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ABSTRACT

As adults grow older, they often experience difficulty understanding what a person is saying in the
presence of other sounds (e.g., television, music, other people talking). Such age-related declinesin
listening are a major challenge for hearing science and medicine because of their wide prevalence.
Furthermore, hearing aid technologies have so far been unable to effectively alleviate this problem.
Here, we review studies that have investigated the role of musical training as a mean to mitigate
age-related decline in difficulties understanding speech in noise. This review of literature shows
that musicians exhibit exceptional auditory skills that allow them to cope with age-related hearing
loss better than non-musicians. In particular, continuous engagement in musical activities
throughout adulthood is associated with slower age-related decline in understanding speech in
noise. Neuroscience research has shown that musical training enhances central auditory processing,
which can compensate for periphera hearing loss. The benefit of musical training on the aging
auditory brain is exciting and it opens new avenues for devel oping new remediation programs and
improving current rehabilitation protocols aimed at helping older adults in noisy environments.

RESUME

Comme les adultes vieillissent, ils éprouvent souvent des difficultés a comprendre ce gu'une
personne dit en présence d’ autres sons (par exemple, latélévision, la musique, d'autres personnes
qui discutent). Ces baisses liées al'age dans |'écoute sont un défi majeur pour lascience et la
médecine en raison de leur grande prévalence. En outre, les technol ogies d'aides auditives ont été
jusgu'a présent incapable de lutter efficacement contre ce probléme. Ici, nous passons en revue les
études qui ont examiné le role de la formation musicale comme un moyen d’ atténuer le déclin lié a
I'&ge dans la difficulté a comprendre |a parole dans e bruit. Cette revue de lalittérature montre que
les musiciens présentent des capacités auditives exceptionnelles qui leur permettent de faire face a
la perte d'audition liée al'age mieux que les non-musiciens. En particulier, poursuivre I'engagement
d’ activités musicales al'age adulte est associé avec une diminution des problémes de
compréhension de la parole dans | e bruit. La recherche en neurosciences a montré que la formation
musicale améliore | e traitement auditif central, qui compense pour la perte auditive périphérique.
Cette découverte que laformation musicale ralenti le déclin du traitement auditif des personnes
agés est excitante et ouvre de nouvelles avenues de recherches pour le dével oppement de nouveaux
programmes d'entrainement auditif et I’ amélioration des protocol es de réhabilitation actuels visant
aaider les personnes &gées a comprendre les sons de la parole dans des environnements bruyants.
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Introduction
Canadians are living longer than ever. The average Canadian can expect to live for over 80 years.

Thisincreased life expectancy has led to an unprecedented growth in our population of senior
citizens. In fact, by 2036, 25% of the total population (9.2 million people) will be over the age of
65. Unfortunately, this success has led to an increase in age-related medical conditions, including
age-related hearing loss (ARHL), which is nearly universal in older adults. Symptoms of ARHL
often begin in the fourth decade of life increasing in severity with increasing age. Thereis
currently no cure, and many suffer in silence.

One of the most common symptoms of ARHL is a decrease in the ability to understand speech,
especialy in noisy situations. The inability to understand speech in noisy situationsis often
considered one of the most debilitating aspects of aging because it contributes to reduced

interpersonal relations, confusion, financial insecurity, and a poorer quality of life.** These issues

can further lead to depression and cognitive decline.® Accordingly, finding ways to mitigate age-
related decline in the ability to understand speech in noise is of utmost importance.

In noisy situations, such as cocktail parties, socia gatherings and sporting events, understanding
speech depends on how well the brain can extract and process speech signals from background
noise. Unfortunately, simply “turning up the volume” in a hearing aid will not improve
understanding as it depends on both attention and memory processes in addition to hearing
sensitivity. Understanding speech is more than detecting sounds and it highly depends on the
listeners' ability to decipher the surrounding sounds in meaningful ways.

Speech comprehension in noisy environments is constrained by our capacity to hold critical
information in working memory while keeping irrelevant information (external stimuli or internal
thought) from intruding. For effective speech comprehension, listeners must be able to group
together sound elements coming from one source (i.e., the words from one speaker) and segregate
those from other sources (e.g., the words from another speaker). The process of perceptually

organizing our auditory surroundings is known as auditory scene analysis.” It depends on a
coordinated effort of both bottom-up processes that group sounds together based on acoustic
features and top-down schema-driven processes that guide selective attention. Once the auditory
scene has been partitioned into different sound objects, a selection process allows an individual to
focus on a particular object and switch their attention from one representation to another.
Importantly, both bottom-up (i.e., stimulus salience) and top-down demands (i.e., internal goals)

determine which sound(s) in our surroundings are selectively attended.>®

The importance of cognitive functionsin ARHL is highlighted by research that demonstrates a
greater disadvantage in understanding speech in noise by older adults when the background noise
is meaningful (speech) as opposed to meaningless (e.g., foreign speech or speech played

backwards) compared to younger adults.”® This finding cannot be explained simply by age-related
physical changesin the outer, middie, and inner ear. Recognizing the contributions of sensory and
cognitive factors to speech understating can expand treatment possibilities for ARHL beyond just
using hearing aids that only amplify and modul ate the incoming acoustic signal. It is now well

established that targeted training and lifestyle factors can alter neural structures and functions.’ By
extension, one can imagine that hearing abilities can be improved by targeting plasticity in large
neural networks using musical training. As amatter of fact, the last decade has seen a surge of
interest in ng the possibility of using musical training to slow or even reverse age-related
declinesin auditory perception and cognition.
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What Is So Special About Musical Training?

Playing amusical instrument is a cognitively complex task that can take thousands of hours to
master. It not only engages the auditory system, but aso involves auditory-motor coordination,
audio-visual and tactile integration, planning, attention, working memory, long-term memory and
learning of the implicit and explicit “rules’ that govern the musical system. It is therefore not
surprising that the benefits of musical training are not limited to musical performance aone but can

also transfer to other auditory and cognitive domains.**** For instance, children who received piano

or vocal lessons showed greater gain in intellectual quotient (IQ) compared to children who were
enrolled in drama classes.” Additionally, children that received music lessons had improved

auditory abilities,” and enhanced brain volume®™ compared to a control group. Critically, these
studies utilized random assignment, thus post-training differences between the groups were caused
by the music lessons.

Other studies have investigated the benefits of lifelong musicianship on cognitive abilities. For
instance, musicians aged between 45 and 65 performed better than age-matched controls on an

auditory working memory task, but not a visual working memory task.** Older adults (aged 60 to
83) with at least 10 years of musical experience performed better on the nonverbal memory task,
naming visual objects (i.e., Boston naming test), and measures of speeded visual information

processing (i.e., Trails A and B).” In a subsequent study, that controlled for general physical

(exercise) activity level, Hanna-Pladdy and Gajewski*® demonstrated that older musicians scored
higher on tests of phonemic fluency, verbal working memory, verbal immediate recall, visuospatial

judgment, and motor dexterity compare to older non-musicians. Interestingly, Sluming et al.*’
found that gray matter density in the left inferior frontal gyrus was preserved in older professional
(orchestral) musicians, while age-related volume reductions were observed in non-musicians.

Using structural equation modeling, Anderson et al.*® showed that central auditory processing and
cognitive function predicted a significant proportion of variance in the ability to understand speech
in noisy environments. More importantly, past musical experience modulated the relative
contributions of cognitive ability and lifestyle factors (e.g., physically and intellectually engaging
activity) in the ability to understand speech in noisy environments for older adults (aged 55 to 79).
These findings suggest that musical training might create a cognitive reserve, which can delay age-

related cognitive decline.* These studies also highlight the unique nature of musical training, and
its ability to transfer cognitive and perceptual benefits to domains beyond musical performance.

Musicians Maintain Listening Skills in Old Age
Thereisincreasing evidence that lifelong musicianship may slow age-related declines in auditory

processing abilities including speech in noise comprehension.*** Zendel and Alain® measured

auditory processing abilitiesin lifelong musicians (N = 74) and non-musicians (N = 89), aged
between 18 and 91. Musicians were defined as individuals who began musical training prior to age
16, continued practicing music until the time of testing, and had an equivalent of at least six years
of formal music lessons; non-musicians in the study did not play amusical instrument. As
expected, hearing sensitivity, assessed via pure tone thresholds, declined with age but more
importantly, this decline was similar for both musicians and non-musicians. At the same time,
musicians had superior abilities for detecting inharmoncity and this advantage was stable
throughout their lifespan. In addition, musicians had lower gap-detection and speech-in-noise
(QuickSIN) thresholds, and the benefit increased with age. Through musical training, a 70-year-old
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musician can understand speech-in-noise as well as a 50-year-old non-musician. Similar findings

were reported by Parbery-Clark et a.* who also found that older musicians had lower thresholds
on the Quick SIN, the hearing in noise test (HINT), and the word in noise (WIN) test compared to
non-musicians. Together these results imply that musical training and continued practice of a
musical instrument may reduce the impact of age-related decline in listening skills. It islikely that
musical training provides musicians (professional and amateur alike) with strategies that allow
them to more easily extract task-relevant acoustic information, while at the same time tune out
task-irrelevant sounds. We proposed that musical training develops a cognitive reserve that allows
older musicians to maintain auditory-cognitive skills (i.e., listening abilities) in advanced age.
Here, the term " cognitive reserve” refersto the brain’s ability to optimize performance on
cognitive tasks (e.g., 1Q test) despite age-related neuropathological loss.

How Does Musical Training Mitigate Against Age-Related

Changes in Auditory Cognition
Thereis growing agreement that age-related changes in the peripheral and central auditory system

reduce the precision of the signal being delivered to higher auditory cognitive systems. Musical
training and continued musicianship through adulthood may help preserve the early bottom-up
processing of sound so that older musicians have a higher fidelity input into the higher auditory
cognitive systems. Alternatively, older musicians may be better at engaging compensatory
strategies to overcome impoverished sensory processing (top-down processing).

These two possibilities are not mutually exclusive and neurophysiological evidence supports both
possibilities. Recent work suggests that older musicians have an improved efficiency and/or
precision in how their brains encode and process speech formantsin the early auditory pathway.
For example, there was less age-related neural delay in the auditory brainstem response (ABR) to

consonant-vowel speech sounds in older musicians compared to age-matched non-musicians.”
Neuroplastic changesin ABRs may be mediated by top-down processes viathe cortico-fugal

pathway and/or reflect bottom-up shaping of the neuronal responses with repeated exposure.”

To further understand how lifelong musicianship interacts with cognitive auditory processes (i.e.,
top-down), we investigated the impact of attention on the neural processes related to separating

concurrent sounds.”® Again, we found that both older and younger musicians were better able to
segregate a mistuned harmonic as a separate sound object compared to their age-matched non-
musician counterparts. Neurophysio-logical data revealed that in older musicians thisimprovement
was related to enhanced attention-related (i.e., top-down) processing of the mistuned harmonic. In
younger musicians, the benefit was related to both attention-independent (i.e., bottom-up) and
attention-related processing. Further support for this finding comes from a second study where we
investigated how attention impacts the electrophysiological response of the auditory cortex to a

harmonically complex sound.** We found an enhanced attention-dependant response to
harmonically complex stimuli in the right auditory cortex of older musicians, compared to younger
musicians, and older and younger non-musicians. These findings suggest that the lifelong benefit
of musical training may be related to volitional, attention-dependent cognitive processing of
acoustic information. It further suggests that older musicians may be using top-down processing to
help overcome declining bottom-up processing.

Training Vs. Pre-existing Conditions

The cross-sectional studies reviewed above indicate that listening abilities are enhanced in older
musicians compared to non-musicians. There is no doubt that these studies encourage the use of
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musi c-based remediation programs, however it is critical to note that they have focused exclusively
on highly-trained musicians with decades of experience. Hence, it is also possible that lifelong
musicians became and stayed musicians throughout their life because of pre-existing auditory
advantages. Ultimately, the efficacy of using music training to improve listening in older adults
will depend on arandomized control study that demonstrates a causal relationship between training
and auditory perceptual benefitsin older adults.

While cross-sectional studies do not allow for the determination of causality, correlations within
the data can suggest the direction of causality. For example, the degree of amusician’s auditory
perceptual and neurophysiological enhancements is often positively associated with the number of

years of training and negatively associated with the age at which training was initiated.”* These
types of correspondence suggest that the benefits observed in musicians stem from neuroplastic
effects that are modulated by the amount of training and/or influenced during a sensitive period in
childhood. While care must be exercised when drawing causation from correlational data, these
findings are further corroborated by randomized, longitudinal training studies that have
demonstrated causal, experience-dependent effects of musical training at both behavioral and

neurophysiological levels. However these studies have focused on children and young adults. >

Critical questions also arise as to what factors in a music-based remediation program might provide
the greatest auditory benefits. It is possible that successful music-induced neural and behavioural

12,26

effects documented in young adults and children™ may not yield the same degree of benefit in

“less” plagtic brains of older adults.”” One might expect musical training in childhood to induce
long-lasting neurophysiological changes that would provide older adults with an advantage in
noisy listening environments. At the same time, we can also posit that if the musical training
beginslater in life, the balance will shift toward enhancing listening skills, which can then be used
to segregate and attend to one conversation in noisy settings. While leisurely listening to music
may promote health and well-being in older individuals [e.g., mediating stress, reducing heart and

respiratory activity,” it is unlikely to have an efficacious impact on real-world auditory abilities.
For musical training to transfer and benefit non-musical functions (e.g., understanding speech in
noise, auditory scene analysis), it islikely that an individual must be engaged with fairly intense
instructions to promote hierarchical cognitive processing viaintegration of multiple perceptual
modalities (i.e., auditory, visual, tactile, and proprioceptive). Indeed, the beneficial effects of

musicianship have been attributed to this complex processing and not simply attentive listening.”
Moreover, musical training exerts plastic effects at both microscopic (i.e., localized) and

macroscopic (i.e., network) levels of the brain.* This distributed plasticity may be responsible for
musicians enhanced cognitive abilities, including working memory, attention, and executive

31733

processes.” ™ Thus, in addition to examining the long-term retention of music-related benefits and

providing cognitive reserve, future work will need to assess the duration for which music regimens
must be applied before yielding alasting change in behaviour. It islikely that the benefits of music
training will vary in an age-dependent manner.

Nevertheless, recent work suggests that the auditory neuroplasticity afforded by musical training in
childhood might be retained into adulthood, even after cessation of music lessons and practice in

early adolescence.* Thus, even short-term music lessons may promote positive functional changes
in auditory processing that persist well beyond the termination of training. However, these benefits
may aso be related to sensitive periods in childhood. Accordingly, future work is needed to fully
validate short-term music-based training programs aimed to counteract age-related declinesin
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auditory-based communication problemsin older adults.

Concluding Remarks
Older adults have difficulty processing rapid temporal fluctuations and segregating concurrent

objectsin the auditory environment. These perceptual deficits are thought to contribute to their
difficultiesin auditory scene analysis, including perceiving speech-in-noise and parsing acoustic
information into multiple streams. The presence of these deficits in the absence of measurable
hearing loss indicates that some of the perceptual issues faced by older adults probably emerge as a
result of changes to central (i.e., non-cochlear) auditory mechanisms. Studies indicate that musical
training positively modifies central brain and behavioural mechanisms to provide robust, long-
lasting improvements to auditory abilities across the lifespan. Intense and engaging short-term
musical training programs may offer potential benefit to improve or at least offset the difficultiesin
complex listening experienced by older adults.
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