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Abstract. There is compelling evidence that exercise must be part of main line therapy for people with Parkinson’s disease.
In this viewpoint, we outline the four key components of exercise: aerobic exercise, resistance exercise, flexibility exercise,
and neuromotor exercises (posture, gait, balance, and agility) that can improve both motor and non-motor symptoms of the
disease and, in the case of aerobic exercise, may delay the disease. We outline guidelines on how to change and optimize the
exercise prescription at different stages of the disease.

Keywords: Aerobic exercise, exercise training, Parkinson’s disease, neuroprotection

Mounting evidence from the past three decades
clearly demonstrates the benefits of exercise for
people with Parkinson’s disease (PwPD) [1–4]. Exer-
cise improves the motor and non-motor features of
Parkinson’s disease (PD) [2], and may slow dis-
ease progression [5–7]. Yet, the best combination
of exercises and optimum doses are still not rou-
tinely achieved by PwPD in their everyday life. In this
viewpoint, we lay out: 1) the evidence supporting the
exercise prescription for PwPD, 2) the current guide-
lines for the exercise prescription for PwPD and how
to customize it for different disease stages, 3) prac-
tical tips for implementation, 4) medical clearance
for exercise, and 5) exercise considerations specific
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to PD. We would like to stress from the outset that
there is a commonly held misnomer that it does not
matter what type of exercise a PwPD does, and that
they are therefore free to choose whatever they would
like. We will show that there are clear guidelines to
adhere to if the goal is to optimize the benefit from
exercise.

EVIDENCE SUPPORTING GUIDELINES
FOR THE EXERCISE PRESCRIPTION
FOR PD

PwPD should essentially follow the same exercise
guidelines as those for their age-matched peers. As
such, the exercise prescription for PwPD is very sim-
ilar to the guidelines provided by the World Health
Organization [8], and many other health agencies
responsible for public health and diseases around the
world. Of course, in PD, the case for exercise and
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Fig. 1. Control and exercise aerobic condition for clinical trials conducted by Schenkman et al. [5], van der Kolk et al. [6] (tested off
medication), and Mak et al. [7] tested on medication. Blue depicts baseline condition and red the 6-month condition.

activity as first-line therapy is even more compelling
than in healthy individuals because PD is a relent-
lessly, and at times, insidiously, progressive disease.

Aerobic exercise

The first component of the exercise prescription is
aerobic/endurance exercise [3]. In addition to poten-
tially slowing disease progression, high intensity
aerobic exercise increases overall cardiorespiratory
fitness [5] which is a key vital sign [9]. There have
been three studies conducted which all suggest that
high-intensity (approximately 80–85% of peak heart
rate) aerobic exercise has the potential to slow disease
progression as well as reduce the signs and symptoms
of the disease [5–7]. The data in Fig. 1 demonstrates
that in all three studies there was at least a 4-point dif-
ference on the Movement Disorders Society-Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS)
over 6 months between moderate- and high-intensity
exercise. Modes of exercise varied between the three
studies and included treadmill exercise [5], stationary
cycling [6], and a brisk walking and balance program
[7].The phase 2 clinical trial by Schenkman et al.
was conducted in people who were early enough in
their PD course that they did not yet need dopamin-
ergic replacement therapy [5]. Any participants who
later needed to go on medication after enrolling in the

study were still tested for study outcome measures in
the off-medication state. The studies by van der Kolk
et al. and Mak et al. were conducted on PwPD who
had already started medication and thus were further
along in their disease course. Participants in the van
der Kolk study were tested in the off-medication state
while those in the Mak et al. study were tested in the
on-medication state. PwPD in the Mak et al. study had
greater motor impairment at baseline as evidenced by
MDS-UPDRS part III scores on-medications being
similar to the scores off-medications in the van der
Kolk et al. study and higher MDS-UPDRS part III
scores than the drug-naive participants in the study
by Schenkman et. al. The Mak et al. study demon-
strated the largest reduction in MDS-UPDRS part III
of all three studies (a reduction of 6 points) in the
high intensity group over six months (Fig. 1). The
reason for this larger degree of symptomatic benefit
may be due to the multimodal nature of the inter-
vention that Mak et al. employed or the fact that
participants with greater motor impairment may have
been more likely to show improvements. Because
all three studies showed a slower rate of change
of the MDS-UPDRS part III in the high-intensity
group despite methodologic differences (differences
in disease duration and medication-status for testing),
the conclusion that high-intensity exercise provides
a slower rate of change is robust. A phase 3 trial
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on drug-naı̈ve participants with testing conducted in
the off-state is underway; this trial will definitively
address whether exercise is disease modifying [10].

There is also an extensive preclinical body of
research that provides possible mechanistic under-
pinnings for the benefit of aerobic exercise in PD
[11–13]. Although each of the three high intensity
aerobic studies referred to above used walking, run-
ning, or cycling [5–7], these findings likely apply to
other forms of aerobic exercise performed at high
intensity. Examples include but are not limited to
cycling (outdoors), rowing, stair climbing machines,
elliptical machines, and swimming [14]. It is impor-
tant to stress that achieving 80% of peak heart rate
can be hard using elliptical machines and swimming.
Measuring heart rate during swimming is also more
complicated than for other activities.

Resistance exercise/weight training

The second component of the exercise prescrip-
tion is progressive resistance exercise, also known as
weight/strength training. Studies have shown reduc-
tions in the symptoms of PD, improvements in
physical function [15–18], and improvements in sev-
eral aspects of cognition because of weight training
programs [19–21]. An important point to stress here
is that aerobic exercise and progressive resistance
exercise have very different molecular and biological
effects and, as such, both forms of exercise are equally
important and essential [22, 23]. While high-intensity
aerobic exercise training may be disease-modifying,
resistance training likely allows the maintenance of
function by increasing muscle mass and power, which
are closely associated with mobility [24]. Resistance
exercise also increases bone density [25]. There is
also extensive evidence that muscle weakness should
be avoided since it is associated with a higher all-
cause cardiovascular and cancer risk [26] and this
probably applies to PwPD.

Flexibility exercise

The third component of the exercise prescription is
flexibility as loss of flexibility can lead to the inabil-
ity to perform the other components of the exercise
prescription and limits range of motion. Stretching
exercises are encouraged [27]. Many PwPD bene-
fit from performing flexibility exercises when they
wake up to alleviate rigidity/stiffness caused by sev-
eral hours of limited movement. Flexibility exercises
can be performed as an activity alone to alleviate

muscle rigidity/stiffness, as part of a warm-up and
cool-down, or as part of activities such as yoga and
Pilates. It is generally agreed that dynamic stretch-
ing is recommended before exercise or activity and
static stretching is recommended after exercise. Fur-
ther details of types of stretching, FITT principles and
volume principles can be found on pages 158–161
of ACSM’s Guidelines for Exercise Testing and
Prescription Eleventh Edition [27]. The flexibility
component of the exercise prescription needs fur-
ther systematic research in PwPD since it is the least
studied of the four components.

Neuromotor exercise

The fourth component of the exercise prescription
is balance, agility, and multi-tasking together known
as neuromotor exercise. As the disease progresses,
posture, gait, and balance become progressively more
impaired. As such balance and mobility exercises
and activities are required to counteract this. Exam-
ples of activities that help balance, mobility and
multi-tasking are dancing, tai chi, yoga, table tennis,
multimodal training, Nordic walking, aquatic train-
ing, exercise gaming, Qigong, Pilates, and circuit
training which involve exercises targeting posture
and balance [27, 28]. The underlying premise behind
all these activities is that they require considerable
involvement of the nervous system. As such they
have the potential to improve cognition [29] and be
beneficial for brain plasticity [30].

CURRENT GUIDELINES FOR THE PD
EXERCISE PRESCRIPTION

Aerobic exercise and resistance training form the
basis of the PD exercise prescription (PD ExRx); both
can be prescribed in clear parameters specifying the
frequency, intensity, time, and type (FITT) of exercise
as specified in Table 1.

In addition, the PD ExRx must include recommen-
dations to engage in activities that enhance flexibility,
as well as balance/agility/multi-tasking (neuromo-
tor). These latter activities are not so easily prescribed
within the traditional parameters of frequency, inten-
sity, time, and type but suggestions are provided in
Table 1. It is very important to point out that there
is significant evidence that dose does matter for the
neuromotor component. A rigorous meta-analysis
showed exercise can prevent falls in community-
dwelling older people [31]. Exercise programs that
challenge balance and are of a higher dose have larger
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Table 1
The exercise prescription for Parkinson’s disease

FITT FITT Recommendations for people with parkinson’s disease
Aerobic Resistance Flexibility Neuromotor

Frequency 3–4 days / week 2–3 days / week 2–3 days / week with
daily being most
effective

2–3 days / week

Intensity High-intensity (80–85%
HRmax) for mild – to –
moderate PD;

Moderate intensity
(60–65% HRmax) for
deconditioned
individuals or those
with more advanced
PD; attempt to progress
to 80%–85% HRmax

30%–60% of 1RM for
beginners; 60–80%
1RM for advanced

Full extension, rotation,
or stretch to the point of
slight discomfort

N/A

Time ≥ 30 minutes
accumulated
high-intensity exercise
(not including warm
up/cool down or
rest-intervals)

Progress to total of
150 min/week

1–3 sets of 8–12
repetitions

Progress to 2–3
hours/week

Hold static stretch for
10–30 s; 2–4 repetitions
of each exercise

30–60 min

Type Prolonged, rhythmic
activities using large
muscle groups (e.g.,
walking, running,
cycling, swimming,
rowing, elliptical)

Major muscle groups of
upper and lower body –
challenging all major
muscle groups on
nonconsecutive days.

Avoid free weights for
those in advanced
disease stage, use
weight machines, body
weight, resistance
bands instead

Slow static stretches for
all major muscle groups
working on increasing
range of motion.

Exercises involving motor
skills (e.g., balance,
agility, coordination,
gait, dual tasks)
multidirectional step
training and instability
training

FITT, Fitness, Intensity, Time, Type; HRmax, maximum heart rate; PD, Parkinson’s Disease; 1RM, one repetition maximum.

effects [31]. The analysis also showed promise for
PwPD and cognitive impairment. In addition, it has
been shown that the amount of walking and dual task-
ing can be increased with PwPD when systematically
progressed over a ten-week period [32]. Future stud-
ies conducted over at least 6 months and preferably
longer are needed to work out the dose guidelines
for neuromotor exercise. The prescription presented
here is consistent with that developed by the Amer-
ican College of Sports Medicine (ACSM) [33] and
the Parkinson Disease Foundation which provides an
easy to read one page summary [34]. It is also con-
sistent with a very extensive review of best physical
therapy practice as summarized in Table 1 of the clin-
ical practice guidelines from the American Physical
Therapy Association [35].

It is important to inform PwPD that many activities
also provide health related benefits and can provide
greater enjoyment and motivation for some people
(e.g., tango-dancing, boxing, and ping-pong). Table 2

outlines the differences between exercise, activities,
and traditional rehabilitation therapy. It is impor-
tant to counsel PwPD that activity classes alone are
complementary but not sufficient to fulfill the entire
exercise prescription. Many people need additional
encouragement and guidance to develop an intense
aerobic and resistance program. This approach is con-
sistent with that advocated by Fox and colleagues
who reviewed different components of physical inter-
ventions and found benefits for PwPD [36].

We suggest weighting the dosage of the exercise
prescription differentially based on personal need,
disease stage and, to some extent, personal pref-
erence. For people early in their disease without
evidence of frailty or imbalance, and desiring to slow
down the disease, the emphasis should be on high-
intensity aerobic exercise (e.g., 3–4 days a week of
aerobic; 2 days of resistance; 1 day of neuromo-
tor). For people who are showing signs of frailty,
the emphasis should be on a higher dose of resis-
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Table 2
The difference between exercise, activities, and therapies

Important Considerations Exercise Activities Physical/Occupational/
Speech Therapy

When should this be
used?

Life-long – needs to be
adapted into a lifestyle
change

Life-long – needs to be
adapted into a lifestyle
change

Once specific motor or
speech/swallow deficits
arise.

What parts of the body or
which symptom will
benefit?

Heart
Lungs
Bone
Brain

Heart
Lungs
Bone
Brain (different circuits)

PT: balance, freezing,
sit-to-stand, transfers,
turning, dystonia

OT: tremor, micrographia,
dexterity

SLP: hypophonia,
dysphagia

Frequency Nearly daily As wanted Burst and spaced –
“Dental Model”

Focus on specific PD
symptoms

No No Yes

Examples Aerobic (cycling,
running, swimming,
brisk walking, rowing,
elliptical)

Resistance
Flexibility
Neuromotor

Dance
Boxing
Yoga
Tai Chi
Ping-pong
Aquatic activities
Nordic skiing
Irish Dancing

Specific problem-based
protocols as
administered by
therapist expert in PD

How to prescribe or what
to do?

Specific dose with
specified frequency,
intensity, time, type

Harder to specify dose.
Explore what person
enjoys. Consider
referring to local group
classes

Dose often defined in
terms of number of
sessions. Should be
defined as when a
plateau has been
reached in performance

tance training (e.g., 2–3 days a week of aerobic; 3
days of resistance; 1 day of neuromotor). For people
with balance deficits who are at high risk of falling,
neuromotor exercise should comprise a greater pro-
portion of the prescription and should be paired with
periodic physical therapy. People looking to maintain
function should have a balanced plan of all prescrip-
tion components that does not overwhelm them but
rather facilitates compliance.

WHAT WE TELL PEOPLE WITH
PARKINSON’S IN OUR CLINIC

Persuading people to take part in activities and
exercise is one of the hardest challenges facing
medicine. It is well established that a physician advis-
ing a patient to obtain the recommended number
of minutes of exercise per week is ineffective in
achieving that goal. In fact, walking with a doctor
has even been suggested as one solution [37]. A
detailed review of the literature on successful behav-
ioral interventions is currently being conducted [38].
It is important to educate PwPD who are struggling to
stay active, that several epidemiological studies have

shown that increased activity, in general, is beneficial.
It can prolong life expectancy and improve the quality
of life in people with PD [39, 40]. It is also the case
that maintaining muscle strength predicts longevity
[41]. In other words, some activity is much better
than no activity, but there are compelling reasons to
follow the guidelines for the exercise prescription as
we have outlined.

We suggest discussing the following strategies
with PwPD who are eager to begin an exercise pro-
gram or need encouragement to maintain it.

1) Scheduling. When exercise is one of the first
items to be scheduled, it is likely people will
do it. When exercise is an afterthought, it rarely
happens.

2) Accountability to a friend or exercise buddy.
There is a significant benefit for many people
to the social aspect of exercise and activity. The
social aspect of activity is linked to improved
quality of life [42].

3) Identifying a great place to work out. Exer-
cise in a class or with a group at a club or
fitness center can provide a level of accountabil-
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ity that many people need to help them maintain
consistency. An increasing number of bespoke
exercise centers/classes specialize in offerings
for PwPD.

4) Creating a clear exercise space where a
person lives. Exercising at home requires no
time for travel. Identifying an activity location
with appropriate equipment can save time and
increase convenience.

5) Exercise/Activity Data. Some people benefit
from keeping detailed records or logs of their
exercise or activity schedule. There are also a
wide variety of devices that can track activity
levels and heart rate as well as software that
can track activity and performance change over
time. Some PwPD may find tracking such data
to be motivational.

6) Personalized instruction. Personal trainers
may be able to design a program for PwPD
based on the ExRx guidelines, although gen-
erally this is costly and not covered by
insurance. Although physical therapy is tradi-
tionally geared toward treatment of a specific
deficit (Table 2), physical therapists (who are
more likely to be covered by insurance) can help
PwPD get started on their own PD ExRx.

GENERAL CONSIDERATIONS FOR
EXERCISE

1) Most people do not need clearance. There
are no contraindications to exercise for typi-
cal newly diagnosed PwPD beyond those that
apply to the general population. The (ACSM)
pre-participation health screening can be used
to clear many patients for exercise without any
additional testing. We have adapted their health
screening for use with PwPD (Fig. 2).

2) Autonomic and cardiovascular health.
Although many PwPD have similar peak
heart rates to those observed in people who
do not have PD, some PwPD have a reduced
peak heart rate, which is secondary to auto-
nomic dysfunction [43, 44]. Blood pressure
increase during exercise may also be blunted
in these individuals. Screening for orthostatic
hypotension should be completed before
prescribing exercise in PwPD. The presence of
orthostatic hypotension may require adaptation
of the exercise regimen (e.g., exercise in the
recumbent or seated positions such as cycling,
rowing, swimming may be preferred), specific

autonomic evaluation and treatments to allow
safe participation in exercise, and careful mon-
itoring of the first exercise sessions as some
PwPD with autonomic failure may develop
exercise-induced hypotension. Exercise train-
ing is likely still beneficial for these people.
It is important to note that age-adjusted peak
heart rates will be inaccurate for PwPD with
autonomic dysfunction and a cardiopulmonary
exercise test may be important to identify
chronotropic incompetence.

3) Postural instability and gait impairments. It
is important to maintain both an active lifestyle
but also to minimize the likelihood of falling.
This is one reason that many physicians refer
people to specialized programs which can mon-
itor gait and balance over the course of the
disease. They can provide specific exercises that
are tailored to the needs of PwPD.

PD SPECIFIC CONSIDERATIONS FOR
EXERCISE

There are at least four other considerations unique
to PD and exercise:

1) Medication: It is important for people with PD
to make sure they are adequately medicated to
engage in their exercise program. While it may
well be the case that exercise can raise endoge-
nous levels of dopamine, people with PD should
be encouraged to take extra PD medication prior
to or during exercise if needed [45].

2) Dystonia: One unfortunate complication of
exercise can be exercise-induced dystonia
which needs specialized treatment. This occurs
most frequently as paroxysmal exercise-
induced dystonia, which clusters among
younger PD patients and may suggest a genetic
etiology [46, 47].

3) Tremor: While there is evidence that exercise
can have a positive long-term effect on tremor
[48], for some patients resting tremor may be
exacerbated during or immediately after exer-
cise, possibly due to muscle fatigue. This would
be considered an acute effect of exercise. One
possible idea is to suggest to people who have
increased tremor after an exercise session, that
they take part in a cool-down following exercise
in which they focus on relaxation techniques.

4) Deep brain stimulation. There are currently
no contraindications to exercising with DBS.
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Fig. 2. Exercise prescription flowchart for people with Parkinson’s disease.

However, DBS can aggravate dynamic postu-
ral control, especially in patients with impaired
balance at baseline [49]. A comprehensive
assessment of balance function post-surgery
could be valuable and suggest the need for phys-
ical therapy before starting an exercise program.

CONCLUSION

If a pill could be created that mimicked the effects
of exercise, everyone would take it. The emerging
field of exercise mimetics is clear witness to this fact
[50]. The scientific evidence and the overwhelming
and compelling testimony of PwPD make it clear that
exercise should be first-line therapy for people with
early PD with the goal of creating a lifestyle change.
Exercise should continue to be part of the treatment
regimen as the disease advances and additional treat-
ments are required. Some physicians have even gone
so far as to suggest that the purpose of prescribing
medication is to enable people to exercise and take
part in activities. This is an opinion with which we
concur. This is especially the case since consistent
exercise may reduce hospitalization risk [51].

We look forward to the future in which the guide-
lines that are being developed and revised are used to
create a personalized exercise prescription for indi-
viduals with PD [52], based on evidence-based data
which is accumulating rapidly. The personalized pre-

scription would be crafted on: 1) an initial assessment
of medical needs by a physician, and 2) an initial
assessment of physical and functional ability by a
physical therapist or neuromotor trained specialist
along with consideration of: fitness level, goals of the
person, disease severity, motor fluctuations, cognitive
impairment, balance, agility, and mobility, access to
specialized care (PT, neuromotor specialist, health
coach or lifestyle navigator), access to exercise equip-
ment (home, fitness center), and exercise and activity
preference.
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