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Abstract

Advances in medical management of Parkinson’s disease (PD) have resulted in living longer with
disability. Although disability worsens over the course of the disease, there are signs of disability
even in the early stages. Several studies reveal an early decline in gait and balance and a high
prevalence of nonmotor signs in the prodromal period that contribute to early disability. There is a
growing body of evidence revealing the benefits of physical therapy and exercise to mitigate motor
and nonmotor signs while improving physical function and reducing disability. The presence of
early disability coupled with the benefits of exercise suggests that physical therapy should be
initiated earlier in the disease. In this review, we present the evidence revealing early disability in
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PD and the effectiveness of physical therapy and exercise, followed by a discussion of a secondary
prevention model of rehabilitation to reduce early disability and optimize long-term outcomes.
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In 1817, Dr. James Parkinson’s publication, “An Essay on the Shaking Palsy,” documented
a constellation of motor signs and symptoms that resulted in considerable morbidity and
eventual mortality.! It was not until the late 1960s that dopamine replacement therapy
became available, and not until the turn of the century that deep brain stimulation became

a viable surgical treatment option. While these medical and surgical treatment options

have dramatically improved longitudinal symptom control and have prolonged the average
survival from diagnosis to death to decades, they have effectively prolonged the period of
time people with Parkinson’s disease (PD) live with disability.23 Since no treatment for PD
is curative and PD remains relentless in its progression toward substantial disability, the role
of effective physical therapy (PT) and rehabilitative management has grown.

While the motor signs of PD have been recognized since James Parkinson’s time, only over
the past two decades has an understanding of the prodromal signs and symptoms and the
constellation of nonmotor signs fully emerged.° For many years prior to the appearance
of motor signs, nonmotor signs such as depression, anxiety, and disorders of sleep may
accumulate. By the time the diagnosis of PD is determined, the presence of motor and
nonmotor signs creates measurable disability that may be amenable to treatment. For this
reason, optimizing status early in the course of the disease and delaying further disability
should be the utmost priorities in the management of PD.

In this article, we provide a brief overview of PD and summarize the presence of disability at
diagnosis and the natural history of progression of disability in PD. We review the evidence
on the efficacy of PT, with a focus on important components of exercise early in the course
of the disease. Mechanisms underlying these benefits are also discussed. Based on the
evidence revealing early disability and efficacy of exercise in PD, we describe a secondary
prevention model of rehabilitation in the comprehensive management of PD and present
recommendations for clinical practice and research.

Overview of Parkinson’s disease

Idiopathic PD affects approximately 1.6 to 1.8 percent of the population aged 65 years
or older, as well as some younger individuals, with the prevalence projected to double by
2040.57 The average age of onset is 61; however, up to 13% will be diagnosed before
the age of 50 years.® Idiopathic PD is characterized by dopaminergic loss in the striatum
and associated disruption of the basal ganglia and motor circuits.® A useful, although not
universally accepted, conceptualization of PD pathology summarizes the progression of
distinctive intraneuronal aggregation of a-synuclein in the form of globular Lewy bodies
and spindle-like Lewy neurites that develop in vulnerable neurons.19 Such pathology
progresses from the lower brainstem through the midbrain and, ultimately, spreads to the
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limbic and neocortical regions. Certain nonmotor symptoms (e.g., self-reported changes

in olfaction, mood, sleep) may appear up to 20 years before motor symptoms, reflecting
brainstem pathology that predates the involvement of the substantia nigra.11-12 The clinical
diagnosis of PD is usually made when the process reaches the substantia nigra and the
classical motor signs emerge.

Currently, medical treatment of PD is purely symptomatic because no neuroprotective
treatment is available. Pharmacologic treatment of PD focuses on dopamine replacement and
relief of motor symptoms. Other pharmacologic interventions may be used to mitigate some
of the nonmotor symptoms; however, the treatment of nonmotor symptoms is still limited
and unsatisfactory because of the limited number of U.S. Food and Drug Administration
(FDA)-approved medications for these problems.13 The increasing evidence revealing the
presence of early nonmotor and motor impairments supports the need for effective non-
pharmacological interventions early in the course of disease.

Prior to a discussion of disability and the progression of the severity of the manifestations
of PD, an explanation of the scales used by neurologists and researchers is necessary. First,
to describe the body part distribution of signs and symptoms and difficulties with activities
of daily living (ADLs) and instrumental ADLs (IADLs), an ordinal categorization is utilized
(the Hoehn and Yahr scale [H&Y]).14 Second, a more continuous measure of varied aspects
of disease severity in several domains is widely utilized as a clinical and research outcome
measure. The initial iteration, the Unified Parkinson Disease Rating Scale (UPDRS), was
updated to a more contemporary version (the Movement Disorders Society-UPDRS or
MDS-UPDRS5; »Table 1). Both of these measures provide clarity to the amount of
disability present in the samples and studies discussed in this review.14.15

Evidence of Early Disability/Natural History of Progression of Disability

Historically, the onset of disability in PD has been associated with moderate disease severity.
However, careful examination of a variety of physiologic systems reveals the presence of
measurable disability relative to age-matched neurologically healthy controls much earlier in
the course of the disease, and in some cases even before diagnosis.

In a cross-sectional study of 618 persons with PD, even those in H&Y stages | to Il
described difficulty with ADLs and IADLs (»Table 1).18 About 25% with mild disease
severity (total UPDRS scores<20) reported difficulty walking (»Table 1). Difficulty with
ambulation has been described as a clinical “red flag” signaling emerging disability in
PD.17 Early changes in gait are particularly concerning, as persons with PD have identified
walking as the area of most concern yet least likely to improve.18 For example, ambulatory
activity studies point to early signs of decline. In a sample of 113 persons with de novo
PD, the average daily step count measured over a 10-day period was 5,362 (+2,890) steps/
day, indicating near sedentary levels of physical activity.1® Persons with mild PD (H&Y

I) accumulated approximately 20% fewer steps per day than controls over a 7-day period
in a free-living environment.20 In addition, these subjects performed fewer long bouts (>

2 minutes) of walking with less variable bout length compared with controls, indicating a
more constrained pattern of ambulatory activity.20 In a large study of individuals with PD
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(m7=699) and controls (/7=1,959), self-reported physical activity was nearly 30% less in those
with PD (57.8% in H&Y stages 1-11).2

In a longitudinal study of ambulatory activity in PD, the overall amount of daily activity
declined 12% over the course of a year.22 Notably, the number of daily minutes of at

least moderate-intensity ambulatory activity (i.e., step rate >100 steps per minute) declined
by 40%, suggesting dramatic slowing of walking over 1 year. This decline represents a
reduction in moderate-intensity physical activity to approximately 45 minutes per week,
which is well below the recommended 150 minutes per week recommended by public health
guidelines.22:23 This rate of decline was steeper than the worsening of motor impairments,
suggesting that natural ambulatory behavior may be a particularly robust indicator of decline
and less responsive to dopaminergic replacement therapy.16.22.24

Gait speed has been referred to as a vital sign for recognizing imminent disability in

older adults.2> Studies in PD report clinically meaningful changes in gait speed that

range from 0.02 to 0.06 m/s.26 In a longitudinal study of persons with PD (/7=266),

a clinically meaningful decline of gait speed of 0.08 m/s over a 2-year period was
observed.2” Persons with PD walking slower than 0.88 m/s are less likely to be engaged

in community walking.28 These critical thresholds can provide important points of reference
for interpreting the magnitude of gait disability in an individual patient.

Loss of postural control is an additional sign of early disability in PD. Even in persons

with PD who report no balance or gait problems, deficits are recognized on clinical

exam. For example, an increase in sway during static standing has been described in early
PD.29 Increased gait variability and impaired turning appear early in PD, and may indicate
impaired dynamic balance.30:31 Historically, falling has been thought to occur later in the
course of PD. However, in a fall natural history study of 99 newly diagnosed persons with
PD in the United Kingdom, 79.7% fell over a 54-month period.32 Most striking, however,
was that 26.2% reported retrospective falls at baseline (before being diagnosed). In addition,
30% experienced a fall within 18 months of the obtained baseline. These finding are similar
to those reported in the Norwegian ParkWest Study, in which 181 drug-naive patients with
incident PD were monitored prospectively over 7 years.33 Approximately 64% reported
falling over the study period, with 15% reporting falls prior to diagnosis and 13% falling
within the first year. Collectively, these data suggest that screening for falls and balance
training should occur early in the course of the disease.31:32

Beyond the motor concerns noted earlier, several non-motor signs are present during

the prodromal period and/or at the point of diagnosis. In a study of de novo patients,

25% reported daytime sleepiness, suggesting early manifestations of sleep disturbance.34
Depression and anxiety are relatively common features of PD that may suggest the need for
interventions targeting mood early in the course of the disease.® The cognitive phenotype
in early PD consists of mild deficits of attention, executive function, verbal fluency, and
visuospatial function. The prevalence of cognitive deficits or mild cognitive impairment
ranges from 19 to 36%.° Fatigue, characterized by the feeling of tiredness or exhaustion,
has been identified by persons with PD as one of their most disabling symptoms with

the greatest impact on quality of life.3> Autonomic dysfunction may also be present
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prior to diagnosis, as well as early in the postdiagnosis period. Common autonomic
deficits include manifestations in the cardiovascular (e.g., orthostatic hypotension, supine
hypertension, increased heart rate regularity), urinary (e.g., nocturia, urge incontinence),
and gastrointestinal (e.g., dysphagia, constipation, bowel incontinence) systems.36-39 Pain
is another common nonmotor sign of PD and may predate motor symptoms by years.40

In early-stage PD, pain is often rated as one of the most bothersome nonmotor symptoms
which may contribute to functional decline.4? In a study of 231 persons with PD, pain

was reported by 81%, with 39% reporting pain of moderate severity or worse.*! Increased
rigidity was associated with higher pain frequency that interfered with ADLs and work. The
most frequently occurring pain type in PD is musculoskeletal in nature, affecting 70% of
patients.#245 Many studies have shown complaints of shoulder and hip pain that precede a
diagnosis of PD for several months or years before the first motor symptoms develop.43:46
Taken together, these studies suggest that a variety of nonmotor factors contribute to
disability early in the disease process. Given that exercise has been shown to improve
sleep*’ and cognition,*® while reducing depression, anxiety,* and pain®® among adults
without PD, exercise studies targeting nonmotor signs, early in the disease progression in
persons with PD, are warranted.

Benefits of Exercise in Parkinson’s Disease

Over the past two decades, there has been a significant increase in research examining
exercise interventions in people with PD. This accumulation of primary research has more
recently led to meta-analytic reviews of a variety of PT interventions.51-53 Our coverage of
the evidence base for these interventions focuses on selecting larger (7= 40), recent (2009

to present), randomized controlled trials (RCTs) of physical activity or exercise interventions
in PD, in which the outcomes encompass motor and nonmotor symptoms, function and/or
disability measures (»Table 2).

Aerobic Training

Epidemiological evidence suggests that higher levels of moderate to vigorous activity in
mid or later life are associated with lower risk of PD.>#:55 Animal models of neurotoxin-
induced parkinsonism provide evidence for both generalized and targeted effects of aerobic
exercise on brain health.%6 Exercise increases dopamine release, alters synaptogenesis,
increases regional cerebral blood flow, and increases endogenous brain neurotrophic levels
(e.g., BDNF, GDNF), which are proposed to attenuate striatal dopamine loss.?6:57 Exercise
also downregulates striatal dopamine transporter and vesicular monoamine transporter—
markers for the integrity of striatal dopamine terminals.58 The results of epidemiological
and animal studies in PD suggest that aerobic exercise influences the underlying disease
process, leading to a disease-modifying effect. However, in the absence of valid and reliable
biomarkers of PD progression, conclusive evidence of the disease-modifying effects of
aerobic exercise in humans with PD is lacking. Despite this, changes in the structural and
functional integrity of the brain have been revealed in several small exercise studies in
PD.59 Increases in maximal corticomotor excitability, increases in BDNF, weakening of the
overactive indirect striatal pathway DA-D2R expression, and changes in gray matter volume
reveal the potential for exercise-induced neuroplasticity in the brains of people with PD.5°
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RCTs of aerobic exercise in PD reveal benefits at many levels (»Table 2). In a phase Il RCT
(SPARX trial) of 128 persons with de novo PD, high intensity aerobic treadmill training

(4 days per week, 80-85% maximum heart rate), but not moderate intensity (4 days per
week, 60-65% maximum heart rate), resulted in a significant attenuation of the progression
of motor symptoms (UPDRS motor scores) and an increase in VO, max (maximum rate

of oxygen consumption reflecting cardiorespiratory fitness) at 6 months compared with a
wait-list control condition.®? The results of a more recent double-blind RCT (Park-in-Shape)
strengthen this body of evidence.®1 A home-based and remotely supervised moderate to
high intensity aerobic cycling program (30-45 minutes, three times per week) was compared
with an active control condition in 130 participants with PD in H&Y 1-2 over 6 months.
Significant and clinically meaningful attenuation of off-state motor signs in the aerobic
condition was revealed compared with the control condition at the 6-month endpoint.62
Collectively, these results suggest the importance of high intensity aerobic training in the
mitigation of motor symptoms in the early stages of PD. However, the effect of aerobic
exercise on UPDRS motor scores is mixed when considering other studies.5263 This may

be due to insufficient intensity, as the aerobic training was implemented in the low to
moderate range in these studies. Notably, motor symptoms were assessed in the absence

of dopamine replacement therapy in the SPARX trial®0 of de novo patients, and in the

“off” medication state in the Park-in-Shape trial®! as compared with during an “on”

state in the other trials.52:63 The confounding effects of dopamine replacement therapy

may mask any exercise-related improvements in motor symptoms. In general, aerobic
exercise studies consistently reveal improvements in VO, compared with other modes of
exercise (i.e., resistance training, flexibility, and balance training).6%-64 Improvements in
various gait parameters such as walking capacity (6-minute walk test), walking speed, and
spatiotemporal variables (-step/stride length)®2-66 are most often reported in aerobic exercise
trials which incorporate some form of walking (treadmill training, overground walking,
Nordic walking) as the mode of exercise.52:64.66 The recent Park-in-Shape trial failed to
show improvements in gait and balance outcomes with cycling exercise.6! Taken together,
these findings suggest a specificity of training effect, as VO, consistently improves with all
forms of aerobic training and walking improves with treadmill training, overground walking
and Nordic walking but not with cycling. Cycling, however, may be a more viable option for
those with postural instability or freezing, which may preclude safe walking on a treadmill
or in the community.

Improvements in executive function, depression, and fatigue have been demonstrated
following moderate intensity overground walking over 6 months54 in those with mild to
moderate PD (H&Y 1-3). In an RCT of persons with moderate disease severity (H&Y

3), significant improvements in executive function, attention, and memory were noted
after 1 month (12 sessions, three times a week) of treadmill training compared with a
control condition.®” Improvements in sleep quality have been reported following 6 months
of a multimodal exercise program that included aerobic, resistance, and balance training
compared with a control condition.68

In summary, aerobic training is feasible in persons with PD. Among those meeting
enrollment criteria across studies, no serious adverse events related to high or moderate
intensity aerobic exercise have been reported, suggesting it is safe in persons with PD.
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Moderate to high intensity aerobic exercise may be most beneficial in attenuating motor
symptoms, improving physical function, and reducing disability; however, additional studies
are needed. The effects of aerobic exercise on improving nonmotor signs are promising,

but additional studies are needed. Long-term engagement in aerobic exercise is necessary

to realize sustained benefits. Given the generalized effects of exercise on brain health, the
potential for targeted effects on the underlying disease pathology and the reduced decline in
motor signs in de novo PD, engagement in aerobic exercise early in the course of the disease
is warranted.

Resistance Training

Hypokinesia and bradykinesia in PD are mediated by changes in basal ganglia function
as well as the muscle atrophy and loss of strength associated with aging.® Such changes
reinforce a positive feedback loop of reduced activity that leads to progressive deficits

in muscle force production and increased difficulties with movement amplitude and
speed. Given that skeletal muscle is the final effector of movement commands from the
central nervous system, increasing muscle is targeted at minimizing both hypokinesia and
bradykinesia.’071

Cross-sectional studies comparing people with PD to neurologically healthy controls reveal
a consistent reduction in strength in multiple modes of contraction, but appears worse at
higher speeds of concentric contractions and in extensor muscles.”2"7> In addition, studies
examining axial muscle function associated with cough suggest reduced strength of the
accessory muscles of respiration responsible for contributing to forceful coughing.”®

Well-controlled clinical studies of resistance training interventions in PD are fewer in
number than aerobic exercise trials, but consistently demonstrate increased muscle force
production and improved functional mobility acutely following training (™ Table 2).77-80

In one of the largest trials where resistance training was the primary intervention (the
PRET-PD study), Corcos and colleagues followed an acute training period with guidance
and support for continued training for 2 years.’® Participants in the experimental group not
only improved strength and mobility but also improved in their measures of disease severity
(UPDRS) and cognition over the 2 years of the study, suggesting a longer term benefit when
training was sustained.81-83

The mechanisms of force production improvements have not been comprehensively studied
in a single study, but synthesis of results from several studies suggests both peripheral
muscular and central neurologic adaptations occur. At a muscle cellular level, muscle
biopsies show fiber hypertrophy following training.”® At a macroscopic level, MRI
measures of volume document muscle hypertrophy of trained muscles.”” Electromyographic
(EMG) measures of muscle contractions provide insight into neurologic improvements;
reduced segmentation of muscle contractions and greater activation of muscles point

to improvements in central nervous system—-mediated efferent motor stimulation to the
muscle.79.84

Regardless of the mechanisms of improvement, the functional improvements observed
span tasks and muscle groups. While most studies have examined upper and lower limb
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musculature and tasks, some studies have examined expiratory muscle strength training.”8
Important findings from these studies relevant to pulmonary function in PD are improved
cough force and potential improvements in swallowing dynamics.”8 Collectively, these
results suggest that the benefits of resistance training are enhanced when focused on targeted
functional limitations that require muscle force production in finite time periods (i.e., sit to
stand transfers, stair climbing, cough).

In summary, resistance training is safe and feasible in persons with PD. With the exception
of delayed onset muscle soreness, no serious adverse events related to resistance training
have been reported, suggesting it is also safe. Moderate to high intensity resistance exercise
focused on movement speed or muscle power production may be beneficial in reducing
UPDRS motor symptoms, improving physical function and reducing disability; however,
additional studies are needed. Studies of resistance exercise effects on nonmotor signs are
also greatly needed.

Balance Training

Fall occurs commonly in individuals with PD and is a significant contributor to injuries,
mobility deficits, and self-reports of poor quality of life.8% Given the heterogeneity of

motor presentations of PD and postural instability, it is not surprising that there is no

single research-validated program that specifically addresses all the causes of falls in people
with PD. Despite this, high-quality evidence exists where balance programs may improve
clinical postural task performance and reduce falls for subgroups of people with PD. Recent
meta-analytic studies have documented pooled effect size estimates that suggest immediate
post-program benefits and short-term follow-up benefits.86

In-depth consideration of the large RCTs published that use fall rates as primary outcomes
reveals more detailed information about the relative efficacy of balance training (»Table
2).87-92 Tyo trials utilized designs where balance training was compared with control groups
receiving no balance training.8788 The balance training in these trials consisted of exercise
interventions that included strength training components. One of these trials was conducted
in a home,87 while the other was delivered in a clinic.88 In both of these trials, fall rates were
reduced in the balance training group. Interestingly, the study conducted by Canning et al
showed no reduction in fall rate for the experimental group as a whole. Subgroup analysis
revealed substantial reductions in fall rates in lower disease severity participants (motor
UPDRS score of 26 or less). Individuals with PD and low motor severity in the experimental
group experienced a 69% reduction in falls, while the individuals with PD and a high disease
severity (motor UPDRS score of 27 or greater) demonstrated a 61% increase in falls.87

Technologically more advanced interventions have begun to be utilized in an effort to
address both physical and cognitive fall risk factors. In a multicenter trial, researchers
utilized a virtual environment to train individuals on a treadmill to avoid virtual obstacles
and to find their way on a virtual route, and compared this to treadmill training by itself.
While training time was equivalent for the over 100 participants who took part in the
study, the control group reduced their fall rate relative to the pre-study reported fall history,
suggesting that treadmill training alone provided some fall rate improvements. However,
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at the 6-month follow-up, persons with PD in the virtual training experimental group
demonstrated a 55% reduction in falls compared with the control group.8°

Most recently, a large trial in Europe (PDSAFE) was designed to examine more definitively
the effects of a personalized and progressive home-based program, with fall rates as the
primary outcome and several secondary outcomes (near fall rates, balance task performance,
self-report measures).%° Over 400 participants with varied levels of PD severity participated
in a training program which included fall avoidance strategy training coupled with balance
and strengthening exercises. Given the previous findings of varied effectiveness depending
on disease severity, the authors prespecified subgroup comparisons. Their results were
consistent with previous work, in that balance training was effective at reducing fall rates in
individuals with PD of moderate disease severity, but increased the fall rate in individuals
with higher levels of disease severity. Despite these findings on the primary outcomes,
balance training was successful at addressing several secondary outcomes (near falls rate,
balance task performance, and self-report measures of balance abilities) across the whole
PDSAFE group—including those with mild, moderate, and severe disease. This suggests
that all participants were able to adhere to and therefore benefit from the exercise program
with regard to balance ability; however, these gains did not translate to mitigation of falls in
those with the greatest disease severity during periods of instability in real-world situations.

Balance training may also contribute to improvements in nonmotor signs. A 10-week RCT
comparing land-based to aquatic exercise revealed significant reductions in pain across both
groups.?3 An RCT of a sensorimotor-based balance exercise program revealed significant
reductions in depression and apathy in those receiving individual but not group treatment.%*
In an 8-week RCT (/=138), mindfulness yoga training resulted in significantly more
improvement in depression and anxiety symptoms, compared with those in the stretching
and resistance training group.%°

In summary, the highest quality evidence available to date suggests significant ability to
reduce fall rates for those with mild to moderate disease. In addition, those studies that are
clinic-based and not home-based provide greater levels of supervision and more intensive
training, and have resulted in greater reductions in fall rate.88:92.96 |n these studies, those
with more severe disease did not benefit and even appeared to have increased fall rates

as a result of training. The origins of this increased risk are not clear, but may include
increased gait-related mobility without improving postural competence, thus increasing the
frequency of exposure to postural challenges without the postural skills to deal with these
challenges. In addition, the role of declining cognitive status contributing to poor carryover
of fall prevention strategies and lower adherence to the exercise program may contribute.
Finally, those with greater disease severity are likely to have more complex symptoms such
as freezing of gait, which is associated with reduced motor learning capacity and diminished
retention. Those with freezing of gait may also require different strategies (i.e., external
cueing) which may not be encompassed in a balance training program. Such findings reflect
the initial steps of lines of research that are needed to clarify which subgroups of individuals
(just diagnosed individuals, those who demonstrate freezing of gait, intermittent fallers,
recurrent fallers) may benefit from specific types of interventions. Studies are ongoing to
examine the efficacy of alternate interventions in these individuals. Just as the heterogeneity
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of PD motor symptoms necessitates variations in pharmacologic and surgical treatments,
current research clearly indicates that a “one-size-fits-all” rigidly controlled balance training
intervention is inappropriate for all those with PD.

Given the evidence revealing early declines in gait speed and ambulatory activity, treatment
geared toward increasing walking velocity and amount of walking is critical to improve
function and reduce disability.%” Numerous studies reveal the effectiveness of treadmill
training in improving gait speed in persons with PD (»Table 2).51.53.98 The increase in
gait speed with treadmill training is also associated with improved stride length, arm swing,
and stride time variability.5% The treadmill may serve as an external pacer, overcoming

the hypokinesia that leads to gait slowing with continuous walking. Treadmill walking has
also been associated with reductions in depression.8 Improvements in walking have also
resulted following moderate intensity overground walking in the community setting, using
either a heart rate monitor or step activity tracker to facilitate adherence to a moderate
intensity pace.54.97 Several studies suggest the benefits of Nordic walking in improving gait
in persons with PD.66:99.100 Most reveal increases in gait speed and walking capacity, with
some revealing a reduction in motor symptoms or pain.56:99.100

There is a robust body of literature revealing the benefits of external cueing to improve
various aspects of gait in PD.101 Rhythmic auditory stimulation is particularly effective

in improving gait speed during continuous walking. External cueing is also effective in
discontinuous gait impairments such as freezing of gait. Both visual and auditory cues have
been shown to reduce freezing of gait during discrete tasks such as turning, walking over
a threshold, or through a doorway.192 There do not appear to be lasting effects once the
cues are withdrawn. Despite the lack of persistent effects, cueing is a very effective means
of improving various aspects of gait and should be recommended to improve immediate
functional capacity. Several wearable cueing devices show promise for use at home to
overcome freezing of gait; however, additional studies are needed to improve usability and
effectiveness.103.104

Difficulty with dual-task walking is also evident early in the course of the disease.19% Due

to the reduction in automaticity of movement associated with basal ganglia dysfunction,
persons with PD often allocate attention resources to the task of walking to improve walking
ability. When engaging in dual tasks, such as walking and talking or walking and carrying
an object, attentional resources are allocated to the secondary cognitive or motor task and
subsequently drawn away from the walking task.1% This often leads to a degradation

in walking ability. A recent multicenter RCT investigated whether improvements in dual
tasking were possible in persons with PD (A=121) compared with a control period without
training.197 Results revealed that dual-task training over 6 weeks led to improvements in
dual-task gait velocity and select gait parameters across both trained and untrained dual
tasks.107:108 The gains were retained at the 12-week follow-up. There was no increase in fall
risk, suggesting that dual-task training is safe as well as effective and should be included as
part of PT interventions.
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In summary, gait training is effective in improving various aspects of walking in persons
with PD. This is particularly important given that many aspects of gait do not improve with
dopamine replacement therapy.24 Treadmill training and moderate intensity over ground
walking have been shown to improve gait speed, walking capacity, and step/stride length.
Rhythmic auditory cueing is particularly effective in improving gait speed, whereas discrete
auditory and visual cues are effective in overcoming freezing of gait. Dual-task training is
safe and effective in improving walking under dual-task conditions.

Suboptimal Standard of Physical Therapy Care

Ironically, despite the increased understanding of early disability in PD and the evidence
supporting early and regular exercise interventions, utilization of PT services for persons
with PD in the United States is remarkably low. In a study examining outpatient
rehabilitation utilization for PD, only 14.2% of 174,643 Medicare beneficiaries with a
diagnosis of PD in 2007 had claims for PT.19% Those patients with PD who had at least
one neurologist visit per year were 43% more likely to have a claim for a PT evaluation
compared with patients without neurologist care. Rehabilitation utilization in other countries
far exceeds that of the United States. In the Netherlands, referral rates to PT in 2009 were
63%,110 and 54% in the United Kingdom.111 A wide variety of factors may explain the
low physical therapy utilization rates among those with PD in the United States. Care by a
primary care physician (rather than a neurologist) may reduce referral rates due to a lack of
awareness of the evidence supporting physical therapy and exercise in PD.109 In addition,
physicians have traditionally waited for the presence of overt disability associated with the
moderate to severe stages of PD to refer patients to physical therapy. Lack of appreciation
of early disability and/or the value of PT and exercise during early disease stages may
also contribute to later referrals. Physicians also may be recommending community-based
exercise programs (tai chi, dance, boxing) during the early stages, rather than physical
therapy services, given the lack of substantial disability or an awareness of the role of

PT at the point of diagnosis. Previous Medicare policy requiring that patients demonstrate
functional improvements to continue with PT may have led to denials of PT services and
therefore fewer claims.

Guidelines and policy changes may help increase the utilization of PT services for persons
with PD. In 2010, the American Academy of Neurology published the first set of quality
measures for the treatment of patients with PD112 and these include a recommendation to
discuss the need for physical, occupational, and speech therapy on an annual basis. The
UK National Institute for Health and Care Excellence (NICE) guidelines go a step further,
recommending referral to physiotherapists ear/y in the course of the disease.113 Lastly, in
2014, Medicare policy changed to allow access to PT services when the goal is to maintain
functional status or prevent a decline in functional status, as long as the need for skilled
intervention could be justified.

Traditionally, when patients with PD are referred to PT, this occurs many years into the
disease when there is overt disability such as falling, freezing of gait, difficulty moving in
bed or rising from a chair (»Fig. 1). At this point, an episode of PT is typically provided
and the patient often experiences improvements in functional outcomes. However, there is
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a lost opportunity to take more preventative measures in the early stages of the disease.

In addition, a discrete episode of care without regular follow-up visits results in decreased
adherence to treatment recommendations and a worsening of disability. Often patients with
PD return to PT only after an acute event, such as a hip fracture, that results in significant
disability and poor quality of life. A secondary prevention approach to rehabilitation is
needed to address signs of disability and physical inactivity early and regularly over the
course of the disease.

Secondary Prevention Model

In a secondary prevention model, patients with PD consult with a physical therapist with
expertise in PD at the point of diagnosis (»Fig. 2). A standardized battery of clinical
measures are implemented to characterize baseline functional status, burden of disability,
and quality of life. Motor and nonmotor impairments contributing to functional limitations
are also measured. In addition, the contributions of cardiopulmonary, orthopaedic, and/or
other neurologic conditions to the functional deficits are ascertained. Overall physical
activity level and engagement in exercise are captured. Detailed characterization of
functional status at baseline using standardized, psychometrically strong clinical measures
allows for careful monitoring of the progression of disability over the disease continuum.
Comparisons to natural history data in PD and age-matched normative data provide the
physical therapist with the essential data needed to tailor the exercise prescription to each
individual with the goal of optimizing outcome through prevention and/or mitigation of
functional deficits.

During this initial consultation period, only a few visits to a physical therapist are typically
needed to characterize baseline status and to prescribe an exercise program tailored to the
individual. These visits encompass teaching patients how to properly perform the exercises
in addition to ensuring the exercise program is implemented at the optimal dose (i.e.,
frequency, duration, and intensity). In addition, time is spent helping patients develop a
plan as to how to successfully integrate exercise into their daily routines over the long

term. Barriers and motivators of exercise and strategies to facilitate behavioral change

are discussed.114:115 This is particularly important given the prevalence of depression and
apathy that may reduce motivation to engage in exercise over the long term.116.117 Some
have suggested the benefits of an intensive bout of therapy during the early stages to reduce
long-term disability.118 For example, the long-term effect of an intensive, multidisciplinary,
inpatient rehabilitation preventative approach applied 5 days per week for 4 weeks in newly
diagnosed persons with PD was examined. The 4-week intervention was provided early in
the diagnosis and again 1 year later. At 2 years, results revealed less disability, less disease
progression, and improved mobility in the intervention group compared with a usual care
control group.118

A critical element of this secondary prevention approach is regular follow-up visits to a
physical therapist over the continuum of the disease. Just as regular visits to a neurologist
are necessary to allow for reassessment of PD signs and adjustments to the medication
regimen, regular visits to a physical therapist allow for reassessment of functional status and
adjustments to the exercise program as necessary. An exercise program must be sufficiently
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challenging and targeted to optimize benefits. The mode and intensity of the exercise needs
to be adapted over the course of the disease as symptom profiles change. This approach is
analogous to the “Dental Model” in which regular visits occur every 6 months or annually,
aligning with the AAN guidelines.112 Small changes in status (i.e., slower walking speed,
decline in balance) can be detected and treated early, leading to improvements (i.e., faster
walking, reduced fall risk) rather than a continued decline in function.2’:119 These follow-up
visits could trigger an episode of care in the form of a series of PT visits if a significant
decline in function has occurred. This episode of care may include treatment beyond
exercise, such as gait training with cueing, balance retraining, and strategies to overcome
freezing of gait, among others, depending on the profile of each individual.

There has been a substantial increase in the number of community-based exercise programs
available for people with PD. These may include tai chi, boxing, dance, cycling, among
others. This has been a positive development in that they allow greater access to

exercise programs and provide a sense of camaraderie and social support, which may
increase adherence to exercise. Physical therapists are well positioned to determine the
types of programs that may be most beneficial to patients given their particular profile.
However, patients need a comprehensive, adequately dosed exercise program, which is
often only partially achieved through participation in community-based exercise programs.
For example, it is typical for persons with PD to participate in community exercise
programs one to two times per week. In addition, a particular type of exercise class may
address some of their needs (i.e., balance exercise) but not all. There is also a tendency

for people to overestimate the intensity at which they exercise. In addition, autonomic
dysfunction early in the course of the disease is common and may lead to blunted heart

rate responses as well as affect the overall response to exercise interventions.36-38 Education
is needed as to how to accurately determine optimal exercise intensity so that persons

with PD can ensure optimal benefit while exercising within an exercise class or while
exercising independently. In summary, a physical therapist can prescribe an appropriately
dosed exercise program tailored to an individual, which may include recommendations

for participation in community-based exercise classes as part of a comprehensive exercise
program.

Summary and Future Directions

While the epidemiologic evidence suggesting that exercise may reduce the risk of
developing PD coupled with evidence of the beneficial effects of exercise in toxin-induced
animal models of PD has generated significant interest in exercise and physical activity
research for people with PD, there is much work that remains to be done. At a basic
science level, the neural/physiologic mechanisms underlying the benefits of various types
of exercise are not fully understood. However, the majority of well-controlled exercise
studies reveal benefits across a variety of behavioral outcomes, suggesting a central role
for exercise in the management of PD. However, these results reflect group means. Not all
participants improve and some improve more than others. Personalization of interventions to
specific motor phenotypes has not been explored and could optimize outcomes. Additional
studies are also needed to examine the effects of exercise on physiologic measures of
nonmotor features such as cognition, depression, fatigue, pain, and autonomic dysfunction.
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Importantly, numerous studies reveal the presence of early disability in PD. Given the
benefits of exercise in improving many of the early signs (i.e., gait, balance, and cognitive
impairments), physical therapy should be recommended at the point of diagnosis to establish
a long-term, ongoing exercise plan of care. However, from a health services/health outcomes
standpoint, more studies are needed to determine the benefits of early rehabilitation
interventions (i.e., secondary prevention approach) on reducing health care costs, slowing
the progression of disability and enhancing quality of life in persons with PD over the long
term. Future research is needed to examine PT utilization rates given the growth of evidence
demonstrating the benefits of PT, the increased awareness of early disability in PD, the
changes to Medicare policy, and the more recent AAN quality measures for the treatment of
PD.
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Discrete Episodes of Care
No Follow-up

No Rehabilitation Intervention Referral to PT Referral to PT

T T

Onset .Of Diagnosed  Pharmacological Rx  Onset of Overt Disability ~ Acute Event:
Pre-clinical  with PD (Pre-disability) (Rehab. Compromised) Hip Fracture

Symptoms (Pre-disability) \ /

Decline in Quality of Life

Fig. 1.
Suboptimal model of rehabilitation in Parkinson’s disease (PD).
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I Referral to PT PT PT PT PT PT
Pre-clinical Diagnosed _

Symptoms ~ with PD Delay 0.nset of Disability . _ >
(carly PT provided at regular 6-month intervals over the disease continuum

disabili » Standardized outcome measures administered at each f/u visit
isability) B i ;
» Exercise prescription tailored to each individual patient
» Focus of Treatment: Prevention and Remediation

Fig. 2.
Secondary prevention model of care (Dental Model). PD, Parkinson’s disease; PT, physical

therapy.
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