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The number of patients suffering from dementia is expected to more than triple by
the year 2040, and this represents a major challenge to publicly-funded healthcare
systems throughout the world. One of the most effective prevention mechanisms against
dementia lies in increasing brain- and cognitive-reserve capacity, which has been found
to reduce the behavioral severity of dementia symptoms as neurological degeneration
progresses. To date though, most of the factors known to enhance this reserve stem
from largely immutable history factors, such as level of education and occupational
attainment. Here, we review the potential for basic lifestyle activities, including physical
exercise, meditation and musical experience, to contribute to reserve capacity and thus
reduce the incidence of dementia in older adults. Relative to other therapies, these
activities are low cost, are easily scalable and can be brought to market quickly and
easily. Overall, although preliminary evidence is promising at the level of randomized
control trials, the state of research on this topic remains underdeveloped. As a result,
several important questions remain unanswered, including the amount of training
required to receive any cognitive benefit from these activities and the extent to which
this benefit continues following cessation. Future research directions are discussed for
each lifestyle activity, as well as the potential for these and other lifestyle activities to
serve as both a prophylactic and a therapeutic treatment for dementia.
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INTRODUCTION

The proportion of older adults (age 65+) is increasing steadily throughout the developed world. In
the United States, the number of older adults is predicted to increase from approximately 45 million
currently to 70 million by the year 2030 (Ortman et al., 2014); similarly, in the European Union the
number of adults over the age of 80 is expected to grow from 5% to 12% of the population (The
2015 Ageing Report, 2015). In one noteworthy example, in 2016 Canada had, for the first time in its
history, more persons over the age of 65 (16.9%) than under the age of 15 (16.6%; Government of
Canada, Statistics Canada, 2016). This global trend is driven largely by the baby boom generation,
born between 1946 and 1964, which began entering their senior years in 2011.
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Advancing age is associated with an increased risk of
developing dementia. Dementia, including Alzheimer’s disease,
is a progressively degenerative disorder affecting several domains
of cognitive ability. In its early, pre-clinical stage, dementia often
manifests in the form of mild cognitive impairment (MCI),
with deficits in cognition and memory that are greater than
expected for the individual’s age but which do not yet impair that
person’s ability to life independently. As symptoms progress into
dementia, these impairments expand to include problems with
executive functions such as planning and organizing, which limit
an individual’s ability to complete basic tasks of independent
living; in its later stages, dementia symptoms expand further to
include additional dysfunctions in mood, personality and affect.
As these symptoms worsen, patients require increasing levels of
assistance with their personal care and safety. A recent estimate
suggests that dementia affects approximately 24 million people
globally, but given the increasing number of older adults it is
projected that this number is expected to grow to approximately
81 million people by the year 2040 (World Health Organization,
2006).

This increase in dementia represents a substantial challenge
to publicly-funded health care systems. Care for patients with
dementia is both labor intense and long-lasting, and therefore
expensive. In the United States, the combined direct and indirect
care cost for dementia is estimated currently at about $236 billion
per year (Alzheimer’s Association, 2016), and this value is almost
certain to increase over the coming decades. In addition, current
drug-based treatments have little or no efficacy in reversing
or reducing the symptoms of dementia (Casey et al., 2010).
Although several pharmaceutical and technological treatments
are in development, these treatments face substantial research
and development costs, and take a large amount of time to
complete animal- and human-based clinical trials. Thus, even if
viable solutions were identified, it could take years—or perhaps
decades—for these solutions to be developed, validated and
brought to market. This misses a crucial and rapidly closing
window for prevention and early treatment.

As an alternative to conventional drug-based therapies,
several groups have highlighted the potential for behavioral
activities to prevent dementia (Valenzuela and Sachdev, 2006;
Fratiglioni and Wang, 2007). This stems from the finding that
the severity of a patient’s dementia symptoms is only weakly
predicted by the degree of underlying brain pathology (for a
recent review see Stern, 2009). Two non-exclusive hypotheses
have been advanced to account for this finding. The first focuses
on a ‘‘brain reserve capacity’’, which is thought to include
some combination of brain size and synapse count (Satz, 1993).
For a given individual, the specific functional impairments
associated with dementia would not occur (or would be weakly
expressed) until damage extended beyond a critical threshold.
Accordingly, a given lesion might lead to impairment in one
patient with a low brain reserve capacity, but not in another
patient with a higher brain reserve capacity. The second focuses
on a ‘‘cognitive reserve capacity’’ (Stern, 2002), which proposes
that the brain actively attempts to compensate for the challenge
incurred by brain damage. This could include the presence
of multiple neural processing networks, which would make a

given cognitive process more resistant to disruption from brain
damage. This could also include a compensatory mechanism, by
which new neural processing networks emerge in response to
brain damage.

Initially, these reserve factors were found to vary with largely
immutable lifestyle factors such as education level (Sulkava et al.,
1985; Zhang et al., 1990; Fratiglioni et al., 1991) and level of
occupational attainment (Stern et al., 1994). Recently however,
behavioral activities have shown potential in improving cognitive
abilities in healthy (Scarmeas and Stern, 2003; Newson and
Kemps, 2005; Hillman et al., 2008; for a review see Moreno
and Farzan, 2015) and pathological populations (Särkämö et al.,
2014, 2016). These benefits can induce neuroplasticity within the
brain, such as increases in synaptic and dendritic receptors, and
changes in neuronal growth factors (Kraft, 2012; Hötting and
Röder, 2013; Moreno and Bidelman, 2014; for reviews of the
neurobiology of plasticity in aging see Freret et al., 2015; Gelfo
et al., 2017). A recent meta-analysis conducted by Woods et al.
(2012) indicates that cognitive stimulation improves cognition
in people with MCI and moderate dementia over and above
any benefit from medication. Similarly, a study of same-sex
twins found that participation in leisure activities during early
and middle adulthood—and participation in intellectual-cultural
activities in particular—was associated with a reduced risk of
Alzheimer’s disease in older females (Crowe et al., 2003). This
benefit, while small, is worth highlighting given the societal scale
of the problem. One recent estimate is that an intervention
capable of delaying the onset of dementia by just 12 months
will result in a reduction of over 9 million cases of dementia
(Brookmeyer et al., 2007).

Clearly, it is crucial to identify what activities and behaviors
(life habits) can enhance cognitive reserve and promote healthy
brain aging. A critical question, and the focus of the current
review, is whether some of the most common leisure activities
can fulfill this goal. We focused this review on physical
exercise, meditation and musicianship, both because preliminary
studies suggest that these activities may improve neurological
health and because these activities are accessible and popular
complementary health approaches for older adults (Clarke et al.,
2015). To that end, we assess the available data indicating
whether these activities are effective at reducing the incidence of
dementia in our rapidly aging populations.

EXERCISE

Exercise relates to activities or processes that improve one or
more aspects of physical conditioning, including cardiovascular
endurance, muscular strength, flexibility, balance and fine motor
control. It is well known that regular physical exercise is an
important part of a healthy lifestyle in all age groups. The
U.S. Department of Health and Human Services recommends
that adults engage in a minimum of 150 min of moderate-
intensity aerobic physical activity each week (Physical Activity
Guidelines Advisory Committee, 2008), but roughly 80% of
adult Americans get insufficient exercise (Haskell et al., 2007).
Worse still, rates of physical activity are lowest in those aged
65+ (Centers for Disease Control and Prevention (CDC), 2005).
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In healthy adults, regular exercise confers several well-known
benefits on physical fitness and mental state, including improved
health outcomes across a variety of physical conditions, better
health-related quality of life, better functional capacity and
better overall mental health and mood state (Penedo and Dahn,
2005). In older adults, exercise has been linked with several
improvements in physical health, including reduced mortality,
positive effects on lipid profiles, effective weight management,
the prevention and management of Type-II diabetes, and
reductions in the incidence of coronary disease, hypertension,
stroke and certain cancers (Vogel et al., 2009). Physical fitness
has also been shown to reduce the likelihood of falls and bone
fractures in seniors, which is of particular note because older
adults with dementia are at roughly three times greater risk of
experiencing a fall than cognitively healthy seniors (Friedman
et al., 2010). Finally, strength training has been shown to
enhance quality of life in older adults by increasing their ability
to accomplish everyday tasks with independence (Chou et al.,
2012).

Whereas regular exercise obviously promotes physical health
in seniors, it is not necessarily apparent why—or how—exercise
would promote brain health. Several theories have been
advanced, including that aerobic exercise promotes cerebral
perfusion due to its positive effects on cardiovascular health
(Rogers et al., 1990; Churchill et al., 2002; Ainslie et al., 2008); that
it promotes neuro- and synaptogenesis (Kleim et al., 2002; Bugg
and Head, 2011); that it increases brain-derived neurotrophic
factors (Vaynman et al., 2004; Ferris et al., 2007); and that it
improves insulin sensitivity and glucose control, which may
reduce the incidence of amyloid plaque formation leading to
Alzheimer’s disease (Watson and Craft, 2003). Other theories
are more functional. For example, one recent view (Manor
et al., 2010) is that a loss of physical fitness in the elderly
leads to a corresponding, progressive loss in neurophysiological
complexity and a corresponding reduction in information
processing.

Longitudinal and randomized control trials lend initial
support for the idea that physical exercise can improve cognitive
health outcomes. For example, one longitudinal study followed
the cognitive ability of 5925 older women over a period of
6–8 years and found that women with greater levels of physical
activity were less likely to experience cognitive decline (Yaffe
et al., 2001). This association could not be accounted for by
differences in baseline health or confounding variables such as
age, level of education, comorbid medical conditions, smoking,
estrogen use, and functional limitations. In a more detailed study
that assessed peak oxygen consumption as a direct measure of
cardiovascular fitness, Barnes et al. (2003) evaluated physical
activity from 349 individuals over the age of 55 for 6 years and
also reported an inverse relationship between physical activity
and level of cognitive decline.

Similarly, a pair of recent randomized controlled trial
(RCT) studies suggest that cognitive benefits to older adults
may be possible from relatively brief training regimes. In
these studies, aerobic fitness was assessed using peak oxygen
consumption before and after a 6-month intervention involving
either cardiovascular exercise or stretching. Broad increases in

cognitive abilities were found in participants in the exercise
group but not the stretching group (Jonasson et al., 2017), and
the degree of cardiovascular improvement was accompanied
by increases in hippocampal volume, hippocampal functional
connectivity, and enhanced connectivity between prefrontal
cortex and the default mode network (Flodin et al., 2017).

Although promising, the magnitude of these benefits is
typically small—for example, in the study by Barnes et al. (2003),
the most- and least-fit individuals differed on a standardized test
of dementia (the Mini-Mental State Exam; Folstein et al., 1975)
by less than a single point out of 30 over a 6-year timespan.
When existing randomized control trials are consolidated within
larger meta-analyses, the benefit of exercise is more equivocal,
especially for preserving cognition in healthy older adults. On the
one hand, meta-analyses by Etnier et al. (1997), Colcombe and
Kramer (2003), van Uffelen et al. (2008) and Smith et al. (2010)
have all reported benefits, albeit typically small, from exercise
on several aspects of executive functions. On the other hand,
a review by Etnier et al. (2006) found that cognitive function
declined when older adults participated in exercise regimes, and
a Cochrane review by Young et al. (2015), which compared
aerobic exercise programs with no intervention across 12 studies
comprising 754 participants, found no significant benefit from
increased fitness on any aspect of cognition in healthy older
adults.

One possibility is that physical exercise may be more
effective at preserving cognitive health in older adults with
MCI or dementia. One recent meta-analysis, which comprised
14 RCTs of 1695 participants with MCI, reported a negligible
but significant improvement in verbal fluency due to physical
exercise (Gates et al., 2013). In another meta-analysis, this time
comprising 11 studies and 1497 participants with MCI, aerobic
exercise led to improvements in global cognitive ability and a
small but significant improvement in memory (Zheng et al.,
2016). In terms of physical exercise’s ability to improve cognition
in older adults with dementia, an initial meta-analysis (Heyn
et al., 2004) also reported moderate improvements in cognitive
health. Another recent Cochrane review evaluated the effects of
aerobic exercise on older adults with mild to moderate dementia
(Forbes et al., 2015), and although the authors were critical of
the quality of evidence available, they concluded that exercise
programs may be beneficial for people with dementia in tasks of
daily living.

Although there is little reason not to encourage older
adults to engage in moderate physical activity, the reasons
why exercise leads to heterogeneous benefits on cognitive
health remain unclear, and several important questions remain
unanswered on this front. Some of these questions relate
to topics that are beyond the voluntary control of older
adults, but which are important on a societal level. For
example, it remains to be further understood how exercise
interacts with the presence of the apolipoprotein E allele,
which has been linked to the development of dementia.
Currently, existing studies portray inconsistent patterns of
results on this relationship between the benefit of exercise on
cognition and the presence of this allele. On the one hand,
Larson et al. (2006) found that exercise protected cognitive
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health in older adults irrespective of APOE genotype. In that
study, the relationship between exercise and the progression
of dementia-like symptoms was tracked in a longitudinal
sample of 1740 men and women over the age of 65. After
6.2 years, 158 participants had developed dementia (including
Alzheimer’s disease). The incidence of dementia was reduced
in those who reported exercising at least three times per week,
and was not affected by the presence of the APOE4 allele.
Another longitudinal study (Rovio et al., 2005) assessed rates
of dementia and AD in a sample of 1449 men and women
over approximately 21 years. At midlife, engaging in physical
activity at least twice per week was associated with a reduction
in neurodegenerative disease, even after controlling for age,
sex, education, follow-up time, locomotor disorders, vascular
disorders, smoking and alcohol consumption. This benefit was
present in all individuals regardless of apolipoprotein E genotype,
but was more pronounced among those carrying the APOE
ε4 allele. On the other hand, a study by Podewils et al.
(2005) found that exercise did not protect cognitive health in
older adults positive for the APOE4 genotype. In that study,
3375 men and women over the age of 65 participated over
5.4 years. Frequency and intensity of exercise was tracked
using the 15 most popular forms of physical activity among
seniors. As expected, an inverse relationship was identified
between Alzheimer’s disease and energy expenditure across a
number of physical activities. However, this protective factor
of exercise was found only to protect those negative for the
apolipoprotein E allele. Collectively, this suggests that any benefit
afforded on cognitive health by exercise is potentially modulated
by APOE genotype and may be insufficient to protect those
who are genetically predisposed to neurodegenerative disease.
A future meta-analysis that considers the mediating effects
of this allele will likely provide substantial insight into this
question.

Similarly, another important piece of information is the
extent to which lifetime physical activity further protects against
dementia. For example, Dik et al. (2003) measured the mental
health of 1241 men and women between the ages of 62 and
85 years. Participants were asked about their physical exercise
between the ages of 15–25 and a positive association was
shown between regular physical activity in early life and level
of information processing speed in older age, albeit only in
men. The association was not accounted for by current physical
activity or other lifestyle factors, which suggests that exercise may
have a long-lasting protective benefit on cognitive health.

Other questions pertain to factors that older adults can
control. For example, it remains unclear the difference—if
any—between different types of exercise on cognitive health.
Most studies have focused on aerobic physical exercise, although
similar short-term cognitive benefits have been reported from
strength/resistance training in RCT studies (Cassilhas et al.,
2007; Liu-Ambrose et al., 2010, 2012). One review article (Heyn
et al., 2004) reported outcome measures from multiple forms
of exercise but did not systematically assess whether one type
of exercise was superior to another for enhancing cognitive
health. More recently, a RCT study compared aerobic training
vs. resistance training in 86 older adults and found superior

cognitive outcomes after 6 months for resistance training but not
for aerobic training (Nagamatsu et al., 2012). Similarly, it is also
possible that the cognitive benefits of exercise may be linked to
the intensity of the activity. A handful of studies have reported
that the intensity of physical activity, as opposed to frequency
or duration, was associated with improvements in cognitive
function in older adults (van Gelder et al., 2004; Angevaren
et al., 2007; Brown et al., 2012). However, the meta-analysis by
Smith et al. (2010) failed to identify a significant relationship
between the intensity of physical activity and change in cognitive
function.

In summary, althoughwe consider the available evidence to be
encouraging, additional studies are still required to more firmly
establish the benefits of exercise on cognition. Several important
questions remain unanswered in this field, including how type,
intensity and frequency of exercise affects cognitive health;
and how exercise interacts with existing cognitive health and
genetic factors to affect the development and neurodegeneration
of dementia. The literature would also benefit strongly from
additional longitudinal studies to track the effectiveness of this
intervention over longer time frames.

MEDITATION

Meditation refers to a variety of techniques and practices
meant to encourage mental self-regulation and the purposeful
focusing of attention (Cahn and Polich, 2006; Walsh and
Shapiro, 2006), often with the goal of promoting relaxation
and inducing a particular state of consciousness. The specific
procedure by which this mental state is attained differs between
the various meditative disciplines and practitioners will often
mix different techniques into their practice. This has made it
extremely challenging to arrive at an operational definition of
meditation for the purposes of empirical research (Cardoso et al.,
2004). Divided broadly, however, three of the most popular
meditative techniques emphasize mindfulness, concentration
and/or transcendence. Respectively, these techniques correspond
to focusing only on the present moment and being aware of one’s
surroundings, emotions and thoughts; focusing and sustaining
attention on a specific sensory stimulus or mental process; and
using mantra to attain a state of relaxed awareness and minimal
distractibility. Although several meditative practices have been
developed within religious and/or spiritual contexts (e.g., Zen
Buddhism), it appears that most—if not all—can be performed
without adhering to specific beliefs, depending on the wishes of a
given practitioner.

As a therapeutic technique, the concept of meditation has
shifted from that of a mystic or spiritual process to one of
a complementary method of healthcare delivery. In a clinical
context, patients who pursue meditation frequently do so in
order to improve their own physical and mental wellbeing
(McCaffrey et al., 2007), and to help relieve symptoms associated
with chronic disease (Nahin et al., 2012). The use of meditation
(and other alternative therapies) appears to be driven not by
dissatisfaction with conventional medicine but rather because
patients find alternative practices to be more congruent with
their own philosophical and spiritual beliefs (Astin, 1998). It is
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among the most popular of alternative therapies, with about 8%
of American adults having engaged in some form of meditation-
based treatment (Clarke et al., 2015).

Given that meditation involves creating and sustaining
changes in cognitive state, it is possible that its regular
practice may lead to enhanced cognitive reserve and improved
neurological health in older age. Unfortunately, these beneficial
effects have been difficult to ascertain due to a number
of methodological issues. Whereas physical exercise has
biophysical markers of exertion and fitness level, such as peak
oxygen consumption, blood pressure and heart rate, no such
unambiguous markers exist for meditation (although EEG-based
measurements may offer potential for this). There are inherent
differences in the complexity and difficulty of the various
meditative techniques, which are again difficult to quantify. It
is also difficult to systematically define when a user attains a
meditative state, and to draw a demarcation between being in a
meditative vs. a non-meditative state.

With these caveats in mind, several studies have reported
enhanced cognitive abilities in cross-sectional comparisons
between expert-level meditators and non-meditator controls.
Some of these benefits appear to be attentional: for example,
expert meditators have been found to outperform controls at
tests of sustained vigilance (Valentine and Sweet, 1999; MacLean
et al., 2010) and have improved perceptual stability during
binocular rivalry (Carter et al., 2005), improved vigilance during
sustained visual attention, and improved executive functioning
and conflict resolution (Tang et al., 2007).

These attentional enhancements may also be dissociable from
an improvement in working memory. One recent cross-sectional
study (Prakash et al., 2010) assessed cognitive abilities from
20 males over the age of 55 who had practiced Vihangam yoga
meditation for over 10 years and who had practiced daily for at
least the past year. These expert meditators outperformed age-
and education-matched controls on several tests of executive
function, including the Stroop task, the trail-making test, the
letter cancellation task and the rule shift card test. This was not
the result of changes in working memory capacity, as meditators
and non-meditators scored identically on a reverse digit span
test. Instead, the authors concluded that meditation leads to
an increase in speed of processing as well as improvements in
specific cognitive domains such as set shifting and distractor
inhibition.

Other studies have sought to determine whether these
enhanced cognitive abilities can be developed in those without
extensive experience with meditation. In one study (Slagter et al.,
2007), participants were tested on a measure of visual processing
speed (the attentional blink) before and after completing
3 months of training in either an intense (10–12 h/day) or mild
(20 min/day for 1 week) training program in concentration-
based meditation. Visual processing speed was enhanced for
both groups, and was further enhanced in individuals receiving
intense meditation training. Unfortunately, given the time
commitment associated with the intensive meditation training,
participants were not randomly assigned to groups in that study,
and those undertaking the intense training were themselves
already experienced meditators.

In another study, undergraduate students without meditation
experience were randomly assigned to groups that received
either 5 days of mindfulness-based meditation practice or 5 days
of relaxation training (Tang et al., 2007). Participants in the
meditation group showed greater improvement in the Attention
Network Test and Profile of Mood States scale. Although
this suggests that some cognitive and psychological benefit
may accompany even relatively short durations of meditation
training, it remains to be tested whether this benefit extends to
older adults with cognitive impairment.

The long-term practice of meditationmay also lead changes in
the anatomical and functional architecture of the brain. Relative
to control groups, expert meditators have shown enhanced gray
matter thickness throughout the brain (Kang et al., 2013; Fox
et al., 2014), including in regions associated with attention
and sensory processing (Lazar et al., 2005), orbitofrontal cortex
and the hippocampus (Luders et al., 2009), and the brainstem
(Vestergaard-Poulsen et al., 2009). Expert meditators also
demonstrate steady-state differences in inhibitory, slow-wave
brain electrical activity (Tei et al., 2009), particularly in the frontal
lobe. These differences may be involved in regulating attentional
networks, allowing expert meditators to maintain attention on
relevant objects and disengaging from distractors (Hasenkamp
and Barsalou, 2012). Given that the frontal lobe is one of the
brain regions most disrupted by aging, this again highlights the
potential for meditation as a tool to preserve cognitive health in
older adults.

In support of this view, recent RCT studies lend initial
support for meditation as an interventional tool for people with
MCI. In one study, older adults who had participated in an
eight-week mindfulness-based stress reduction program showed
increased functional connectivity between the posterior cingulate
cortex and bilateral medial prefrontal cortex (Wells et al., 2013).
Although measures of cognitive health were not reported in
that study, a more recent RCT study involving 62 older adults
showed improvements in memory function and corresponding
improvements in resting state functional connectivity between
the hippocampus and mediofrontal cortex following 12 weeks
of a combined exercise-meditation training progrm (Tao et al.,
2016).

Although promising, large-scale analyses portray conflicting
opinions about whether meditation can meaningfully improve
psychological health. One meta-analysis by Grossman et al.
(2004) found evidence that meditation improves several
psychological and physical dimensions, including depression,
anxiety, perceived quality of life, sensory pain and level of
physical impairment. More recently, another meta-analysis of
39 research reports conducted by Hofmann et al. (2010) also
found that meditation-based therapy was moderately effective
at improving anxiety and mood symptoms from pre- to post-
treatment, regardless of number of treatment sessions. However,
a separate and detailed meta-analysis (Ospina et al., 2007) was
unable to draw firm conclusions on the effects of meditation
practices in healthcare. In arriving at this null conclusion, the
authors highlighted the experimental limitations on meditation
listed previously, and characterized the existing research on the
subject as suffering from poor overall methodological quality.
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At present, there exist no meta-analyses on the effects of
meditation on cognitive health in the elderly. Four Cochrane
reviews have been performed to identify meditation’s health
outcomes in adult populations. Two of these have focused on
physical outcomes, with the finding that there is insufficient data
available to determine the effectiveness of meditation on either
hematological disease (Salhofer et al., 2016) or cardiovascular
disease (Hartley et al., 2014). Two additional reviews focused
on mental outcomes and were likewise unable to determine the
effectiveness of meditation in treating either attention deficit
hyperactivity disorder (Krisanaprakornkit et al., 2010) or anxiety
disorder (Krisanaprakornkit et al., 2006).

Taken together, it is clear that the evidence linking meditation
to improved cognitive health in older adults remains in the
early stages. The wide number of meditative practices, as well as
other challenges inherent to the quantitative assessment of this
discipline, has limited both the number of extant studies and the
scope of their findings. The field awaits large-scale meta-analyses
before recommendations can be made, which arguably cannot be
reasonably drawn until these underlying methodological issues
are resolved. As a result, it is unclear what length of time is
required to obtain a health benefit from meditation, nor the
duration of any such benefit following cessation. Meditation may
be effective at improving other aspects of psychological health,
such as mood and anxiety. The spiritual/religious elements of
meditation may be appealing to some users and disagreeable to
others, although it should be highlighted that agnostic meditative
practices exist.

MUSICAL EXPERIENCE

Music is a highly complex sensory stimulus that is structured
across several feature dimensions, including pitch, timbre,
rhythm and melody. Performing music requires the integration
of this complex sensory information with processes for fine
motor control, working memory and performance monitoring
(Zatorre and McGill, 2005; Herholz and Zatorre, 2012). Musical
training has been shown to enhance neuroplasticity throughout
the lifespan (Münte et al., 2002), and this has led to considerable
interest in the use of musical activities as a means of improving
various neurological and neurodegenerative conditions (Kraus
and Chandrasekaran, 2010; Patel, 2010).

As a therapeutic intervention, many studies have investigated
the neuroplastic effects of musical activities not with older
adults but with children. Here, the literature has consistently
revealed a clear causal link betweenmusic activities and cognitive
improvements in children or young adults. Several cognitive
areas have been shown to benefit frommusic activities, including
sound processing (Tervaniemi et al., 2005), language (Moreno
and Besson, 2006; Wong et al., 2007; Milovanov et al., 2008),
reading (Moreno et al., 2011b), intelligence (Schellenberg and
Moreno, 2010), and inhibitory control (Moreno et al., 2014).
In one noteworthy study, 48 children were divided into groups
that participated in either a music- or visual arts-based training
program (Moreno et al., 2011a). Training for both groups
consisted of two 1-h sessions each day, 5 days per week for
4 weeks. At post-training testing, only children from the music

training group exhibited enhanced performance on a measure of
verbal intelligence. Moreover, improvements in this intelligence
score correlated with changes in functional brain plasticity
during an executive function task. This demonstrated that music
training can lead to transfer of a high-level cognitive skill in early
childhood.

Given these benefits in children, several research groups have
turned to the question of whether musical experience offers a
similar cognitive benefit for older adults. Several retrospective
studies have noted that individuals with extensive musical
experience retain several cognitive advantages in older age.
For example, trained older musicians have a superior ability
to perceive speech, especially under noisy conditions (Parbery-
Clark et al., 2011; Zendel and Alain, 2012) and show superior
neural activity for speech perception and encoding (Parbery-
Clark et al., 2012). There is also evidence pointing to a reduced
loss of gray matter in trained musicians relative to musically
naïve older adults (Sluming et al., 2002), which may help to offer
a global reserve against dementia. Accordingly, playing a musical
instrument has been found to significantly reduce the likelihood
of dementia and cognitive impairment in older age (Balbag et al.,
2014).

Several recent randomized control studies also suggest that
relatively brief (<6 month) experiences with musical activities
can improve several aspects of physical and cognitive health in
older adults. For example, musical activities have been shown
to improve cognitive recovery in older adults after experiencing
middle cerebral artery stroke (Särkämö et al., 2008), and to
improve gait dynamics and reduce the risk of falls in high-risk
older adults (Trombetti et al., 2011). Notably, one study by
Särkämö et al. (2014) assessed several aspects of physical and
cognitive health from older adults with dementia that completed
either 10 weeks of vocal training, 10 weeks of musical listening,
or who received regular care. Compared with usual care, both
intervention groups reported improved mood, remote episodic
memory and, to lesser extents, improvements in attention,
executive function and general cognition.

Finally, some of these cognitive benefits can be conferred
to older adults who have not engaged in musical experiences
throughout their lives. For example, executive functions were
improved following 6 months of individual piano instruction
for 3 h per week in older adults with no musical experience.
These cognitive improvements persisted after a 3-month delay
(Bugos et al., 2007; see also Van de Winckel et al., 2004),
which suggests that these benefits may be long lasting. It also
appears that this cognitive improvement is further enhanced with
additional practice. Performance in several cognitive domains,
including nonverbal memory, naming and executive processes,
were enhanced in expert musicians relative to those who had
trained for less than 10 years (Hanna-Pladdy and MacKay,
2011).

The benefits of music are also seemingly improved when
combined with exercise, in the case of dancing. Dance
combines musical experience with cardiovascular exercise,
physical and motor processes and mechanisms controlling
stimulus perception, emotion and memory. It also often requires
complex movement sequences, which have been demonstrated
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to have positive effects on cognitive functions in older adults
(Voelcker-Rehage et al., 2011). We have recently reviewed the
utility of dance as a potential parallel to physical- and music-
based therapies (Dhami et al., 2015), however the use of dance
as a neuro-rehabilitative mechanism remains in its infancy.

Those studies that have assessed dance have shown
promising results in older adults. For example, expert ballroom
dancers were compared against age- and education-matched
non-dancers and were found to have broad superiority across
a range of physical and cognitive measures, notably in reaction
speed, control over posture, and balance (Kattenstroth et al.,
2010). These expert dancers also exhibited higher IQ, which may
have mediated some of the other findings. A follow-up study
(Kattenstroth et al., 2011) found further increases in physical and
cognitive performance from expert, competitive dancers relative
to matched expert, non-competitive dancers.

Combined physical and musical experience has also been
shown to improve physical and cognitive functioning when
used as an intervention. For example, a 1-year study compared
cognitive functions and neuroanatomical changes between
groups of healthy older adults who participated in either
a dual-task which combined physical exercise with musical
accompaniment, the same physical exercise without music, and
a non-exercise control group. Visuospatial functioning was
improved in the dual-task group, and these improvements were
accompanied by preserved or enhanced brain volumes in several
frontal and temporal areas (Tabei et al., 2017).

Similar benefits have also been reported at shorter time scales.
In one study, sedentary older adults were assigned to either
a 6-month dance course (1 h per week under a professional
instructor) or a control group (Kattenstroth et al., 2013).
Improvements in physical health have been observed with as
little as 12 weeks of biweekly dance practice (Hui et al., 2009).
Those who participated in the dance course showed significant
increases in measures of physical and cognitive health, including
improved attention and intelligence. Cognitive improvements
may also be greater for dance than other combined therapies
such as Tai Chi (Coubard et al., 2011), may be greater when
participants have to rehearse specific, timed, complex dance
sequences (Kimura and Hozumi, 2012) and may be more
effective at preserving brain white matter than aerobic and
nutritional supplementation (Burzynska et al., 2017).

Several meta-analyses have attempted to quantify the benefit
of music or dance at either preventing or delaying the onset of
dementia in older adults, or in managing dementia symptoms
in older adults following disease onset. Two studies have
shown that musical training leads to improvements in general
psychological symptoms such as anxiety (Koger et al., 1999;
Ueda et al., 2013), whereas another was unable to draw any
useful conclusions and criticized the methodological quality of
the underlying studies (Vink et al., 2003). One recent Cochrane
review attempted to quantify the therapeutic value of dance as
a treatment for dementia but was likewise unable to draw any
useful conclusions, as that analysis was unable to identify any
studies of sufficiently rigorous experimental quality for review
(Karkou andMeekums, 2017). As a therapeutic solution, a recent
Cochrane review concluded that musical therapy is probably

effective at reducing depressive symptoms in individuals with
dementia, but was unable to conclude whether cognition could
be similarly improved, citing again poor-quality evidence and
limited sample sizes (van der Steen et al., 2017). In summary,
the neuroplastic benefits of musical training may be effective
at delaying the onset of dementia in older adults, but several
months or practice—and perhaps substantially more—may be
required to receive the maximum protective value of this
activity.

GENERAL DISCUSSION

The number of older adults is increasing rapidly in most
developed nations, and age-related neurological health disorders,
including dementia and Alzheimer’s disease, represent a
substantial challenge to public health and healthcare systems.
There are very few pharmacological treatments that are effective
at either delaying the onset of neurodegenerative disorders or in
managing the progression of symptoms. Certain life-long factors,
including educational attainment and occupation, are known
to contribute to brain- and cognitive-based reserves that can
help offset the symptoms of dementia in later life. Although
these particular factors cannot be changed by adults in later
life, they do highlight that the development and progression of
dementia is affected by numerous environmental factors and
experiences. A critical question then, and the focus of this
review, is whether popular, lifestyle-based activities can also
contribute to this reserve. To that end, we evaluated the impact
of lifetime experiences in physical exercise (including aerobic
and resistance training), meditation (including mindfulness,
concentration, yoga and tai chi practices), and musicianship
(including instrument playing and dance) on brain and cognitive
health in older adults. An additional priority was to determine
the impact of short-term participation in these activities in later
life from inexperienced older adults.

Taken together, the evidence linking lifestyle activities
to a decreased risk of dementia remains equivocal. At the
level of observational and RCT studies, there is encouraging
evidence that moderate physical exercise and musicianship may
be beneficial at improving cognitive abilities and reducing
the incidence of dementia in older adults. Although this
cognitive benefit is likely enhanced with lifelong exposure, a
promising finding from RCT studies is that even relatively
modest engagement in exercise or musical activities—roughly
5 h per week for 6 months—may help delay the effects
of dementia. However, when these results are consolidated
within broader meta-analyses, several confounding factors have
been highlighted, including improper participant assignment
to groups, insufficient blinding and relatively under-powered
studies of insufficient duration. Although this tempers the overall
support and recommendation of these activities, the weight of
the available evidence is certainly sufficient to merit continued
investigation. Furthermore, given that the risk of participation in
these two activities is generally minimal, and given that exercise
in particular is associated with several positive physical health
outcomes, we are comfortable advocating for their use as a low-
cost, scalable solution to help reduce the incidence of dementia
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in the growing senior population as these additional studies
continue.

The evidence supporting meditation as a therapeutic
tool to prevent dementia is more equivocal still. Although
lifetime expertise in meditation does appear to confer several
benefits for attentional processing, and may be effective at
improving certain aspects of psychological health, the evidence
that meditation helps protect against dementia is unclear.
Confounding this are methodological issues inherent to the
study of meditation, such as how to empirically measure
when, and for how long, participants enter a meditative
state. Recent commercial products (e.g., InterAxon’s Muse)
may offer a quantitative solution to this problem by way of
direct brainwave-based measurements and we encourage the
adoption of more rigorous measurement techniques moving
forward.

Despite the potential of these simple behaviors to promote
brain health in older age there are several important, more
granular questions that remain unanswered. One such question
pertains to the extent to which these benefits emerge from
duration of involvement. Although there is early evidence to
suggest that brain health benefits from exercise and musical
training can emerge from roughly 6 months of training, it
is less clear if additional benefits emerge from continued
practice and, importantly, how this benefit decays following
cessation. This is of particular importance for physical exercise
because many individuals will discontinue from an exercise
regime within 1 year of commencement. Likewise, it remains
to be determined which activities—or what proportion of
activities—is most appropriate for enhancing healthy aging.
Normal aging involves widespread structural and functional
changes in neuronal, cognitive, muscular and functional systems,
and our understanding of how to preserve healthy aging
across these domains remains incomplete. It seems reasonable
to presume that a combination of activities incorporating
physical exertion, complex movement, and cognitive and
social elements will be most effective at promoting healthy
aging.

Another question pertains to the efficacy of these behavioral
interventions in slowing the deterioration of people with MCI.
Typically, acceleratingmemory decline begins about 7 years prior
to the diagnosis of Alzheimer’s disease (Hall et al., 2001), and it
is reasonable to presume that these early memory impairments
may lead to reduced participation in lifestyle activities. This
may result in a negative feedback loop in which memory
impairment leads to loss of participation in typical lifestyle
activities, leading in turn to further memory impairments. Active
engagement in lifestyle activities may be effective at reducing the
development of MCI, and at delaying the progression from MCI

to dementia, however the trajectory of this decline remains to be
quantified.

Confounding all of these problems, our knowledge of the
cognitive and neural effects of these activities remains poorly
understood. The aging process is associated with numerous
anatomical and functional changes in the neocortex (Yang
et al., 2016). Given that unambiguous behavioral benefits
are themselves often difficult to observe, it is arguably
unsurprising that corresponding neuroimaging studies have
not provided a consistent view of how lifestyle activities
affect brain structure and function. Taken collectively, the
limitations of our knowledge can be largely attributed to a
weak understanding of: (i) the specific cognitive effects of
a given activity; (ii) individual differences in the magnitude
of these cognitive effects; and (iii) how the respective brain
networks mediating each cognitive ability is modified by a
given activity. Two important points can be drawn from this,
however. First, the effects of a given therapeutic intervention
on cognition are often nuanced, and it is advisable to use a
comprehensive range of neuropsychological measurements for
memory, speed of processing, and executive functions (Jonasson
et al., 2017). Second, the neural origins of these cognitive
effects are not usually the result of circumscribed changes in
brain volume but rather to enhancement of specific functional
pathways, possibly involving lateral frontal cortex, the default
mode network and the dorsal attention network (Franzmeier
et al., 2017a,b).

As a concluding note, although the number of older adults
is increasing rapidly throughout the developed world, several
epidemiological studies suggest that the proportional rate of
dementia may actually be decreasing over time (Christensen
et al., 2013; Matthews et al., 2013; Langa, 2015). This is an
encouraging finding, and it highlights the urgency to both further
understand what behaviors are most effective at reducing or
delaying dementia and to develop technologies and devices that
can help users proactively manage their own brain health.
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