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ABSTRACT
Parkinson’s Disease (PD) is the second most common neurodegenerative disease in the

world, currently affecting over 8 million people. It is associated with complications in dopamine
function, resulting in both motor and nonmotor symptoms. Currently, the main ways of treatment
are through medication. However, patient improvement is often limited due to an increase in
tolerance. Physical training has been shown to improve both motor and nonmotor symptoms,
specifically around gait, balance, and general quality of life. Exercise has been correlated with
improved signaling and release of dopamine in PD patients, which positions it to be a powerful
therapeutic avenue. This paper aims to analyze the positive effects that aerobic exercise,
strength training, stretching, and various other disciplines have on symptoms of PD, as well as
examine the effect of duration and intensity of all mediums of training. While distinct types of
exercise improve the health and symptoms of PD in patients, more research into combinatorial
exercise plans is necessary. Combinatorial exercise plans offer increased safety and better
cognitive involvement, which is notably lacking in current pharmacological treatments.

INTRODUCTION
PD is a progressive neurodegene-

rative disease characterized by both
motor and nonmotor symptoms. Risk
factors for PD are both genetic and
environmental. PD is extra prevalent in
adults 60 years or older and has a
higher occurrence in men than in
women [1]. Motor symptoms include
tremors, rigidity, bradykinesia, and
postural instability. Nonmotor symptoms
consist of cognitive decline, mood
disorders, and sleep disturbances [2]. All
these symptoms cause independence
and quality of life to plummet for affected
individuals. Disease severity is commo-
nly evaluated using the Unified Parkins-
on’s Disease Rating Scale (UPDRS),

which assesses both motor and
nonmotor symptoms to provide a
comprehensive measure of disease
impact, where a lower score indicates
improvement in motor ability. Despite
the understanding of pathophysiology
increasing, effective treatment strategies
remain limited. New research into other
mechanisms of PD (e.g. neuroinflamm-
ation, decreased mitochondrial function,
oxidative stress), has found many curre-
nt treatments do not address these
potential mechanisms. Common pharm-
acological treatments of dopamine
supplementation have many issues,
such as increasing tolerance that limits
improvement in patients. Medication
only serves to ease current symptoms
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rather than stop or slow disease
progression [2]. Because of these
limitations, alternative treatments have
been investigated as potential therapies
for the treatment of PD.

Exercise has the capacity to improve
a wide range of motor and nonmotor
symptoms, due to its hypothesized
impact on the dopaminergic system [3].
Exercise programs can also be tailored
to an individual's requirements and
needs. The many types of training,
including aerobic, muscular strength,
flexibility, and various other mediums
provide avenues for combinatorial
exercise. More research needs to be
done on the benefits of combinatorial
exercise regimes, as many hypothesize
that combining different exercise
modalities may optimize improvements
in motor function, cognitive performa-
nce, and quality of life. These programs
may offer enhanced safety and greater
cognitive benefits than current pharmac-
ological plans [4]. This paper aims to
explore the effects of various exercise
modalities on PD, with a focus on how
different types, durations, and intensities
of exercise affect the severity of the
disease. This review also identifies gaps
in current understanding and identifies
potential exercise interventions that
maximize therapeutic benefit for individ-
uals with PD.

1. AEROBIC EXERCISE
Aerobic exercise has emerged as

one of the most effective
non-pharmacological interventions for
managing and treating PD, targeting

both motor and non-motor symptoms
[2]. Motor symptoms such as bradykin-
esia, rigidity, tremor, and postural
instability are common and are the basis
for PD severity [5]. Aerobic exercise is a
type of physical activity that involves
constant rhythmic movements used to
increase cardiovascular health [6]. It
primarily relies on aerobic respiration,
where oxygen is used to produce
energy for the body in the form of ATP.
Aerobic exercise is particularly benefi-
cial for cardiovascular health, as it helps
strengthen the heart, improve lung
function, and boost circulation. VO2

peak, a measure of the maximum
amount of oxygen an individual can
utilize during intense exercise, is often
used to gauge aerobic fitness levels and
track improvements from training
programs. Aerobic exercise has also
been shown to improve mood, cognitive
function, and overall energy levels [6]. It
is widely recommended for individuals
looking to enhance their physical fitness,
as well as those with chronic conditions
such as heart disease, diabetes, and
PD. Various forms of aerobic exercise
have been studied in PD populations, as
these activities offer flexibility in intensity
and duration, and can be tailored to
individual fitness levels, making them
accessible to a large population of
patients ranging from early-stage to
more advanced PD [4].

1.1 Types of Aerobic Exercise
Stationary cycling has drawn signific-

ant attention in research for its safe and
easy usage in improving motor and
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cognitive functions. Uygur et al. (2020)
demonstrates that high-speed, low-resi-
stance cycling can improve disease
severity, balance, functional mobility,
and cognitive function in individuals with
mild to moderate PD [7]. After a
stationary cycling regime of six weeks,
motor severity measured by UPDRS
was decreased, and cognitive ability,
tested by serial reaction time, was found
to improve by 13.1% [7]. This kind of
exercise is especially appealing becau-
se its low-impact nature reduces strain
on joints, while the high-repetition
movements provide consistent sensory
and motor stimulation. This is critical for
promoting neuroplasticity, which refers
to the ability of the brain to reorganize
and form new neural connections, and
reinforcing motor skill learning.

Treadmill walking and body-weight-s-
upported treadmill training (BWSTT) are
other commonly used aerobic exercises
in the treatment of PD. Postural
instability is a common motor symptom
in patients with PD, and BWSTT aims to
eliminate this caveat. Treadmill use
enables controlled exercise intensity
and precise monitoring of gait perform-
ance, while body-weight-supported
treadmill training assists individuals with
severe balance impairments or postural
instability by partially supporting their
body weight: 20% in this study [8]. This
enables patients with more severe
disabilities to engage in higher-intensity
exercise without the risk of falling, thus
enhancing motor performance and gait
without compromising safety. These

kinds of interventions can make aerobic
exercises a more realistic avenue for PD
patients.

Aquatic exercise has also been
recommended for PD patients due to its
low impact, which reduces joint stress
and allows for freedom of movement.
Water-based exercises can improve
overall cardiovascular fitness while also
enhancing flexibility, balance, and
strength, especially in individuals who
find land-based exercises challenging
[9]. In the following study, participants
found a 4.5-point decrease in their
UPDRS-III scores, showing a significant
decrease in motor symptoms of PD [9].
Aquatic therapy offers an alternative that
can be beneficial for PD patients, who
are generally older with joint problems.
Carroll et al. found that participants
enjoyed the aquatic exercise immensely,
having a 100% attendance rate for the
study and 90% saying they would
continue their water aerobics after [9].
This clearly shows the feasibility and
attractiveness of water-based exercise
for PD patients.

In brief, these aerobic exercises offer
many options tailored to the diverse
needs of individuals with PD. Cycling
and treadmill walking emphasize
controlled, repetitive motions that
enhance neuroplasticity and improve
balance, gait, and cognitive functions,
and aquatic therapy provides a gentler,
low-impact environment that is
particularly suitable for patients with joint
or mobility issues. Aerobic exercise has

3



shown potential in improving motor
symptoms such as gait instability and
rigidity, while also providing promising
avenues for supporting overall physical
and mental well-being in individuals with
PD.

1.2 Effects of Aerobic Exercise on
Symptoms

Aerobic exercise has shown
significant benefits for both motor and
non-motor symptoms in PD. Studies
have consistently shown that aerobic
exercise improves motor performance
by increasing functional mobility and
balance. For instance, a 12-week
intervention involving stationary cycling
resulted in significant improvements in
gait and motor function, in terms of both
walking speed and stride length [10].
Aerobic capacity, measured in VO2

peak, increased in the cycling group.
This suggests that engaging in constant
motor activities can lead to benefits that
translate into daily life.

In addition to motor symptoms, PD
patients experience cognitive dysfunc-
tion, depression, anxiety, and sleep
disorders, all of which massively impact
a patient’s quality of life [2]. Aerobic
exercise has positive effects on these
non-motor symptoms of PD, by
improving mood through the regulation
of neurotransmitter systems (including
dopamine, serotonin, and endorphins),
which are often dysregulated in PD
patients [11]. However, not all aerobic
exercise regimes result in improvements
in motor symptoms of PD patients. A

study analyzing the benefits of aerobic
exercise did not find any notable
changes in non-motor symptoms [4].
The study incorporated both higher-inte-
nsity treadmill and lower-intensity
treadmill exercise and found no
significant improvement in symptoms
such as depression and fatigue in either
regime. Additional research into the
specifics of aerobic exercise would help
clarify these differing findings and
provide more definitive conclusions on
the effects of aerobic exercise on
non-motor symptoms of PD.

Cognitive function is another
non-motor symptom that benefits
heavily from aerobic exercise. Impaired
decision-making, memory problems,
and gaps in attention are frequent in PD
patients and are linked to both
dopaminergic and non-dopaminergic
pathways [3]. Aerobic exercise has been
shown to enhance cognitive
performance by increasing brain-derived
neurotrophic factor (BDNF) levels,
promoting synaptic plasticity and
neurogenesis [12].

Aerobic exercise is a highly effective
non-pharmacological intervention for
managing both motor and non-motor
symptoms in PD. It improves motor
function by enhancing mobility, gait, and
balance through repetitive activities like
cycling, which mimic everyday
movements [10]. Though the benefits for
non-motor symptoms such as mood and
cognition are still debated, aerobic
exercise has shown promise in
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improving cognitive function by
increasing BDNF levels [12]. The overall
impact of aerobic exercise on motor
function and cognitive health makes it a
critical component of disease
management in PD. As more research
addresses these nuances, it will help
refine aerobic exercise interventions and
further establish their role in managing
the disease.

1.3 Mechanisms of Aerobic Exercise
The beneficial effects of aerobic

exercise on motor and non-motor
symptoms in PD are caused by several
mechanisms. One of the primary
mechanisms is neuroplasticity. Aerobic
exercise results in changes in brain
structure and function by promoting the
release of biomolecules, such as BDNF,
glial cell line-derived neurotrophic factor
(GDNF), and insulin-like growth factor 1
(IGF-1) [12]. These molecules play a
critical role in supporting neurons,
promoting synaptic plasticity, and the
formation of new neurons, particularly in
regions affected by PD (such as the
basal ganglia and motor cortex) [12]. In
the 2016 meta-analysis, various forms
of aerobic exercise were found to
increase BDNF, including stationary
cycling and treadmill training. Over
different practices of aerobic exercise,
the study found a standard effect size of
2.06 for exercise benefits on BDNF,
showing a significant correlation. The
UPDRS motor examination scores
showed a mean difference of -5.33,
indicating a clinically significant

improvement in PD motor symptoms
aligning with increases in BDNF [12].

Dopaminergic modulation is another
key mechanism through which aerobic
exercise exerts its effects. In PD, the
progressive degeneration of dopamin-
ergic neurons in the substantia nigra
leads to dopamine depletion in the
striatum, which is directly linked to many
observed motor symptoms [3]. Aerobic
exercise increases dopamine receptor
sensitivity and enhances dopamine
release, compensating for the loss of
dopaminergic neurons. This is done by
increasing the expression of D2 and D3
dopamine receptors in the striatum as
well as enhancing activity in the
mesolimbic pathway, a pathway
responsible for reward and motivation.
This improved dopaminergic function
helps alleviate motor symptoms,
including bradykinesia and rigidity, while
also positively affecting non-motor
symptoms like mood and cognition [3].

Aerobic exercise has also been
found to regulate neuroinflammation, a
process that is increasingly recognized
as contributing to PD pathology. Chronic
neuroinflammation makes neuronal
degeneration worse, particularly in
dopaminergic pathways. Aerobic
exercise is able to lower levels of
pro-inflammatory cytokines, such as
TNF-α and IL-6 found in the blood [13].
Physical activity is also able to modulate
the activation of microglia, the primary
immune cells in the brain. Through this
modulation, it reduces inflammation [13].
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By reducing inflammation, aerobic
exercise may slow the progression of
neuronal damage in PD, contributing to
longer-lasting motor and cognitive
function.

Lastly, mitochondrial function and
oxidative stress are critical factors in the
pathogenesis of PD. Aerobic exercise
improves mitochondrial function and
oxidative stress. Oxidative stress is
defined as an imbalance between the
production of reactive oxygen species
(ROS) and the body’s ability to
counteract these compounds. ROS are
typically produced during aerobic
metabolism, particularly in the
mitochondria during ATP production.
Therefore, the greater use of
mitochondria to produce ATP can
increase oxidative stress if the ROS are
not adequately neutralized. Exercise
training activates mitochondrial
biogenesis in the skeletal muscle, which
then increases the overall density of the
mitochondria and enhances oxidative
phosphorylation capacity [14]. Physical
activity not only increases the efficiency
of mitochondria but the number of them
as well. This occurs through retrograde
signaling, where the mitochondria send
signals to the nucleus once a low
ATP/ADP ratio is met, which causes the
nucleus to activate genes that code for
the production of more mitochondria
[14]. This helps mitigate oxidative
damage, further protecting neurons from
degeneration.

In a word, aerobic exercise offers
significant benefits for individuals with
PD through multiple mechanisms,
including enhanced neuroplasticity,
improved dopaminergic function,
reduced neuroinflammation, and
improved mitochondrial health. These
effects contribute to notable
improvements in both motor and
non-motor symptoms, showing the
importance of physical activity as an
efficient intervention. Promoting aerobic
exercise is a vital strategy in managing
PD and enhancing the quality of life for
afflicted individuals.

2. STRENGTH TRAINING
Strength training, also known as

resistance training, is a form of exercise
designed to improve muscle strength by
exercising specific muscle groups
against external resistance. In PD,
strength training has been researched
as an effective approach to treating both
motor and non-motor symptoms.
Progressive resistance training (PRT) is
a common form of strength training used
when managing PD. Studies have
shown that strength training can
enhance functional mobility, reduce
muscle weakness, and improve overall
quality of life for individuals with PD.

2.1 Types of Strength Training
PRT involves performing exercises

with increasing levels of resistance as
muscle strength improves. Patients
perform repetitive movements until
muscle fatigue, followed by rest periods
before increasing the resistance [15].

6



The resistance is typically provided by
weights, resistance bands, or body
weight. This is especially helpful as
different amounts and types of external
resistances can be utilized depending
on the patient.

In addition to PRT, high-intensity
resistance training has been shown to
be safe and effective for individuals with
PD. While PRT typically involves varying
intensity with a focus on moderate
weights and high repetitions,
high-intensity training involves pushing
the body close to its maximum capacity,
also called muscular failure, either
through heavier weights or higher
repetitions. It has been shown useful for
improving muscle strength and walking
speed, as well as reducing bradykinesia,
or slowness of movement [7].
Additionally, functional strength training,
such as combining resistance training
with balance exercises, has been
effective in reducing the risk of falls and
improving postural instability in PD
patients [9].

PRT and high-intensity resistance
training both play crucial roles in
managing motor symptoms for
individuals with PD. By gradually
increasing resistance, PRT improves
muscle strength, endurance, and motor
function, and high-intensity training
targets walking speed and bradykinesia.
These resistance-based approaches
offer effective means of improving both
physical and functional performance in
PD patients.

2.2 Effects of Strength Training on
Symptoms

Strength training has been shown to
have significant benefits for both motor
and non-motor symptoms in PD. One of
the most notable motor benefits of PRT
is the improvement in muscle strength.
Research has demonstrated that PRT
can improve muscular strength, which is
beneficial for individuals experiencing
muscle weakness, a common symptom
of PD [15]. A 2012 study demonstrated
that elbow flexion torque increased
more in PD patients who engaged in
progressive resistance training (PRT)
compared to those participating in
general activity, after approximately 12
months. Enhanced muscle strength
leads to improved functional mobility,
making it easier for patients to
independently perform daily tasks. The
mean difference in UPDRS-III between
the progressive resistance exercise
group and the general fitness group was
-7.3 points, showing the increased
movement and quality of life gained
through resistance training [15].

In terms of motor symptoms,
strength training has been associated
with improvements in gait, balance, and
functional mobility. For example, PRT
has been shown to improve walking
speed, reduce bradykinesia, and
enhance coordination in patients with
PD [4]. Additionally, studies have
indicated that incorporating balance
exercises into strength training routines
reduces the risk of falls and postural
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instability, which are significant concerns
for patients with PD [5].

Beyond the motor improvements,
strength training has positive effects on
non-motor symptoms as well. Sleep
quality is one area that has been shown
to improve with resistance training,
particularly in patients with moderate PD
[15]. PD often causes disruptions in
sleep patterns, and improving sleep
through strength training can
significantly enhance patients' overall
quality of life. PRT has been shown to
improve cardiovascular function as a
side effect, which can be impaired in PD
[12].

Despite these benefits, some studies
suggest that PRT may not be superior to
other forms of exercise or usual
activities when it comes to the overall
recovery of idiopathic PD symptoms [4].
The previous study suggests that PRT
may be less effective than aerobic
exercise in several areas. The study
found minimal to no improvement in
cardiovascular health for the PRT group,
whereas the low-intensity treadmill
group showed positive changes in
cardiovascular fitness. Additionally,
while the PRT group experienced gains
in muscular strength, these improve-
ments did not translate into significant
gains in gait function, which are crucial
for enhancing quality of life [4].

Overall, progressive resistance
training offers significant benefits for
managing motor symptoms in PD,

particularly in improving muscle
strength, balance, and functional
mobility. These improvements contribute
to enhanced quality of life by increasing
independence in daily tasks and
reducing the risk of falls. While further
research is needed to explore how PRT
compares with other exercise
modalities, its role in addressing muscle
weakness and improving overall motor
function makes it a valuable component
of a comprehensive treatment plan for
PD patients.

2.3 Mechanisms of Strength Training
Strength training exerts its effects on

motor and non-motor symptoms through
several key mechanisms. Similar to
aerobic exercise, resistance training
promotes the release of neurotrophic
factors (BDNF) resulting in synaptic
strengthening in the basal ganglia and
motor cortex, supporting better motor
control, learning, and memory [12].

Another important mechanism is
improved muscle function and
endurance. As muscle strength increas-
es through regular resistance training,
patients are able to maintain better
posture, improve their walking speed,
and reduce bradykinesia. This increased
muscle performance helps PD patients
to better engage in everyday activities.

Resistance training can have
beneficial effects on the dopaminergic
system as well. PD is characterized by
degeneration of dopamine-producing
neurons in the brain, leading to negative
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motor functions. Studies suggest that
strength training may increase dopam-
ine receptor sensitivity, thus improving
motor function and potentially slowing
down the disease's progression [16].

Resistance training has been found
to regulate inflammation and oxidative
stress, both of which contribute to the
progression of PD. By reducing the
levels of pro-inflammatory molecules,
like cytokines, and increasing
anti-inflammatory responses, strength
training helps protect neurons from
further damage [17]. Many of these
responses are similar in comparison to
aerobic exercise, including increased
phosphorylation and retrograde signal-
ing that calls for more mitochondria to
be constructed. Improving mitochondrial
function through strength training
enhances energy metabolism in neuro-
ns, further protecting against oxidative
stress and helping to maintain muscle
and brain function in PD patients [13].

3. STRETCHING AND FLEXIBILITY
Stretching and flexibility exercises

play an essential role in managing PD
by addressing motor and non-motor
symptoms that significantly impact daily
life. These exercises can help reduce
muscle stiffness and rigidity, common
motor symptoms in PD, while improving
joint mobility and overall flexibility [2].
Since PD progressively affects the
nervous system, leading to difficulties
with movement and coordination,
regular stretching exercises can
counteract these effects by enhancing

neuromuscular function and promoting
relaxation. Flexibility training also serves
as an important component of rehabilit-
ation for PD patients, helping them
maintain independence and improve
their quality of life.

3.1 Types of Flexibility Training
There are several types of stretching

exercises commonly recommended for
individuals with PD. Static stretching
involves holding a muscle in a fixed
position for a set period to increase the
joint range of motion and relieve muscle
tension. This type of stretching is
particularly helpful in loosening tight
muscles that contribute to poor posture
and limited movement. For example,
stretches targeting the hamstrings,
calves, and shoulders improve walking
patterns and overall mobility in key
areas affected by PD [4]. Dynamic
stretching, which involves continuous
movement through a joint's full range of
motion, is another effective method. It
prepares the muscles for more
strenuous activities, like aerobic or
resistance training, by increasing blood
flow and warming up the muscles. Tai
Chi and yoga are also popular stretching
practices, as they combine stretching
with balance training, making them
especially beneficial for improving both
motor coordination and mental
well-being [2].

3.2 Effects of Flexibility Training on
Symptoms

One of the most significant motor
benefits of stretching exercises in PD is
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the improvement in joint flexibility and
range of motion. As PD patients
experience muscle rigidity and
bradykinesia, stretching helps to reduce
stiffness and enables smoother, more
coordinated movement. This is crucial in
improving posture and gait, both of
which are often impaired in PD. Regular
stretching can lead to walking patterns,
greater stride length, and improved
balance, reducing the risk of falls and
enhancing mobility [11]. Furthermore,
incorporating balance-focused exercises
such as yoga and Tai Chi into a
stretching routine can directly address
postural instability, one of the most
common motor challenges in PD.

Beyond the motor improvements,
stretching exercises also offer significant
benefits for non-motor symptoms. PD
often leads to mental health challenges,
such as depression, anxiety, and sleep
disorders, which can greatly reduce the
quality of life. Stretching practices like
yoga, which emphasize deep breathing
and relaxation techniques, have been
shown to alleviate stress and improve
mood by activating the parasympathetic
nervous system. This system promotes
a state of calm and relaxation, which
can mitigate feelings of anxiety and
improve emotional regulation [2].
Studies have also indicated that
flexibility exercises may enhance sleep
quality in PD patients. Improved
relaxation from stretching before
bedtime can help alleviate the
discomfort and muscle tension that often
interfere with sleep, allowing patients to

enjoy more restful and restorative sleep
[12].

3.3 Mechanisms of Flexibility Training
The mechanisms underlying the

benefits of stretching exercises in PD
are multifaceted. One key factor is the
improvement in neuromuscular
coordination and neuroplasticity. This is
particularly important for individuals with
PD, as the disease progressively results
in diminishing abilities in controlling
movement. Stretching exercises that
involve dynamic motions or proprio-
ceptive neuromuscular facilitation (PNF)
have been shown to enhance motor
learning and neuromuscular coordin-
ation, leading to better cognitive function
and control over muscle movements
[12]. Another mechanism is the
reduction of muscle rigidity and joint
stiffness, which occurs as muscle fibers
elongate and become more elastic
during stretching. This improved muscle
elasticity helps reduce the tension that
contributes to stiffness, allowing for
greater ease of movement and less
discomfort during daily tasks [7].

Moreover, stretching exercises can
improve blood circulation and muscle
oxygenation, both of which are vital for
muscle function. Increased circulation
helps deliver oxygen and nutrients to the
muscles, enhancing their performance
and delaying the onset of fatigue. This is
especially beneficial for PD patients who
may struggle with muscle weakness and
reduced endurance during physical
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activities [15]. Lastly, the psychological
mechanisms involved in stretching,
particularly in practices like yoga and Tai
Chi, cannot be overlooked. The focus on
mindfulness, controlled breathing, and
relaxation helps reduce stress and
anxiety, both of which can exacerbate
PD symptoms [2]. This holistic approach
to stretching provides physical and
mental benefits that contribute to an
overall improvement in the patient's
quality of life.

4. DURATION AND INTENSITY
Research on the duration and

intensity of exercise for the
management of PD highlights the
significant roles both factors play in
determining the effectiveness of
treatment interventions. While there is a
consensus that both duration and
intensity are important, emerging
studies suggest that exercise intensity
may be more critical than duration when
it comes to improving motor symptoms
[15]. For instance, Corcos et al. (2013)
found that two years of high-intensity
resistance training led to improvements
in motor symptoms among PD patients,
including increased muscle strength and
an average improvement of 7.3 points
on the UPDRS-III. Similarly, a study
conducted by Ugyur et al. (2020)
revealed that high-intensity cycling
exercises produced better functional
outcomes compared to low-intensity
alternatives. The researchers empha-
sized the importance of pushing the
body close to its muscular limits to
stimulate neuroplasticity and cause

recovery in motor function [7]. These
findings suggest that while resistance
training is an important component of
PD exercise regimens, intensity also
plays a crucial role in aerobic activities,
reinforcing that higher levels of exertion
can enhance results.

In contrast, a study on aerobic and
resistance exercise by Shulman et al.
(2013) concluded that there was no
consistent evidence that high-intensity
exercises, including PRT, are superior to
other forms of physical activity in
promoting overall recovery from
idiopathic PD. The higher duration
treadmill training group in this study
demonstrated the most improvement in
measures of both gait and cardiovas-
cular fitness. This indicates that while
high-intensity exercise may offer
significant motor improvements, it is not
the only determinant of exercise
efficacy. Duration and consistency are
also essential components for achieving
long-term benefits, suggesting that a
balanced approach may be necessary
to sustain improvements without
overwhelming patients, particularly
those in more advanced stages of the
disease.

5. INTEGRATION OF PROGRAMS
Given these nuances, practical

recommendations for exercise in PD
often advocate for a combination of
moderate to high-intensity workouts
lasting between 30 to 60 minutes,
performed three to five times per week.
Incorporating a diverse array of
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exercises (such as aerobic, resistance,
and flexibility training) can maximize
benefits across both motor and
non-motor symptoms. Additionally,
stretching exercises that require less
intensity should be included in daily
routines to alleviate rigidity and enhance
flexibility [11].

Many recent studies point to the
benefits of combinatorial training. A
study showed that two groups of stability
resistance training and gait resistance
training resulted in significant enhance-
ments in balance, mobility, and gait
parameters for both compared to
general activity [18]. Stability resistance
training demonstrated notable improve-
ments in balance and knee extension
strength, while gait resistance training
led to a faster and more stable gait,
shown by longer strides and improved
ankle dorsiflexion [18]. These outcomes
suggest that integrating different training
types can effectively target various
functional impairments associated with
PD. Ultimately, this indicates that a
combination of exercise practices can
yield synergistic benefits, making it a
valuable component of rehabilitation
strategies for individuals with PD.

6. SAFETY
Safety and supervision are crucial in

the physical activity of patients with PD,
due to their risk of falls and injuries.
Direct supervision allows for immediate
assistance, reducing the likelihood of
accidents during exercise [4]. Monitoring
vital signs before, during, and after

sessions helps to identify potential
health issues, enabling interventions by
medical professionals [4]. A controlled
environment not only provides safety but
also gives confidence, encouraging
active participation in the exercise
program.

The use of BWSTT and aquatic
exercise presents a safer alternative for
PD patients compared to other forms of
physical activity. BWSTT minimizes fall
risk by providing support that allows
individuals to practice walking mechan-
ics while reducing the impact of body
weight [8]. This controlled environment
creates confidence and encourages
participation without the fear of falling.
Similarly, aquatic exercise offers a
low-impact option that reduces strain on
joints while providing buoyancy and
support, making it safer for individuals
with movement difficulties [9]. Both
modalities have been shown to improve
functional outcomes while maintaining a
lower risk of injury. The integration of
these exercises into rehabilitation
programs can help patients safely
engage in physical activity, ultimately
enhancing their quality of life.

Beyond exercise modalities, cognit-
ive measures can be utilized in order to
assess risk and limit major injury. The
study Mak et al. (2009) highlights the
significant role fear of falling (FoF) has
in predicting recurring falls among
patients with PD [19]. Specifically, a low
Activities-specific Balance Confidence
score, indicative of high FoF, emerged
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as a strong predictor of future falls. This
shows the necessity for comprehensive
risk assessments that use not only
physical issues but also psychological
factors like FoF. By recognizing FoF as
a modifiable risk factor, clinicians can
design targeted interventions to
enhance balance confidence. Integrat-
ing psychological evaluations into fall
risk assessments is essential for
effective fall prevention strategies in PD
patients.

CONCLUSION
In conclusion, a range of exercise

therapies has demonstrated therapeutic
benefits for both motor and nonmotor
symptoms in patients with PD. Aerobic
exercise stands out as the most
extensively researched intervention,
showing significant positive effects on
motor function, quality of life, cognition,
and emotional well-being. Resistance
training is another avenue for
intervention, which has been proven to
improve motor symptoms, specifically
muscular strength, while its effect on
non-motor symptoms remains under
discussion. It is essential to design
combinatory exercise programs that
prioritize safety and address individual
issues. Moreover, further large-scale
clinical trials and more rigorous studies
are needed to validate the use of
exercise therapies in PD and to deepen
our understanding of their underlying
mechanisms. This research will be vital
for advancing exercise therapy as a key
component of PD management.
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