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Abstract The association between hearing impairment,
the diagnosis of dementia, and the role of sensory therapy
has been proposed for some time, but further research is
needed. Current understanding of this association requires
the commitment of those experts who can integrate experience and research from several fields to be able to understand the link from hearing to dementia. A workshop whose
panelists included experts from many areas, ranging from
ear, nose and throat (ENT) to dementia’s specialists, was
promoted and organized by the Giovanni Lorenzini Medical
Science Foundation (Milan, Italy; Houston, TX, USA) to
increase the awareness of the relationship between hearing
loss and dementia, and included questions and comments
following a presentation from the clinical researcher, Frank
Lin, who has been evaluating the relationship between
hearing loss and cognitive decline since 2009.
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Introduction
The clinical aspects of age-related hearing loss (ARHL) in
many older adults are often perceived as an unfortunate but
inconsequential part of aging. Researchers say hearing loss
seems to speed up age-related cognitive decline, and think
that treating hearing loss more aggressively could help
delay cognitive decline and dementia. The devastating
impact of dementia on affected individuals and the burden
imposed on their families and society has made the prevention and treatment of dementia a public health priority.
Interventions that could merely delay the onset of dementia
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by 1 year, from now, would lead to a more than 10 %
decrease in the global prevalence of dementia in 2050.
Unfortunately, there are no known interventions that currently have such effectiveness [1]. Frank Lin is the author
of several recent studies which highlight the link between
hearing and cognitive problems. The manifestations of agerelated hearing loss (ARHL) in many older adults are
subtle and thus hearing loss is often perceived as an
unfortunate but inconsequential part of aging. Researchers
say hearing loss seems to speed up age-related cognitive
decline. Researchers think that treating hearing loss more
aggressively could help delay cognitive decline and
dementia. This paper highlights the questions and the relevant comments made during the workshop promoted and
organized by the Giovanni Lorenzini Medical Science
Foundation (Milan, Italy; Houston, TX, USA) to increase
the awareness of the relationship between hearing loss and
dementia and to stimulate interest and research in the field.

Questions and comments
What is the prevalence of hearing loss in the US
and in Europe in adults and in those older than 70?
Hearing loss is an important public health concern with
substantial economic costs and social consequences.
Hearing impairment is the most frequent sensory deficit in
human populations and affects newborns, children, adults,
and the elderly [2]. In infants and children, hearing
impairment retards the development of language and educational progress. In adults, it causes difficulties in both
professional and social life, and as well as stigmatization.
In the US [3], 26.7 million adults C50 years old suffer
from hearing loss and 3.8 million use hearing aids. In
England and Wales [4], 8.1 million suffer from hearing
loss, of whom 1.4 million use hearing aids.
According to the United Nations, the overall global
population will grow from 6.9 billion in 2010 to 9.3 billion
in 2050. The proportion of the population aged 60 or older
will nearly double in the same period, reaching 21 % of the
total population in 2050, or nearly 2 billion people in 2050.
In 2008, the WHO estimated that over 360 million
people (5.3 % of the global population) have disabling
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hearing loss, highest in developing regions (80 %) and
lowest in high income regions [5].
These figures are expected to rise substantially in the
future due to aging of the global population. There may be
more than 700 million people with hearing loss worldwide
by 2015 [6]. With the continued growth in the global
population, this figure is expected to double to nearly 1.2
billion by 2050, most noticeably in people aged 60 and
older.
In Europe, untreated hearing loss is estimated to cost €
213 billion a year [6, 7].
In 2025, it is estimated that 900 million people
throughout the world will be hearing impaired; it is
expected that around ten percent of these will be from
Europe. In the next 100 years, hearing impairment is projected to affect about 30 percent of Europeans due to
Europe’s aging population. In Finland, 1 of 7 people deals
with varying degrees of hearing loss; some form of hearing
loss affects 1 in 6 Italians; and in Sweden and Denmark, 1
out of 10 people suffers from hearing loss. Medical costs
(e.g. for hearing aids) account for only a small percentage
of the overall cost. Untreated hearing loss costs in Europe
are € 213 billion per year, about € 473 per year for each
adult European. Sixteen percent of all adults in the whole
Europe, more than 71 million people, suffer from a hearing
loss greater than 25 dB, the definition of hearing loss recognized by the World Health Organization (WHO) [6]. In
the European Union alone, more than 55 million people are
hearing impaired, and the costs in the EU of unaided
hearing impairment of all grades are 168 billion per year.
Based on population statistics it is possible to calculate the
yearly costs of untreated hearing loss in some European
countries: Germany € 30,2 billion; France € 22,4 billion;
United Kingdom € 22 billion; Italy € 21,3 billion; Spain €
16,3 billion; Poland € 14 billion; and the Netherlands € 6
billion.
In the USA hearing loss increases from 5 % for 40–49year-olds to 75 % for those greater than 80 years of age
[8].
What is the prevalence of worldwide dementia
projected to be by 2050?
In 2005, 24.3 million people were estimated having
dementia, with 4.6 million new cases of dementia every
year (one new case every 7 s). This number was expected
to double every 20 years to 8.1 million people by 2040 [9].
From some calculations the number of prevalent dementia
cases in the year 2000 was 7.1 million, and in the next
50 years, this number will rise to about 16.2 million
dementia sufferers [10]. Rates of increase are not uniform;
numbers in developed countries were predicted to multiply
by 100 % between 2001 and 2040, but by more than 300 %
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in India, China [9].The prevalence of dementia in the year
2000, in Europe, was 7.1 million, and was calculated to
become about 16.2 million by 2050. Dementia, linked to
expenditure on health and social care in Europe, is estimated to be responsible for 11,2 % of years of disability in
people over 60 years of age, compared with 9.5 % for
stroke, 5.0 % for cardiovascular disease, and 2.4 % for
cancer. In Europe, the prevalence of Alzheimer disease
(AD) increases exponentially with age [10].
Early detection of AD has a number of benefits to
patients [11], their care-givers, and health and social care
systems. Counseling and community services and support,
lifestyle advice, cognitive training, and pharmacological
therapy may all conserve cognition and function if the
disease is detected early, thereby delaying institutionalization. Health and social care systems will also benefit
financially from early detection of AD and delay in institutionalization [12].
Is hearing loss independently associated
with accelerated cognitive decline, and incident
cognitive impairment in community-dwelling older
adults?
Some hearing researchers have concluded that most
speech-understanding difficulties experienced by seniors
are attributable to changes in peripheral hearing mechanisms rather than to age-related declines in cognitive
abilities per se. Reduced speech understanding among
seniors during more complex or noisy listening situations
appear to involve additional factors not predictable from
the audiogram. Such findings are consistent with cognitive
models that describe an overall reduction in the speed of
mental processing [13]. Many medical conditions are
implicated in presbyacusis [14] such as: heredity (that may
contribute up to 50 %), noise, history of chronic middle ear
inflammation, and cardiovascular factors including diabetes, smoking and hypertension; additional relevant factors
are hormones (including estrogen), exposure to ototoxic
medication or chemicals and co-morbidities. As an example, ARHL seems to be more prevalent in patients with
rheumatologic disease. Age-related hearing loss (ARHL) in
humans is, in many occasions, due to: cochlear aging,
environmental factors such as noise exposure, genetic
predisposition, and health co-morbidities such as cigarette
smoking and atherosclerosis. The primary pathology of
ARHL includes the hair cells, stria vascularis, and afferent
spiral ganglion neurons as well as the central auditory
pathways. Genetic investigation has identified several
putative associated genes, including those related to antioxidant defense and atherosclerosis. Exposure to noise is
known to induce excess generation of reactive oxygen
species (ROS) in the cochlea; cumulative oxidative stress
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can be enhanced by relatively hypoxic situations resulting
from the impaired homeostasis of cochlear blood supply
due to atherosclerosis, which could be accelerated by
genetic and co-morbidity factors. Antioxidant defense
systems may also be influenced by genetic backgrounds.
These may explain the large variations of the onset and
extent of ARHL among the elderly [15].
Considering cognitive function as an intellectual process
that involves all aspects of perception, thinking, reasoning,
recollecting, evaluating, etc., it is possible to understand
the correlation between hearing loss and some modified
brain perception activities.
One link between hearing loss and healthy aging presented by Frank Lin is through effects of hearing loss on
cognitive load. Poorer hearing is associated with: (a) a
reduced language-driven activity in primary auditory
pathways [16], and (b) an increased compensatory language-driven activity in pre- frontal cortical areas [17].
Such a cognitive load could, therefore, affect an individual’s performance in usual activities and cognitive tasks
(among the criteria for the diagnosis of dementia).
Another link between hearing loss and healthy aging is
through effects of hearing impairment on brain structure/
function. In humans, hearing loss is associated in crosssectional studies with: (a) reduced cortical volumes in
primary auditory cortex [18], and (b) variation in central
auditory white matter tract integrity on diffusion tensor
imaging (DTI) [19]. A recent longitudinal study [20] has
also demonstrated that hearing impairment is associated
with accelerated atrophy in whole brain volumes and
regions in the superior, middle, and inferior temporal gyri
(regions critical for auditory processing but that also
underlie other cognitive functions). Reduced stimulation
from impoverished auditory signals from hearing impairment could plausibly contribute to alternations in brain
structure/function. Alternatively, these associations could
also be the result of a shared pathologic etiology such as
from microvascular disease and Alzheimer’s neuropathology [21].
Social isolation is a third possible link between hearing
loss and healthy aging. Impaired communication from
hearing loss could contribute to social isolation which is
associated with poorer cognitive and physical functioning
through: (a) upregulation of pro-inflammatory genes and
increased inflammation [22, 23]; (b) poorer health behavioral pathways: smoking, adherence to medical treatment,
diet, exercise, and (c) psychological pathways: self-esteem,
self-efficacy, coping, sense of well-being.
In summary, hearing loss could impact several
domains of healthy aging including social engagement,
physical mobility and activity, falls, vitality, and
dementia through several, non-mutually exclusive mechanistic pathways.
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Is the use of standardized audiometric and cognitive
tests effective in evaluating the association of hearing
loss with cognitive trajectories and incident cognitive
impairment?
Ongoing epidemiologic studies incorporating assessments
of objective audiometric data and neurocognitive functioning will help to elucidate the association of hearing loss
with cognitive trajectories and dementia. Current epidemiologic datasets that contain objective audiometric and
neurocognitive data include: BLSA (Baltimore Longitudinal Study of Aging) [1], and the Health ABC (Health,
Aging, and Body Composition) studies [24]. Hearing data
have also begun to be collected in the USA in the ARIC
(Atherosclerosis Risk in Communities Study: 7/1/1985–1/
31/2016) and in Australia in the ASPREE (ASPirin in
Reducing Events in the Elderly) clinical trial [25]; other
previous Australian longitudinal studies (DYNOPTA;
http://dynopta.anu.edu.au/) also have collected hearing
data. Current/future longitudinal epidemiologic studies of
older adults that are focused on cognition/dementia as
possible outcomes should consider including audiometric
assessments in the study protocol as routinely gathered
data.
Are there independent associations between peripheral
hearing impairment and brain structure/function?
Hearing impairment could potentially 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, cross-sectional
neuroimaging studies have demonstrated that peripheral
hearing impairment is associated with reduced cortical
volumes in the primary auditory cortex [16, 26, 27] and
variation in the integrity of central auditory white matter
tracks [19, 28]. Longitudinal data from animal models
[29–31] also demonstrate that cochlear impairment may
precipitate changes in cortical reorganization and brain
morphometry. A recent neuroimaging study [21] using
longitudinal MRI data from the BLSA demonstrated that
individuals with hearing impairment had 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 [32], but also for
semantic memory, sensory integration, and are involved
in the early stages of mild cognitive impairment or early
Alzheimer disease [33].
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Could the hearing loss rehabilitative therapies
moderate, delay, or prevent dementia?
Comprehensive hearing rehabilitative interventions that
incorporate the use of sensory aids and rehabilitative
counseling to maximize the audibility of speech signals and
could plausibly lessen cognitive load [34], provide
increased auditory stimulation, and promote social
engagement. However, there has been no research that has
investigated whether such therapies could actually reduce
the risk of cognitive decline and dementia. There has only
been one randomized clinical trial of hearing loss treatment
[35] that has examined outcomes beyond measures of
speech perception and quality of life. In this trial of 192
veterans performed more than two decades ago, individuals
were randomized to immediate treatment (provision of a
single monaural analog hearing aid without further training
or counseling) versus no treatment. Outcomes at 4 months
post-randomization demonstrated improved social and
emotional function, communicative abilities, and cognitive
function (as measured with a simple cognitive screening
test [Short Portable Mental Status Questionnaire]) in the
treatment group. These initial results have never been
confirmed in a trial with a larger and more representative
cohort, using more current hearing rehabilitative strategies
(e.g., digital hearing aids, provision of rehabilitative
counseling), and evaluating cognition comprehensively
with longer periods of follow-up (to observe for reduced
rates of cognitive decline over a several year period rather
than an acute ‘‘improvement’’ in cognitive scores immediately post-treatment).
Results from observational epidemiologic studies of
hearing loss and cognition have not found significant
associations between hearing aid use and cognition [1, 24,
36, 37]. For example, in the Health ABC study, individuals
using hearing aids versus those without hearing aids had
lower rates of annual score declines on both the 3MS
(-0.62 vs.-0.77 points/year, p = 0.36) and the DSST
(-0.82 vs. -0.98 points/year, p = 0.34) [24], but these
results were not significant. However, data on other key
variables (e.g., years of hearing aid use, adequacy of
hearing aid fitting and rehabilitation, etc.) that would affect
the success of hearing loss treatment and affect any
observed association were not available. Results obtained
from observational studies must also be interpreted with
caution because individuals choosing to use a hearing aid
likely differ significantly from those individuals not using a
hearing aid in both measured and unmeasured factors.
Consequently, determining whether hearing rehabilitative
strategies could affect cognitive decline will likely never be
answered from observational studies and will require an
RCT. Such a trial is currently being planned in conjunction
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with the National Institute on Aging and using the existing
infrastructure of the Atherosclerosis Risk in Communities
Study in the United States.
Interdisciplinary collaboration
The association between not just hearing sensory impairment (but also of other senses, such olfactory, visual and
touch), the diagnosis of dementia, and the role of sensory
therapy has been suggested for a long time, but has not
been the focus of concerted research; current understanding
is patchy due to small numbers of underpowered and heterogeneous studies. With the aging population and rising
prevalence of dementia, there is widespread interest in
markers of early signs of dementia and tests to identify
which patients with mild cognitive impairment (MCI) will
progress to dementia. People with dementia are very sensitive to changes in environmental conditions [38]. Interdisciplinary collaborations among the experts are must not
only under the scientific and clinical point of view but also
of the social impact globally.
Conflict of interest Dr. Lin reports being on the scientific advisory
board of Pfizer and Autifony, a consultant to Cochlear Ltd., and a
speaker for Med El and Amplifon. The other authors have no conflicts
of interest.
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