.

The effect of poor peripheral encoding of sound by an impaired cochlea is demonstrated by

studies in which under conditions where the auditory signal is degraded, greater cognitive

resources are required for auditory perceptual processing to the detriment of other cognitive

processes such as working memory (Rabbitt, 1968; Tun, McCoy, & Wingfield, 2009).

Importantly, for an individual with hearing impairment, such a cognitive load would be a

“dual task” that is always present (hearing and auditory processing are evolutionarily-

evolved processes that remain constantly active (Horowitz, 2012)) and could, therefore,

affect an individual's performance in usual activities and cognitive tasks (among the criteria

for the diagnosis of dementia).

Hearing impairment may also constitute a “second hit” on the brain and thereby adversely

affect cognitive performance and increase the risk of dementia by adding to brain pathology

resulting from other disorders (e.g., amyloid-beta accumulation, neurofibrillary tangles, and

microvascular disease). For example, data from animal models (Groschel, Gotze, Ernst, &

Basta, 2010; Kakigi, Hirakawa, Harel, Mount, & Harrison, 2000; Schwaber, Garraghty, &

Kaas, 1993) and humans (Peelle et al., 2011) show that impoverished auditory signals and

reduced stimulation from the impaired cochlea may precipitate changes in cortical

reorganization and brain morphometry. Additionally, a recent neuroimaging study (Lin et

al., 2014) demonstrated that individuals with hearing impairment have accelerated rates of

whole brain atrophy as well as specific volume declines in the right superior, middle, and

inferior temporal gyri over a mean 6.4 years of follow-up. These temporal regions are

intriguing because they are important not only for spoken language processing (Peelle,

2012), but also for semantic memory, sensory integration, and are involved in the early

stages of mild cognitive impairment or early Alzheimer disease (Chetelat et al., 2005).

While numerous risk factors (e.g, diabetes, physical activity) have been studied in relation to

cognitive decline and dementia over the last several decades (Daviglus et al., 2011), hearing

impairment is unique in likely being the least studied factor, yet the one with potentially the

greatest public health impact, if the hypothesized mechanisms linking hearing and cognition

are discovered to be amenable to hearing rehabilitative therapies. The prevalence of hearing

impairment doubles with each age decade such that nearly two-thirds of adults 70 years and

older have a meaningful hearing loss that affects daily communication (Lin, Niparko, &

Ferrucci, 2011). Concurrently, rates of hearing aid use remain <25% in the U.S. and other

industrialized countries. However, while it is possible that hearing rehabilitative therapies
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and devices could plausibly lessen cognitive load (Sarampalis, Kalluri, Edwards, & Hafter,

2009), provide increased auditory stimulation, and promote social engagement, there has

been no research that has investigated whether such therapies could actually reduce the risk

of cognitive decline and dementia. Results from observational epidemiologic studied have

demonstrated trends for a protective effect of hearing aid use, but such results remain

difficult to interpret. Individuals with hearing impairment who choose to use hearing aids

and other technologies are likely to be healthier and of higher socioeconomic status (creating

a positive bias of seeing a protective effect) but at the same time are also likely to have more

severe hearing problems (leading to a negative bias) than individuals with hearing

impairment who don't use hearing aids.

Key challenges going forward pertain to both broader research as well as clinical issues. The

proposed conceptual model (Figure) serves as a starting point from which to initiate more

focused studies examining the impact of hearing impairment on cognitive functioning and

brain structure/function particularly in the context of other established dementia risk factors.

Currently, few epidemiologic or clinical studies of cognition and dementia include

assessments of objective audiometric function despite growing evidence of the substantial

role of hearing in cognitive outcomes. A prior study of hearing and incident dementia (Lin,

Metter, et al., 2011) estimated the attributable risk of dementia associated with hearing

impairment to be 36%. While this estimate assumes causality and may be inflated, the

possibility of even slightly reducing the proportion of risk associated with hearing loss is

important given the high prevalence of hearing impairment in older adults. Ongoing and

future studies of cognitive aging and dementia should clearly incorporate objective

assessment of hearing function into research protocols (i.e., pure tone audiometry).

However, while further observational studies are warranted, one study of key importance

will be to conduct a randomized clinical trial of current best-practices hearing loss treatment

(counseling/education, provision of hearing aid and other assistive devices) versus watchful

waiting in a large cohort of older adults with untreated hearing impairment. A substantial

advantage of such an RCT is that a well-designed and carefully planned trial can definitively

answer the critical public health question at hand (“Does treating hearing loss reduce the risk

of dementia”) while also providing the data to carefully explore the various mechanistic

pathways that underlie this association.

Another challenge pertains to current clinical care. For the clinician confronted with an older

adult patient in clinic, hearing impairment has generally been an afterthought in the face of

more pressing clinical issues, particularly given the relative complexity of managing and

addressing hearing impairment in older adults. As a result, many clinicians have adopted a

primarily reactive rather than proactive approach toward hearing loss (i.e., only addressing

the issue if the patient is insistent on bringing it to the clinician's attention). This approach is

unfortunate and requires reconsideration, particularly given that most patients won't

understand the importance of hearing unless spurred by the clinician. While definitive

evidence of the effects of hearing treatment on dementia is years away, the benefits of early

screening and management of hearing loss are likely significant and without risk.

Importantly, challenges currently exist in developing affordable and accessible approaches
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toward hearing health care, but these issues are increasingly coming to the forefront and

being addressed at the national level (Institute of Medicine, 2014).

Over the next forty years, prevalence rates of dementia are projected to double every twenty

years because of the aging of the world population (Alzheimer's Disease International,

2010). The potential public health impact of hearing loss in the context of dementia is

substantial given the high worldwide prevalence of hearing loss in older adults and the ready

availability of existing hearing rehabilitative interventions which remain risk-free and

underutilized. Concerted, interdisciplinary efforts bringing together hearing and mental

health specialists to investigate and address hearing loss in the context of brain and cognitive

aging are urgently needed – a message to which we all need to listen.
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Figure 1.
Conceptual model of the association of hearing impairment with cognitive functioning and

dementia.
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