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ABSTRACT

Introduction and purpose: Parkinson’s disease (PD) is a progressive neurodegenerative disorder that is characterized by
both motor and non-motor symptoms, such as bradykinesia, tremor, rigidity and instability of the posture. Millions of people
suffer from the disease around the world, affecting not only the patients, but also public health systems. Pharmacological
interventions exist, although aside from reducing symptoms, no drugs that stop the progression of PD have been developed.
That is why interventions from outside the realm of pharmacology have garnered increased focus of the academics, one of
them being physical activity. In recent years, an extensive research was done to prove or disprove a link between exercise
and PD’s prevention and management.

What this study aims to do, is to comprehensively gather and review current state of literature in the field of physical activity’s
role in prevention and management of Parkinson’s disease.

Material and methods: Our method of research was to scan the databases of academic articles easily accessible on the
Internet, such as PubMed, Google Scholar and others. Our team searched for “Parkinson’s disease” together with various
terms, such as “physical activity”, “exercise”, “prevention”, “management”, “symptoms” and “treatment”. Following that,
the obtained data were manually analysed.

Conclusions: This review, based on quoted research, points to physical activity as a valuable addition to the standard
pharmacological treatments, with its potentially beneficial effects all across the PD’s development timeline. From disease
prevention and modification, to management of the symptoms, both motor and non-motor alike.

Additional research ought to be conducted in the field to explain the mechanisms and to maximize the effect of the
interventions. Nevertheless, contemporary state of knowledge heavily suggests incorporating physical activity into standard
treatment strategies for Parkinson’s disease.
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Introduction and Purpose

Parkinson’s disease (PD) is the world’s second most common neurodegenerative pathology, ranking
below solely Alzheimer’s disease. With the increasing share of elderly people in humanity as a whole,
Parkinson’s disease is being named as one of the factors that are bound to severely impact aging populations
economically'.

Epidemiological data available from various sources states, that PD affects 1 to 2 people per 1000 in
any population’. Unfortunately, this number cannot be applied to population of the elderly. Among people
over 60 years of age the prevalence goes upwards significantly, affecting 1 person in a 100%. What cannot be
overlooked are the differences in lifetime risks between sexes. Some estimates put the lifetime risk of a male
acquiring the disease at nearly double the female risk®.

According to a study published this year, by Su et al., which sought to create a projection of PD’s
prevalence for the future, due to inevitable aging of the population, the number of patients affected by the
disease is expected to more than double with 112% increase between years 2021 and 2050. The number of
patients affected worldwide forecasted by the scholars by the final year of the projection exceeds 25 million®.

Given the situation, it is natural for scientists to look closer into the available means of combating the
PD. With well-established standard pharmacotherapy, such as levodopa and dopamine agonists, not able to
halt the progression of the disease, while at the same time not free from side-effects’, there has been an
increasing scientific effort in recent years exploring potential factors aiding PD’s management but also
prevention.
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Naturally, trying to establish factors that reduce the risk of PD has been done in the past - some of the
suggested results however, are known to have a plethora of harmful effects on the organism, notably tobacco
use, alcohol consumption and nonsteroidal anti-inflammatory drugs use’. Knowing that, physical activity
emerges as a promising protective factor’, void of such side effects® ', while also having multitude of positive
effects outside of central nervous system'' ™.

Physical activity has also been recently viewed in research as part of a multimodal approach to PD’s
management, among mental exercise and NIBS (noninvasive brain stimulation)'*.

This literature study’s aim is to systematically collect, combine and examine critically all the available
academical sources of knowledge concerning the correlation of physical activity and Parkinson’s disease.
Furthermore, it aims to establish not only what is currently known, but also what is not yet known to better
project future therapies.

State of Knowledge

Pathophysiology

Parkinson’s disease is described as a neurodegenerative disease of the central nervous system, that is
characteristic in its pathology for its gradual degeneration of dopaminergic neurons, primarily in the substantia
nigra, a midbrain structure associated with movement. This mechanism is responsible for releasing an
insufficient amount of dopamine, which causes the observable motor symptoms'”.

Another notable pathology observed in patients with PD are the Lewy bodies. These are inclusion bodies,
precisely pathological aggregations of protein, which are present in parts of the brain altered by the disease.
Lewy bodies are present in vast majority of individuals diagnosed with Parkinson’s disease’.

Despite our ever-expanding knowledge of brain’s functioning on a molecular level, there is much yet to
be discovered concerning PD’s pathogenesis in the organism. From the exact role of Lewy bodies'’ to the
precise process responsible for destruction of dopamine-releasing cells'®.

There have been proposed solutions to the unknowns, although no single mechanism can thoroughly
explain all. Most recent theories point to a wide variety of mechanisms occurring at the same time, finally
resulting in cell death'”.

Symptoms

PD’s symptoms can be generally divided into two main groups — motor and non-motor symptoms. The
fundamental motor deficits, established in 1817 in first written account of the disease by James Parkinson are:
resting tremor, stiffness, slow movement, postural and gait disturbance'® '’. While the disease progresses, the
symptoms worsen, and their spectrum widens, causing an impactful decline in quality of life of the individual
affected by the disease® '°.

Examples of symptoms not associated with movement most commonly experienced by patients
encompass psychiatric disturbances such as elevated anxiety and depression, chronic pain and tiredness,
impaired cognition, dysautonomia and wide variety of sleep disorders, including insomnia®. Dysautonomia
can manifest in multitude of symptoms from different organ systems. In digestive system it may be responsible
for wide range of disturbances, from abdominal pain to constipations'®, while in urinary system it can cause
elevated frequency and urgency of urination®.

An important, yet overlooked aspect of PD is dementia. Research shows it is rapidly progressing with
age, affecting approximately every 3 out of 4 patients, that have been living with the disease for over a decade?'.

Pharmacological interventions

The most commonly used drug acting against Parkinson’s disease is levodopa'”. Being able to cross the
blood-brain barrier, levodopa is there converted into dopamine®, which lack of is responsible for motor symptoms
observed in patients®. Despite currently being the drug of first choice in PD’s treatment®*, levodopa is not free of
side effects, owing to consequences of being metabolised into dopamine in other organs than the brain®.

Another frequently used drug utilizing dopamine-related ways of targeting the disease are monoamine
oxidase B (MAO-B).inhibitors'>. Monoamine oxidase B is an enzyme that is responsible for dopamine breakdown
in the brain. By inhibiting that process, these drugs preserve the dopamine available to use by the neurons®.

There is no known cure for Parkinson’s disease, pharmacological or otherwise’’. Known drug
interventions can only slow the progression of the condition or alleviate its symptoms, without stopping the
disease’s course'’. New drugs targeting PD are constantly being developed®, however considering the current
state of knowledge, it is reasonable to turn to non-pharmacological interventions, such as use of physical
activity as a therapy, for aid.

e-ISSN: 2544-9435 3



3(47) (2025): International Journal of Innovative Technologies in Social Science

Role of physical activity in PD’s prevention

Similarly to most pathologies, there are a few factors proposed to be protective against Parkinson’s
disease. Unfortunately, among those most often put forward and with most academic support are tobacco
smoking® - known for decades to be directly linked to cancer® - and caffeine consumption®', which, generally
harmless, can have damaging effect on health when overused*?. However, one of those potential factors is also
physical activity. With little to no side effects while at the same time having a multitude of positive influences
on the whole organism™®, it became a point of interest for researchers in recent years.

A meta-analysis study from 2018, done by a group of researchers led by Xuexian Fang, aimed to prove
or disprove the speculated association of physical activity and decreased chance of Parkinson’s disease in life.
After compiling the data from eight prospective studies with over half a million participants across them,
including 2192 Parkinson’s disease patients, the researchers reached their conclusions. Firstly, according to
their findings, physical exercise does lower the risk of acquiring PD later in life — however, not all exercise.
Highest total activity as well as highest moderate to vigorous activity gained supreme results, while light
activity proved non-significant in lowering the risk of PD. Secondly, the researchers found a linear correlation
between the amount of physical activity in one’s life and the decreasing risk of the development of Parkinson’s
disease. The risk lowers with increased hours of weekly physical activity. However promising these results
are, the article notes, that the association is stronger in men than women, while described linear relation applies
only to men. No such correlation was found while analysing women’s results®*. This observed phenomenon
may be explained by pointing to a smaller sample size. Only half of the studies included in the meta-analysis
included women, with just one study with the number of female participants affected by Parkinson’s disease
exceeding 150°°.

However, not all studies come to the same conclusion concerning differences in response to physical
activity between sexes. A different article, a description of a follow-up cohort study by Portugal et al.
referenced previous unsuccessful attempts of establishing a strong association of physical activity with
decreased risk of PD in women, while at the same time presenting results contrasting with the status quo.
Contrary to a study by Fang et al., Portugal concluded that higher levels of exercise throughout woman’s life
resulted in decreased incidence of Parkinson’s disease, while at the same time excluding the possibility of
being explained by reverse causation. Portugal’s study analysed 1196 PD cases, it is therefore a larger female
sample size than used in Fang’s meta-analysis*®.

Role of physical activity in slowing PD’s progression

The association of physical activity with good health is as old as the academia itself. Nowadays, sport
has become a staple of a healthy lifestyle, which is also well-established scientifically. Positively impacting
the whole organism, from obvious beneficiaries like heart'' and lungs'? to the lesser known as intestines'®, one
can overlook its effects on the nervous system®’. This very link was investigated in the past few years, focusing
on Parkinson’s disease among others. The researchers tried to prove if changes in the structure and function of
the brain resulting from physical exercise can perhaps slow down Parkinson’s disease progression®.

In the previous chapter of our review, we have focused on exercise as a way of preventing the disease.
The exact mechanism responsible for sports delaying the day of the diagnosis is not yet fully understood,
however one might theorize that the very same effect occurs even after PD has been determined. Unless
pathological processes of Parkinson’s disease somehow stopped the beneficial role of exercise, the mechanism
could last — to which extent is a matter of research?’.

There is evidence both from animal and human studies suggesting that aerobic training results in changes
in the central nervous system, specifically the brain, both in structure and function®’’. There have been two
notable recent studies involving rodents with induced parkinsonism, that were made to exercise for a period of
four weeks. The first one, performed by Wang et al. in 2013, showed improvements in motor symptoms related
to the disease on top of observed alterations in rats’ motor cortex activation patterns, suggesting neuroplastic
effect of the exercise’®. The second one, by Al-Jarrah et al., resulted in an increased angiogenesis in the brains
of parkinsonian mice*”. Angiogenesis, the process of creating new blood vessels, increases brain’s blood flow,
a parameter known to be decreased in patients suffering from Parkinson’s disease*.

Animal trials can lead to optimistic conclusions concerning the link between PD and exercise, although
one should proceed cautiously while attempting to forecast these results from animal to human organisms™.
That being said, evidence from human trials is very limited. As of yet, there has been no investigation
performed on a larger scale with a goal to prove aerobic exercises’ effect on brain’s neuroplasticity. The most
comprehensive meta-analysis concerning this subject is based on only 13 studies totalling 214 participants.
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Drawing from a small sample size, the results of the studies varied. Most of them concluded with a positive
outcome — physical activity indeed appeared to promote neural plasticity, as demonstrated by changes in levels
of neuronal adaptation markers tested — while some resulted in no such difference between test groups at all.
The results, however hopeful, require a significant amount of research in the future. To establish a firm
connection of exercise and slowing the progression of Parkinson’s disease, there is a need for investigation
with a larger sample size. Until such studies are performed, the evidence can be described as weak at best*'.

Role of physical activity in PD’s symptoms management

The third and final element of the Parkinson’s disease continuum and physical activity’s correlation that
has been investigated in recent years are the symptomatic manifestations. The characteristic symptoms of PD,
depending on their type and intensity present in patient, can be life-altering. Exercise is one of the interventions
researched into its potential to lessen both movement and non-movement related clinical features.

Meta-analysis performed by Radder et al. in the year 2020 aimed to establish a link between different
types of physical activity and motor-related signs of Parkinson’s disease. After gathering the results of 191
randomized controlled trials, in which nearly 8000 people took part, they created their own, broader analysis.
Radder’s team looked at 12 different types of exercise, that can be safely performed by patients affected by
PD and compared them. The conclusions are overwhelmingly positive from the perspective of the patients.
Only one out of twelve types of exercise proved to have no impact on motor symptoms of Parkinson’s disease
nor improving quality of patient’s life, specifically dual task training. Patients performing any of the other
eleven modalities resulted in improvements in at least one of four categories investigated. Four types of
exercise yielded improvements in as much as three categories*.

The results of this meta-analysis are encouraging, however, the focus of the academia on the subject should
not end at this point. Much is yet to be discovered, from dose- and sex-specific response to understanding the effects
of exercise for specific symptoms and at different stages of the disease. Tailor-made physical therapy, taking into
account individual needs and preferences of the patients should be a goal for the future.

Unfortunately, the scope of clinical features of PD goes beyond what can easily be seen by people not
affected by the disease. It is also characteristic for its symptoms not related to movement encompassing
psychiatric conditions such as heightened anxiety and depression, but also chronic pain and fatigue and sleep
disorders'* !°. Encouragingly, vast body of evidence from the available literature, including randomized
controlled trials, speaks in favour of physical activity’s positive influence across the full spectrum of non-
motor symptoms in individuals with PD*,

Summary

Physical activity’s highly beneficial role on multiple stages of Parkinson’s disease development timeline
is suggested by an ever-increasing collection of evidence. Firstly, available data shows its neuroprotective role,
shielding individuals from the development of PD. The strongest established link points to moderate to
vigorous levels of activity, with additional research needed into male vs female responses to intervention, as
the data remain inconclusive.

Secondly, some animal and growing amount of human trials point to physical activity as a mean of
slowing the disease’s progression potential in the mechanism of increasing the neural plasticity. Time will tell
if these conclusions will stand after more populous trials investigating them are performed.

Data collected from researching meta-analyses of randomized controlled trials shows large amount of
evidence strongly linking numerous types of physical activity in improving the management of all kinds of
symptoms presented by PD patients. These included both motor and non-motor clinical signs as well as patients’
intellectual capacity and their reported quality of life.

Physical activity, with its non-invasive nature and well-known positive influences for not only the
central nervous system, but the whole human body, positions itself as a valuable additional therapy in
management of PD, particularly knowing the limits of standard pharmacological treatment and its side-effects.

Potential investigations in the field performed in the nearest future ought to focus on explaining the
mechanisms to maximize the effect and to better help the affected by the disease with potential individually
designed interventions to best suit the patient’s needs and preferences. However not fully understood and
explored, physical activity presents itself as a hope for the future for millions of people worldwide already
affected by Parkinson’s Disease, and for an uncountable number of future patients.
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