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Abstract

Streszczenie

Introduction and objective: Although recent findings reveal potential contributing factors to Parkinson’s disease, ongoing
research remains essential to further understand and substantiate these connections, identifying lifestyle patterns and
biopsychological factors that may contribute to either the onset or prevention of Parkinson’s disease. Materials and methods:
This study analyses the interactions among genetics, neuroplasticity, interoception, mindfulness, lifestyle, environment, and
Parkinson’s disease, facilitating exploration of the underlying choices that influence disease development. While mediated
factors do not directly cause Parkinson’s disease, they affect symptom severity, disease progression, and overall quality of life.
With these insights, based on comparative observation and the application of a thought experiment, a Collaborative Impact
Model was developed to enhance knowledge of contributing factors to Parkinson’s disease. The study had no human subjects.
Results: Observations suggest that genetics and neuroplasticity, significantly shaped by lifestyle, directly influence the onset
and progression of Parkinson’s disease. Genetic predispositions and adaptive neuroplasticity determine neural resilience or
vulnerability, while environmental factors, interoception, mindfulness, and general lifestyle indirectly influence Parkinson’s
disease by modulating stress, inflammation, cognitive health, and emotional regulation, thus affecting overall disease
trajectory and symptom severity. Conclusions: The outlined approach captures the complex interplay between genetic
factors, neuroplastic adaptation, and external influences, emphasising how lifestyle choices can have both immediate and
long-term effects. It facilitates a multidimensional strategy for prevention, management, patient support, and education in
Parkinson’s disease.
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‘Wprowadzenie i cel: Najnowsze badania wskazuja na potencjalne czynniki sprzyjajace wystapieniu choroby Parkinsona, jednakze
konieczne sg dalsze analizy w celu lepszego zrozumienia i potwierdzenia tych zaleznosci, a takze identyfikacji wzorcow stylu zycia
oraz czynnikéw biopsychologicznych, ktére moga wplywaé na rozwdj lub zapobieganie tej chorobie. Material i metody: Badanie
analizuje ztozone interakcje miedzy czynnikami genetycznymi, neuroplastycznoscia, interocepcja, uwaznoscia, stylem zycia oraz
$rodowiskiem w kontekscie choroby Parkinsona. Pozwala lepiej zrozumiec, jak codzienne wybory i zachowania moga wplywaé na
rozwdj tej choroby. Chociaz czynniki posrednie same w sobie nie wywoluja choroby Parkinsona, maja istotny wplyw na stopien
i tempo nasilenia objawéw oraz ogolna jakos¢ zycia pacjentéw. Na podstawie obserwacji pordwnawczej oraz eksperymentu
myslowego zaproponowano autorski Model Wptywu Wspéldziatania, ktéry poszerza wiedze¢ na temat czynnikéw sprzyjajacych
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wystepowaniu choroby Parkinsona. Badanie miato charakter wylacznie teoretyczny. Wyniki: Obserwacje sugeruja, ze genetyka
i neuroplastycznos¢, istotnie ksztattowane przez styl zycia, odgrywaja wazna role w pojawieniu si¢ i rozwoju choroby Parkinsona.
Predyspozycje genetyczne oraz adaptacyjna neuroplastyczno$¢ maja bezposredni wplyw na odpornosé¢ lub podatnos¢ uktadu
nerwowego. Natomiast czynniki $rodowiskowe, interocepcja, uwaznoé¢ oraz ogdlnie pojety styl zycia oddziatuja na chorobe

Parkinsona po$rednio, modulujac stres, procesy zapalne, zdrowie poznawcze i regulacje emocji, przez co wplywaja na przebieg
choroby oraz nasilenie jej objawéw. Wnioski: Przedstawione podejscie ujmuje ztozone zaleznoéci miedzy genetyka, adaptacja
neuroplastyczng i czynnikami zewnetrznymi, podkreslajac, w jaki sposéb wybory dotyczace stylu zycia moga mie¢ zaréwno
bezposrednie, jak i posrednie skutki, utatwiajac wielowymiarowsq strategie zapobiegania, zarzadzania, wsparcia pacjenta i edukacji

w zakresie choroby Parkinsona.

Stowa kluczowe: neuroplastycznoé¢, $wiadomos¢ interoceptywna, uwazno$¢, zmiany behawioralne, choroba Parkinsona

INTRODUCTION

arkinson’s disease (PD) is a progressive neurode-

generative disorder characterised by motor and

non-motor symptoms, profoundly affecting an in-
dividual’s quality of life. The global prevalence of PD has
increased, placing a significant burden on healthcare sys-
tems, particularly in aging populations. Despite extensive
research, the exact causes of PD remain uncertain, as the
disorder likely results from a complex interplay of genet-
ic, environmental, and lifestyle factors (Kalia and Lang,
2015). Analysing these factors through an integrated mod-
el provides a valuable framework for better understand-
ing of the development and progression of PD, enabling
more effective prevention and intervention strategies. To
address the complexity of PD development, this compara-
tive observation incorporated a thought experiment to hy-
pothesise the collaborative effects of multiple contributing
factors. The objective of this study was to analyse and con-
ceptualise lifestyle factors influencing PD, and to examine
how overlapping direct and indirect mechanisms affect its
onset and progression through a comparative analysis of
related pathways.

MULTI-FACTORIAL MODEL OF DISEASE

The multi-factorial disease model posits that most diseas-
es result from a combination of multiple interacting factors
rather than a single biological change, such as declining im-
mune function and impaired cellular repair processes that
make the body more susceptible to illness.

Stress, social isolation, and mental health are increasingly
recognised as significant contributors to disease (Lee et al.,
2022). Additionally, exposure to pathogens is necessary for
infectious conditions to develop. However, the severity and
likelihood of illness depend on multiple factors like immune
system strength and pathogen virulence, not any single fac-
tor alone. This concept is widely accepted in both chronic
and acute conditions (Olan, 2023). Genetic susceptibility
states that several diseases, including PD, involve a genetic
predisposition (Zhou and Skolnick, 2016). However, genetic
factors alone rarely cause disease. They increase vulnerability.
For a disease to manifest, other factors typically need to be
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present (Fan et al., 2013). Environmental influences, such as
exposure to toxins, pollution, and infectious agents, can trig-
ger or accelerate disease development. In many instances,
individuals with a genetic predisposition to a disease de-
velop the condition only after specific environmental ex-
posures. Lifestyle and behavioural choices, including diet,
physical activity, sleep patterns, and stress levels, can sig-
nificantly contribute to the onset and progression of dis-
ease (Vodovotz et al., 2020). Also important are age and
characteristics of the infectious agent, exposure dose, health
and lifestyle, and prior immunity (Sompayrac, 2022). These
contributing elements can converge, creating a cumulative
risk that triggers the onset or accelerates the progression
of disease. Adopting an interrelated approach can facilitate
preventive measures, such as modifying certain risk factors.

PRE-DIAGNOSTIC LIFESTYLE
OF PD PATIENTS AND REGIONS
WITH LOWER PD PREVALENCE

What lifestyle do typical PD patients have? Before being di-
agnosed with PD, a typical person may have led a lifestyle
that did not account for the specific health concerns and
adjustments that become necessary after diagnosis (Noyce
etal., 2016). The standard lifestyle patterns observed in in-
dividuals before diagnosis often contrast with their habits
afterward. An average individual diagnosed with PD may
have led an average lifestyle in terms of physical activity.
Some individuals may have engaged in regular exercise,
such as jogging, cycling, or gym workouts, while others
may have had more sedentary routines, with physical activ-
ity limited to daily tasks or occasional recreational pursuits
(Cholewa et al., 2016; Fang et al., 2018; Gorzkowska et al.,
2020; Uher et al.,, 2021). A typical diet may not have been
specifically tailored to support brain health or symptom
management. Diets varied widely and often lacked a focus
on specific nutrients, hydration, or fibre intake. High-pro-
tein meals, processed foods, or inconsistent eating habits
may have been typical, as there was no need to avoid certain
foods to support the effectiveness of medication (Smalira
etal,, 2024). Regarding work and social engagement, many
individuals led active social and professional lives be-
fore diagnosis, often maintaining full-time jobs, attending
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social gatherings, and enjoying hobbies without restric-
tions. Individuals may have been deeply involved in their
careers, family life, or community events, with no physi-
cal or cognitive symptoms that limited their participation.
Before diagnosis, mental health practices and stress man-
agement strategies were generally less structured or inten-
tional. Stress was handled in ways familiar to the general
population, relying on exercise, social support, or hobbies
rather than systematic practices like mindfulness or yoga,
which later become helpful for symptom management (Pos-
tuma et al., 2015).

Sleep and rest patterns may have been less of a priority, as
many individuals experienced occasional sleep disturbances
due to work schedules, family obligations, or lifestyle choices.
Sleep disorders specific to PD, such as REM sleep behav-
iour disorder, would not have been a concern or might have
gone unnoticed until later (Postuma et al., 2012). While
many engaged in mentally stimulating activities like read-
ing, hobbies, or problem-solving, there was typically no
specific focus on cognitive activities to delay cognitive de-
cline. Cognitive health exercises would likely not have been
a structured part of daily life for individuals before being
diagnosed with PD. Some individuals may have been ex-
posed to potential risk factors through their work or life-
style, such as pesticides, herbicides, or industrial chemicals,
particularly in rural or industrial areas (Goldman, 2014).
Head injuries or participation in frequent contact sports
might also have been part of some individuals’ lifestyles,
increasing risk factors unknowingly (Perry et al., 2016).
As outlined above, it can be hypothesised that individuals who
develop PD may have been less engaged in cognitive health-
oriented behaviours compared to the general population.
Studies have found associations between reduced engage-
ment in cognitive, physical, and social activities and an in-
creased risk of neurodegenerative diseases, including PD
(Bakeberg, 2021). These activities are thought to promote
brain health, potentially delaying or reducing the risk of PD.
Concurrently, it is acknowledged that PD has a complex ae-
tiology influenced by genetic, environmental, and lifestyle
factors. Therefore, establishing a direct causal relationship
between cognitive health practices and PD risk is challeng-
ing. For a more thorough comparison, controlled studies
would be necessary to confirm whether individuals later di-
agnosed with PD differ significantly from the general pop-
ulation in their pre-diagnosis cognitive health behaviours.
Studies have highlighted that the Mediterranean, East Asia,
and some Sub-Saharan African regions have lower PD
rates, with factors like genetics, diet, environmental tox-
ins, lifestyle habits, and even cultural practices potential-
ly playing a role (Abbas et al., 2018). Similarly, studies of
the Blue Zones show a lower prevalence of PD. Residents in
these regions experience healthier aging with a lower inci-
dence of health-related issues. Several lifestyle factors like-
ly contribute to their lower prevalence of PD. More specif-
ically, their diet is rich in antioxidants, which may protect
brain cells from oxidative stress, a factor linked to PD, and
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low in processed foods while rich in whole foods, which
may reduce inflammation and support brain health. Dai-
ly, low-intensity physical activity, such as walking, gar-
dening, and manual labour, is integral to life in the Blue
Zones. Such exercise is known to support neuroplasticity
and may help protect dopamine-producing neurons, po-
tentially reducing the risk of PD (Santacroce et al., 2024).
Additionally, the low-stress lifestyle in those commu-
nities prioritises social connectedness and stress reduc-
tion, both associated with better mental and neurologi-
cal health. Chronic stress is linked to higher PD risk, so
these practices may indirectly protect against neurodegen-
eration (Dallé and Mabandla, 2018). In addition, low ex-
posure to environmental toxins, such as pesticides and in-
dustrial pollutants, may contribute to the lower PD risk
observed in the Blue Zones every day, particularly in re-
gions where agriculture remains more organic or tradi-
tional. This suggests that lifestyle factors typical of the Blue
Zones contribute to a lower PD risk and may be beneficial
in promoting healthy aging more broadly. While no con-
clusive evidence directly links the Blue Zones to lower PD
rates, their lifestyle patterns align with practices generally
considered protective against neurodegenerative diseases.
It is worth noting that, in addition to lower PD prevalence,
populations in the Mediterranean region, Japan, East Asia,
and parts of Sub-Saharan Africa tend to have higher life ex-
pectancies. These locations share common factors, includ-
ing diets rich in natural foods, strong social networks, regu-
lar physical activity, and lower stress, all of which contribute
to increased longevity compared to the global average. Thus,
the Mediterranean, East Asian, and some Sub-Saharan Af-
rican regions, as well as the Blue Zones, exemplify how life-
style choices such as a nutrient-dense diets, regular physical
activity, community engagement, and stress resilience can
support longevity and overall well-being, potentially delay-
ing neurodegenerative processes. A better understanding of
the mediating and modulating factors underlying these pro-
cesses may provide valuable insights into preventive strat-
egies that could reduce the risk or delay the onset of PD.

HOLISTIC ACTION FRAMEWORK
FOR PD INFLUENCES

This analysis attempts to conceptualise the factors influencing
PD as driven by overlapping influences from direct and indi-
rect sources (Fig. 1). This inquiry primarily categorises life-
style, interoception, mindfulness, and environment as indi-
rect influences and genetics and neuroplasticity as more direct
influences. It can be argued that lifestyle, genetics, and envi-
ronmental factors are viewed as both direct and indirect con-
tributors to the disease, affecting various aspects of PD devel-
opment and progression. Genetics is often viewed as a direct
contributor to PD because specific gene mutations, such as
SNCA (alpha-synuclein), LRRK2 (leucine-rich repeat kinase
2), PARK2 (parkin), and PINK1 (PTEN-induced kinase), can
directly impact neurons, particularly dopamine-producing
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cells (De Rosa et al., 2015). These genetic mutations may ini-
tiate or accelerate the neurogenerative processes central to
PD. Epigenetics can also indirectly affect PD, although it has
direct consequences for gene expression and neurodegener-
ative processes through gene regulation and interaction with
environmental factors. DNA methylation and histone mod-
ifications, for example, control gene upregulation or down-
regulation, allowing environmental factors and other influ-
ences to impact gene activity without altering the underlying
DNA sequence. In PD, epigenetic mechanisms may influ-
ence cellular pathways and gene expression related to do-
paminergic neuron loss, inflammation, and dopamine pro-
duction, thereby affecting disease onset and progression
(Ammal Kaidery et al., 2013; Labbé et al., 2016). Neuroplas-
ticity directly influences how the brain responds to changes
associated with PD. Adaptive neuroplasticity can help main-
tain function despite neuron loss, while maladaptive plastic-
ity may exacerbate specific symptoms, directly influencing
brain resilience to PD progression. Moreover, the perception
of reality, mindset, engagement, and practices such as mind-
fulness, can directly influence neuroplasticity, thereby en-
hancing or limiting the brain’s ability to adapt to PD-related
changes. Promoting neuroplasticity through lifestyle habits,
such as physical activity, social engagement, mental stimu-
lation, and stress management, may help build a more resil-
ient brain, potentially reducing vulnerability to PD or delay-
ing its onset. Nevertheless, the neuroplasticity paradox means
these mechanisms can manifest in both positive and nega-
tive ways. Furthermore, environmental factors can direct-
ly and indirectly impact PD, depending on the type and ex-
tent of exposure. Direct contact with toxins like pesticides,
heavy metals, or pollutants has a direct neurotoxic effect on
brain cells, contributing to PD risk by damaging dopamine
neurons (Ball et al., 2019). Also, indirect aspects like chronic
stress, diet, and access to healthcare, play a role. Pollution or
long-term chemical exposure may increase oxidative stress
or inflammation in the body, thereby indirectly influencing
PD risk by affecting overall health, lifestyle choices, and ex-
posure levels. Lifestyle behaviours, such as diet, physical ac-
tivity, and stress management, further impacts PD risk and
progression by shaping brain health and supporting or hin-
dering neuroplasticity and resilience to neurodegeneration
(Paola Caminiti et al., 2024). A balanced lifestyle supports
both cognitive and motor functions, potentially delaying the
onset or slowing progression of symptoms. However, life-
style can also exert a more subtle direct influence in instances
where chronic stress or poor diet triggers neuroinflammation
or oxidative stress, which can impact neurons directly (Kip
and Parr-Brownlie, 2023, 2022). Moreover, interoception, or
the awareness of internal bodily states, indirectly affects PD
by influencing stress regulation, emotional well-being, and
self-awareness (Ricciardi et al., 2016). Although disrupted in-
teroceptive awareness in PD is often seen as a consequence
rather than a cause, healthy interoception may enhance both
mental and physical resilience (Hazelton et al., 2023). Final-
ly, mindfulness indirectly promotes emotional regulation,
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reduces stress, and improves interoception, collectively bene-
fiting mental health and brain resilience. Hence, mindfulness
practices may positively influence neuroplasticity, indirectly
supporting PD management. The presented model emphasis-
es that indirect influences, including lifestyle, environment,
interoception, and mindfulness, promote resilience, while di-
rect influences, such as genetics and neuroplasticity, direct-
ly impact PD pathophysiology. However, both types of influ-
ences are intrinsically linked and should be approached as
components of an integrated system. It must be stressed that
the current comparative observational study and thought
experiment were designed to analyse naturally occurring
differences in pre-diagnostic lifestyle patterns between PD
patients and selected regions with lower PD occurrence.
The aim was to establish associations and overlapping effects
of biopsychological and lifestyle factors, creating a collab-
orative model for addressing PD risk and resilience factors.
Unlike a meta-analysis, which aggregates and synthesises
data from multiple studies, the present research focuses on
direct comparisons with a defined sample. Data were extract-
ed from PubMed, Web of Science, Google Scholar, and Re-
searchGate, and supplemented by relevant peer-reviewed re-
search selected to reflect the study’s focus on lifestyle patterns
relevant to PD development. While further details on the da-
taset could enhance replicability, this study’s objectives are
rooted in contextual comparison rather than exhaustive sta-
tistical aggregation, providing unique insights into the rela-
tionship between lifestyle and PD. Moreover, this research
attempts to frame the known factors driving PD as a result
of a dynamic interplay among overlapping direct and mod-
ifiable pathways.

CONCLUSIONS

This research highlights the value of a comparative observa-
tional approach and thought experiment in developing the
collaborative impact model, providing a theoretical founda-
tion for future studies exploring the interplay of PD risk fac-
tors. By examining regions with low PD rates, such as the

Predominantly indirect . . Predominantly direct
influences on PD influences on PD
4 A
v v
‘ Lifestyle ‘
‘ . ‘ Genetics
Interoception
‘ Environment ‘ 4=
Neuroplasticity
‘ Mindfulness ‘
A A

Fig. 1. Collaborative model for addressing PD risk and resilience
factors. Source: the authors
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Mediterranean, East Asia, Sub-Saharan Africa, and the Blue
Zones, the study identifies lifestyle factors that may offer pro-
tective benefits against PD. Within this framework, neuroplas-
ticity and genetics provide a flexible foundation, where repeat-
ed behaviours strengthen specific neural pathways. The direct
impact model emphasises the roles of genes and neuroplasti-
city components influencing PD risk, while the modifiable im-
pact model addresses interoception, mindfulness, lifestyle, and
environmental factors. This framework implies that individu-
als are not bound by stereotypical behaviours. Through inten-
tional changes and a supportive environment, neuroplasticity
enables the reshaping of habits, potentially offsetting genet-
ic predispositions. Overall, this research supports the holistic
view that PD risk and occurrence are not solely determined
by genetics or aging but are significantly shaped by lifestyle.
Public health interventions could reduce PD incidence by pro-
moting standards for healthy lifestyle practices in regions with
low PD incidence. It is essential to highlight that the presented
comparative observational study and conceptual thought ex-
periment were aimed at examining the pre-diagnostic lifestyle
of PD patients and areas with lower PD prevalence based on
naturally occurring outcomes without manipulating the study
environment. Additionally, the research aimed to establish as-
sociations and overlapping influences in order to create a col-
laborative model for addressing PD risk and resilience factors,
and identify modifiable risk factors or lifestyle interventions
that can be applied to prevent or manage PD. This study con-
tributes to the growing understanding of PD by determining
lifestyle factors that influence its onset and progression. Iden-
tifying these factors can help patients and at-risk individuals
make informed decisions about their lifestyle, guide health-
care providers in developing targeted interventions, and fos-
ter a more holistic approach to disease management, ultimate-
ly improving quality of life. Future research should focus on
refining direct and indirect impact modalities and evaluating
preventive interventions across diverse populations. Longitu-
dinal studies could further validate the protective effects of life-
style modifications observed in low-PD regions while explor-
ing the underlying biological mechanisms. This approach will
deepen understanding of PD risk factors and support the de-
velopment of targeted lifestyle-based prevention strategies.
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