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Introduction
In the last few decades, growing interest has been generated in
better understanding motor-cognitive integration and the effects
exercise has upon cognition in healthy older adults as well as adults
with Parkinson’s Disease (PD), a disorder with currently intractable
cognitive and motor symptoms. In this perspective piece we will
briefly summarize the current research landscape and explore possible
mechanisms by which exercise may affect cognition in those with
PD. We will then present suggestions on methodological issues that
should be addressed to clarify the impact of exercise on function in
individuals with PD as well as potential areas for future research
aimed at determining ways to limit the motor and non-motor disease
burden.

upper extremities and poor lower extremity function, leading to
reduced independence and decreased health-related Quality of Life
(QOL) for affected individuals. Difficulty turning and dual-tasking,
balance challenges, and gait dysfunction are also present and worsen
as the disease progresses, escalating the risk of falls [2,3].

Non-motor Symptomology
While PD has traditionally been considered a “movement”
disorder, multiple systems are affected, compromising
neurotransmitter systems and also encompassing cognitive, mood,
and motivational systems. Nearly 80% of individuals with PD at
some point in the disease process develop cognitive impairment [4],
which interacts with the compromised motor system. Historically,
movement and cognition have been thought to be directed by
isolated, proprietary, cortical regions. However, overlapping neural
systems likely serve both cognitive and motor function [5]. In PD
the link between motor and cognitive function is especially clear.
For example, increased bradykinesia is associated with the presence
of mild cognitive impairment and impaired executive performance
[6]. Also, the magnitude of the center of pressure displacement, a
reliable measure of balance performance, is negatively correlated with
performance on cognitive tests known to activate dorsolateral frontal
regions [7]. Further, standard clinical tests involving multidirectional
stepping over obstacles have a strong relationship with executive
function performance in individuals with mild-moderate PD
[8] (Figure 1). Additionally, people with PD often experience
exaggerated dual task impairments relative to their age-matched peers
[9]. The magnitude of dual task costs, or decrement in performance
during concurrent tasks, is highly dependent on the task difficulty:
as the secondary cognitive task increases in difficulty, so does the
impairment in the primary motor task [10]. Findings from the dual
task literature are consistent with the idea that motor and cognitive
processing share cortical processing resources.

PD is the second most common neurodegenerative disorder of
later life and is related to lost dopamine cells in the substantia nigra
of the basal ganglia. Current estimates suggest 7 to 10 million
people worldwide are living with PD. Due to progressive worsening of
PD-related symptoms, management and treatment of this disease can
be costly, with estimates exceeding $100,000 per patient [1].
The cardinal features of PD include bradykinesia (i.e., extreme
slowness of moving), tremor, rigidity, and gait/postural impairment.
These features manifest into altered neuromuscular control of the
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Figure 1: Theoretical illustration demonstrating the relative impact of exercise
on motor (Black) and cognitive (Red) function on disease progression in
Parkinson’s disease.

A spectrum of cognitive impairments affects individuals with
PD over the course of the disease. While most individuals with
PD show executive difficulties, others have co-occurring, distinct
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memory difficulties. Other, less studied, cognitive domains that appear
to be impacted by PD include language outcomes, and more
specifically, verbal fluency. Verbal fluency tasks are complex tasks
requiring the development of strategies for searching either
semantic memory in the case of category fluency or phonemic
memory in the case of letter fluency. In fact, verbal fluency
performance has been found to be predictive of QOL in PD [11].
Importantly, language outcomes and verbal fluency have a significant
impact on activities of daily living and QOL, which often leads to
interference with efficient and effective communication (Table 1).
Motor
Bradykinesia (slowness of movement)
Tremor
Rigidity
Stride length shortening
Backward walking difficulty
Deregulation of cadence
Difficulty with internal generation of movement
Freezing (stopping of gait)
Movement initiation impairment

Cognitive
Psychomotor slowing
Declines in processing speed
Executive dysfunction
Set-shifting difficulty
Difficulty multitasking
Working memory impairment
Forgetfulness/memory impairment
Verbal Fluency impairment
Lost integrity of visuo-spatial cognition

Table 1: Motor and cognitive impairments found in many individuals with
Parkinson’s disease.

Exercise as Therapy for Cognitive Decline
Recently, interest in using exercise as a treatment for PD motor
and cognitive function has increased substantially. Below we highlight
progress that has been made in this field, clarify the research areas that
must be resolved to elucidate the role of exercise in PD for improving
both motor and cognitive function, and set the stage for future
research directions.
In the last 10 years alone the number of publications addressing
exercise for PD has more than tripled [12]. A 2012 study examining a
10-month community-based group exercise program for people with
PD [13] found that the group exercise program resulted in improved
endurance with maintained walking speed and balance. Another
16-month community exercise program investigated three exercise
approaches: functional exercise addressing flexibility and balance,
supervised aerobic exercises, and home-based exercises [14]. At four
months, the functional exercise program improved overall function.
The aerobic program was superior for improving walking specifically.
Despite these encouraging data that have shown the benefits of
exercise for the motor system, their impact on cognitive function
was not explored. However, evidence has recently emerged
demonstrating there could be multiple cognitive subtypes of PD with
different trajectories of cognitive decline [15], all of which desperately
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need treatments. Given the cognitive breadth of PD, the emergent
interest in investigating the effects of exercise upon cognitive
abilities is not surprising. Abundant data have begun to demonstrate
that higher levels of habitual exercise can blunt cognitive decline
associated with aging and neurological disease. Further, higher levels
of habitual exercise enhance functioning in specific cognitive domains
in aging and age-related disease.

Changes Potentially Related to Neuroplasticity
Briefly, we now highlight the purported neurobiological
mechanisms responsible for protecting and enhancing brain
health and related outcomes. We focus on functionally relevant,
neuroplasticity-related changes attributed to physical activity, which
are mechanisms that may account for exercise benefits on cognitive
function.
Neuroplasticity is changes in structure or function of the nervous
system on the basis of experience. Plasticity can occur on
anatomical, molecular, genetic, structural and functional levels
within the nervous system. A possible neurobiological mechanism
underlying the positive effects of exercise is the increased synthesis
and release of neurotransmitters and neurotrophins, which could
enhance neurogenesis, angiogenesis and thus neuroplasticity
[16]. Additionally, reorganization of cortical representations,
synaptogenesis, and synaptic potentiation, likely play a role.
Several small studies have examined the benefits of exercise
for those with PD on various aspects of cognition. Six months of
generalized moderate-intensity, multimodal physical training
(consisting of aerobic, resistance, coordination and balance elements)
led to improvements in the capacity for abstraction and mental
flexibility as measured by the Wisconsin Card Sorting Task in
10 older individuals with PD compared to a non-exercising control
group [17]. Fifteen individuals with PD who participated in programs
of anabolic and aerobic exercise two times weekly for 12 weeks showed
improvements in verbal fluency [18]. Low intensity passive cycling on
a tandem bike, in a ‘forced exercise’ situation one time per week over
4 weeks led to improvements by 19 people with PD on the Trails
Making Test A&B, an executive function measure [19]. Dos Santos
Mendes et al., assigned 16 individuals with early PD to Wii Fit
training, to evaluate the motor and cognitive demands of the games on
people with PD, in comparison to 11 healthy older adults. Compared
to healthy controls, those with PD had no deficit in motor learning or
retention on seven of the ten games, but had marked learning deficits
on three games. However, the PD cohort was able to transfer motor
ability gained from the games to a similar, but untrained task [20].

Suggestions and Future Directions
These recent studies are encouraging and provide preliminary
evidence supporting exercise effects on a variety of aspects of
cognition for those with PD. However these findings must be
replicated in phase III clinical trials. Further, all of these studies
employed a range of cognitive outcome tasks, and improvements were
limited to one or two executive function measures. Additionally, the
number and size of the published studies of exercise effects in PD are
limited, rendering definitive conclusions difficult to make. Based on
evidence presented here, evaluating exercise’s effects on particular
aspects of cognitive function that are implicated in PD is
recommended. Such investigation should include tests of well-defined
executive functions and language outcomes. Examining the effects of
exercise over both longer and shorter intervals and doses, and more
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randomized clinical trials are necessary to elucidate which symptoms
of PD are amenable to change. In particular, if the goal is to examine
neural mechanisms of plasticity and improvement, observing
changes in a range of cognitive and motor abilities in a group of PD
participants over 6 month, or better, 12 month intervals, is necessary.
These recommendations, if observed, will begin to bring the research
on exercise in PD in line with previous exercise research completed in
older adults (Table 2).
Evaluation of dose response in exercise trials
Comparative effectiveness of modes of exercise
Multicomponent exercise interventions
Exercise intervention in conjunction with pharmacological aids
Exercise intervention in conjunction with other behavioral interventions (eg: cognitive
training)
Interventions to optimize multitasking
Mechanistic studies to better under neural underpinnings of exercise adaptation:
(Neural

imaging,

neurostimulation with Transcranial
Electromyography)

magnetic

stimulation,

Evaluation of mediating variables impacted in exercise (eg: mood, stress, apathy,
depression, sleep)

Table 2: Future research directions and clinical trial suggestions utilizing
exercise to address cognitive, motor and motor-cognitive impairments in
Parkinson’s disease.

While significant progress has been made to understand and
develop effective behavioral interventions for individuals with PD,
many methodological issues should be addressed to clarify the impact
of exercise on PD. Many studies do not ensure that all participants
receive the same amount of treatment, which makes inference
regarding the effects of one dose versus another difficult.
Voss et al., demonstrated behaviorally relevant changes in functional
connectivity, measured via fMRI, were correlated to improved
executive function in older adults who participated in 12 months
of a walking program. This cohort was also examined at 6 months
but there were only non-significant trends towards improvement
[21]. Therefore, ongoing exercise over a substantial period of time
is likely necessary to detect significant functional benefits garnered
through neuroplastic improvement mechanisms. Obtaining better
monitoring of studies’ success with exercise compliance and
actual dosing achieved per participant, (i.e., with remote,
instrumented telehealth means of assessment, instead of traditional
self-completed patients’ logs) would be helpful. Beyond laboratory,
controlled experiments investigating dose-responsiveness and
attrition rates, comparative effectiveness studies evaluating the
potential of practical, real-life exercise interventions with community
participants with PD are necessary. Such studies would shed light on
the practicality of disseminating and implementing evidence-based
exercise programs and further expose the challenges to adherence
found within this difficult to treat population.
In the future, uncovering neural mechanisms of improvement may
be the most important area of discovery for enhancing non-pharmacological interventions that address cognitive and motor issues as
well as the cognitive-motor interaction in PD. The knowledge and
principles gained could impact not only exercise disciplines but also
pharmacological and surgical treatments for older adults with
PD and related neurological disorders. The neuroprotection and
neurorestoration that might be derived from consistent, task specific
and frequent aerobic exercise, may extend into improved mood
and functional activity performance, thereby impacting cognition.
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capability to accomplish daily activities, to impact cognition via
exercise must be examined. Further work related to neurobiological
mechanisms will be crucial to informing rehabilitative interventions
as well as specifying pharmacological and surgical treatments.
Imaging with positron emission tomography, functional
magnetic resonance imaging and transcranial magnetic stimulation
hold promise as well, given that lower limb neural pathways,
implicated in exercise, are virtually unexplored in connection with
rehabilitative efforts in PD. To address the needs of those with PD,
motor symptom treatment cannot be the sole concern in care. As
pharmacological and surgical methods remain only partially effective
in treating symptoms of those with PD, and fall risk and related injury
are prevalent among older adults, non-pharmacological approaches
that address cognitive, motor and motor-cognitive impairments can
provide some measure of amelioration for an otherwise intractable
condition.
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