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Summary
Parkinson's disease (PD) is a chronic, progressive, as-of-yet incurable, neurodegenerative
condition affecting the nigro–striatal dopaminergic system. Emerging evidence suggests the
importance of exercise in improving the trajectory of PD. Yet few people with PD are physically
active. One challenge that healthcare professionals face in the 21st century is how to deliver
physical activity programs to the population of individuals living with PD. A novel approach to
delivering physical activity to people with PD is introduced – termed community-based
participatory research (CBPR) – which engages people with PD and patient advocates as co-
researchers in the development and implementation of community-based exercise programs. The
authors describe the CBPR approach and provide several recent examples of community exercise
programs that are steps in the direction of developing the CBPR model. This is followed by a
discussion of what a more fully realized CBPR model might look like. Finally, the authors
describe some obstacles to conducting CBPR and suggest strategies for overcoming them. It is
argued that people with PD are an integral component of delivering the exercise intervention.

We believe that one of the most pressing challenges healthcare professionals face in the 21st
century is how to deliver physical activity programs to the individuals living with
Parkinson's disease (PD). In this article, we introduce a novel approach to delivering
physical activity to people with PD – termed community-based participatory research
(CBPR) – which engages people with PD and patient-advocates as co-researchers in the
development and implementation of community-based exercise programs. In the first
section, we present neuroscience evidence supporting the importance of exercise in
improving the trajectory of PD and review the literature on physical activity levels of
individuals with PD. We will then describe the CBPR approach and provide several recent
examples of community exercise programs that are steps in the direction of developing the
CBPR model. This is followed by a discussion of what a more fully realized CBPR model
might look like. Finally, we describe some obstacles to conducting CBPR and suggest
strategies for overcoming them.
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Parkinson's disease is a chronic, progressive, as-of-yet incurable, neurodegenerative
condition affecting the nigro–striatal dopaminergic system, with effects on motor, cognitive,
social and emotional domains [1]. Treatment includes administration of medication
(levodopa and other dopaminergic agents) and, in the later stages of the disease,
neurosurgical approaches such as deep brain stimulation (DBS). Levodopa and neurosurgery
have revolutionized the treatment of PD, but there are no established therapies that can stop
or slow the underlying neurodegenerative disease process.

Exercise treatment
Historically, nonpharmacological approaches such as exercise or physiotherapy have been
viewed as ‘adjunctive’ (i.e., helpful) in the management of PD. There is ongoing debate as
to the efficacy of exercise or physiotherapy [2–5]. A rich vein of evidence now suggests that
exercise or physiotherapy have positive effects on PD function including physiologic
capacity, gait, balance, range of motion, muscle strength, cognition and quality of life [6–
10]. Gait and balance impairment, the cardinal motor features of PD that generally become
more prominent with disease severity, are associated with increased mortality [11,12].
Recently, the American Academy of Neurology Quality Standards Subcommittee noted that
“exercise may be helpful in improving motor function in people with PD” [13]. While the
evidence that exercise or physiotherapy are beneficial for PD is certainly a cause for hope,
slowing down disease progression remains a major unmet need in PD therapy [14,15]. Even
with optimal pharmacological and surgical intervention, scholars believe that the underlying
disease process inevitably progresses, resulting in increased disability in most PD patients
over time [16].

Recent, groundbreaking neuroscience studies using animal models of exercise and PD
seriously challenges this view of PD, suggesting the physiologic use of exercise may be a
curative model (Box 1). Together, the animal studies suggest that forced and/or voluntary
exercise interventions confer neuroprotective and neurorestorative effects on nigro–striatal
circuitry with or without behavioral recovery [17–19]. Studies using the potent neurotoxins,
6-hydroxydopamine in rats and 1-methyl-4-phenyl-1,2,3,6-tetrahydro-pyridine in mice,
report that intense, continuous sensorimotor training before or after diagnosis can alter the
neurodegenerative and behavioral effects of these toxic agents, while inactivity may be
prodegenerative (i.e., amplify the neurodegenerative disease progression.

The mechanisms underlying the effects of exercise-induced neuroplasticity or behavioral
recovery in animal models of exercise and PD are yet to be fully understood [19]. Some of
the animal studies of exercise and PD suggest neuroprotective or neurorestorative effects of
exercise, while other studies suggest behavioral effects without neuroplasticity. Part of the
difficultly in generating conclusions from these divergent results may be owing to
methodological issues, differences in studies' experimental design, amount or location of
neurotoxin used, the timing, mode or amount of exercise, or the animals' age or gender (for
overview see [20–23]). While insights from the animal models await replication in human
trials, and this may take years, the value of animal models of exercise and PD is that they
may lead to new treatment directions. If exercise is as important as the animal studies hint,
one of the pressing issues at hand is how to ensure that patients at all stages of PD become
more physically active [24,25]. Optimal care that includes development of exercise
infrastructure administered by multidisciplinary healthcare teams is one option [24,25].
However, these approaches share a common theme: they place the patient as a more-or-less
passive recipient of care and not as an active leader. In this article, we describe a novel
approach to multidisciplinary care that aims to empower patients as equal partners in all
aspects of their care and also may increase physical activity-seeking behaviors (Figure 1).
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Exercise levels
There is a small but growing number of studies on physical activity levels in PD. Animal
models hinted that “the amount of voluntary physical activity is regulated at least in part by
the dopamine system” [26], and now studies in human PD suggest people with PD are prone
to exhibiting a more or less sedentary lifestyle [27–31]. In one of the largest studies on daily
physical activity patterns, which included 699 patients with PD and 1959 controls,
Nimwegen and colleagues [28] report those with PD were 29% less physically active than
healthy controls. In an ongoing study by Nimwegen and colleagues (the ParkFit trial [32]),
64% of participants with PD (mean age = 64.1 years, SD = 7.6 years; Hoehn and Yahr stage
[33] ≤3), who were screened for physical activity levels at baseline, were classified as being
‘sedentary’. This was defined by the authors using standardized criteria as: less than three
times a week of vigorous-intensity physical activity for <60 min; or <three times a week
moderate-intensity physical activity for <150 min [34]. Busse and colleagues [29] report
reduced 7-day physical activity patterns (measured by step activity monitor) among adults
with neurological conditions compared with healthy controls. The ten PD patients in their
study had lower step/day counts than healthy adult control subjects. Using accelerometers,
Hale and colleagues [30] extended these results demonstrating that people with PD are less
physically active than even healthy sedentary adults [30].

Functional factors
With little research having been conducted on physical activity in PD, factors associated
with physical activity levels remain elusive. A number of studies [32,35] report high
correlations between number of daily steps taken, postural instability and disease severity,
with the lowest number of steps taken among patients at mid to higher disease stage (stage 3
and 4). Mak and Pang [35] and Garber [36] report that low scores on standardized measures
of PD balance and balance self-efficacy correlate with less distance walked on a
standardized test of walking (6-min walk test). Jones and colleagues postulate that cardinal
motor characteristics of PD such as step-hesitation, freezing and problems with balance and
dyskinesias may interfere with physical activity-seeking behaviors [37]. The authors
qualitative study investigated the experiences (e.g., patients' thoughts and feelings)
associated with walking among people with PD. Patients experienced walking as an integral
component of their self-esteem and independence, and identified walking as integral to their
connection with society and feeling like a human being. Results suggest people with PD
dislike walking in public, especially negotiating stairs and walking in crowded
environments, with the greatest concerns expressed over problems with balance, which
could be misconstrued as drunkenness [37]. Prior studies have reported associations between
PD and fears of being publicly humiliated [38] and anxiety over interacting socially [39].
These fears are understandable as individuals who might be trying to conceal their
symptoms in public settings might be experiencing considerable anxiety and would be less
likely to exercise in public. These factors could be exacerbated in community-based public
health settings unless strategies are taken to address them.

Several studies report associations between physical fatigue, one of the most disabling
symptoms of PD [40], and physical activity levels across disease severity [36,41,42]. Using
activity monitors, Rochester and colleagues report patients with PD spent a significant
portion of their time sedentary – and these patients displayed the greatest amount of physical
fatigue on standardized tests but no statistical relationship was noted between fatigue and
physical activity (walking) [42]. Using a cross-sectional design with self-report and
standardized measures of physical function, Garber and Friedman report high levels of
fatigue correlated with low performance on physical capacity (i.e., maximal oxygen
consumption) and associations between high levels of leisure activity and low levels of
fatigue [36]. In a recent prospective, longitudinal study on the effect of cueing training in PD
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[43] in which patients wore activity monitors for 12 weeks, Elbers and colleagues developed
a mathematical model of fatigue and physical activity [41]. The authors found greater
amounts of fatigue associated with getting less physical activity; however, fatigue explained
only 2% of the variability in the amount of physical activity [41]. The authors did not report
if the cueing intervention resulted in greater physical activity levels.

One logical avenue to increasing physical activity would be through referrals. Haas and
Okun add the following: “most patients with PD are treated by clinicians without specific
PD-based training” [25]. According to one study, 25% of PD treating neurologists fails to
talk to their PD patients about leading a physically active lifestyle [101]. In addition, “in
reality, many patients have limited access to PD services” [25]. Only 34% of PD patients are
prescribed medication or physical therapy at diagnosis or within the first year [44], and
patients with PD lack awareness for the places in their community to participate in exercise
[45,46].

Therefore, people with PD are at special risk toward inactivity and low physical activity
levels are an early and ongoing feature of PD. If this situation does not improve,
communities with PD could stay disenfranchised from exercise.

Emerging models
A vital component to improving healthcare among people with PD is to educate the
community about evidence-based treatment such as exercise, and at the same time, it is
important to test the efficacy of exercise intervention for PD, which involves the PD patients
themselves as equal partners in the delivery of the interventions (Figures 1 & 2). We
question whether it is enough for healthcare professionals to ask patients whether or not they
exercise and then to expect them to do it, or to send patients home with a brochure or a
booklet with community resources and then to hope for the best. We believe that substantial
investments in community-based infrastructure – supporting and empowering places
(experiences that nurture greater community-collaboration and self-management of the
disease) to exercise – and novel strategies for developing and implementing community-
based exercise programs are necessary if we are to expect individuals with PD to exercise
for the long-term starting at diagnosis, and, we must all work together in multidisciplinary
rehabilitation teams with patients and patient advocates in order to achieve this vision.

Why is greater patient involvement in delivery of exercise interventions necessary? In most
developed countries, populations of older adults will continue to grow well into the middle
of the 21st century, and it is feared that the number of older adults will far outgrow the
number of physicians and other allied healthcare professionals needed to provide high-
quality care for people with PD [47,48]. With the looming care-giver and professional
shortages, we argue that one avenue to solving the problem is to develop collaborative
efforts involving the multiple lay stakeholders (e.g., patient, care-partner or fitness
professionals) to develop and implement community-placed exercise interventions. We are
concerned that, ultimately, our inability to develop collaborative efforts leaves populations
with PD with limited resources.

In the following section, we highlight recent initiatives that could serve as potential
blueprints for developing community-placed exercise interventions. Unlike many
pharmacological interventions where the mechanisms are spelled out in detail or explicitly
stated, neurorehabilitation studies with physiotherapeutic interventions have not always been
detailed enough about the content of the interventions. This makes it challenging, if not
impossible, to replicate these studies. The efforts we describe represent an emerging
paradigm change in the delivery of health services. This change involves administration of
therapy according to evidence-based guidelines of physiotherapy for PD with collaboration
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by lay-experts. We wish to emphasize that the models are not directly related to the
discussion of the PD animal models of exercise but serve as potential models for population-
wide programs to empower patients with PD to lead more physically active lifestyles. The
amount of detail provided by the models is felt to be a very important reason as to why these
initiatives were chosen and not others, as it is felt that the amount of detail provided about
the components of the intervention facilitates translation to the community level.

ParkinsonNet model
While there is a growing number of well-designed studies on the efficacy of physiotherapy
for PD, the field of physical therapy or exercise for PD is marked by a dearth of studies
examining implementation of evidence-based knowledge to the community level. In one of
the handful of studies examining whether the physical activity patterns of the PD
populations could be affected by an intervention, Rochester and colleagues used objective
measures (accelerometers) to examine physical activity levels (defined as the continuous
sequence of periods spent sitting/lying, standing and walking at different cadences) [49]
before and after DBS of the subthalamic nucleus. A total of 6 months after DBS surgery,
there was no change in the patients' amount of physical activity.

Other recent approaches aim to increase physical activity behaviors of patients by making
evidence-based physiotherapeutic treatment more accessible by providing services in the
patients' home, neighborhood community, instead of the traditional approach of providing
services linked to the clinic or hospital. The ParkinsonNet cluster randomized controlled
trial is the first and largest study of its kind to bring evidence-based physiotherapy to
neighborhoods [50]. Elements of the ParkinsonNet initiative are described in detail in the
following section, of which include [51]:

• Training of physiotherapists through intensive training workshops according to
Dutch evidence-based physiotherapy guidelines

• Facilitating communication and collaboration with referring physicians by
developing standardized forms to improve the referral into physiotherapy

• Web-based and educational materials accessible to patients and healthcare
professionals

Results of the ParkinsonNet initiative include reduced healthcare costs among ParkinsonNet
clusters compared with patients treated with the usual care [50]; as well as improved PD-
specific knowledge of evidence-based care among healthcare professionals involved;
enhanced referral process; increased patient volume per treating therapist; and enhanced
stakeholder collaboration (cited in [24]). The physiotherapeutic training of the ParkinsonNet
professionals, who were licensed physical therapists, was provided by physicians and
physical therapists (for more information, see [102] and for practical guidelines to the Dutch
evidence-based recommendations for physiotherapy in PD, see [103]).

Using the ParkinsonNet infrastructure [51], the Dutch group followed up with ParkFit [32],
an ongoing 2-year multicenter, randomized controlled, single-blind trial with 586 sedentary
PD patients enrolled. The primary outcome variable of ParkFit is to increase voluntary
physical activity [32]. Secondary outcomes are to monitor the effect of exercise on
standardized measures of disease progression (United Parkinson's Disease Rating Scale
[UPDRS]), gait, fatigue, anxiety, depression, bone mineral density, aerobic fitness, falls,
quality of life and healthcare utilization. Participants are screened for contraindications and
randomized into one of two interventions:

• Physical therapy focusing on training on how to become more physically active
(ParkFit)
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• Physical therapy with focus on safety and quality of movement (ParkSafe)

In both interventions, patients are treated by ParkinsonNet-experienced physiotherapists in
years 1 and 2; and they receive equal number of sessions, brochures with educational
materials and a biannual newsletter. In ParkFit, patients interact with therapists schooled in
evidence-based behavior modification strategies using the transtheoretical model of health
behavior change; they receive educational brochures listing specific exercises, specific
strategies to overcome barriers to increasing physical activity in the community such as
education about the advantages of leading a physically active life and the dangers of
inactivity, encouraging patients to set goals and develop social alliances, and a behavioral
health contract, which the patient and the therapist sign before the program begins (for
further details on treatment procedure, see [32]).

We believe that community-based exercise provides opportunities for developing social
networks that might not develop as readily in clinic or hospital-based settings. Research
suggests that social networking may increase physical activity participation in the early
stages of the disease [52] and broadening the social network may result in improved
compliance with exercise, reduced anxiety or phobic behavior; although studies have not
examined this. In ParkFit, patients interact with a physical therapist who is assigned as a
lifestyle coach to the participant, and guides the participant in making healthy lifestyle
choices and partake in personal training sessions. Patients are trained in exercise goal setting
and they receive an ambulatory biofeedback activity monitor with access to a website to
track their physical activity patterns to compare results with others. Hopefully, this will
provide feedback on the individuals amount of physical activity in comparison with others in
the trial and could serve as a further motivator to engage in social networks with a more
motivated physical activity-seeking behavior. In ParkSafe, patients receive educational
brochures on the benefits of exercise, safety and aims of physical therapy, and are assigned a
physical therapist who treats the patient according to agreed upon goals (for further details
and rationale of the interventions, see [32]). Results of the ParkFit trial are expected in 2012
[32].

We believe that initiatives such as those previously mentioned should definitely be
developed in other healthcare system. However, caution is warranted when translating the
ParkinsonNet model directly to other population regions. Future studies should examine
how successful ParkinsonNet initiatives are when implemented in more densely populated
regions. With 16,485 square miles, The Netherlands is approximately the size of the state of
Maryland (MD, USA) and half the size of the state of South Carolina (SC, USA) but has a
higher population density (over three times the population of Maryland). So the
generalizability of the ParkinsonNet concept might be more applicable to densely populated
regions where there is a greater number of physiotherapists per capita, more access to public
transportation, and in which patients have shorter travelling time to the therapists, which
might increase compliance. Public transportation in the USA, for example, is not as plentiful
as in some European countries. In some communities, individuals with PD may live in more
rural settings, with fewer resources available (i.e., lack of public transportation). Future
studies will need to be conducted to investigate whether the ParkinsonNet concept can be
applied in these remote settings.

Community-based participatory models
A hallmark feature of medical care is that lay-communities are often not as directly involved
in decisions about their disease management as clinicians would like them to be. In our
opinion, this extends to the rehabilitation research world where patients are often involved in
research as ‘subjects’ or ‘objects’ of the research, but rarely as ‘colleagues’. Scholars note
that rehabilitation researchers have been criticized for doing things to patients rather than
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with them [53]. Post and colleagues add that: “a challenge is to involve patients more
closely in the healthcare process, empowering them to actively participate in the
management of their own disease. Effective multidisciplinary care for PD comes with the
recognition that patients and their advocates are indispensable members of the healthcare
team, with an important role in decision making” [24]. Post and colleagues proceed to state
that little progress has been made in translating research to the level of the community,
owing to the fact that multidisciplinary team approaches face the formidable challenge of
obtaining research funding for partnership building [24].

In the USA, health services research rests on three pillars; bench-to-bedside translational
research (T1); clinical trials (T2); and population-based and implementation research (T3;
research that aims to translate knowledge from academic centers to community-settings).
Researchers that aim to translate the evidence-base to community levels (T3) have
historically been under-funded, with the majority of federal support from the NIH in the
USA going towards basic science research (including Phase I and II clinical trials) and
human clinical research (including controlled observational studies and Phase III clinical
trials that aim to translate from the bench to the bedside). The T1 and T2 funding resources
have yielded tremendous progress in our understanding of the efficacy of evidence-based
physiotherapeutic treatments on PD by increasing the number of meta-analytic studies,
systematic reviews and guideline development in PD treatment.

Traditionally, scientists make most, if not all, of the decisions in what to research and how to
research it, with little or no community input. Since many of these critical decisions are
made in isolation, researchers may not be aware of true community needs. At the same time,
communities are often not aware of the research resources in their community. To address
this issue, in 2004 the NIH, Agency for Healthcare Research and Quality and the CDC
inaugurated a new stream of funding known as community participation in research (T3), to
encourage healthcare providers and patients to work collaboratively to build healthier
communities using an approach to research and interventions such as CBPR. The first steps
for encouraging academic and lay-expert involvement in CBPR is not an easy task, as
summarized in TABLE 1 and elsewhere [54–57,104–107].

‘Community’ may be defined by geographic location, as the place where individuals live,
work, play or study or any group with common interests, including sexual orientation,
religious, ethnic or political affiliation, medical specialty, disease or diagnosis [104].
Community-based participatory research initiatives are patient-centered approaches to
research that foster collaborative research partnerships between patients, healthcare
professionals and communities. During traditional biomedical research, the academically
trained researcher develops the idea, writes the grant, collects, analyzes, interprets and
disseminates the data. CBPR aims to develop community capacity for research by
empowering patients and patient advocates as co-researchers in every step of the research
process from generating the idea and writing the grant, to data analysis, data interpretation
and dissemination of the results [54–57].

In recent years, funding for CBPR has increased dramatically. In 2004, there were 38
CBPR-funded NIH studies [108]. In 2010, there were 263 studies with a CBPR component
and a total of over US$114 million in funding [108]. While CBPR has gained acceptance in
North America and internationally as an important approach to improve public health [57],
studies have yet to demonstrate benefits of CBPR to health outcomes, and only a few CBPR
studies have been conducted with neurological populations [58–61].

As far as we know, there are no published guidelines available for conducting CBPR in
populations with neurological or neurodegenerative conditions. As a first step, Table 1 lists
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the potential obstacles (and potential strategies in overcoming obstacles) in conducting
CBPR approaches. Particularly in the early stages of developing CBPR studies, it can be
challenging to find funding resources and people with expertise in doing CBPR. A good
strategy in getting started with CBPR is to identify CBPR researchers in the community.
Websites with information for CBPR are becoming more plentiful. A resource to tap into is
Community-Campus Partnerships for Health (CCPH). CCPH is a nonprofit, world-wide
network of over 2000 participatory researchers. A webpage and blog are maintained with
up-to-date research and tools for conducting CBPR [109]. These resources are invaluable
sources of information on CBPR and community partnering. Now that funding for CBPR is
more plentiful, it is hoped that healthcare professionals and rehabilitation researchers will
begin to collaborate with lay-communities in developing and testing exercise interventions
for all patients with PD across disease severity, using CBPR approaches.

Peer-approach
As suggested in Figure 1, there are numerous options for researching the relationship
between traditional and CBPR approaches or peer-to-peer and traditional approaches to
delivering the exercise interventions. These might include using principles of CBPR in
planning the exercise intervention (e.g., using a CBPR approach involving lay experts such
as patients, care-partners, and exercise trainers and others in making decisions about which
evidence-based training exercises to include in the community-based setting (models 1 and
3, Figure 1); using traditional approaches to planning the exercise intervention (e.g.,
therapists and clinicians) (models 2 and 4, Figure 1); using peer-to-peer approaches (e.g.,
patients as trainers) to delivering the intervention (models 1 and 2, Figure 1); or traditional
approaches to delivery of the exercise intervention (e.g., physiotherapist or exercise
professional; models 3 and 4, Figure 1).

Goodwin and colleagues recently reviewed randomized controlled trials on the effects of
exercise interventions on PD [9]. The authors reported that in ten out of 14 studies, the
delivery of the exercise intervention was led by medical professionals (e.g.,
physiotherapists; model 4, Figure 1). In the remainder of the studies, the exercise
interventions were delivered by trained exercise leaders (including QiGong teacher and a
student nurse) [9]. Presumably, none of the studies reported by Goodwin had substantial
input from patients with PD [9]; however, patient involvement in protocol development was
not reported. The amount of healthcare professional involvement in delivery of exercise
interventions is unlikely to change in the near future, but it does not mean that lay-experts
should not or cannot be empowered to work with the healthcare professionals to jointly
deliver (and/or develop) the exercise training protocol, or co-lead data analysis/
interpretation/dissemination.

Since research has not examined the effect of CBPR participation on health outcomes in PD,
it is conceivable that participating in the planning and implementation of exercise
interventions could have a positive or a negative effect on physical activity participation. For
example, one hypothesis might be that peer-to-peer approaches to delivery of exercise result
in more injuries and generally poorer compliance and poor outcomes. People who are
vulnerable to falls and secondary disabling injuries might be especially prone to injuries if
they are given too much responsibility for each others safety without taking appropriate
steps to protect both the trainer and the trainee from falls. Using some common sense in
selecting peer-to-peer trainers (such as selecting peer-to-peer trainers who are in the early
stages of the disease before falls and gait problems develop) may be a good strategy before
asking people with greater disability and impairment to assist individuals in whom falls are
likely to occur during training. It is also possible that peer-to-peer approaches might
empower individuals with PD to become physically active. Research suggests that in PD,
exercise settings can serve as social networks. By participating in settings with people who
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have a common interest, community-based exercisers develop social networks that become
more important to the individual than, for example, increasing muscle strength. Peer-to-peer
approaches to delivering exercise interventions might thus serve to further increase the
social network bonds. It is hoped that future research will examine these relationships and
the associations of CBPR with peer-to-peer training and health outcomes in greater detail.

Future perspective
It will not be surprising if, in the near future, patients with PD become more involved in the
research process as colleagues or co-researchers. Already Parkinson advocacy organizations
in the United States such as the Parkinson Disease Foundation have developed specialized
training programs that promote greater and direct interaction of patients with the research
community (e.g., see PDF Parkinson Action in Research program (PAIR) [115]). Other
organizations in Europe, such as the Association of Physiotherapists in Parkinson Disease
Europe (APPDE), include patients on their panel of experts. Together with ‘the experts’, the
patients are empowered to shape the European clinical care guidelines for physiotherapy in
PD [116]. It can be noted that some patient advisors are academically trained medical
professionals. Care must be taken to encourage participation of lay-patients and to evaluate
the extent of participatory decision making. This is also an opportunity to test whether or not
the community-based participatory research process itself could be an intervention which
leads to better health outcomes. While these efforts are still in the early stage of their
development, the organizations that promote patient co-investigators are to be commended
for challenging the traditional paradigm. These efforts will revolutionize research and
clinical care implementation. However, it remains to be seen how much actual influence
patients will have on specific aspects of the research or clinical care process or if these
empowerment efforts turn out to be merely tokenistic.
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Practice Points

• Physical therapy and exercise interventions are important adjunctive treatments
in Parkinson's disease (PD).

• Animal data suggest physical activity is associated with neuroplasticity
mechanisms. Some studies of exercise and PD demonstrate a lack of
neuroplasticity with or without behavioral recovery. More research is necessary
in this area.

• At diagnosis and at every office visit, physicians should talk to their patients
about exercise interventions and of the potential dangers of inactivity.

• At diagnosis, referrals to physiotherapy and community-based exercise
programs should be made where patients exercise under appropriate supervision.

• Healthcare professionals should partner with community-based wellness
facilities and should participate in development and implementation of exercise
interventions for patients with PD who do not exhibit contraindications to
exercise.

• Healthcare professionals, patients and other stakeholders should partner in
community-based participatory research interventions.
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Box 1

Plasticity mechanisms in animal models of Parkinson's disease and
exercise

Exercise-induced upregulation of D2 mRNA, downregulation of DAT and increased
dopamine release in dorsolateral striatum [62–64]

Exercise-induced sparing of striatal DA neurons and metabolites [65–67]

Exacerbated loss of striatal DA levels, metabolites and DA terminals with forced nonuse
[68]

Exercise-induced increase in GDNF mRNA with downregulation of striatal DAT and
VMAT2 [69]

Parkinson's disease is characterized by reduced levels of GDNF [70]

Exercise-induced upregulation of striatal GDNF and production of GDNF producing
cells (glia) and prevention of downregulation of BDNF signaling pathway in SN and
striatum [71–73]

Exercise-induced partial restoration of TH-labeled neurons in SNpc [74]

Lower net DA SNpc neuronal loss with environmental enrichment [75]

Exercise-induced increase in net DA SNpc neurons [76]

Exercise-induced improved mitochondrial function [77]

Exercise-induced striatal angiogenesis [78]

Exercise-induced improved forelimb function without sparing of DA terminals [79]

Exercise-induced loss of TH positive neurons in SNpc [80]

Exercise-induced cardiorespiratory and metabolic adaptations without effects on
nigrostriatal DA function [81]

Exercise-induced reduction in DA loss without amelioration of behavioral deficits [82]

BDNF: Brain-derived neurotrophic factor; D2: Dopamine receptor type 2 (DA-D2R);
DA: Dopaminergic; DAT: Dopamine transporter; GDNF: Glia cell line-derived
neurotrophic factor; SN: Substatia nigra; SNpc: Substantia nigra pars compacta; TH:
Tyrosine hydroxylase; VMAT2: Vesicular monoamine transporter.
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Figure 1. Models to plan and deliver community-based exercise interventions for people living
with Parkinson's disease
CBPR: Community-based participatory research.
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Figure 2. Peer trainers with Parkinson's disease are members of the community-based
participatory research team
The photograph shows two individuals with Parkinson's disease who participated in the first
author's randomized controlled trial on high-intensity resistance (80% of a four repetition
maximum was defined as high-intensity resistance training) and balance training [83]. The
study took place at a public fitness facility in Tallahassee, FL, USA. Clinicians might
shudder at the thought of two patients serving as peer-trainers. Indeed, at recent conferences
in the USA and Europe, physiotherapist-scientists voiced understandable concerns about
patient safety and ability of lay-expert trainers to deliver treatment. The photograph shows
two individuals; one individual is on the foam, while the other individual is leading the
balance intervention. At the time the photograph was taken, both individuals were at Hoehn
and Yahr stage 2. The photograph suggests the feasibility of implementing research models
that incorporate nontraditional (e.g., peer-to-peer) approaches to deliver the exercise
intervention (model 2, Figure 1). The authors wish to emphasize that there are other
important models of community-based exercise that are emerging in the literature that are
important (for examples see Gruber [84] who uses physioptherapists as personal trainers or
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King and Horak [85] who employ trained exercise professionals as personal trainers
[presumably model 4, Figure 1]). Reproduced with permission from [86].
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Table 1
Potential obstacles to conducting community-based participatory research

Potential obstacle to conducting CBPR Suggestions for addressing obstacles

The true needs of the community are rarely
known to researchers

Healthcare professionals could make efforts to get involved politically as patient advocates in
Parkinson's policy (such as the Parkinson Action Network, in the USA) or, at the local level,
with community organizations (i.e., local or national Parkinson Associations, disability-rights
groups), volunteering time to serve on association boards and attending board functions to get to
know the issues facing the Parkinson's disease community with translation of programs into
policies

Healthcare professionals could make efforts to regularly attend Parkinson support group
meetings, interact with support group leaders, patients, care-partners and their families. These
social interactions can give academicians and clinicians a ground-zero view of the lives of
people with PD from the perspectives of the patients and the care-partners own experiences.
These are valuable opportunities for developing research partnerships that healthcare
professionals and researchers might not otherwise have

Researchers may be unaware of CBPR
resources (e.g., funding mechanisms or
people in their community currently
conducting CBPR)

Contact community-based participatory researchers in your community by signing up to the
CCPH blog and information on their website [109]

To obtain a list of federally funded North American community-based participatory research
projects and principal investigators, the NIH maintains a search engine, the Research Portfolio
Online Searching Tool [108]. Using keywords, ‘community-based participatory research’ or
CBPR, current and past grant awards can be searched online

Examples of federal and foundation supports for CBPR funding include:

• National Institute for Health Research (UK) website promoting public involvement
in public health and social care research [110]

• Agency for Healthcare Research and Quality (USA) [111]

• WK Kellogg Foundation (USA) [112]

• CDC (USA) [113]

Communities are rarely aware of the
research interests of researchers or of the
research infrastructure that is available
right in their own community

Solicit research ideas by organizing regular town hall meeting or focus groups attended by
community leaders. These meetings and agendas should be cofacilitated by researchers and
patients. These could aim to identify research topics and research questions of importance to the
stakeholders

Develop interactive worldwide web sites or blogs and invite consumers and researchers to
interact for the purpose of generating ideas for research

CAB A basic element of CBPR is the formation of a CAB comprised of community leaders, patients,
patient advocates and other key stakeholders who provide leadership to the study. CABs could
meet monthly throughout the year. For a synthesis of best practices of developing CABs in
public health research settings, see the following citation [114]

Professionals use technical language (i.e.,
postural reflex impairment, dyskinesia etc.)
or specialized phrasing (e.g., statistical
power, external validity and sampling
strategy). This may potentially
disenfranchise consumers from partnering
with researchers in the research process

In planning community-based participatory projects, it is important to provide consumer
educational workshops on research methods (data collection, data analysis, data interpretation).
While conducting these workshops for consumers (with intact CNSs) might be challenging
enough, designing teaching and learning curricula for people with PD – who may have cognitive
and communication impairments – adds further layers of complexity to teaching research skills.

A key element of a successful CBPR
project is to capture the degree of shared
decision making during the research project

Team meetings could be cofacilitated/cochaired by healthcare providers/researchers and
patients; team meeting agendas can be developed with substantial input from nonresearchers,
and at the end of each team meeting, anonymous questionnaires to determine team members'
satisfaction with the amount and quality of participation could be administered

Meeting minutes should be kept and distributed to the group following the meetings. Team
meetings could be audio taped or video taped and transcribed. The transcripts could be examined
and analyzed for the level of participation using participatory codes

Ensure that the CAB is comprised of mostly patients and community leader representatives.
Ensure that the research team committee has consumer and community leader representation
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CAB: Community advisory board; CBPR: Community-based participatory research; CCPH: Community-Campus for Health Partnership; PD:
Parkinson's disease.
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