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ABSTRACT

This review examines the relationship between cochlear implantation and cognition and quality of life in older adults, as well as how
frailty affects outcomes for older patients with cochlear implants. A
growing body of evidence suggests that there is a strong association
between hearing loss and cognitive impairment. Preliminary studies
suggest that cochlear implantation in older adults may be protective
against cognitive decline. While studies have observed a positive impact
of cochlear implantation on quality of life, currently it is unclear what
factors contribute the most to improved quality of life. Frailty, as a
measurement of general health, likely plays a role in complication rates
and quality-of-life outcomes after cochlear implantation, though larger
prospective studies are required to further elucidate this relationship.
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A

ge-related hearing loss (ARHL), or
presbycusis, occurs in most individuals as they
grow older and, according to the World Health
Organization, can result in disabling hearing
loss in around one-third of individuals older
than 65 years.1 This prevalence of ARHL rises
to greater than 80% in individuals older than
85 years.2 With presbycusis, sensorineural hearing loss will typically begin in the high-frequency range in a symmetric fashion with
progressive spread toward the low-frequency

range as individuals continue to age. Causal
factors of presbycusis likely include the synergistic effect of intrinsic factors such as genetic
predisposition and epigenetic factors in addition to extrinsic factors such as noise exposure,
ototoxic drug exposure, tobacco use, and alcohol abuse.3 There are currently no widely
accepted protocols for screening for ARHL in
older adults.4,5
Presbycusis, especially if left untreated, can
have a significant impact on an individual’s life
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and is an independent risk factor for the development of dementia or cognitive decline.6–10 It
is estimated that hearing loss may account for
9% of risk for Alzheimer’s disease dementia,
making it the largest single modifiable risk
factor.11 The exact mechanism of how presbycusis contributes to cognitive impairment, however, remains unknown. Previous studies have
discussed psychosocial factors, neuroanatomic
changes, cognitive load, or artifact of cognitive
test scoring due to hearing loss as potential
explanations.8,12–14 Alzheimer’s disease causes
differential changes in the auditory cortex,
which may explain an underlying mechanism.15
While the etiology explaining the link between
hearing loss and cognitive impairment remains
unknown, it is likely multifactorial and varies on
an individual basis.
Cochlear implantation is a well-established
means to restoring nonserviceable severe to
profound sensorineural hearing loss that has
been shown to be both safe and efficacious in
older adults.16–21 Previous studies have also
shown that older adults who undergo cochlear
implantation have a similar learning curve and
hearing outcomes as younger adults, and that
cochlear implantation can have a significant
impact on quality of life in the elderly.18,22
Aural rehabilitation using hearing aids results
in either higher cognitive scores or a lower rate
of decline in cognitive assessment scores.6,23–25
Less is known, however, about the potential
impact cochlear implantation has on cognitive
function in this patient cohort, in part due to
the baseline differences in hearing function and
the difference between acoustic and electric
hearing rehabilitation.
Necessary to the preoperative evaluation
for older cochlear implant candidates is a thorough medical evaluation to ensure that medical
comorbidities or poor functional status would
not elevate surgical risk to the point that
implantation would not be offered. An objective measure to quantifying a patient’s overall
health and functional status is the frailty index,
which takes into account the accumulation of
health deficits during an individual’s life as a
reflection of their overall severity of illness and
proximity to death.26 Several studies have demonstrated the safety of cochlear implantation in
the older adult population, but few have evalu-

ated the correlation between medical comorbidities and cochlear implantation outcomes.27,28
This report reviews the impact of cochlear
implantation on cognitive function and quality
of life in older adult cochlear implant recipients
in addition to the role of frailty in cochlear
implant outcomes.

COGNITIVE FUNCTION
The Relationship Between Hearing
Loss and Cognitive Function
Life expectancy has continued to increase in
most industrialized countries over the past
decade. Despite the notion that individuals
are reaching older age in better health and
thus delaying death, it is well-known that the
number of age-related chronic conditions that
negatively impact daily life and independence
also has increased.29,30 Understanding which
modifiable factors contribute to the decline in
overall cognitive function and the development
of dementia is the subject of increasing research.
Several studies have now demonstrated the
advanced rate of cognitive decline in older
adults with hearing loss compared with those
with normal hearing. In a cross-sectional study
evaluating 347 participants older than 55 years,
Lin et al demonstrated that worse hearing loss
was independently associated with lower scores
on tests of mental status, memory, and executive
function.10 With prospective data obtained as
part of the Health, Aging and Body Composition study, Deal et al reported an increased risk
of developing dementia in patients aged 70 to
79 years with moderate to severe hearing loss.31
Over the past several years, multiple additional
studies have reported consistent results supporting the notion that hearing loss in the older
adult population is associated with an increased
risk of developing dementia.7,32–35
An area of active research is elucidating
why there is a relationship between hearing loss
and cognitive decline. Multiple hypotheses
have been proposed, including psychosocial
factors, cognitive load, neuroanatomic changes,
the deprivation hypothesis, the common cause
hypothesis, and the potential artifact of cognitive test scoring due to hearing loss as potential
explanations.8,12–14 Hearing loss, especially in
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older individuals, often results in social isolation
due to difficulty with communication and
maintaining relationships.36 Social isolation
has been shown to increase the risk for cognitive
decline and the development of dementia.37
The cognitive load hypothesis refers to the
explanation that mental resources are diverted
to auditory perception in the setting of hearing
loss.14 Regarding neuroanatomical changes, it is
likely that a combination of peripheral and
central changes, including decreased relative
volume and cortical thickness of the prefrontal
cortex and decreased auditory association cortex
gray matter density, leads to declining speech
perception in noise.12,15 Along these lines, the
“deprivation” hypothesis refers to the notion
that hearing loss affects brain integrity. This
hypothesis is based on findings that older adult
patients with hearing loss exhibited accelerated
whole brain atrophy, particularly in the right
temporal lobe, and lower total brain volume.38,39 The “common cause” hypothesis
refers to the possibility that both hearing loss
and cognitive decline arise from the same
neurodegenerative process associated with old
age.40,41 Lastly, it is important to consider that
some cognitive function tests, including the
Mini Mental State Exam (MMSE) and the
Montreal Cognitive Assessment (MoCA), rely
on auditory processing, and that scores for these
tests can be significantly impacted if an individual suffers from disabling hearing loss.42,43
Recently, insulin-like growth factor 1
(IGF-1) has been identified as a potential
mediator of cognition and hearing loss. In
animal and human models, inborn IGF-1 deficiency results in a phenotype characterized by
profound hearing loss, cognitive deficits, and
short stature.44 Based on this and its role as a
neuroprotective agent, a decline in IGF-1 levels
has been implicated in the progression of
ARHL and, either as a result of hearing loss
or through a direct influence on the nervous
system, a decline in cognitive performance.45
Unlike other sensory deficits, hearing loss
may be the most modifiable. In an updated 2020
report of the Lancet Commission on dementia
prevention, preventing hearing loss, treating
hearing impairment, and maintaining social
contact were identified as critical factors in
increasing and maintaining cognitive reserve.11

An analysis conducted within the PAQUID
study, which is a French prospective population-based study involving 3,777 participants
aged 65 years and over, showed that self-perceived hearing loss was associated with lower
MMSE scores at baseline in addition to a greater
rate of decline over the 25-year follow-up period.23 Interestingly, those patients who did have
self-perceived hearing loss at the beginning of
the study and wore hearing aids had a similar rate
of decline in MMSE scores as the normal
hearing group, whereas those with self-perceived
hearing loss who did not wear hearing aids had a
greater rate of decline compared with the normal
hearing group. Conversely, in a recent review,
Amieva and Ouvrard concluded that while there
is a clear association between dementia and
hearing loss, there continues to be limitations
of the existing literature in terms of establishing a
convincing argument on the positive effect of
hearing aids and cochlear implants on cognition.30 While there are a few other longitudinal
studies evaluating the impact of treating hearing
loss,24,25 there continues to be a lack of randomized trials evaluating the interventional impact of
hearing aids on cognitive function, though studies are underway, notably the Aging and Cognitive Health Evaluation in Elders (ACHIEVE)
study.46 Nonetheless, the available literature
suggests that hearing aid use likely does have a
positive impact on cognitive function in older
adults with hearing loss.

The Impact of Cochlear Implantation
on Cognitive Function
Several studies have examined the impact of
hearing aids on cognitive decline, but few have
looked specifically at cochlear implantation. A
systematic review conducted by Miller et al in
2015 found that there were only three studies
conducted in the English literature that evaluated cognition as the primary outcome measure of cochlear implantation in adults older
than 65 years.47–50 These three studies were
published several years ago and the technology
used would now be considered obsolete.
Moreover, the primary rationale of these
studies was largely to evaluate adverse neurocognitive effects of the cochlear implantation
procedure itself.
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Since 2015, the need for further clinical
research on the neurocognitive impact of cochlear implantation has become increasingly recognized. Prospective longitudinal studies have
observed improvements in global cognitive function, including processing speed, cognitive flexibility, inhibition, attention, and working
memory, as early as 6 months after cochlear
implantation.51–54 Mosnier et al conducted a
prospective longitudinal study examining the
relationship between cochlear implantation
and cognitive function, instituting a battery of
six tests implemented before implantation and
both 6 and 12 months postimplantation.51 The
majority of the patient cohort with poor cognitive scores prior to implantation (30 of 37
patients) showed improved global cognitive
function at 12 months postimplantation, with
cognitive function remaining stable in the other
seven patients. A 7-year follow-up study of this
same cohort demonstrated a lower rate of progression of mild cognitive impairment to dementia (6% at 7 years after implantation)
compared with longitudinal population-based
studies that reported more than 50% progression

within 5 years.55 Sarant et al have undertaken a
5-year longitudinal study examining the impact
of cochlear implants on cognitive function.56 At
18 months, significant benefits have been observed in speech perception, quality of life, and
communication ability. Furthermore, there has
been no significant decline on any cognitive test
score. A recent prospective interventional study
by the authors of the present report enrolled
cochlear implant participants older than 65 years
and demonstrated a parallel improvement in
hearing and cognitive function test scoring,
especially in patients with cognitive impairment
prior to cochlear implantation compared with
those with normal cognition.57 A visual abstract
of how cochlear implants affect brain function is
depicted in Fig. 1.

COCHLEAR IMPLANTATION AND
QUALITY OF LIFE IN OLDER
ADULTS
Cochlear implantation is now the established
standard-of-care treatment for patients with
advanced sensorineural hearing loss that

Figure 1 Description of how a cochlear implant can deliver auditory stimuli that activate various brain regions
in older adults with severe-profound hearing loss. The stimuli activate the auditory association cortex which
projects to other brain regions such as the premotor cortex that assists with attention and the frontal cortex.
(Reproduced with permission from © Chris Gralapp.)
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receive limited benefit from conventional
amplification. Standard outcome measures
to suggest whether cochlear implantation is
successful for an individual generally revolve
around open-set word and sentence recognition.58 While this provides one objective
measure of improvement after surgery, hearing outcomes alone fail to encapsulate the
qualitative benefit cochlear implantation may
provide an individual. Though this has not
been formally studied, regaining sound input
alone after cochlear implantation—regardless
of objective results measured by outcome
measures—may in itself have positive effects
on cognition.
Quality-of-life improvement, as measured
through patient-reported outcome measures,
encompasses many aspects of a patient’s life,
including the impact of physical and mental
health on daily life. General quality-of-life measurement instruments have been used to evaluate
the quality-of-life impact of cochlear implantation. The Health Utilities Index Mark 3 (HUI3)
and the Australian Assessment of Quality of Life
(AQoL), for instance, are generic utility measures that include assessments of well-being and
communication difficulties.59,60 These assessment tools are particularly useful for cost-utility
analysis. One of the most frequently used disease-specific scales is the Nijmegen Cochlear
Implantation Questionnaire (NCIQ), a quantifiable self-assessment tool developed specifically
to assess health-related quality-of-life measures
in three domains (physical, psychological, and
social) for individuals who have undergone
cochlear implantation, and is often used in
studies evaluating the impact of cochlear implantation on patients’ lives.61 More recently,
McRackan et al have developed the Cochlear
Implant Quality of Life (CiQOL) instruments
to analyze six domains influenced by cochlear
implantation (communication, emotional, entertainment, environment, listening effort, and
social).62,63 Ultimately, studies using CiQOL
pre- and postoperatively may be able to characterize the impact of cochlear implantation on
these specific aspects of a patient’s life. Other
disease-specific scales include the Glasgow Benefit Inventory (to measure the impact of an
otolaryngologic intervention), Hearing Handicap Inventory for Adults/Elderly (HHIE), and

Speech Spatial and Qualities of Hearing Scale
(SSQ).64–67
In general, studies evaluating the impact of
cochlear implantation on quality of life have
revealed a largely positive effect after cochlear
implantation. Hirschfelder et al evaluated 56
patients using the Nijmegen Cochlear Implant
Questionnaire (NCIQ) and reported significant
improvements in all subdomains after cochlear
implantation.68 Similar results have been reported by multiple other studies, including postlingually deaf, unilateral implants, bilateral
implants, and unilateral implants for singleside deafness.69–73 McRackan et al evaluated
the association among demographic, hearingrelated, and cochlear implant–related factors
and quality of life, and found that higher
household income, longer duration of hearing
loss prior to implantation, bilateral implantation, and better sentence recognition ability
using AzBio testing were associated with higher
quality-of-life scores.74 Interestingly, they noted the included demographic, hearing-related,
and cochlear implant–related factors accounted
for a small percentage of the variance seen in the
quality-of-life domain scores, suggesting that
factors that contribute to cochlear implant–
related quality-of-life scores are not encompassed by these domains.
Interestingly, studies have reported conflicting results regarding whether quality-of-life
measures correlate with objective speech perception scores. A meta-analysis by McRackan
et al evaluating 14 articles with 679 patients
who underwent cochlear implantation found
that there was a significant improvement in
both hearing-specific and cochlear implant–
specific quality-of-life measures.75 However,
they found that currently used clinical measures
evaluating speech recognition are poor predictors of patient-reported hearing-specific and
cochlear implant–specific quality-of-life scores.
Hirschfelder et al utilized the Freiburg monosyllable and Hochmair, Schulz, Moser (HSM)
sentence test for speech perception testing and
noted that speech perception scoring correlated
with the positive effect on quality of life noted
by the NCIQ.68 Francis et al also reported a
moderate correlation between speech recognition and quality-of-life improvements.76 On
the other hand, Capretta and Moberly found
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that only a few quality-of-life scores correlated
with clinical speech recognition measures.77
Similar results were reported by Kou et al in
older study evaluating Nucleus 22-channel cochlear implant users.78 Based on the conflicting
results from multiple studies, it is likely that the
subdomains included in current quality-of-life
instruments are measuring aspects of outcomes
after cochlear implantation that are not being
included or measured by speech perception
assessments, or, as mentioned earlier, the multitude of benefits offered by cochlear implantation in the setting of advanced sensorineural
hearing loss are not able to be distilled into a
speech understanding test.

FRAILTY
The prevalence of hearing loss increases with
age, and the majority of individuals with severeto-profound hearing loss are older than
65 years.79,80 Despite this, only 5% of individuals who would be cochlear implant candidates
actually undergo implantation.81 While most
agree that access limitations and understanding
candidacy are the primary barriers, part of the
reason for this low penetrance is likely due to
concerns regarding safety of undergoing this
procedure, despite multiple studies demonstrating the safety of this procedure in the older
adult population.17,27,28 This has led the
authors of the present report and others to
determine whether an objective risk assessment
could be used to predict postoperative morbidity and therefore guide decision-making
preoperatively.
Frailty refers to the cumulative decline of
many physiologic systems with time.82 Two
ways to evaluate an individual’s level of frailty
are the frailty phenotype and frailty index. Fried
et al described the frailty phenotype, which
defines frailty as a syndrome that takes into
account unintentional weight loss, self-reported
exhaustion, weakness, slow walking speed, and
low physical activity.83 Despite multiple studies
validating this definition, it fails to take into
account several potentially important factors,
such as cognitive impairment. The frailty index,
originally described by Mitnitski et al, was
developed to provide a proxy quantifiable measure of aging and mortality that takes into

account a patient’s symptoms, signs, laboratory/radiographic/electrocardiographic abnormalities, comorbidities, and overall functional
status.26 The index value is calculated as a ratio
of the number of deficits present to the number
of deficits considered, and the value is higher for
individuals who are generally unwell. Since its
original development as a 70-item scale, the
frailty index has been modified and redefined to
an 11-factor and 5-factor modified frailty index,
both of which are equally effective predictors of
mortality and postoperative complications.84
The frailty index has been widely validated
and used in the surgical literature, but has only
been utilized in small set of otolaryngology
studies.85–88 In a large retrospective study examining the implications of frailty in inpatient
otolaryngology procedures, Adams et al found
that an increase in the modified frailty index
resulted in a significant increase in mortality
risk and complications.86 At the time this
review was written, only one study has examined the impact of frailty on cochlear implantation. Aylward et al conducted a cross-sectional
survey on 143 individuals aged 65 years and over
to evaluate the relationship between frailty and
postimplantation audiologic outcomes and
hearing-related quality-of-life scores.89 They
found that while frailty index does not correlate
with audiologic outcomes, a lower frailty index
value does predict higher hearing-related quality-of-life scores after implantation, suggesting
that older adults who are more frail may experience even greater benefit from improved
hearing.

SUMMARY
As a growing body of evidence is allowing us to
better understand the association between hearing loss and cognition, multiple recent prospective studies have shown a positive impact of
cochlear implantation on neurocognitive outcomes in older adults. Quality of life is positively impacted by cochlear implantation, but
the magnitude of change does not seem to be
well characterized by audiologic outcome measures alone. Preliminary studies on the relationship of frailty and outcomes after implantation
suggest that patients with higher frailty index
value may experience greater improvement in
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quality of life. Future prospective studies are
needed to better understand the neurocognitive
and quality-of-life impact of cochlear implantation and the role of frailty on audiologic and
quality-of-life outcomes.
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