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Abstract

Background: Parkinson’s disease is a progressive neurodegenerative disorder associated with
motor and non-motor symptoms. Physical activity is increasingly recognized as a supportive
intervention with potential neuroprotective and therapeutic benefits.

Aim: This review aimed to summarize the potential neuroprotective mechanisms and clinical

benefits of physical activity in Parkinson’s disease.



Results: Physical activity may improve motor function, gait, balance, physical capacity,
selected non-motor symptoms, functional independence, and quality of life. These effects may
be linked to neuroplasticity, mitochondrial function, reduced oxidative stress and
neuroinflammation, and modulation of dopaminergic pathways.

Conclusions: Physical activity should be considered an integral part of Parkinson’s disease
management. Although its symptomatic and functional benefits are well supported, further
studies are needed to confirm its long-term neuroprotective and disease-modifying effects.
Keywords: Parkinson’s disease; physical activity; exercise therapy; neuroprotection;

neuroplasticity; motor symptoms; quality of life.
1. Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative disorder of the central nervous
system and the second most common neurodegenerative disease worldwide after Alzheimer’s
disease.[1] With population ageing, the global number of individuals affected by PD is
steadily increasing, leading to substantial health-related, social, and economic
consequences.[2] It is estimated that the number of people living with Parkinson’s disease has
doubled over recent decades, with a further rise in disease prevalence expected in the coming
years.[2] The disease is associated with a gradual decline in motor function, progression of
non-motor symptoms, and loss of functional independence, thereby significantly reducing the

quality of life of both patients and their caregivers.[3]

The pathogenesis of Parkinson’s disease is complex and multifactorial.[4] A central
pathological feature is the progressive degeneration of dopaminergic neurons in the substantia
nigra pars compacta, resulting in dopamine deficiency in the striatum and dysfunction of basal
ganglia circuits involved in motor control.[5] Other important mechanisms include
a-synuclein  misfolding and aggregation and Lewy body formation, chronic
neuroinflammation, oxidative stress, mitochondrial dysfunction, and impaired
neuroplasticity.[4,6] These processes contribute to the development of characteristic motor
manifestations, primarily bradykinesia, resting tremor, muscular rigidity, and, in more
advanced stages, gait impairment and postural instability. Parkinson’s disease is also
associated with numerous non-motor manifestations, including cognitive impairment,

depression, sleep disturbances, fatigue, pain, and autonomic dysfunction.[3]

Despite substantial advances in pharmacotherapy and the development of surgical treatment

methods, including deep brain stimulation, currently available therapeutic strategies are



primarily symptomatic and do not reliably halt the underlying neurodegenerative process.[7]
Consequently, increasing attention has been directed toward non-pharmacological
interventions that may influence both the clinical course of the disease and, potentially, the
mechanisms of neurodegeneration.[8] Physical activity has attracted particular interest and, in
recent years, has become the subject of intensive research in the context of neuroprotection

and supportive treatment in Parkinson’s disease.[8—9]

Current experimental and clinical evidence indicates that regular physical activity may exert
multidirectional beneficial effects on nervous system function.[9—10] The proposed
mechanisms include stimulation of neuroplasticity, increased expression of neurotrophic
growth factors, improvement of mitochondrial function, reduction of oxidative stress and
neuroinflammation, and modulation of processes related to a-synuclein aggregation.[9,11]
However, it should be emphasized that while the clinical benefits of exercise for motor
function and quality of life are relatively well supported, direct evidence confirming
long-term neuroprotective or disease-modifying effects in humans remains limited.[10] A
growing body of evidence also suggests that appropriately designed exercise programmes
may improve motor function, balance, gait, physical capacity, and quality of life in patients
with Parkinson’s disease.[12] In addition, physical activity appears to have a beneficial effect
on non-motor symptoms, including cognitive function, mood, and sleep quality, although the

strength of evidence varies across outcomes, disease stages, and exercise modalities.[13]

In recent years, particular interest has focused on various exercise modalities, such as aerobic
training, resistance training, high-intensity interval training (HIIT), balance training,
treadmill-based exercise, and interventions based on dance or Tai Chi.[12,14] However,
important limitations remain regarding the precise determination of the optimal type, intensity,
frequency, and duration of physical activity in patients with Parkinson’s disease, as well as

the assessment of its potential long-term effects on disease progression.[10]

The aim of this review is to present current knowledge on the role of physical activity in
Parkinson’s disease, with particular emphasis on neurobiological mechanisms relevant to
neuroprotection and on the clinical implications of different forms of exercise training in

patients affected by this disorder.



2. Pathophysiology of Parkinson’s Disease

Parkinson’s disease is a chronic, progressive neurodegenerative disorder characterized by the
gradual loss of dopaminergic neurons in the substantia nigra pars compacta and the presence
of pathological a-synuclein aggregates in the form of Lewy bodies.[4—5] Despite many years
of research, the exact mechanisms underlying disease onset and progression have not been
fully elucidated, and the pathogenesis of Parkinson’s disease is considered multifactorial and
complex.[6] Both genetic and environmental factors contribute to disease development and
interact with mechanisms such as impaired cellular homeostasis, chronic neuroinflammation,
mitochondrial dysfunction, oxidative stress, a-synuclein pathology, and progressive

neurodegeneration.[6,15]
2.1. Degeneration of Dopaminergic Neurons

A key mechanism underlying the motor manifestations of Parkinson’s disease is the
progressive loss of dopaminergic neurons within the substantia nigra pars compacta.[5] The
consequence of this process is a reduction in dopamine levels in the striatum, leading to
impaired function of the basal ganglia, which are responsible for motor control.[5,16] Motor
symptoms are traditionally considered to become clinically apparent only after substantial
nigrostriatal degeneration, often estimated at approximately 50-60% loss of dopaminergic
neurons and 70—-80% depletion of striatal dopamine, reflecting the considerable compensatory

capacity of the nervous system in early disease stages.[16]

Dopamine deficiency disrupts the balance between the direct and indirect pathways of the
basal ganglia, resulting in excessive inhibition of the thalamus and reduced activation of the
motor cortex.[5] Clinically, this manifests primarily as bradykinesia, muscular rigidity, and
resting tremor, while gait impairment and postural instability usually become more prominent

with disease progression.[3]

However, Parkinson’s disease pathology is not limited to the nigrostriatal dopaminergic
system. Degeneration and dysfunction of non-dopaminergic pathways, including
noradrenergic, serotonergic, cholinergic, and autonomic nervous system circuits, also
contribute to the heterogeneous clinical presentation of the disease. These alterations are

particularly relevant to non-motor symptoms such as cognitive impairment, depression, sleep



disturbances, autonomic dysfunction, and pain, which may occur early in the disease course

and substantially affect patients’ quality of life.[3]
2.2. a-Synuclein Aggregation and Lewy Body Formation

One of the characteristic neuropathological features of Parkinson’s disease is the presence of
abnormal a-synuclein aggregates forming Lewy bodies and Lewy neurites.[17] a-Synuclein is
a presynaptic protein involved, among other functions, in the regulation of synaptic vesicle

trafficking and dopaminergic neurotransmission.[17]

Under pathological conditions, a-synuclein undergoes abnormal misfolding, aggregation, and
intracellular deposition within neurons.[17—18] The accumulation of pathological a-synuclein
may disrupt mitochondrial function, impair autophagy and proteasomal degradation pathways,
and activate neuroinflammatory processes.[18] A growing body of evidence suggests that
pathological a-synuclein may propagate between neurons through mechanisms resembling
prion-like transmission, although the clinical significance and therapeutic implications of this

process continue to be investigated.[19]
2.3. Neuroinflammation and Oxidative Stress

Chronic neuroinflammation plays an important role in the development and progression of
Parkinson’s disease.[20] Activation of microglia and astrocytes is associated with increased
production of pro-inflammatory mediators, including interleukin-1B (IL-1B), interleukin-6

(IL-6), and tumour necrosis factor o (TNF-a).[20]

At the same time, increased oxidative stress is observed, resulting from excessive production
of reactive oxygen species (ROS) and impaired antioxidant defence mechanisms.[21]
Dopaminergic neurons are particularly vulnerable to oxidative damage due to their high
energy demands and intensive oxidative metabolism.[15] Excessive oxidative stress may
cause damage to membrane lipids, proteins, and genetic material, thereby intensifying

mitochondrial dysfunction and progressive neurodegeneration.[21]
2.4. Mitochondrial Dysfunction

Mitochondrial dysfunction is one of the key pathogenetic mechanisms in Parkinson’s
disease.[15] Numerous studies have demonstrated impaired function of complex I of the
mitochondrial respiratory chain, leading to reduced ATP production and increased generation

of reactive oxygen species.[15,22]



The importance of mitochondrial dysfunction is further supported by genetic findings related
to mutations in genes involved in mitochondrial quality control, such as PINK1, Parkin, and
DJ-1.[22] Disturbances in mitophagy lead to the accumulation of damaged mitochondria and

further exacerbation of oxidative stress and neurodegeneration.[22]
2.5. Impaired Neuroplasticity

Parkinson’s disease is also associated with disturbances in neuroplasticity mechanisms
responsible for the adaptation and reorganization of neuronal connections.[23] Dopaminergic
dysfunction may impair corticostriatal synaptic plasticity, which is essential for motor
learning, adaptive movement control, and the integration of motor and cognitive processes.[23]
Reduced or dysregulated activity of neurotrophic pathways, including those involving
brain-derived neurotrophic factor (BDNF), may also contribute to impaired neuronal survival,
synaptic plasticity, and compensatory adaptation in Parkinson’s disease.[23,24] These
abnormalities may be relevant not only to the progression of motor symptoms but also to
deterioration of cognitive and functional performance.[24,45] At the same time, mechanisms
of neuronal plasticity are regarded as one of the most important potential therapeutic targets

for non-pharmacological interventions, including physical activity.[9]
3. Neuroprotective Mechanisms of Physical Activity in Parkinson’s Disease

In recent years, physical activity has become the subject of intensive research as a potential
modulator of biological processes relevant to neuroprotection in Parkinson’s disease (PD). A
growing body of experimental and clinical evidence indicates that regular exercise may
influence multiple mechanisms involved in the neurodegenerative process, including
dopaminergic neuronal function, neuroinflammation, oxidative stress, mitochondrial function,
and neuroplasticity.[10,25] Owing to these multidirectional effects, physical activity is
currently regarded not only as an element of motor rehabilitation but also as a promising
intervention that may support adaptive neurobiological processes in Parkinson’s disease.
However, direct evidence confirming long-term disease-modifying or neuroprotective effects

in humans remains limited and should be interpreted with caution.[10,25]
3.1. Exercise-Induced Neuroplasticity

One of the most important neuroprotective mechanisms of physical activity is the stimulation
of neuroplasticity, defined as the capacity of the nervous system for structural and functional

reorganization.[9,25] Regular exercise may promote processes related to synaptogenesis,



neuronal communication, cortical and subcortical adaptation, and motor learning, although
the strength of clinical evidence varies depending on the outcome measure, disease stage, and

study design.[9,25]

Particular importance is attributed to increased expression of brain-derived neurotrophic
factor (BDNF), which is involved in neuronal survival, synaptic plasticity, and learning and
memory processes.[11] In the study by Frazzitta et al., an intensive 4-week motor
rehabilitation programme in patients with Parkinson’s disease resulted in a significant
increase in serum BDNF levels, accompanied by improvement in motor function assessed
using UPDRS III.[27] Similar findings were reported by Fisher et al., who demonstrated that
8 weeks of high-intensity treadmill training improved motor performance and corticomotor

excitability in people with early Parkinson’s disease.[28]

In the randomized SPARX trial, 6 months of high-intensity treadmill exercise in patients with
de novo Parkinson’s disease was associated with favourable effects on motor outcomes
compared with usual care, while also demonstrating feasibility and safety of high-intensity
aerobic exercise in this population.[29] The authors suggested that the observed changes may
be associated with enhanced neuroplasticity and improved exercise-induced neuronal

adaptation.

Physical activity also affects the expression of other neurotrophic factors, such as glial cell
line-derived neurotrophic factor (GDNF) and insulin-like growth factor 1 (IGF-1), both of

which exert protective effects on dopaminergic neurons.[11,25]
3.2. Effects of Physical Activity on Dopaminergic Neurotransmission

Regular physical activity may beneficially influence the function of the dopaminergic system,
whose impairment represents a fundamental component of Parkinson’s disease
pathophysiology.[10,26] Experimental models have shown that exercise may increase
dopamine synthesis and release, improve dopaminergic receptor function, and modulate the

expression of the dopamine transporter (DAT).[30]

The clinical relevance of these mechanisms is supported indirectly by studies involving
human participants. In the SPARX (Study in Parkinson Disease of Exercise) phase 2 trial, 6
months of high-intensity treadmill exercise was associated with stabilization of motor
symptoms, assessed using MDS-UPDRS III, whereas worsening was observed in the

usual-care group. The between-group difference was statistically significant (p = 0.03).[29]



Importantly, this trial was designed primarily to assess safety, feasibility, and nonfutility, and
larger phase 3 studies are needed to confirm whether high-intensity exercise can modify the

clinical progression of Parkinson’s disease.[29]

In a meta-analysis by Cronin et al., exercise therapy, including aerobic training, was
associated with improvements in motor function and gait parameters in patients with

Parkinson’s disease.[12]
3.3. Anti-Inflammatory Effects of Physical Activity

Chronic neuroinflammation plays an important role in the progression of Parkinson’s disease;
therefore, modulation of the inflammatory response represents one of the potential
neuroprotective mechanisms of physical activity.[31] Experimental studies and mechanistic
reviews suggest that regular exercise may reduce microglial activation and downregulate the
expression of pro-inflammatory cytokines, including TNF-a, IL-1B, and IL-6, although the
magnitude of these effects varies depending on the animal model, exercise protocol, and

biomarker assessment method.[31-32]

Furthermore, physical activity may increase the release of anti-inflammatory cytokines,

including interleukin-10 (IL-10), which may limit the chronic neurodegenerative process.[31]
3.4. Reduction of Oxidative Stress and Improvement of Mitochondrial Function

Oxidative stress and mitochondrial dysfunction are among the most important mechanisms
contributing to dopaminergic neuronal damage in Parkinson’s disease.[33] Regular physical
activity may improve mitochondrial function and increase antioxidant capacity, thereby

potentially reducing vulnerability to oxidative damage.[10,33]

In experimental models of Parkinson’s disease, exercise has been associated with enhanced
antioxidant defence and reduced oxidative damage, including changes in enzymes such as
superoxide dismutase, catalase, and glutathione peroxidase, although these effects depend on

the model and exercise protocol.[33-34]

Particular importance is attributed to pathways involved in mitochondrial biogenesis and

cellular energy metabolism, including PGC-1a-related signalling.[33]



3.5. Physical Activity and a-Synuclein Pathology

A growing number of studies suggest that physical activity may influence processes related to
a-synuclein aggregation and clearance.[35] Preclinical studies suggest that regular exercise
may reduce pathological a-synuclein accumulation and limit dopaminergic neuronal damage,
partly through mechanisms related to autophagy and protein clearance.[35-36] However,
evidence for a direct effect of physical activity on a-synuclein pathology in humans remains

limited and should be interpreted with caution.
3.6. Exerkines and Emerging Research Directions

In recent years, particular interest has focused on so-called exerkines, biologically active
molecules released during physical exercise that may mediate the beneficial effects of

exercise on the nervous system.[37]

Irisin, a myokine secreted by skeletal muscles during exercise, may stimulate BDNF
expression and contribute to improved mitochondrial function and neuroplasticity.[37-38]
Increasing evidence also suggests that lactate produced during physical exercise may act as a

signalling molecule influencing neuronal metabolism and adaptive processes in the brain.[38]

Despite promising findings, further clinical studies are still required to determine which forms
of physical activity exert the strongest neuroprotective effects and which training parameters

are most effective in patients with Parkinson’s disease.[25-26]

Taken together, physical activity may influence several interconnected biological pathways
relevant to Parkinson’s disease, including neurotrophic signalling, dopaminergic
neurotransmission, mitochondrial function, oxidative stress, neuroinflammation, protein
clearance, and a-synuclein-related pathology. These mechanisms provide a plausible
biological rationale for the clinical benefits of exercise observed in patients with Parkinson’s
disease. Nevertheless, most direct evidence for neuroprotective effects comes from
experimental and mechanistic studies, whereas long-term human data based on imaging, fluid

biomarkers, or disease-progression outcomes remain limited.
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4. Clinical Effects of Physical Activity in Parkinson’s Disease

An increasing number of clinical studies indicate that regular physical activity may have a
significant impact on clinical manifestations and functional outcomes in Parkinson’s disease,
affecting both motor and selected non-motor symptoms.[9,20] In recent years, particular
attention has been paid to the potential improvement of motor function, physical capacity,
quality of life, and cognitive performance through appropriately designed exercise
programmes.[9-10] Importantly, some of the observed effects appear to extend beyond
conventional rehabilitation, suggesting a potential influence of physical activity on

neurodegenerative processes and neuroplasticity.[11]
4.1. Effects of Physical Activity on Motor Symptoms

Motor symptoms remain the main cause of functional decline in patients with Parkinson’s
disease. Numerous studies have shown that regular physical activity may improve

bradykinesia, balance, gait, and postural control.[39]

In the SPARX phase 2 randomized clinical trial by Schenkman et al., 6 months of
high-intensity treadmill exercise in patients with de novo Parkinson’s disease was feasible and
was associated with a smaller worsening of MDS-UPDRS III scores compared with usual
care, supporting further evaluation of high-intensity exercise in larger efficacy trials.[29]
However, as a phase 2 nonfutility trial, SPARX should be interpreted as supportive but not

definitive evidence for clinical efficacy or disease modification.[29]

Similar findings were reported in a meta-analysis by Cronin et al., which included more than
1100 patients with Parkinson’s disease.[12] The authors demonstrated that aerobic training
interventions resulted in a mean improvement in UPDRS III scores of approximately 3.5-5.7
points compared with control groups. In addition, improvements were observed in gait speed
by approximately 0.08-0.12 m/s and in Timed Up and Go (TUG) performance by a mean of
1.5-2.3 seconds.[12]

Studies on treadmill training have demonstrated improvements in stride length, gait rhythm,
and reduction in freezing of gait episodes.[40] In a small open-label pilot study by Herman et
al., 6 weeks of intensive treadmill training improved gait speed, gait rhythmicity, functional

performance, UPDRS scores, and quality of life in patients with Parkinson’s disease.
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However, due to the small sample size and uncontrolled design, these findings should be

interpreted as preliminary.[40]

Significant benefits have also been observed with resistance training. In a 2-year randomized
study by Corcos et al., progressive resistance training improved UPDRS III scores by a mean
of 7.3 points compared with the control group (p < 0.001).[41] In addition, muscle strength

and functional performance improved in the patients undergoing training.
4.2. Effects of Physical Activity on Non-Motor Symptoms

Non-motor symptoms, such as depression, chronic fatigue, sleep disturbances, and autonomic
dysfunction, have a substantial impact on the quality of life of patients with Parkinson’s
disease.[26] A growing body of research suggests that regular physical activity may also have

beneficial effects on this group of symptoms.[42]

The most frequently reported benefits concern depressive symptoms, fatigue, sleep quality,
and perceived well-being, although the magnitude of these effects varies between studies and
depends on the type of intervention, duration of follow-up, disease severity, and baseline

symptom burden.[13,42,44]

Physical activity may also have beneficial effects on sleep disturbances and fatigue in selected
patients with Parkinson’s disease.[44] Randomized studies have associated exercise
interventions with improvements in subjective sleep quality and selected objective sleep
parameters; however, the results remain heterogeneous, and the optimal type, intensity, timing,

and duration of exercise for sleep-related outcomes have not been clearly established.[44]
4.3. Cognitive and Neuropsychological Functions

Cognitive impairment represents an important clinical problem in Parkinson’s disease and
may affect attention, executive functions, working memory, processing speed, and
visuospatial abilities, particularly in the later stages of the disorder.[45] Increasing evidence
indicates that physical activity may support cognitive performance by stimulating
neuroplasticity, improving cerebral perfusion, modulating neuroinflammatory pathways, and

enhancing the function of cortico-subcortical networks.[30]

In a systematic review by da Silva et al., exercise programmes were shown to improve

cognitive function and reduce the severity of depressive symptoms.[13] In some of the

12



analysed studies, Montreal Cognitive Assessment (MoCA) scores improved by an average of

1.5-2 points following interventions lasting from 12 to 24 weeks.[13]

In a meta-analysis by Levin et al., regular aerobic and multimodal training were shown to
significantly improve executive functions, attention, and information processing speed.[46]
The greatest effects were observed in programmes lasting at least 12 weeks and including

moderate- to high-intensity exercise.

In the study by Cruise et al., an 8-week aerobic training programme resulted in significant
improvement in executive functions and working memory in patients with PD (p < 0.05).[43]
The authors suggested that these effects may be related to increased BDNF activity and

improved cerebral blood flow.

In a randomized study by David et al., patients participating in a cognitive-motor training
programme achieved better results in tests assessing executive functions and working memory

compared with the control group (p < 0.05).[47]

Regular physical activity may support cognitive function through effects on neuroplasticity,
cerebral perfusion, and neuroinflammatory pathways; however, evidence that exercise reduces

the long-term risk of Parkinson’s disease dementia remains insufficient.[11]
4.4. Quality of Life and Functional Performance

The quality of life of patients with Parkinson’s disease is significantly limited by both motor
and non-motor symptoms.[26] Numerous studies indicate that physical activity may improve

daily functioning and increase patients’ independence.[9]

In a meta-analysis by Goodwin et al., regular physical exercise led to significant improvement
in quality of life assessed using the Parkinson’s Disease Questionnaire-39 (PDQ-39).[48] The
mean improvement was approximately 6—8 points compared with control groups, which was
considered a clinically meaningful therapeutic effect. These improvements are clinically
relevant because quality of life in Parkinson’s disease is influenced not only by motor
disability, but also by fatigue, mood disturbances, sleep problems, cognitive impairment, and

reduced participation in daily and social activities.[26,48]

Improvements were also observed in parameters related to activities of daily living (ADL),
exercise capacity, and functional independence.[48] Longitudinal and observational data

suggest that patients who maintain regular physical activity may experience a slower decline

13



in functional performance than those with a sedentary lifestyle; however, these associations
may be influenced by baseline disease severity, general health status, motivation, and access

to supervised exercise programmes.[49]
4.5. Reduction of Fall Risk and Improvement of Balance

Balance disturbances and falls are among the most serious complications of Parkinson’s
disease, especially in patients with more advanced stages of the disorder.[50] Regular
physical activity may reduce the risk of falls by improving postural control, muscle strength,
and motor coordination.[51] However, fall-prevention strategies should be individualized,
particularly in patients with advanced disease, cognitive impairment, freezing of gait,
orthostatic hypotension, or a history of recurrent falls, as these factors may limit training

safety and effectiveness.

Particularly beneficial effects have been observed with balance-oriented training, Tai Chi, and
multimodal exercise programmes.[52] In a randomized study by Li et al.,, patients
participating in a Tai Chi programme demonstrated significant improvement in postural
stability and a reduction in the number of falls compared with resistance training and

stretching groups (p < 0.001).[52]

Meta-analytic data suggest that exercise programmes targeting balance, lower-limb strength,
and gait may reduce fall risk in patients with Parkinson’s disease, particularly in those with
milder disease and preserved ability to participate safely in training.[51] Improvements have
also been observed in balance and mobility measures, including the Berg Balance Scale and

Timed Up and Go test, although effects are less consistent in more advanced disease.[51]

Overall, current evidence supports physical activity as an important adjunctive intervention in
the comprehensive management of Parkinson’s disease. Appropriately designed exercise
programmes may improve motor symptoms, gait, balance, functional independence, selected
non-motor symptoms, cognitive performance, and quality of life. However, the magnitude of
benefit depends on disease stage, baseline functional status, exercise modality, intensity,
supervision, and adherence. Although exercise-induced neuroplastic adaptations provide a
plausible biological explanation for some clinical effects, definitive evidence for long-term

disease-modifying or neuroprotective effects in humans remains insufficient.[9,11]
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5. Types of Physical Activity and Their Therapeutic Potential in Parkinson’s Disease

The choice of physical activity in patients with Parkinson’s disease should be guided by the
predominant clinical symptoms, disease stage, level of physical function, fall risk, and
therapeutic goals. Current evidence indicates that regular, structured exercise may improve
motor symptoms, balance, gait, cardiorespiratory fitness, functional performance, and quality
of life in patients with Parkinson’s disease.[53—54] At the same time, recent meta-analyses
suggest that clinical benefits may be achieved through various forms of exercise, and the
superiority of one modality over another is not always clearly established.[53] For this reason,
increasing emphasis is placed on individualizing exercise programmes and combining several
types of physical activity within multimodal therapy.[54-55] It should be noted that most
clinical trials have included patients with mild to moderate Parkinson’s disease and without
major cognitive impairment. Therefore, recommendations derived from these studies should
be applied more cautiously in patients with advanced disease, severe postural instability,
frequent falls, significant dyskinesia, or clinically relevant cognitive impairment.[53,54] In
clinical practice, the selection of exercise modality should be based not only on evidence of
efficacy but also on the patient’s dominant symptoms, safety profile, personal preferences,

access to supervision, and likelihood of long-term adherence.
5.1. Aerobic Training

Aerobic training is one of the best-documented forms of physical activity in Parkinson’s
disease. It includes walking, brisk walking, Nordic walking, stationary cycling, treadmill
training, and other endurance exercises involving large muscle groups.[29,54] Its main aim is
to improve cardiorespiratory fitness, exercise tolerance, gait parameters, and overall

functional capacity.

In the SPARX trial, Schenkman et al. evaluated the effects of treadmill training in patients
with de novo Parkinson’s disease who had not yet started dopaminergic treatment. After 6
months of intervention, the group performing high-intensity training, corresponding to
80—85% of maximum heart rate, showed less deterioration in MDS-UPDRS III scores than
the control group. The between-group difference was statistically significant (p = 0.03),

suggesting the potential importance of intensive aerobic training in the early stage of the
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disease.[29] The same study also demonstrated improvement in physical fitness, supporting
the careful implementation and further evaluation of structured endurance exercise in selected

patients with early-stage Parkinson’s disease.[29]

The importance of aerobic training is also supported by clinical guidelines, in which
moderate- to high-intensity exercise is recommended to improve oxygen consumption, reduce
the severity of motor symptoms, and enhance functional performance.[54] From a clinical
perspective, aerobic training may be particularly useful in patients with early- to

moderate-stage disease who are able to safely achieve higher exercise intensity.
5.2. Resistance Training

Resistance training is an important component of therapeutic management because reduced
muscle strength, decreased muscle power, and impaired postural control may exacerbate
functional limitations in patients with Parkinson’s disease.[56] Strength exercises may include
body-weight training, resistance bands, free weights, weight machines, or functional exercises

such as rising from a chair, squats, or step-ups.

In a 2-year randomized study by Corcos et al., progressive resistance training led to
significant improvement in motor symptoms measured using the UPDRS III scale. After 24
months, the difference between the resistance training group and the control group was 7.3
points in favour of resistance training (p < 0.001).[41] This is particularly important because
the study had a long follow-up period, and the observed effect exceeded the typical short-term

improvement seen in many rehabilitation programmes.

Resistance training may be especially valuable in patients with lower-limb muscle weakness,
impaired transfers, difficulty rising from a seated position, and increased fall risk.[S58] In
clinical practice, however, it should be adapted to the patient’s functional status, the presence
of dyskinesia, orthostatic hypotension, pain, and coexisting cardiovascular or musculoskeletal

disorders.
5.3. High-Intensity Interval Training

High-intensity interval training (HIIT) is increasingly being investigated as an intervention
that may stimulate cardiorespiratory, metabolic, and potentially neuroplastic adaptations.[57]
It consists of alternating short periods of intense exercise with rest phases or low-intensity

activity.
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A potential advantage of HIIT is the ability to achieve a substantial physiological stimulus in
a shorter time compared with continuous moderate-intensity training. Pilot studies suggest
that HIIT in selected patients with mild to moderate Parkinson’s disease may improve aerobic
capacity, gait parameters, and MDS-UPDRS III scores.[57] At the same time, data on this
form of training remain less extensive than for conventional aerobic training, and the safety of
HIIT in patients with more advanced disease, postural instability, or significant comorbidities

requires further investigation.[57]

Therefore, HIIT should be regarded as a promising but selective form of exercise therapy. It is
best suited for physically capable, motivated patients with low to moderate fall risk, provided

that safety is assessed beforehand and exercise intensity is appropriately monitored.
5.4. Treadmill Training and Gait Training

Gait disturbances are among the most disabling symptoms of Parkinson’s disease and include
reduced stride length, decreased gait speed, rhythm disturbances, difficulty initiating
movement, and freezing of gait.[50] Treadmill training and targeted gait training aim to

improve gait automaticity, rhythmicity, stride length, and exercise tolerance.

A Cochrane review on treadmill training showed that this intervention may improve selected
gait parameters, particularly gait speed and stride length, whereas effects on walking distance
and cadence appear less consistent.[59] Clinically, treadmill training is important because it
allows repeated and controlled exposure to the walking task and, when necessary, may be

combined with body-weight support, safety harnesses, or rhythmic cues.

Strategies based on external cueing, such as rhythmic auditory stimuli, visual lines on the
floor, or metronome cues, are also becoming increasingly important. In patients with freezing
of gait, these strategies may improve movement initiation and reduce gait irregularity.[50] In
clinical practice, gait training should include not only straight-line walking but also turning,
speed changes, obstacle negotiation, stopping, and starting, as these are the situations that

most commonly provoke gait disturbances in daily functioning.
5.5. Balance Training and Task-Specific Exercises

Balance disturbances and postural instability are among the most important risk factors for

falls in patients with Parkinson’s disease. Unlike some motor symptoms, such as rigidity or
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bradykinesia, postural disturbances often respond less effectively to dopaminergic treatment

and therefore require targeted rehabilitation.[50]

Balance training includes exercises focused on trunk stabilization, control of the centre of
gravity, balance reactions, proprioception, changes in body position, and dual-task conditions.
In a randomized study by Canning et al., an exercise programme targeting fall risk factors
showed varying effects depending on disease severity: patients with milder disease
experienced greater benefits in fall reduction than those with more advanced disease.[60] This
finding highlights the importance of early implementation of balance training before severe

postural disturbances become established.

The APTA guidelines indicate that physiotherapists should use balance interventions,
task-specific training, and gait training to improve stability, mobility, and functioning in
patients with Parkinson’s disease.[54] Exercises that reproduce real-life daily situations are
particularly useful, such as standing up, turning, reaching for objects, walking on uneven

surfaces, or performing two tasks simultaneously.
5.6. Tai Chi, Yoga, and Dance-Based Interventions

Forms of activity that combine movement, rhythm, balance, postural control, and cognitive
engagement are particularly interesting in Parkinson’s disease because they simultaneously
involve the motor, sensory, and executive systems.[61—-63] This group includes Tai Chi, yoga,

and dance-based interventions.

Tai Chi may improve postural stability, control of the centre of gravity, and gait confidence.
Clinical studies have demonstrated beneficial effects of Tai Chi on balance, postural stability,
and fall-related outcomes, particularly in patients with mild to moderate Parkinson’s disease
who are able to safely participate in standing balance exercises.[61] Yoga, in turn, may
additionally improve flexibility, muscle tone, anxiety symptoms, sleep quality, and subjective

well-being.[62]

Dance-based interventions, especially tango, rhythmic dance, and music-based programmes,
may improve gait rhythmicity, turning, coordination, and balance. An important value of
dance therapy is also its social and emotional dimension, which may increase adherence to
long-term physical activity.[63] Compared with conventional rehabilitation exercises, dance
may be more attractive for some patients, which is of practical importance because the

effectiveness of exercise depends largely on regular participation.
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5.7. Training Using Virtual Reality and Technology

Modern technologies, including virtual reality, exergames, balance platforms, and
biofeedback systems, are increasingly used in the rehabilitation of Parkinson’s disease. Their
potential advantage lies in the ability to combine motor training with visual stimuli, cognitive

tasks, and real-time feedback.[64]

Systematic reviews indicate that virtual reality-based training may improve balance, mobility,
and gait parameters, although the quality of evidence and heterogeneity of protocols remain
important limitations.[64] These interventions may be particularly useful in patients with gait
disturbances and difficulties adapting movement to a changing environment. In clinical
practice, however, they should complement rather than replace conventional functional

training.
5.8. Multimodal Training

For many patients with Parkinson’s disease, the most practical model of management is
multimodal training, combining elements of aerobic, resistance, balance, stretching,
coordination, and task-specific exercises.[53—54] This approach corresponds to the complex
clinical presentation of the disease, in which motor and non-motor symptoms, autonomic

disturbances, low mood, and reduced functional performance mutually reinforce one another.

Current practical recommendations emphasize that individuals with Parkinson’s disease
should aim for regular physical activity covering different domains of fitness: endurance,
strength, balance, mobility, and stretching.[54,65] Approximately 150 minutes of moderate-
to high-intensity activity per week is recommended, provided that the patient’s clinical
condition allows it.[65] Exercise should be introduced as early as possible after diagnosis,
preferably during periods of optimal dopaminergic medication effect, and, in patients at risk

of falls, under the supervision of a physiotherapist.[54,65]

In light of the available evidence, the most important clinical factors are not only the choice
of a specific type of exercise but also regularity, appropriate intensity, safety, attractiveness of
the programme, and long-term adherence.[53-54] Therefore, physical activity should be
regarded as a permanent component of comprehensive Parkinson’s disease treatment,
alongside pharmacotherapy, patient education, physiotherapy, and lifestyle modification.
Rather than selecting a single universally superior modality, exercise prescription in

Parkinson’s disease should be individualized and periodically modified according to disease
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progression, treatment response, fall risk, cognitive status, comorbidities, and patient

preferences.
6. Recommendations for Physical Activity and Practical Clinical Considerations

Physical activity should be regarded as an important component of comprehensive treatment
for Parkinson’s disease, implemented as early as possible after diagnosis and integrated with
pharmacotherapy, patient education, and physiotherapeutic management.[53-55,66] The
contemporary approach has moved away from viewing exercise solely as rehabilitation
introduced only after significant disability has developed. Increasingly, it is emphasized that
physical activity should be “prescribed” in a manner similar to pharmacological treatment —
with specification of the type, dose, intensity, frequency, duration, monitoring strategy, safety

precautions, and criteria for programme modification.[55,66]

Available evidence indicates that structured exercise programmes may improve motor
symptoms, cardiorespiratory fitness, muscle strength, balance, gait, cognitive function, quality
of life, and some non-motor symptoms.[53-54,67—68] At the same time, the effectiveness of
physical activity depends not only on the selected form of training, but primarily on regularity,
appropriate intensity, safety, and the possibility of maintaining the programme in the long

term.[53-54,65]
6.1. The FITT Principle in Planning Physical Activity

Practical planning of physical activity in patients with Parkinson’s disease should be based on
the FITT principle, which includes frequency, intensity, time, and type of exercise.[66—67]
This model allows general recommendations for physical activity to be translated into a

specific and feasible therapeutic programme.

According to current recommendations, patients with Parkinson’s disease should aim to
perform moderate- to vigorous-intensity aerobic activity for approximately 150 minutes per
week, provided that their clinical condition allows it.[65,67] Aerobic exercise may include
walking, brisk walking, stationary cycling, treadmill training, Nordic walking, or other

activities involving large muscle groups.[54,65,67]

The programme should also include resistance training at least 2-3 times per week,
particularly targeting the muscles of the lower limbs, trunk muscles, and muscle groups

responsible for transfers, rising from a chair, and postural stabilization.[54,67] Balance, gait,
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and task-specific exercises should be performed regularly, especially in patients with postural
instability, freezing of gait, shortened stride length, or increased fall risk.[50,54,60] The
programme should be complemented by stretching and mobility exercises, which help reduce

rigidity, contractures, and secondary pain complaints.[54,65]

In clinical practice, it is particularly important that recommendations are specific. Instead of a
general message such as “please move more,” the patient should receive a clear and
individualized plan: how many times per week to exercise, for how long, at what intensity,
which forms of activity to choose, how to monitor tolerance, and in which situations exercise

should be stopped or modified.
6.2. Exercise Intensity and Effort Monitoring

Exercise intensity is one of the key factors determining the effectiveness of the intervention.
Studies indicate that moderate- and high-intensity training may lead to more pronounced
improvements in physical capacity and motor symptoms than very low-intensity
activity.[29,66] In the SPARX trial, treadmill training performed for 6 months at 80-85% of
maximum heart rate was associated with less deterioration in MDS-UPDRS III scores

compared with the control group (p = 0.03).[29]

In practice, exercise intensity may be monitored using heart rate, the Borg Rating of
Perceived Exertion scale, or a simple “talk test”.[67] However, in many patients with
Parkinson’s disease, heart rate alone may not be sufficiently reliable because of autonomic
dysfunction, orthostatic hypotension, chronotropic impairment, medications, or comorbidities.
Therefore, the safest approach is to combine several monitoring methods, including
observation of clinical symptoms, exercise tolerance, fatigue, dizziness, dyspnoea, and

postural stability.[66—67]

Intensity should be increased gradually. In previously inactive or older patients, those with
multimorbidity, or those at greater risk of falls, the initial goal may simply be to increase
movement regularity and exercise tolerance. Only later should the duration, intensity, or

complexity of exercise be progressively increased.[54,66]
6.3. Selection of Activity According to Disease Stage

The physical activity programme should be adapted to the disease stage, predominant

symptoms, and degree of patient independence. In patients at an early stage who maintain
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good functional capacity, the key objectives are to maintain a high level of activity and
improve aerobic fitness, muscle strength, coordination, and flexibility.[54—55] In this group,
moderate- or high-intensity aerobic training, resistance training, Nordic walking, dance, Tai
Chi, stationary cycling, or other activities tailored to the patient’s preferences may be safely

considered.[54,65]

In the moderate stage, balance exercises, gait training, turning practice, changes of direction,
movement initiation, and task-specific exercises become increasingly important.[50,54] The
programme should address situations that most commonly cause difficulties in daily life:
rising from a chair, initiating gait, walking through doorways, turning, overcoming obstacles,

walking on uneven surfaces, and performing two tasks simultaneously.

In patients with advanced disease, the main goals of physical activity are usually to maintain
the highest possible level of independence, prevent contractures, reduce complications of
immobility, improve transfers, support safe mobility, and decrease fall risk.[54,68] In this
group, exercises often need to be performed under the supervision of a physiotherapist or
caregiver, with safety support, the use of assistive devices, exercises in seated or lying

positions, and adaptation of activity to periods of best motor performance.
6.4. Safety and Contraindications

Physical activity is generally safe for most patients with Parkinson’s disease; however,
individual risk should be assessed before implementing an exercise programme. This
assessment is particularly important before introducing moderate- to high-intensity training,
HIIT, treadmill exercise, or unsupervised home-based programmes. Particular attention is
required in patients with frequent falls, freezing of gait, postural instability, severe dyskinesia,
motor fluctuations, orthostatic hypotension, cognitive impairment, osteoporosis,

musculoskeletal pain, or cardiovascular disease.[50,54,66]

In patients at high risk of falls, preferred forms of activity include those that allow safety
control, such as stationary cycling, exercises performed near handrails, supervised training,
seated exercises, supervised classes, or aquatic exercise.[54,68] In individuals with cognitive
impairment, the programme should be simple, repetitive, well structured, and preferably

supported by a caregiver.

It is also important to adjust the timing of exercise to the effects of dopaminergic medication.

In many patients, exercise is most beneficial during the “on” phase, when motor performance,
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coordination, and safety are optimal.[65,67] In individuals with severe dyskinesia or motor
fluctuations, the optimal time of training during the day may need to be determined

individually.

Contraindications to exercise should be assessed similarly to other clinical populations and
include, among others, unstable cardiovascular disease, acute infections, recent injuries,
uncontrolled metabolic disorders, severe dizziness, or symptomatic orthostatic hypotension.
In patients with significant cardiovascular disease, unexplained dyspnoea, chest pain, syncope,
or markedly reduced exercise tolerance, medical evaluation should precede the introduction of
moderate- or high-intensity exercise. Many of these contraindications are relative or
temporary; therefore, physical activity should usually be modified, postponed, reduced in
intensity, or undertaken after medical consultation rather than permanently

discontinued.[66,67]
6.5. Strategies to Improve Adherence

One of the greatest clinical challenges is not merely recommending physical activity, but
maintaining it over the long term. Patients with Parkinson’s disease often face numerous
barriers, such as fatigue, apathy, depression, fear of falling, pain, bradykinesia, transport
limitations, lack of access to physiotherapy, low motivation, or insufficient support from their

environment.[69—71]

Adherence may be improved by individualizing the programme, choosing activities consistent
with the patient’s preferences, setting realistic goals, monitoring progress, providing
education about the benefits of exercise, and involving family members or caregivers.[69—70]
For some patients, group classes, exercising with a partner, dance, Nordic walking,
home-based programmes with telemonitoring, or wearable devices monitoring step count,

activity duration, and heart rate may be particularly effective.[70—71]

It is also important to frame the purpose of exercise therapy appropriately. Exercise should
not be presented to the patient as short-term rehabilitation, but rather as a long-term strategy
supporting physical function, independence, quality of life, and potentially beneficial
neuroplastic adaptations, although definitive disease-modifying effects in humans remain

unconfirmed.[55,66]

6.6. The Role of the Therapeutic Team
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Optimal implementation of physical activity requires interdisciplinary collaboration. The
neurologist is responsible for assessing disease stage, optimizing pharmacotherapy, analysing
motor fluctuations, dyskinesia, and non-motor symptoms, as well as evaluating the overall
safety of exercise. The physiotherapist selects the detailed exercise programme and assesses

gait, balance, fall risk, transfers, muscle strength, and functional capacity.[54,68]

In selected cases, an occupational therapist, psychologist, dietitian, speech and language
therapist, neurological nurse, and caregiver also play important roles. The occupational
therapist may support adaptation of daily activities and the home environment; the
psychologist may assist in cases of depression, anxiety, or apathy; and the dietitian may
support the maintenance of muscle mass, adequate protein intake, and overall physical

capacity.

The APTA guidelines emphasize that physiotherapy should be implemented already in the
early stage of Parkinson’s disease, rather than only after severe gait or balance disturbances
have developed.[54] Early intervention allows for education, fall prevention, maintenance of
functional capacity, development of compensatory strategies, and establishment of a

long-term habit of physical activity.
6.7. A Practical Model of Recommendations for Patients

In everyday clinical practice, simple, specific, and measurable recommendations are the most
useful. An example programme for a patient with early- or moderate-stage Parkinson’s
disease may include aerobic training 3—5 times per week for 20—40 minutes, resistance
training 2-3 times per week, balance and gait exercises 2-3 times per week, and daily

stretching and mobility exercises.[54,65,67]

In patients with predominant gait disturbances, particular attention should be paid to training
stride length, gait rhythm, movement initiation, turning, and strategies for managing freezing
of gait.[50] In patients with predominant muscle weakness and difficulty with transfers,
greater emphasis should be placed on resistance training and functional exercises. In patients
with fear of falling or postural instability, balance exercises performed under safe conditions

should be the priority.[50,54,60]

The effects of exercise should be monitored periodically. Exercise prescriptions should also
be periodically reassessed and modified according to disease progression, motor fluctuations,

fall history, cognitive status, comorbidities, medication response, patient preferences, and
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adherence. In practice, simple tools may be used, such as the Timed Up and Go test, the
6-minute walk test, assessment of the number of falls, gait speed, lower-limb strength, fatigue
scales, quality of life, and subjective exercise tolerance. This allows the programme to be
modified according to disease progression, treatment effectiveness, and the patient’s

capabilities.[54,68]

However, continuity of activity is of greatest importance. Clinical benefits may diminish after
regular exercise is discontinued; therefore, physical activity should be planned as a permanent
and adaptable component of the lifestyle of a patient with Parkinson’s disease, rather than as a

short-term rehabilitation intervention.[53—55,66]

In summary, physical activity in Parkinson’s disease should be prescribed -early,
individualized, monitored, and adapted over time. The most clinically useful programmes
combine aerobic, resistance, balance, gait, mobility, and task-specific exercises, while taking
into account disease stage, safety, adherence, and patient preferences. Such an approach
supports functional independence and quality of life and may enhance neuroplastic

adaptations, although its long-term disease-modifying potential remains to be confirmed.
7. Discussion

The available evidence indicates that physical activity is an important component of
comprehensive management in patients with Parkinson’s disease. Clinical trials,
meta-analyses, and guidelines consistently support the beneficial effects of structured exercise
on motor symptoms, functional performance, balance, gait, physical capacity, and quality of
life.[53—-55,68] At the same time, experimental and translational studies suggest that exercise
may influence biological processes relevant to Parkinson’s disease pathophysiology,
including neuroplasticity, mitochondrial function, neuroinflammation, oxidative stress,
dopaminergic neurotransmission, and a-synuclein-related mechanisms.[9,55,72—73] However,
these two areas of evidence should be clearly distinguished. While the symptomatic and
functional benefits of physical activity are relatively well documented, direct confirmation of

long-term disease-modifying or neuroprotective effects in humans remains limited.

The strongest clinical evidence concerns improvement in motor symptoms and functional
outcomes. Randomized trials and meta-analyses have shown that aerobic training, resistance
training, balance training, gait training, Tai Chi, dance, and multimodal programmes may

improve MDS-UPDRS III scores, gait speed, Timed Up and Go performance, balance, and
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quality of life.[29,41,53-54,60] In the SPARX trial, 6 months of high-intensity aerobic
training was associated with less deterioration in MDS-UPDRS III scores compared with
usual care, suggesting that exercise intensity may be particularly relevant in early-stage
Parkinson’s disease.[29] Similarly, the 2-year study by Corcos et al. demonstrated the
superiority of progressive resistance training over a less intensive control intervention in
improving UPDRS III scores, with a between-group difference of 7.3 points after 24
months.[41] These findings support the view that exercise may produce clinically meaningful
benefits, especially when it is regular, progressive, appropriately dosed, and adapted to the

patient’s functional capacity.

An important conclusion emerging from current research is that no single form of physical
activity can be considered universally optimal for all patients with Parkinson’s disease.
Recent network meta-analyses suggest that several exercise modalities may provide benefits
in terms of motor symptoms and quality of life, whereas differences between individual
interventions are often uncertain because of methodological heterogeneity.[53] From a
clinical perspective, this supports an individualized approach. Gait training and cueing
strategies may be particularly useful in patients with freezing of gait or impaired movement
initiation; balance training and Tai Chi may be preferred in patients with postural instability;
resistance training may be especially relevant in individuals with muscle weakness or
impaired transfers; and moderate- to high-intensity aerobic training may be appropriate for

patients at an early stage of the disease with preserved exercise tolerance.[50,54,60]

The potential neuroprotective role of physical activity remains one of the most promising but
also most uncertain areas of research. Preclinical studies indicate that exercise may increase
the expression of neurotrophic factors, improve mitochondrial function, reduce oxidative
stress, limit microglial activation, and support autophagy and pathological protein
clearance.[72-73] Clinical studies have also reported changes in biomarkers such as BDNF
after exercise interventions, often accompanied by improvements in motor or functional
parameters.[74] Nevertheless, these biomarkers remain difficult to interpret. Their
concentrations may be affected by age, sex, medication use, comorbidities, timing of blood
sampling, laboratory methodology, and the type and intensity of exercise. Therefore, at
present, exercise-related biomarkers should be regarded primarily as research tools rather than

as indicators with established routine clinical utility.[74—75]
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The concept of “exercise as medicine” is clinically attractive because physical activity has
multidimensional effects that extend beyond motor rehabilitation. Unlike pharmacological
treatment, which primarily aims to compensate for dopaminergic deficiency, exercise may
simultaneously support physical capacity, muscle strength, balance, neuroplasticity, mood,
sleep, cognitive function, and independence.[55,68] However, physical activity should not be
presented as an alternative to pharmacotherapy or neurological care. Levodopa and other
established treatments remain the cornerstone of symptomatic management, whereas exercise
should be regarded as a complementary intervention that may increase functional reserve,

reduce secondary disability, and support long-term independence.

The clinical relevance of physical activity also extends to non-motor symptoms, which
substantially affect quality of life in Parkinson’s disease. Exercise programmes may improve
executive function, mood, sleep quality, fatigue, and subjective well-being, although these
effects are generally more heterogeneous than improvements observed in motor
outcomes.[44,46,62] This variability probably reflects differences in exercise modality,
intervention duration, disease stage, baseline cognitive or affective status, and the tools used
to assess non-motor symptoms. Future studies should therefore include non-motor outcomes
more systematically and treat them as clinically important endpoints rather than only

secondary observations.

Several limitations of the available literature should be emphasized. Exercise studies in
Parkinson’s disease differ considerably in terms of intervention type, intensity, frequency,
duration, supervision, adherence monitoring, disease stage, medication status, and outcome
measures.[ 53—54] Many trials include relatively small groups, short intervention periods, and
limited follow-up after programme completion. These factors make it difficult to determine
the optimal “dose” of exercise and the durability of observed benefits. In addition, some
studies lack blinded outcome assessment, standardized evaluation in relation to the
dopaminergic “on/off” state, and precise monitoring of actual adherence to the exercise

protocol.

Patient selection is another important issue. Most clinical trials include individuals with mild
to moderate Parkinson’s disease, relatively preserved functional capacity, and the ability to
participate safely in structured exercise programmes.[54] Less evidence is available for
patients with advanced disease, severe freezing of gait, frequent falls, dementia, significant

dysautonomia, or multimorbidity. This is clinically important because these patients often
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have the greatest rehabilitation needs and the highest risk of loss of independence. Further
studies should therefore evaluate adapted and supervised exercise programmes in more

clinically complex populations.

Long-term adherence remains one of the key determinants of the effectiveness of physical
activity. In real-world practice, patients may discontinue exercise because of fatigue, apathy,
depression, fear of falling, pain, transport difficulties, limited access to physiotherapy, or
insufficient social support.[69—71] For this reason, exercise prescription should not be limited
to recommending a specific training modality. It should also include strategies to maintain
motivation, adjust the programme to patient preferences, monitor progress, involve caregivers
when appropriate, and reduce practical barriers to participation. In many patients, the most
effective intervention may be the one that is not only evidence-based but also feasible, safe,

enjoyable, and sustainable.

Overall, the current evidence supports the early, individualized, and long-term
implementation of physical activity as part of comprehensive Parkinson’s disease care. The
best documented effects concern motor symptoms, functional performance, balance, gait,
physical capacity, and quality of life. The potential influence of exercise on neuroplasticity
and neuroprotective mechanisms is biologically plausible and supported by preclinical and
translational findings, but it still requires confirmation in long-term randomized trials using
reliable biomarkers of disease progression. Future research should focus on defining optimal
exercise dose, identifying predictors of response, improving adherence, and developing
personalized programmes tailored to disease stage, clinical phenotype, safety profile, and

patient preferences.
8. Conclusions

Physical activity is an important component of comprehensive therapeutic management in
patients with Parkinson’s disease. The available evidence indicates that regular, structured
exercise may improve motor symptoms, gait, balance, muscle strength, cardiorespiratory
fitness, functional performance, and quality of life.[53-55,68] Current data suggest that
benefits may be achieved through several forms of exercise, including aerobic, resistance,
balance, gait-oriented, dance-based, Tai Chi, virtual reality-based, and multimodal
programmes, although the superiority of one modality over others has not been clearly

established.[53]
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The role of physical activity in Parkinson’s disease extends beyond conventional
rehabilitation. Exercise may influence mechanisms relevant to neuroplasticity, mitochondrial
function, oxidative stress, neuroinflammation, dopaminergic neurotransmission, and
a-synuclein-related pathology.[9,55,72—74] However, the currently available evidence for a
direct disease-modifying effect in humans remains indirect. Therefore, physical activity
should be recommended primarily because of its proven symptomatic, functional, and
quality-of-life benefits, while its potential neuroprotective effects should be regarded as a

promising area for further research.[53,75,77]

From a clinical perspective, exercise should be introduced as early as possible after diagnosis
and continued as a long-term element of care alongside pharmacotherapy, physiotherapy,
patient education, and lifestyle modification.[54-55,66] The programme should be
individualized according to disease stage, predominant symptoms, functional capacity, fall
risk, comorbidities, patient preferences, and treatment goals. Regularity, safety, appropriate
intensity, supervision when needed, and long-term adherence are essential for achieving and

maintaining clinical benefits.

In conclusion, physical activity is a safe, accessible, and multidirectionally beneficial
intervention that should be considered an integral part of Parkinson’s disease management.
Future studies should clarify the optimal exercise dose, identify biomarkers and predictors of
response, assess long-term effects on disease progression, and develop personalized exercise

strategies for patients with different clinical phenotypes and stages of Parkinson’s disease.
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