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ABSTRACT

Sensory input provides the signals used by the brain when
listeners understand speech and participate in social activities with other
people in a range of everyday situations. When sensory inputs are
diminished, there can be short-term consequences to brain functioning,
and long-term deprivation can affect brain neuroplasticity. Indeed, the
association between hearing loss and cognitive declines in older adults is
supported by experimental and epidemiologic evidence, although the
causal mechanisms remain unknown. These interactions of auditory and
cognitive aging play out in the challenges confronted by people with agerelated hearing problems when understanding speech and engaging in
social interactions. In the present article, we use the World Health
Organization’s International Classification of Functioning, Disability
and Health and the Selective Optimization with Compensation models
to highlight the importance of adopting a healthy aging perspective that
focuses on facilitating active social participation by older adults. First, we
examine epidemiologic evidence linking ARHL to cognitive declines
and other health issues. Next, we examine how social factors influence
and are influenced by auditory and cognitive aging and if they may
provide a possible explanation for the association between ARHL and
cognitive decline. Finally, we outline how audiologists could reposition
hearing health care within the broader context of healthy aging.
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HEALTH, HEALTHY AGING, AND
THE IMPORTANCE OF SOCIAL
FUNCTIONING
All too often, old age is associated with difficulties such as multiple health problems, including declines in auditory and cognitive
abilities, and social isolation. Sensory input
provides the signals used by the brain when
listeners understand speech, enjoy music, detect
warning signals, react to environmental sounds,
and participate in social activities with other
people in a range of everyday situations. When
sensory inputs are diminished, there can be
short-term consequences to brain functioning,
and long-term deprivation can affect brain
neuroplasticity. Importantly, the interactions
of auditory and cognitive aging play out in
everyday life as people with age-related hearing
problems communicate, participate in social
activities, and maintain social roles and
relationships.
In the present article, we consider how agerelated sensory, cognitive, and social functioning may be interrelated and the implications of
such interrelationships for rehabilitative audiology. In particular, we use the World Health
Organization’s International Classification of
Functioning, Disability and Health (WHO
ICF) and the Selective Optimization with
Compensation (SOC) model of Baltes and
Baltes to highlight the importance of adopting
a healthy aging perspective that focuses on
facilitating active social participation by older
adults.1,2
The WHO ICF provides a familiar framework that has been used by audiologists.3 Two
key features of the WHO ICF are that functioning is conceptualized with bidirectional
influences across a trio of levels (impairment,
activity, and participation) spanning biological
to social factors and that functioning occurs in

context and can be modulated by personal and
environmental factors. All components of the
system are linked to each other such that change
in one will yield changes in others. Importantly,
modifying contextual factors by removing barriers and/or enhancing supports can facilitate
healthy functioning for an individual. Ideally,
healthy functioning would result if personal
resources and supportive physical and social
environments were optimized to offset the
potentially negative consequences of biological
impairments. From an ecological perspective,
an optimized person-context fit would promote
healthy adaptation,4 enabling the person to
cope successfully and achieve their goals without stress.
According to the SOC model, “successful”
aging involves modifying the balance between
losses and gains such that, as older adults
continue to develop in their later life, it remains
possible to have a positive balance. The SOC
model assumes that as adults age there is intraindividual plasticity and interindividual variability (i.e., all individuals can change with age,
but they may differ in how they change). The
model describes three key processes involved in
successful aging: (1) selection and prioritization
of goals to be achieved with limited resources;
(2) optimization of how limited resources are
deployed to achieve selected goals (e.g., developing new skills can improve the efficiency of
resource use); (3) compensation by drawing on
relatively intact abilities (or using assistive
technologies) to offset declining abilities so
that selected goals can be achieved in new
ways. The SOC model can be applied in
rehabilitation to understand how older adults
cope successfully with declines and various
disabilities (e.g., recovery from stroke).5 The
model can also be used to understand how
younger and middle-aged people can prevent
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declines and prepare for successful aging by
engaging proactively in health-promoting
lifestyles.6
Health has been defined as a state of
complete physical, mental, and social wellbeing and not merely the absence of disease
or infirmity,7 but from the perspective of health
promotion, health has been redefined as the
capacity of people to adapt to, respond to, or
control life’s challenges and changes.8 Importantly, hearing health needs to be thought of as
part of this capacity for people to live their lives
optimally. We are poised to reinvent hearing
health care for older adults by adopting a
healthy aging approach.

LINKS BETWEEN HEARING LOSS,
COGNITIVE DECLINE, AND THE
HEALTH OF OLDER ADULTS
The population is aging rapidly; a historically
unprecedented large proportion of the population is becoming seniors as those in the “baby
boomer” generation turn 65 years old. Another
reason is that longevity has increased, with
more people living to older ages, including
many who are centenarians.9–11 Indeed, the
most rapid reductions in mortality are occurring
in the “oldest old” age group of octogenarians
and nonagenarians.12 Accordingly, in the coming years, audiologists should expect to see more
people who are living to older ages and whose
needs differ from those of younger adults.
In general, as the population ages, the
burden of disease and mortality is shifting
with increases in chronic, noncommunicable,
and geriatric illnesses; specifically, a recent
study of projected global disease burden, using
estimates based on trends in demographic and
socioeconomic factors, suggested that dementias and adult-onset hearing loss will be among
the top 10 causes of total disability in highincome countries by the year 2030.13 Not
surprisingly, given the increasing prevalence
of hearing loss, dementia, and other chronic
health conditions, it is becoming more common
for older adults to have multiple comorbidities.
Indeed, there is growing awareness that hearing
loss must be factored into social policies to
promote healthy aging and programs to provide
a wide range of health services to older adults.14

Nonauditory age-related health conditions
may influence hearing loss and hearing health
care. For example, hearing loss has been linked
to other major chronic health conditions that
may be risk factors for hearing loss, including
diabetes,15 cardiovascular disease,16 and hypertension.17 Furthermore, hearing rehabilitation,
including use of hearing aids, may be complicated by nonauditory age-related conditions,
such as visual impairment or loss of manual
dexterity due to arthritis.18–20 Conversely, hearing loss and hearing health care may influence
other age-related health conditions. Clearly,
the association between hearing loss and incident dementia has become a concern. However,
like many geriatric health conditions, dementia
rarely has a single cause; although various types
of dementia have been identified, their etiologies are not yet well understood and likely
involve a complex interaction of many genetic,
lifestyle, and environmental factors.21 Furthermore, hearing loss is associated with and may
precede a broad range of other age-related
mental and physical health issues besides dementia, including depression,22 difficulties
walking,23 falls,24,25 poorer physical functioning and increased risk in women of incident
nursing care requirements,26 frailty,27 and even
mortality.28–32 Similar to hearing loss, dementia and cognitive dysfunction also contribute to
falls,33 length of stay in hospital,34 more intensive nursing care,35 and poorer recovery after
surgery,36 and hospital stays and surgery may
increase rates of cognitive declines in older
individuals with and without dementia on
admission.37 In addition, provocative findings
indicate that hearing loss may undermine the
quality and costs of health care, and that
hospital costs for patients with dementia are
higher compared to costs for peers without
dementia,38,39 even in analyses that control
for severity of medical illness, functional impairment, and other potentially confounding
variables. Thus, the implications of hearing loss
in older adults, especially in those who have or
may develop dementia, extend to many aspects
of health and health care.
Of course, many older people with hearing
loss are cognitively normal, and not all people
with dementia have hearing loss. Nevertheless,
the increasingly common co-occurrence of
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declines in sensory loss and cognitive loss as
people get older does not seem to be merely a
result of increasing prevalence in unrelated
conditions, but rather that these conditions
are interrelated.40 Convincing evidence has
emerged suggesting that cognitive loss is
more prevalent or may progress more quickly
in people with hearing loss than in their peers
with good hearing. Audiologists will need to be
prepared to help an increasing number of older
adults who are living with hearing loss in
combination with other chronic health issues,
but especially those who have both hearing loss
and dementia.41
The strongest epidemiologic evidence linking pure tone hearing loss to accelerated cognitive decline and dementia comes from two
large, population-based cohort studies with
long follow-up periods. The first study included
a cohort of 639 dementia-free older individuals
who underwent audiometric pure tone threshold testing in the early 1990s.42 The participants returned for follow-up every 2 years with a
median follow up of over 11 years. Whether or
not the time to incident all-cause dementia
depended on the severity of hearing loss was
investigated using Cox proportional hazards
regression models adjusted for age, sex, race,
education, diabetes, smoking, and hypertension. Strikingly, the risk of incident dementia
increased by 1.27 times per 10-dB increase in
hearing thresholds. Relative to people with
normal hearing, the incidence of all-cause dementia was 1.89 times higher in people with
mild hearing loss, 3 times higher in people with
moderate hearing loss, and 4.94 times higher in
people with severe hearing loss. To put the
effect size into context, the authors calculated
that the cognitive reduction associated with a
25-dB loss in hearing was equivalent to the
reduction associated with an increase of 7 years
in age. Similar results were found in the second
study of nearly 2,000 people in the Health ABC
cohort who were 70 to 79 years old.43 In that
study, participants from Pittsburgh and Memphis with mild to severe hearing loss had faster
rates of cognitive decline compared with normal
hearing participants, even after adjusting for
possible confounders due to demographic or
health factors. Furthermore, at least two earlier
studies conducted by other researchers have

shown faster rates of cognitive declines among
patients who already had dementia with hearing loss compared with those with normal
hearing.44,45 In addition to associations between pure tone hearing loss and dementia,
other studies have also demonstrated that
performance on tests of central auditory processing (e.g., dichotic tests of speech in noise)
are associated with cognitive status and incident dementia.46–49 Taken together, these
studies establish that there is a link between
auditory and cognitive aging, but further research is required to determine why there is a
link or if the link can be modified by intervention. The explanations for the link may be
based on biological, cognitive, and/or social
mechanisms. In the present article, the biological and cognitive mechanisms are mentioned
briefly, but there is greater focus is on the
possible social mechanisms that may be associated with the link between auditory and cognitive aging.

Possible Biological Mechanisms
A common neurodegenerative pathology could
conceivably lead to both hearing loss and dementia. The pathognomonic b-amyloid plaques, neurofibrillary tangles, and neuronal
atrophy of Alzheimer disease have been observed in the peripheral visual neural and olfactory sensory systems at autopsy, and reduced
smell is an early clinical symptom of the disease;
however, Alzheimer pathology, although affecting the central auditory system,50 has not
been demonstrated in peripheral structures like
the cochlea or cochlear nerve.40 Other possible
biological risk factors common to both hearing
loss and dementia could be a variety of genetic,
inflammatory, or immunologic and/or other
health conditions (e.g., cardiovascular disease,
hypertension, diabetes, stress) that are often
controlled in epidemiologic studies as possible
confounders.43,51

Possible Cognitive Mechanisms
Cognitive mechanisms may contribute to the
link between hearing and dementia. Evidence
for cognitive mechanisms comes from research
on age-related changes in brain structure,
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functional brain networks, and behavioral
performance.
A link between hearing loss and changes in
brain structure is suggested by recent radiographic evidence from a brain imaging study of
participants in the Baltimore Longitudinal
Study of Aging.52 Among a cohort of 126
dementia-free individuals, the mean rate of
brain volume reduction over a 6.4-year follow-up was greater among participants with
hearing loss. The size of this effect was approximately equivalent to the average difference
seen between people with normal cognition
and people with mild cognitive impairment.
In particular, hearing loss was related to greater
changes in the temporal lobe structures, which
are important for spoken language processing,
semantic memory, and sensory integration, and
atrophy in the medial temporal lobe is found in
the early stages of Alzheimer’s disease.53–58
Beyond changes in brain structures, it is
even more important to understand more about
changes in brain function and associated behaviors. Notably, in addition to biological
changes in the brain and reduced performance
on behavioral tests of memory, a necessary
condition of dementia diagnosis is loss of ability
to function independently in everyday life.59,60
Building on what has been learned about agerelated changes in functional brain networks,61
further research using functional brain measures is needed to determine how sensory-cognitive brain networks may change over time and
how these changes relate to functioning in
different everyday communication situations.62
Two main themes that have emerged in research on the cognitive neuroscience of aging
are that there are individual differences in
cognitive reserve and that there is cognitive
compensation such that patterns of brain activation for a given individual vary depending on
the cognitive load demanded by a task.
The concept of cognitive reserve refers to
individual differences in cognition that seem to
moderate the extent to which dementia pathology manifests in symptoms of disease.63 People
with greater cognitive reserve are thought to
have neural networks that are less susceptible to
disruption such that they can compensate better
for pathologic changes in the brain and thereby
maintain functioning in everyday life.64 At a

certain point, however, even individuals who
have greater cognitive or brain reserves can no
longer compensate for neural degeneration and
the clinical manifestation of disease becomes
apparent, even though symptoms have been
delayed relative to others who have less reserve.
Cognitive reserve is thought to be greater for
those who are more educated, have higher IQs,
work in occupations or engage in activities with
rich opportunities for mental and social engagement, and adopt healthy lifestyles in terms of
diet and physical activity.65,66 Thus, there may
be interindividual differences insofar as older
adults may begin the process of adjusting to
hearing loss having accumulated more or less
cognitive reserve over their lifetimes. In the
long term, if hearing loss compromises an
individual’s ongoing lifestyle choices, resulting
in reduced engagement in physical, mental, and
social activity, then the maintenance of the
person’s cognitive reserve may be compromised.
In this way, over many years, hearing loss may
accelerate the depletion of cognitive reserve as
dementia progresses. For a given person at a
given point in time, there are also intraindividual differences in how brain networks are
activated depending on the cognitive load demanded by various tasks. In studies of brain
function, increasing brain activation as the
cognitive load demanded by a task increases
has been interpreted as evidence of cognitive
compensation.61
The notions of cognitive reserve and cognitive compensation are compatible with behavioral findings concerning interindividual
and intraindividual differences in listening performance.67,68 The cognitive demands encountered by a listener performing tasks in everyday
life vary depending on a variety of interacting
factors related to the characteristics of the
listener and the signal(s) produced by one or
more sources in a context.69 Listener characteristics, including cognitive reserve, contribute to
interindividual differences in performance. Individuals of the same age can differ in their
auditory and cognitive processing abilities, and
in their linguistic and world knowledge; however, in general, processing abilities decline
whereas knowledge increases or is maintained
as adults get older.70 Finally, consistent with the
SOC model, listeners may differ in their goals
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or selection of priorities for allocating cognitive
resources, especially when there are multiple
competing tasks. These listener characteristics
interact with signal and context factors that
contribute to situation-specific intraindividual
differences in performance. In the terms of the
SOC model, optimization could reduce and/or
compensation could offset-increased cognitive
load. The signal properties affecting the cognitive load demanded in a specific listening
situation may include not only the acoustic
(with or without optimization by the use of
listening technologies) and the linguistic properties of a target speech signal, but also the
properties of energetic and informational
maskers, and converging or competing information from other sensory modalities. In addition, the cognitive load of a listening task will
depend on many aspects of the context that may
facilitate the use of semantic, social, and interpersonal knowledge and expectancies to interpret incoming signals.
In general, congruent or supportive contexts make the task easier and lessen cognitive
load, and incongruent contexts make the task
more difficult and increase cognitive load. Even
if the acoustical conditions are the same, increased cognitive load (e.g., by increasing task
demands) causes listeners to rely more on lexical
knowledge and less on phonetic detail.71 Notably, younger adults rely relatively more on
bottom-up processing of signal cues, whereas
older adults rely relatively more on top-down
processing of context cues.72 In effect, compared with younger listeners, older listeners
may be chronically operating with more cognitive load and more frequently engaging compensatory patterns of brain activation.73 Over
many decades, the compensatory shift in the use
of different types of information during everyday listening may accompany permanent
changes in patterns of activation in brain networks, such as changes in hemispheric asymmetry or shifts to more frontal lobe
activation.74,75 In addition, converging evidence suggests that the hippocampus is involved not only in memory but also in
associative memory or the binding of information about items and contexts during the perception of complex stimuli.76,77 Experimental
studies demonstrated age-related declines in

item–item and item–context associative memory, with diminished ability to compensate by
using context when information is encoded and
with disruptions of auditory associations that
are temporally defined.78,79 Insofar as those
with age-related hearing loss (ARHL) may
habitually experience even greater cognitive
loads in typical listening situations, which
might accelerate changes in brain networks, it
is possible that they could show sooner or faster
cognitive declines than peers with better
hearing.

HOW SOCIAL FACTORS
INFLUENCE AND ARE INFLUENCED
BY AUDITORY AND COGNITIVE
AGING
Social factors affect many aspects of health,
including how people live with age-related
auditory and cognitive declines; conversely,
health and age-related auditory and cognitive
declines affect social interactions and quality of
life. The connections between auditory, cognitive, and social factors are illustrated by the
comment of a doctor who summed up his
experience with hearing loss as follows: “It
affected me meeting girls and having girlfriends. Being made fun of for not hearing
things, where people were making light of it.
It hurt, but you’d never admit to it. People
would say, ‘You can hear, you just didn’t pay
attention.’ And that was partly accurate. I
stopped paying attention because I couldn’t
hear.”80 How successfully an older adult selects,
optimizes, and compensates in everyday life
may depend on several relevant social factors,
including stigma, self-efficacy, social support,
social networks, and participation in social
activities.

Stigma, Stereotypes, and SelfPerceptions
Stigma involves the (self-)identification of a
person as having a characteristic that is devalued
in a social context.81 Negative stereotypes of
aging, as well as negative self-perceptions, may
affect the health of older adults and how they
function in everyday activities, such as communication and social interaction, which depend
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on both hearing and memory.82–84 Notably,
memory and hearing are two domains in which
older people are often negatively stereotyped.85–90 Age-related declines in memory
and hearing may be exacerbated when older
adults fall prey to negative stereotypes of aging,
and negative views of aging may be one reason
why older people’s self-perceptions of ability do
not always accurately reflect their actual function.91,92 The stigma associated with hearing
loss is entangled with ageism,93 and perceptions
of stigmatization can fuel the denial of hearing
problems and nonadherence to rehabilitative
treatments.94,95 The perception of stigma seems
to differ between men and women, to vary with
age, and to be associated more with hearing loss
than with hearing-aid use.96 Importantly, age
per se is not correlated with negative views of
aging,97 and responses to stigma can vary
depending on context such that some individuals are vulnerable while others are resilient to
stigma.81 Thus, there is potential to tailor
interventions according to the individual’s responses to stigma.

Self-Efficacy
Self-efficacy refers to domain-specific “beliefs
in one’s capabilities to organize and execute the
courses of action required to produce given
attainments.”98(p.3) In general, individuals
with high self-efficacy put forth greater effort
in achieving a behavior, persevere when difficulties arise or failures occur, have self-aiding
thoughts for achieving the behavior, and cope
better with emotional, social, and environmental demands surrounding the behavior.98 Numerous studies have demonstrated that
domain-specific self-efficacy plays an important
role in the successful management of a various
chronic health conditions; for example, patients
with high self-efficacy for managing diabetes
have more positive outcomes, higher healthrelated quality of life, increased compliance
with treatment recommendations, and better
long-term maintenance of the modified behavior compared with patients with low self-efficacy.98–100 Thus, it seems that sufficient selfefficacy is critical if older adults are to seek help,
take action, and modify and maintain the
behavior changes required for successfully

adaptation to ARHL. Importantly, audiologists
could use techniques to increase the self-efficacy
of older adults at various stages of the rehabilitative process.101

Social Support
Social support refers to the perceived quality,
rather than the quantity, of relationships providing emotional or affective support (e.g.,
empathy), instrumental support (e.g., financial
aid), and/or informational support (e.g., advice).102,103 Social support can have a powerful
effect on outcomes for various health conditions
by promoting the use of effective coping strategies and counteracting negative interpretations
of adverse events.104,105 The importance of
social support is demonstrated in the role played
by significant others in hearing rehabilitation
and by caregivers in dementia care.106 Significant others can act as a source of motivation and
support for those using hearing aids,107,108 by
encouraging the person who is hard-of-hearing
to pursue and adhere to treatment,109,110 by
acting as a facilitator for communication, and by
providing information and instruction on the
proper use and operation of hearing aids111–113;
however, the negative attitudes of significant
others may contribute to delaying help-seeking
or rejecting treatment.114,115 The availability of
the social support seems to differentiate successful from unsuccessful and satisfied from
unsatisfied hearing aid users.116,117 Furthermore, social support is a strong predictor of
adjustment to the psychological distress associated with hearing loss.118
Social support provided by significant
others and caregivers may be beneficial to the
person who has the impairment(s), but unfortunately, providing social support may strain
relationships, increase stress, and compromise
the health and quality of life of those who
provide the support. Hearing loss affects not
only the person who has hearing loss but also
significant others,119–130 reducing their physical, psychological, and social well-being. In
particular, third-party disability manifests in
wide-ranging effects on the spouses of persons
with hearing impairment,131 including communication difficulties, emotional sequelae, and
effects on relationships and everyday
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activities.127,129 Similarly, the well-known burden of caregiving for an individual with dementia can result in changes in caregivers’ own
physical health, mental health, financial
resources, and social participation.132,133
Dementia can result in difficulties with language and cognition,134,135 and hearing loss in
this population can also lead to communication
breakdowns. Importantly, breakdowns in communication increase caregiver burden and have
been identified as one of the most distressing
problems for caregivers of people with
dementia.136–139 For example, many of the
behavioral symptoms of AD and other dementias, such as frequent requests for repetition and
difficulty following conversations, can lead to
withdrawal from social situations and increased
feelings of caregiver burden. The combination
of declines in hearing and cognition may be
overwhelming for caregivers,41 but audiologic
rehabilitation of older adults with cognitive
impairment and their significant others may
help alleviate burden, increasing the efficiency
of home care and delaying the client’s move to
institutional care.140

Social Networks
Significant others and caregivers are the core of
an older person’s social network. Indeed, as
people age, their socioemotional priorities shift
toward a focus on emotional regulation and
having fewer, high-quality close relationships
and away from a focus on knowledge acquisition and having larger social networks.141 Importantly, maintaining social connections is
critical to healthy aging. Indeed, social isolation
and loneliness are particularly common in older
adults and increase their risks of mortality,
mental and physical health issues, disabilities,
and difficulty in making life-course transitions.142,143 Stronger social networks may reduce mortality, cardiovascular disease,
depression, and anxiety,144–147 with the risk
of mortality associated with social isolation
being as great as that of other notorious clinical
risk factors such as cigarette smoking and
hypertension.148,149 Hearing loss in cognitively
normal older adults has been related to reduced
quality of life and increased social isolation and
emotional distress,150 as well as reductions in

physical capabilities and instrumental activities
of daily living, such as managing medication.151
A recent population-based study conducted
using nationally representative data for the
United States confirmed that older people
with hearing loss, especially women, had
smaller social networks compared with people
with normal hearing.152 Isolation may increase
the risks of dementia onset and progression.
Epidemiologic studies indicate that weaker
social networks, reduced social support and
loneliness increase the risk of incident dementia
among those who are initially free of the
disease,153,154 after controlling for potentially
confounding variables. Again, age-related declines in hearing and cognition both increase
risk of social isolation and in combination the
risk is likely to be even greater. Preventing social
isolation must be a target for audiologic rehabilitation designed to promote healthy aging.

PARTICIPATION IN SOCIAL
ACTIVITIES
Beyond merely preventing social isolation, effective selection, optimization, and compensation would enable a person who is aging
successfully to participate actively in enriching
activities in everyday life. In models based on
population data, there are significant paths from
age to hearing to intelligence to participation in
activities of daily living.155 In samples of people
with hearing impairment (or vision impairment), relationships have been found between cognition and everyday functioning.156
Again, there are reciprocal issues insofar as not
only do auditory and cognitive declines compromise active participation in everyday life, but
reduced opportunities for social participation
may accelerate further declines. Animal studies
showed that social and sensory stimulation can
strengthen the structure and function of the
central nervous system at the cellular and molecular levels; for example, compared with controls isolated in sensory-deprived conditions,
rats randomized to live among their peers in
cages containing abundant sensory stimuli had
lower concentrations of inflammatory cytokines
and higher levels of protective neurotrophic
factors in the hippocampus, with greater numbers of synapses per dendrite, larger neurons,
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and greater neurogenesis, as well as better
spatial memory and learning behaviors.157 Similar molecular and cellular changes have been
observed in animals exposed to greater levels
of physical activity158 or reduced caloric intake,159 and these changes may mediate a path
between healthy lifestyles and cognitive resilience. Of many studies conducted in humans,
one of the most intriguing evaluated the Experience Corps,160 a social intervention in which
at-risk older adults are trained and work as
volunteers with children in classrooms; compelling evidence suggests that increasing meaningful social participation for the volunteers
resulted in numerous positive outcomes, including improved physical performance (walking speed), improved cognitive performance
(memory), and increased size of social networks. Furthermore, functional brain imaging
provided evidence of intervention-specific increases in brain activity in the left prefrontal
cortex and anterior cingulate cortex over the 6month interval relative to matched controls,
with matched gains in executive inhibitory
ability.161 In general, longitudinal populationbased studies suggest that greater participation
by older adults in social activities may be
associated with better cognition.162 These findings point to active and meaningful social
participation as another target for audiologic
rehabilitation designed to promote healthy
aging.

IMPLICATIONS FOR AUDIOLOGIC
PRACTICE
As described above, across time and at any given
point in time, the health and everyday social
functioning of older adults can affect and be
affected by age-related declines in hearing and
cognition. Consistent with the WHO ICF
framework, there is a pressing need to reinvent
hearing health care for older adults by adopting
a healthy aging approach that emphasizes social
participation. The processes for achieving successful aging described in the SOC model could
be used as a basis for designing new approaches
to rehabilitative audiology and for designing
other health-related programs delivered to
older adults who have hearing problems. The
WHO ICF and SOC model could be applied in

programs to prevent, assess, treat, and increase
accessibility for older adults who have ARHL.

Prevention
Fortunately, over the past 20 to 30 years, total
disability among Americans 65 years and older
has declined by 25%, possibly in response to
rising levels of education and standards of
living, better treatment of cardiovascular diseases, reduced rates of smoking, greater availability of assistive devices, and less physically
demanding jobs.163 Similarly, risk of ARHL
decreased throughout the 20th century in
North America, possibly in response to lower
levels of industrial noise and better control of
cardiovascular disease.164 Prevention of ARHL
may be achieved by addressing risk factors like
cardiovascular disease and noise exposure, particularly among young people whose ears may
be particularly susceptible to subclinical noise
damage.165 These findings are inspiring public
health researchers to find more ways to slow or
prevent age-related health issues, especially
cognitive impairment and dementia, and to
improve the independence and well-being of
older adults. On the one hand, health promotion initiatives that help older adults to maintain good health and active social participation
could moderate some of the negative consequences of age-related declines in hearing and
cognition. On the other hand, if hearing loss is a
modifiable risk factor, especially for dementias
and cognitive decline, then sooner and better
hearing health care could moderate some of the
negative consequences of several age-related
health issues.

Assessment
Audiometric threshold testing has been the
cornerstone of traditional audiologic assessment, and hearing aid fitting has been the
cornerstone of traditional audiologic rehabilitation. Going beyond the information gathered
in a traditional audiologic assessment, information about nonaudiometric factors concerning
relevant aspects of an individual’s physical,
mental, and social health would be needed to
plan effective hearing health care in the broader
context of healthy aging. Relevant aspects of
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physical health would include background on
other sensory modalities (e.g., vision, balance,
touch), motor functioning (e.g., dexterity, mobility, falls), and chronic health conditions (e.g.,
diabetes, cardiovascular disease, hypertension).
Relevant aspects of mental health would include background on cognitive functioning
(e.g., screening or history of diagnosis of mild
cognitive impairment or dementia) and mood
(e.g., depression) or other psychological or
psychiatric disorders (e.g., anxiety). Audiologists would not typically gather information
about physical and mental health issues, and
other health professionals, even those diagnosing dementia, seldom gather information about
hearing,166 even though hearing problems
could affect the results of testing.167 However,
in the context of interprofessional teams, those
involved in the care of older adults with multiple health issues could benefit from cooperating
and sharing relevant information to ensure that
the best quality of health care is provided.
In addition to information about physical
and mental health, information about relevant
aspects of social functioning would be needed
to plan hearing health care designed to promote successful aging. Rehabilitation planning
could be greatly enhanced if audiologists had
information about the social factors that are
most likely to influence an older adult’s readiness to seek help, take action, and maintain
behavior change to live successfully with hearing loss. These measures would provide insights into the stigma, self-efficacy, social
support, social isolation, and social participation issues of the individual with hearing loss.
Planning rehabilitation designed to help an
older adult achieve a good person–environment
fit would also require information about the
contextual barriers and facilitators specific to
the individual’s physical and social communication ecologies. Such information would be
used to assess the accessibility needs of the
person, in particular communication situations,
as well as to characterize the availability of
social support and possible concerns regarding
third-party disability or caregiver burden. Fortunately, there has been a recent increase in
research on applying the principles of health
and social psychology in audiologic
rehabilitation.168

Rehabilitation
Current rehabilitation options for individuals
with ARHL include technologies (e.g., hearing
aids, assistive devices, cochlear implants), auditory or communication training, counseling,
and group programs. Unfortunately, there is
no simple, one-size-fits-all solution for adults
with normal cognition, and more specialized
interventions for those at various stages of
cognitive decline are rarely implemented in
typical audiology clinical settings.41,169 Some
barriers to successful rehabilitation are related
to technology that falls short of user expectations or is expensive and/or ergonomically
suboptimal. However, there are many other
barriers to successful rehabilitation that are
primarily related to social factors.
Many older adults delay seeking help for
hearing problems and, by the time they first try
a hearing aid, they are already affected by
multiple physical and cognitive health issues.
For decades, hearing health professionals have
advocated for fitting hearing aids as soon as
possible and certainly while older adults are
physically and psychologically able to learn to
use the technology.170,171 Although some
health professionals have questioned the value
of hearing rehabilitation for older adults with
dementia, it seems that hearing rehabilitation
may be of extreme importance in helping
these individuals and their family caregivers.43,170,172 There is strong evidence that
hearing aids and auditory rehabilitation improve communication and hearing-related
quality of life.173,174 If poorer communication
increases risk for social isolation and withdrawal from social participation, which in turn
contribute to the link between hearing loss and
cognitive decline, then it is possible that improving communication by using hearing aids
might weaken the link. In epidemiologic studies, cognitive declines were associated with
hearing loss but did not differ between participants who reported using hearing aids and
those who did not42,43; however, minimal
information on hearing aid use was available.
High-quality, long-duration randomized controlled trials are needed to determine if older
adults with clinically significant cognitive
declines benefit as much as peers with normal
cognition from current best practices in
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audiologic rehabilitation and if such rehabilitation can slow cognitive declines.14
Some older adults are successful in adapting to hearing loss. They identify and accept
that they have hearing-related problems; they
select the situations and relationships where
communication has the most value for them;
they optimize by learning new listening skills
(e.g., through auditory training and practice),
using technologies (e.g., hearing aids and assistive devices), and modifying environments (e.g.,
by reducing background noise); and they compensate by speech-reading and using communication strategies in conversation (e.g., asking
communication partners to speak clearly). But
other people have more difficulty making
changes to adjust to life as a person with hearing
loss. They may not recognize or might deny that
they have hearing problems; they might never
have their hearing tested; they might avoid
social situations out of fear of embarrassment,
or take out their frustrations in ways that may
damage relationships with friends or family,
jeopardize social support, and/or reduce opportunities for interaction.130
New approaches may be needed to overcome barriers arising from social factors such as
stigma and negative views of aging, poor selfefficacy, lack of social support, and social isolation and/or withdrawal from social interaction.
For example, Internet screening may provide an
opportunity to reach those who would not come
to a clinic for a hearing test. However, the
identification of hearing loss by screening may
be insufficient to predispose further action; new
approaches to increase readiness for hearing
rehabilitation will likely be needed to predispose uptake of hearing aids and other changes
in behavior to improve hearing-related quality
of life.175,176 Other new approaches, especially
those involving social support, may be needed
to reinforce and maintain new behaviors and
coping; for example, in one study, harnessing
social support by including significant others in
rehabilitation classes for individuals with hearing loss resulted in larger reductions in hearing
handicap scores for those who attended with a
significant other compared with those who
attended alone.177 The Internet may also provide new opportunities to overcome these barriers; for example, lack of social support

predicted the frequency of participation in
and subjective benefit from an online selfhelp group for hearing loss.178 Finally, new
rehabilitative approaches to address the effects
of hearing loss on significant others could also
help to predispose uptake and reinforce outcomes of audiologic rehabilitation, especially
for caregivers of older adults who have hearing
loss and clinically significant cognitive declines.

Accessibility
Reduction of the risk of developing dementias
may depend on lifestyle changes and improved
treatment or prevention of chronic health conditions, including hearing loss, that confer
additional risk. The most important modifiable
lifestyle factors include cognitive reserve, physical activity and exercise, dietary factors, alcohol
intake, and smoking. The most obvious treatable chronic health conditions include cardiovascular diseases, stroke, midlife hypertension,
diabetes, and midlife hypercholesterolemia.179
Sadly, many of the potentially modifiable risk
factors for dementia, such as socialization,
physical activity, and prevention or treatment
of chronic health conditions, including hearing
loss as a recent addition, are poorly addressed at
the population level. Too many people are
isolated, sedentary, and do not do anything
about hearing impairment. There may be important opportunities to reduce the incidence of
cognitive loss if these factors, and others, are
addressed in a comprehensive manner in communities, hospitals, and clinics. The current
model of health care, however, which is subjugated to the “tyranny of the acute” and divided
into professional silos, is not an ideal platform
upon which to build a holistic program that
aims to prevent chronic illness.
New interprofessional and public health
approaches to population health are needed.
In particular, such approaches could increase
awareness of the importance of hearing
health, better integrate hearing health care
into the larger health care picture, increase
uptake of amplification devices and other
forms of audiologic rehabilitation, and mandate public policies and environmental accommodations such as ambient noise controls
and access to written information in public
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spaces. At the level of global health policy,
within the last decade, the World Health
Organization has spearheaded an international “age-friendly cities” agenda to foster
environmental and social initiatives for “active aging,” including community-level programs to promote the health, security, and the
social participation of older adults in society.180 A challenge to audiologists is to begin
to contribute to such initiatives.181

CONCLUSION
Greater attention to improving lifestyle and
medical risk factors for cognitive declines is
urgently needed across adulthood. Prevention
and mitigation of hearing loss may play a
significant role in these efforts, in combination
with other ways to promote healthy physical,
mental, and social aging. Even if dementias
cannot be entirely prevented by sooner and
better hearing health care, simply delaying the
onset of disease would result in significant
benefits to individuals and society. It is estimated that a 1-year delay would lead to a 10%
reduction in prevalence by 2050,182 and there
would likely be additional, noncognitive benefits to the health and well-being of older adults.
The alternative of doing nothing will almost
certainly result in growing strains on families,
health care systems, and aging societies.
Audiologists have a valuable contribution to
make by reinventing hearing care in the context
of healthy and successful aging.
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Switzerland: Phonak; 2010:53–65
Pichora-Fuller MK. Auditory and cognitive processing in audiologic rehabilitation. In Spitzer J,
Montano J, eds. Adult Audiologic Rehabilitation:
Advanced Practices, 2nd ed. San Diego, CA:
Plural Publishing; 2013:519–536
Park DC, Lautenschlager G, Hedden T, Davidson NS, Smith AD, Smith PK. Models of visuospatial and verbal memory across the adult life
span. Psychol Aging 2002;17(2):299–320
Mattys S, Wiget L. Effects of cognitive load on
speech recognition. J Mem Lang 2011;65:
145–160
Goy H, Pelletier M, Coletta M, Pichora-Fuller
MK. The effects of semantic context and the type
and amount of acoustic distortion on lexical decision by younger and older adults. J Speech Lang
Hear Res 2013;56(6):1715–1732
Schneider BA, Pichora-Fuller MK, Daneman M.
The effects of senescent changes in audition and
cognition on spoken language comprehension. In:
Gordon-Salant S, Frisina R, Popper A, Fay D,

135

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.

HEARING, COGNITION, AND HEALTHY AGING/PICHORA-FULLER ET AL

SEMINARS IN HEARING/VOLUME 36, NUMBER 3

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

2015

eds. The Aging Auditory System: Perceptual
Characterization and Neural Bases of Presbycusis,
Springer Handbook of Auditory Research. Berlin,
Germany: Springer; 2010:167–210
Cabeza R. Hemispheric asymmetry reduction in
older adults: the HAROLD model. Psychol Aging 2002;17(1):85–100
Davis SW, Dennis NA, Daselaar SM, Fleck MS,
Cabeza R. Que PASA? The posterior-anterior
shift in aging. Cereb Cortex 2008;18(5):
1201–1209
Olsen RK, Moses SN, Riggs L, Ryan JD. The
hippocampus supports multiple cognitive processes through relational binding and comparison.
Front Hum Neurosci 2012;6:146
Yonelinas AP. The hippocampus supports highresolution binding in the service of perception,
working memory and long-term memory. Behav
Brain Res 2013;254:34–44
Li SC, Naveh-Benjamin M, Lindenberger U.
Aging neuromodulation impairs associative binding: a neurocomputational account. Psychol Sci
2005;16(6):445–450
Howard MW, Kahana MJ, Wingfield A. Aging
and contextual binding: modeling recency and lag
recency effects with the temporal context model.
Psychon Bull Rev 2006;13(3):439–445
Bouton K. Shouting Won’t Help: Why I—and 50
Million Other Americans—Can’t Hear You. New
York, NY: Sarah Crichton Books; 2013
Southall K, Gagne J-P, Jennings MB. Stigma: a
negative and a positive influence on help-seeking
for adults with acquired hearing loss. Int J Audiol
2010;49(11):804–814
Levy BR, Slade MD, Kasl SV. Longitudinal
benefit of positive self-perceptions of aging on
functional health. J Gerontol B Psychol Sci Soc
Sci 2002;57(5):409–417
Ryan EB, Meredith SD, MacLean MJ, Orange
JB. Changing the way we talk with elders: promoting health using the communication enhancement model. Int J Aging Hum Dev 1995;41(2):
89–107
Ryan EB, Giles H, Bartolucci G, Henwood K.
Psycholinguistic and social psychological components of communication by and with the elderly.
Lang Commun 1986;6:1–24
Chasteen AL, Schwarz N, Park DC. The activation of aging stereotypes in younger and older
adults. J Gerontol B Psychol Sci Soc Sci 2002;
57(6):540–547
Cuddy A, Norton M, Fiske S. This old stereotype:
the pervasiveness and persistence of the elderly
stereotype. J Soc Issues 2005;61:267–285
Goffman E. Stigma: Notes on the Management of
Spoiled Identity. Englewood Cliffs, NJ: PrenticeHall; 1963

88. Hummert ML, Garstka TA, Shaner JL, Strahm
S. Stereotypes of the elderly held by young,
middle-aged, and elderly adults. J Gerontol
1994;49(5):240–249
89. Levy B. Stereotype embodiment: a psychosocial
approach to aging. Curr Dir Psychol Sci 2009;
18(6):332–336
90. Levy BR, Slade MD, Gill TM. Hearing decline
predicted by elders’ stereotypes. J Gerontol B
Psychol Sci Soc Sci 2006;61(2):82–87
91. Hertzog C, Dunlosky J. Metacognition in later
adulthood: spared monitoring can benefit older
adults’ self-regulation. Curr Dir Psychol Sci 2011;
20(3):167–173
92. Hertzog C, Hultsch DF. Metacognition in adulthood and old age. In: Craik F, Salthouse T, eds.
The Handbook of Aging and Cognition. Mahwah, NJ: Lawrence Erlbaum Associates; 2000:
417–466
93. Wallhagen MI. The stigma of hearing loss. Gerontologist 2010;50(1):66–75
94. Hetu R. The stigma attached to hearing impairment. Scand Audiol Suppl 1996;43:12–24
95. Gagne JP, Southall K, Jennings M. The psychological effects of social stigma: applications to
people with an acquired hearing loss. In: Montano
J, Spitzer J, eds. Advanced Practice in Adult
Audiologic Rehabilitation: International Perspective. New York, NY: Plural Publishing; 2009:
63–92
96. Erler SF, Garstecki DC. Hearing loss- and hearing aid-related stigma: perceptions of women with
age-normal hearing. Am J Audiol 2002;11(2):
83–91
97. Kang SK, Chasteen AL. The development and
validation of the age-based rejection sensitivity
questionnaire. Gerontologist 2009;49(3):303–316
98. Bandura A. Self Efficacy: The Exercise of Control. New York, NY: Freeman; 1997
99. van der Bijl JJ, Shortridge-Baggett LM. The
theory and measurement of the self-efficacy construct. Sch Inq Nurs Pract 2001;15(3):189–207
100. Plack K, Herpertz S, Petrak F. Behavioral medicine interventions in diabetes. Curr Opin Psychiatry 2010;23(2):131–138
101. Smith SL, West RL. The application of selfefficacy principles to audiologic rehabilitation: a
tutorial. Am J Audiol 2006;15(1):46–56
102. Broadhead WE, Gehlbach SH, de Gruy FV,
Kaplan BH. The Duke-UNC Functional Social
Support Questionnaire. Measurement of social
support in family medicine patients. Med Care
1988;26(7):709–723
103. Cohen S. Social relationships and health. Am
Psychol 2004;59(8):676–684
104. Broadhead WE, Kaplan BH, James SA, et al. The
epidemiologic evidence for a relationship between

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.

136

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

social support and health. Am J Epidemiol 1983;
117(5):521–537
Cohen S, Wills TA. Stress, social support, and the
buffering hypothesis. Psychol Bull 1985;98(2):
310–357
Erber N. Communication Therapy for Adults
with Sensory Loss. Melbourne, Australia: Clavis;
1996
Carson AJ. “What brings you here today?” The
role of self-assessment in help-seeking for agerelated hearing loss J Aging Stud 2005;
19:185–200
Lockey K, Jennings MB, Shaw L. Exploring
hearing aid use in older women through narratives. Int J Audiol 2010;49(8):542–549
Duijvestijn JA, Anteunis LJ, Hoek CJ, Van Den
Brink RH, Chenault MN, Manni JJ. Help-seeking behaviour of hearing-impaired persons aged >
or ¼ 55 years; effect of complaints, significant
others and hearing aid image. Acta Otolaryngol
2003;123(7):846–850
Meyer C, Hickson L, Lovelock K, Lampert M,
Khan A. An investigation of factors that influence
help-seeking for hearing impairment in older
adults. Int J Audiol 2014;53(Suppl 1):S3–S17
Mahoney CF, Stephens SD, Cadge BA. Who
prompts patients to consult about hearing loss? Br
J Audiol 1996;30(3):153–158
van den Brink RH, Wit HP, Kempen GI, van
Heuvelen MJ. Attitude and help-seeking for
hearing impairment. Br J Audiol 1996;30(5):
313–324
Manchaiah VKC, Stephens D, Lunner T. Communication partners’ journey through their partner’s hearing impairment. Int J Otolaryngol 2013;
2013:707910
Brooks DN. The effect of attitude on benefit
obtained from hearing aids. Br J Audiol 1989;
23(1):3–11
Kochkin S. MarkeTrak VII: Obstacles to adult
non-user adoption of hearing aids. Hear J 2007;
60:24–51
Hickson L, Meyer C, Lovelock K, Lampert M,
Khan A. Factors associated with success with
hearing aids in older adults. Int J Audiol 2014;
53(Suppl 1):S18–S27
Singh G, Lau S-T, Pichora-Fuller MK. Social
support predicts hearing aid satisfaction. Ear
Hear, doi: 10.1097/AUD.0000000000000182
Frankel B, Turner R. Psychological adjustment in
chronic disability: the role of social support in the
case of the hearing impaired. Can J Sociol 1983;
8:273–291
Hetu R, Lalonde M, Getty L. Psychosocial disadvantages associated with occupational hearing
loss as experienced in the family. Audiology 1987;
26:141–152

120. Stephens D, France L, Lormore K. Effects of
hearing impairment on the patient’s family and
friends. Acta Otolaryngol 1995;115(2):165–167
121. Stephens D. Hearing rehabilitation in a psychosocial framework. Scand Audiol Suppl 1996;
43:57–66
122. Heine C, Erber NP, Osborn R, Browning CJ.
Communication perceptions of older adults with
sensory loss and their communication partners:
implications for intervention. Disabil Rehabil
2002;24(7):356–363
123. Kramer SE, Kapteyn TS, Kuik DJ, Deeg DJ. The
association of hearing impairment and chronic
diseases with psychosocial health status in older
age. J Aging Health 2002;14(1):122–137
124. Danermark B, Gellerstedt LC. Psychosocial work
environment, hearing impairment and health. Int
J Audiol 2004;43(7):383–389
125. Stark P, Hickson L. Outcomes of hearing aid
fitting for older people with hearing impairment
and their significant others. Int J Audiol 2004;
43(7):390–398
126. Scarinci N, Worrall L, Hickson L. The effect of
hearing impairment in older people on the spouse.
Int J Audiol 2008;47(3):141–151
127. Scarinci N, Worrall L, Hickson L. The effect of
hearing impairment in older people on the spouse:
development and psychometric testing of the
significant other scale for hearing disability
(SOS-HEAR). Int J Audiol 2009;48(10):
671–683
128. Kamil RJ, Lin FR. The effects of hearing impairment in older adults on communication partners: a systematic review. J Am Acad Audiol 2015;
26(2):155–182
129. Wallhagen MI, Strawbridge WJ, Shema SJ, Kaplan GA. Impact of self-assessed hearing loss on a
spouse: a longitudinal analysis of couples. J Gerontol B Psychol Sci Soc Sci 2004;59(3):
S190–S196
130. Hetu R, Jones L, Getty L. The impact of acquired
hearing impairment on intimate relationships:
implications for rehabilitation. Audiology 1993;
32(6):363–381
131. Scarinci N, Worrall L, Hickson L. The ICF and
third-party disability: its application to spouses of
older people with hearing impairment. Disabil
Rehabil 2009;31(25):2088–2100
132. George LK, Gwyther LP. Caregiver well-being: a
multidimensional examination of family caregivers of demented adults. Gerontologist 1986;
26(3):253–259
133. Dunkin JJ, Anderson-Hanley C. Dementia caregiver burden: a review of the literature and guidelines for assessment and intervention. Neurology
1998;51(1, Suppl 1):S53–S60, discussion S65–
S67

137

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.

HEARING, COGNITION, AND HEALTHY AGING/PICHORA-FULLER ET AL

SEMINARS IN HEARING/VOLUME 36, NUMBER 3

2015

134. Zientz J, Rackley A, Chapman SB, et al. Evidence-based practice recommendations for dementia: educating caregivers on Alzheimer’s
disease and training communication strategies. J
Med Speech-Lang Pathol 2007;15(1):53–64
135. Kempler D. Neurocognitive Disorders in Aging.
Thousand Oaks, CA: Sage Publications; 2005
136. Savundranayagam MY, Hummert ML, Montgomery RJV. Investigating the effects of communication problems on caregiver burden. J Gerontol
B Psychol Sci Soc Sci 2005;60(1):S48–S55
137. Orange JB. Perspectives of family members regarding communication changes. In: Lubinski R,
eds. Dementia and Communication. Philadelphia, PA: Mosby; 1991:168–186
138. Ripich DN, Horner J. The neurodegenerative
dementias: diagnoses and interventions. ASHA
Leader 2004;9:4–5
139. Kinney JM, Stephens MA. Hassles and uplifts of
giving care to a family member with dementia.
Psychol Aging 1989;4(4):402–408
140. Yaffe K, Fox P, Newcomer R, et al. Patient and
caregiver characteristics and nursing home placement in patients with dementia. JAMA 2002;
287(16):2090–2097
141. Carstensen LL, Isaacowitz DM, Charles ST.
Taking time seriously. A theory of socioemotional
selectivity. Am Psychol 1999;54(3):165–181
142. Tomaka J, Thompson S, Palacios R. The relation
of social isolation, loneliness, and social support to
disease outcomes among the elderly. J Aging
Health 2006;18(3):359–384
143. House JS. Social isolation kills, but how and why?
Psychosom Med 2001;63(2):273–274
144. House JS, Robbins C, Metzner HL. The association of social relationships and activities with
mortality: prospective evidence from the Tecumseh Community Health Study. Am J Epidemiol
1982;116(1):123–140
145. Green AF, Rebok G, Lyketsos CG. Influence of
social network characteristics on cognition and
functional status with aging. Int J Geriatr Psychiatry 2008;23(9):972–978
146. Oxman TE, Berkman LF, Kasl S, Freeman DH
Jr, Barrett J. Social support and depressive symptoms in the elderly. Am J Epidemiol 1992;135(4):
356–368
147. Strogatz DS, James SA. Social support and hypertension among blacks and whites in a rural,
southern community. Am J Epidemiol 1986;
124(6):949–956
148. House JS, Landis KR, Umberson D. Social relationships and health. Science 1988;241(4865):
540–545
149. Pantell M, Rehkopf D, Jutte D, Syme SL, Balmes
J, Adler N. Social isolation: a predictor of mortality comparable to traditional clinical risk factors.
Am J Public Health 2013;103(11):2056–2062

150. Arlinger S. Negative consequences of uncorrected
hearing loss—a review. Int J Audiol 2003;42
(Suppl 2):S17–S20
151. Crews JE, Campbell VA. Vision impairment and
hearing loss among community-dwelling older
Americans: implications for health and functioning. Am J Public Health 2004;94(5):823–829
152. Mick P, Kawachi I, Lin FR. The association
between hearing loss and social isolation in older
adults. Otolaryngol Head Neck Surg 2014;150(3):
378–384
153. Seeman TE, Kaplan GA, Knudsen L, Cohen R,
Guralnik J. Social network ties and mortality
among the elderly in the Alameda County Study.
Am J Epidemiol 1987;126(4):714–723
154. Shankar A, Hamer M, McMunn A, Steptoe A.
Social isolation and loneliness: relationships with
cognitive function during 4 years of follow-up in
the English Longitudinal Study of Ageing. Psychosom Med 2013;75(2):161–170
155. Marsiske M, Klumb P, Baltes MM. Everyday
activity patterns and sensory functioning in old
age. Psychol Aging 1997;12(3):444–457
156. Heyl V, Wahl HW. Managing daily life with agerelated sensory loss: cognitive resources gain in
importance. Psychol Aging 2012;27(2):510–521
157. Pham TM, Winblad B, Granholm AC, Mohammed AH. Environmental influences on brain
neurotrophins in rats. Pharmacol Biochem Behav
2002;73(1):167–175
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