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Abstract: Background: Parkinson's disease (PD) is a global disease. However, there is a lack of research
specifically focused on the AfrAbia population. Climate change, driven mainly by global warming, is linked to
detrimental health impacts, including an increased frequency and intensity of heat waves. Neurological
diseases, including neurodegenerative syndromes like Alzheimer's disease, Parkinson's disease, and motor
neuron illnesses, have been increasingly seen and recorded in scientific literature. Although there is much
literature demonstrating the growth in neurodegenerative disorders, the relationship between environmental
variables such as global warming, air pollution, heavy metals, and pesticides and the higher occurrence of these
illnesses is still unknown. Objective: The current article primarily aims to examine the relationship between
climatic changes, air pollution, pesticides, heavy metals, and the occurrence of PD. Initially, we evaluate the
influence of exposure to these variables on the cause or origin of Parkinson's disease. In addition, we will
investigate how these variables disrupt processes such as excitotoxicity, oxidative stress, and
neuroinflammation, all of which are strongly linked to Parkinson's disease (PD). Conclusions: This research
presents a plausible rationale for the adverse effects of environmental influences on the brain, which are pivotal
in the progression or onset of Parkinson's disease from an AfrAbian standpoint.
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1. Introduction

The prevalence of Parkinson's disease (PD) is projected to rise by the year 2050. Recent estimates
put the number of new cases of PD each year around 10 million people worldwide and the overall
prevalence between 4.5 and 21.0 (1; 2; 3). The National Institute of Neurological Disorders and Stroke
(NINDS) (ninds.nih.gov) estimates that every year in the United States, over half a million people are
diagnosed with PD. This number is expected to reach one million by 2040. In Saudi Arabia as one of
the AfrAbian countries, the prevalence of PD is notable, with an estimated rate of 27 per 100,000 (4).
Based on the most recent statistics provided by the WHO in 2020, the number of fatalities attributed
to PD in Saudi Arabia amounted to 776, accounting for about 0.58% of the total number of deaths.
Saudi Arabia is ranked as the 25t country globally in terms of its age-adjusted death rate, which
stands at 5.96 per 100,000 inhabitants (5). According to data collected in Egypt, which is another
AfrAbian country, since 2005 (6), the prevalence of PD is steadily rising as the country's population
ages. As the populations of both nations age, the rising expense of treating those with PD and
compensating for lost productivity is becoming more burdensome. By 2050, Egypt's population will
be much older and more likely to experience the onset of age-related diseases such as PD (7).

PD affects one percent of the global population. It disproportionately affects the elderly and
severely affects their quality of life (2, 3). It is believed that neuron mortality in vulnerable brain
regions and the development of Lewy bodies in the few surviving neurons result from a complex
interaction between genetic and environmental factors (8). AfrAbian countries are undergoing a
demographic transition that will result in an aging population by 2050 (an increase in the proportion
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of individuals aged 65 and over) and an increase in the prevalence of diseases afflicting the elderly
disproportionately, such as PD (9).

AfrAbia is comprised of both Arab League and African Union members. Historical and
geographical influences connect the two contiguous territories of Africa and the Arab world on a
cross-cultural level (for more information, see 10,11). AfrAbia is marked by a higher frequency of
illnesses, trauma, and violence, as well as greater exposure to toxic substances and malnutrition,
against a backdrop of far greater genetic variety. All these variables present a potential challenge for
the neuroscience community in AfrAbia to achieve breakthroughs in fundamental research and
develop personalized therapies to boost brain health and well-being throughout the continent (12,13).
A recent study highlighted why Africa has a low number of neurologists worldwide and how this
low number negatively impacted neurological disorders' management (14).

According to research released by the Global Burden of Disease Neurology Collaborators,
neurological illnesses were identified as the primary contributor to disability-adjusted life-years lost,
amounting to 276 million annually, and ranked as the second most significant cause of mortality,
resulting in 9 million deaths globally in the year 2016. The three primary factors that significantly
contribute to this worldwide burden are stroke, migraine, and neurodegenerative illnesses (15).
Enhanced comprehension of modified pathways and biomarkers linked to environmental factors will
aid in discovering efficacious strategies for preventing and managing neurological disorders,
particularly neurodegenerative diseases. These conditions often exhibit a probable genetic
susceptibility to abiotrophy, which can be compounded by acquired harm from prolonged heat
exposure (16)(Figure 1).
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Figure 1. AfrAbia map shows PD as a cause of death in both Male and Female according to WHO
2020. Death rate is per 100,000. Retrieved from https://www.worldlifeexpectancy.com/cause-of-
death/parkinson-disease/by-country/.

The primary objective of this study is to delineate the impact of global warming, air pollution,
heavy metals, and pesticides on the prevalence of PD. Furthermore, this study aims to enhance
comprehension of the pathophysiological mechanisms that underlie the association between these
adverse events and PD in AfrAbian countries. Moreover, the current study aims to understand the
mechanism for linking these factors and PD. We hypothesize that the combined effects of these
environmental factors would lead to a decline in cognitive functions in PD and accelerate its
progression.

2. Global warming and PD

Climate change is accelerating rapidly due to human activity (17; 18; 19 ). Global warming is one
of the worst effects of climate change (20; 21). Previous studies predict a 0.3°C to 0.7°C increase in
global ambient temperature over the next 30 years (22; 23). The Intergovernmental Panel on Climate
Change (20) found that a 1°C increase in ambient temperature might worsen pre-existing conditions
and cause early death. The WHO reported a 125 million increase in heat wave exposure between 2000
and 2016 (24). Unfortunately, the current trend predicts that heat waves may become more frequent
and severe in the following decades (25). Global warming does not cause neurodegenerative
disorders, but it worsens dementia, AD, and PD symptoms. The intricate relationship between global
warming and the neurological system argues that climate change legislation must address both issues
simultaneously.

Current trends suggest heat waves will become more frequent and severe in the following
decades. Heat waves harmed over 125 million people between 2000 and 2016 (26). Heat exposure and
acclimatization impact monoaminergic neurotransmitters in the brain, which regulate
thermoregulation, food intake, and energy balance (27). Climate change interferes with sensory
inputs and reactions, affecting cognitive processes and the brain. Further, high temperatures affect
cognition, productivity, and work performance (28).

Buizza et al. (29) found a 25% correlation between global warming and three PD indices (deaths,
prevalence, and disability-adjusted life years) from 1990 to 2016 in 185 countries, with more
significant warming causing greater variations. High ambient temperatures may harm numerous
physiological systems, including animal behavior (19). Lu et al. (30) explored heat stress's effects on
brain inflammation. Heat-exposed mice experienced cognitive impairment, neurotoxicity, and
aberrant neurogenesis. The association between average monthly temperatures and nervous system
illness fatalities was researched in ten Japanese prefectures from January 1, 2010, to December 31,
2019. The study found that cooler temperatures increased nervous system illness mortality.
Parkinson's patients 85 and older were the only heat-related deaths (Lin et al., 2023). Liu et al. (31)
combined epidemiological literature to quantify the effects of high ambient temperatures and heat
waves on mental health-related mortality and morbidity while studying sources of variance. Their
data supports the hypothesis that heat waves and intense temperatures harm mental health. Warmer
climates are expected to worsen climate change.

NDDs are strongly linked to climate change-induced heat waves (32). Classical heat stroke
victims on a pilgrimage to Mecca showed cognitive impairment, with 29% entering a deep coma (33).
In the 1990s, a deadly heat stroke in Chicago caused delirium, lethargy, disorientation, seizures,
hypertonia, and hypotonia (34). In hospitalised people without neurological problems, heat stroke is
associated with long-term neuronal damage (35). A French longitudinal research followed 83 heat
stroke patients for two years. Six of the 27 survivors at one year had considerable functional
impairment. Twenty-one had moderate to severe functional impairments (36). A separate Swedish
research investigated 58 heat stroke victims. Of the 46 survivors, 35 had moderate to severe
neurological impairment (35). Heat waves may accelerate neurological diseases, especially in
dementia patients. Wei et al. (37) and Linares et al. (38) found that dementia hospital admissions
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increased with a 1.5°C increase in ambient temperature. Similarly, a 1°C temperature increase
increased Alzheimer's disease (AD)-related hospital admissions by 23.1% (39). Although there is no
empirical evidence linking elevated temperatures to PD, a retrospective study in Spain from 2001 to
2009 found an 11.47% increase in PD hospital admissions and a 12.11% increase in mortality rate
among PD patients after a temperature increase of 1°C above 34°C (38).

Heat stroke causes delirium, convulsions, and coma due to core body temperature > 40°C and
impaired CNS function (40). This condition may permanently damage neurons (41). Increased
cerebral temperature from brain ischemia worsens prognosis. Blocking the middle cerebral artery
(MCA) in monkeys elevated the ischemic penumbra temperature by 1.16°C, restricting tissue energy
and oxygen delivery (42). Hyperthermic rats following localized brain ischemia had greater mortality
and neurological impairments than normothermic controls (43). Keatinge et al. (44) found higher
intracranial hypertension and cerebral ischemia in heat stroke animals. Hyperthermia causes matrix
metalloproteinases to damage the basement membrane and microvasculature (45, 46). This increases
infarction volume after middle cerebral artery closure (46). Heat increases blood-brain barrier
permeability, reducing tPA benefits during ischemia. Edoema increases penumbra ischemia (43).
Excitotoxicity, widespread necrosis, and apoptotic cell death are the main pathogenic changes in heat
stroke-induced neurodegeneration (47; 48). At 41°C, rats were hyperthermic after lipopolysaccharide
injection and electric heater. A significant increase in neuronal cell death was found (47). Ultrahigh
temperatures impair cellular equilibrium, releasing calcium ions from the Golgi apparatus and
endoplasmic reticulum. This triggers calpain proteases and caspases, releasing lysosomal cathepsins
and killing the cell. Animals heated to 40°C had higher caspase-3 and lower Bcl-2 levels in their blood
samples (48). Heat stress is a major environmental factor that may activate ROS (49).

Heat stress increases mitochondrial superoxide anions and decreases superoxide dismutase one
mRNA and enzyme activity (50,51). This causes mitochondrial dysfunction, lipid oxidation, and
brain antioxidant dysfunction (52). Heat stress-induced oxidative stress may promote
neurodegeneration by hyperphosphorylating and aggregating tau proteins, which form
neurofibrillary tangles (53). Studies have revealed that temperatures exceeding 40°C may promote
amyloid fibril plaque development. Accelerated assembly and higher fibril binding affinity accelerate
aggregation (54). Chen et al. (55) developed an explanatory PD brain thermal regulation paradigm.
Mitochondrial malfunction causes neuroinflammatory stress and oxidative stress, according to this
concept. This cascade results from cell death, slower metabolism, and lower intraventricular
temperature. Elevated ambient temperatures may increase hospitalization, agitation, and death in
Parkinson's disease patients (56). High temperatures may cause heat stress, oxidative stress, and
excitotoxicity, especially in older people with weaker thermoregulatory systems and
neuroinflammatory processes (57; 19). Habibi et al. (32) found that heat stress degenerates neurons.
According to many studies, heat stress affects neurons, their axons, glia, and brain blood vessel
endothelial cells (58). Heat stress may cause heat stroke, dementia, stroke, migraine, and seizures
(26). A study on rats found that heat stress damages the blood-brain barrier (BBB), causing moderate
traumatic brain injury, hyperthermia, and long-term memory and learning deficits (59).

Due to prolonged heat stress, climatic changes in poor nations, notably Africa, worsen non-
communicable illnesses such as NDDs. This may worsen NDDs, according to prior research (19).
Climate change is associated with re-emerging diseases and viruses, including Dengue, Zika,
Chikungunya, West Nile, and Yellow Fever, which have serious neurological effects. The tropical
disease dengue affects 20% of people and causes neurological issues such as encephalitis and
encephalopathy (60; 61). Yellow fever may cause encephalitis, acute neuroinflammation, and
neuronal damage (62). The neurotropic West Nile virus may cause severe encephalitis in humans and
horses. This drug endangers newborns, elderly individuals, and those with weaker immune systems
(63). Microcephaly, cortical thinning, and vision impairment have been linked to Zika virus infection
during pregnancy. Zika may cause adult meningoencephalitis and Guillain-Barre syndrome (64).

3. Air pollution and PD
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The Global Burden of Disease Project estimated that air pollution killed 4.2 million people
worldwide in 2015 (65). The 2019 Europe Air Quality Report found that air pollutants caused 22,000
to 537,000 premature deaths in Europe, depending on the pollutant. Industrialization has increased
air pollution in recent decades (8; 66). Air pollution, especially particle matter, is strongly linked to
NDDs by producing invisible contaminants and neurotoxins into the atmosphere (67; 68).

Recent study suggests that ambient air pollution may raise the risk of Parkinson's disease (PD)
by causing systemic inflammation, oxidative stress, and brain damage (69). Fine particulate matter
may migrate to the brain via the olfactory system, which connects the nasal cavity to the brain (70) or
via the autonomic nervous system or circulation (71). In toxicological and pathological investigations
in extremely polluted Mexican cities, wild canines and youngsters had oxidative damage in their
olfactory bulbs (72, 73). Additionally, postmortem human brain tissues showed aberrant amyloid-{3,
hyperphosphorylated tau, and a-synuclein protein accumulations (74, 73). Furthermore, particulate
particles may enter the gastrointestinal system and alter the gut mucosa's physiological state. These
changes contribute to a-synuclein disease progression and microbiome disturbances (75). Similarly,
Kwon et al. (76) found that modeled long-term exposure to traffic-related air pollution (CO) and
multi-source fine particles (PM2.5) in central California residences and workplaces was linked with
an elevated risk of PD. Brain damage from air pollution and occupational exposure may contribute
to PD (77). Thus, urban tree restoration and preservation, green spaces, and green technology may
improve environmental quality and atmospheric conditions while reducing direct and indirect
pollution exposure. Brain hormone depletion must be reduced in all biogeographical cycles to
improve well-being.

4. Pesticides and PD

Pollution from global warming has degraded air quality and been associated with PD disorders
(78, 75). These chemicals, which are worsened by dirty air, may damage the brain (75) and increase
PD risk (79). Pesticides stay in the environment, which is problematic considering their extensive use.
Acute and chronic human toxicity (80) and significant environmental harm may result. Today's most
popular insecticides are organophosphorus (OP). Over 40 EPA-listed compounds make up these
mixes (81). About 70% of US pesticides are OPs (82) —73 million pounds. Both high- and low-income
countries worry about OP toxicity (83). OPs' acute toxicity comes from blocking cholinesterase
enzymes. Chronic Ops exposure may cause delayed neurotoxicity, developmental neurotoxicity, and
organ damage (82). OPs like malathion (O, Odimethyl dithiophosphate of diethyl mercaptosuccinate)
have several harmful effects (81). Malathion controls household insects and protects grain in
worldwide storage (83). This treatment also treats animal ectoparasites, head lice, and body lice.
Malaoxon, a bioactive malathion metabolite, promotes excitotoxicity, according to Acker et al. (84).
Numerous studies show that malathion is neurotoxic in humans and animals (85; 86). Malathion and
lead (Pb), another neurotoxicant, promote BBB permeability in comparable ways (87). New research
reveals that Malathion during breastfeeding caused biochemical brain alterations and oxidative stress
in rat pups. Malathion exposure in postnatal animals, including human neonates, has been linked to
motor coordination, vestibular function, and muscular strength/coordination impairments in rat
pups (84) and behavioral and morphological deformities in freshwater fish (88). Enzymes that
deactivate organophosphates may be reduced in afflicted youngsters during crucial development.
OP (containing Malathion) poisons by phosphorylating a serine residue in acetylcholinesterase
(AChE), leaving it inactive. AChE converts acetylcholine (ACh) to choline and acetate during
neurotransmission at cholinergic synapses (89).

Neurotransmitter system disruptions may cause neurodegeneration (90, 91). Toxic chemicals
may enter neurons with a similar neurotransmitter via transporters. Dopamine transporters allow 1-
Methyl-4-phenylpyridinium to enter neurons (92). Ball et al. (93) and Srivastav et al. (94) have linked
NDDs to heavy metals, pesticides, and illicit drugs. Organochlorines and carbamates are being
utilized globally. These chemicals may enter the body via the respiratory system, gastrointestinal
tract, skin, and water (95). Ocular exposure is rare. However, pesticides may enter the bloodstream
when chemicals accidentally touch the eyes or hands touch the eyes (96). Farmers and farmworkers
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are in danger of pesticide contamination. This group is directly exposed to these pollutants, whereas
others risk food contamination (97). Ingesting and inhaling pollutants causes soft tissue gene
expression patterns to deteriorate over time. Pesticides are one of the primary pollutants that may
alter the regulatory system, causing epigenetic alterations and illness (98). Pesticide-induced neuron
loss reduces cognitive and motor function (99). This relationship supports pesticide-related
neurodegeneration. Labs and chemical and solvent handling may also allow neurotoxic substances
to enter the body. The study conducted by Rosler et al. (100) confirmed that pesticide exposure is a
risk factor for PD in a community in Egypt. The presence of the rs1126680 variant in the BCHE gene
was shown to be associated with a reduced risk of PD, irrespective of exposure to pesticides.
Additionally, it was discovered that the K-variant BCHE had the effect of decreasing the serum
activity of butyrylcholinesterase, which is a recognized scavenger for pesticides. Therefore,
individuals of Egyptian descent who possess the K-variant BCHE gene have a heightened
susceptibility to Parkinson's disease when subjected to pesticide exposure (100).

5. Heavey Metals and PD

Chronic placental insufficiency (CPI), hypoxia, heavy metals, and hormonal shifts throughout
pregnancy might harm fetuses (101). It is generally known that fetal exposure during pregnancy may
affect long-term health (102). Research suggests that umbilical cord CPI (cord prolapse or
impairment) may obstruct the umbilicus in developing foetuses. Neurodegeneration and neonatal
synaptic malfunction may result from this blockage (103). There is little human research on
gestational or in-utero exposure and neurodegeneration. This lack of research restricts our
knowledge of which trimester of pregnancy may cause such problems and how they impact the
foetus. Mercury and lead exposure in umbilical cord blood during pregnancy has been demonstrated
to impair visual processing (104). The BBB's primary function is to keep heavy metals out of the brain
(105, 106). Metals are sequestered by metal-protein complexes, protecting mature tissue from metal
toxicity. Engwa et al. (107) and Jaishankar et al. (108) found that lead, aluminum, zinc, iron, copper,
and mercury from soil, water, and other environmental sources cause NDDs. However, the findings
are inconsistent, requiring more research to link neurometals to neurodegenerative diseases. Several
researches have linked high levels of aluminum in drinking water to Alzheimer's disease (AD), while
others have not (109, 110). Furthermore, radioactive chemicals in contaminated areas transferred
carbamate from the cornea to the retina via the aqueous humour. This supports the idea that
radionuclide and pesticide exposure may disrupt the ocular pathway [111].

Research has revealed that neurotoxicants may cause cognitive impairment, motor
abnormalities, changed mental states, neuroendocrine changes, and sensory impairments (112, 113).
Toxic chemicals that interrupt energy production harm the CNS and PNS, causing neurotoxicity. The
central nervous system (CNS) is mainly impacted, with neurological effects appearing seconds after
ingestion (114). Cyanide is known to impair mitochondrial complex IV cytochrome oxidase. The toxic
substance's effects on the neurological system may impair cellular respiration, neuron sensitivity, and
immunological response (101). The loss of neprilysin (NEP) and insulin-degrading enzyme (IDE)
efficiency causes lead build-up in brain tissue. NEP and IDE are essential to A Beta breakdown (115;
116).
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Figure 2. provides a comprehensive overview of the intersection between the fundamental
pathophysiological mechanisms resulting from global warming, air pollution, Heavy metals and
Pesticides that have a direct or indirect impact on PD.

6. Discussion and Insights

The etiology of late-onset sporadic Parkinson's disease (PD) is not yet fully understood, and it is
believed that PD is the outcome of many genetic and environmental factors, as well as their interplay,
within the context of age-related changes in the brain. Studying the environmental factors that
contribute to and influence the development of PD has significant academic significance due to many
compelling rationales. Initially, it is essential to note that late-onset sporadic PD is a condition that
requires a considerable amount of time to manifest. Consequently, when individuals get a diagnosis,
the neurodegenerative alterations have already progressed to a point where it is no longer feasible to
impede, halt, or reverse them. Hence, our efforts to combat PD are contingent upon the timely
detection and intervention of the illness, which, in turn, need a comprehensive comprehension of its
genesis and its impact on modifiable risk factors. Furthermore, while significant advancements have
been in identifying the genetic underpinnings of late-onset sporadic PD in recent years, it is essential
to note that these genetic discoveries may only account for a limited proportion of cases, and their
implications for disease prevention are not straightforward. However, it is essential to note that
during the prodromal stage of PD, many environmental variables may potentially contribute to the
onset and development of the disease (117). These factors might vary in their impact and timing,
thereby influencing the pathogenesis of PD and altering its course. It is a justifiable proposition to
posit that in a significant proportion, if not the whole, of instances involving the beginning of PD,
occurring later in life, environmental factors have a role in determining or altering the risk and age
at which PD symptoms manifest clinically. Regrettably, the identification of these components, the
delineation of their respective functions, and the quantification of their contributions remain elusive
now.

Additionally, in contrast to hereditary determinants, environmental influences provide the
possibility for modification, yielding significant implications for the prevention and treatment of PD.
In light of the accelerated expansion of elderly populations worldwide, PD has emerged as the
neurological disorder, seeing the most rapid rise in terms of both its prevalence and mortality rates
(15; 118). In addition to those above possible public health issue, emerging but inconclusive data
indicates a rising trajectory in the prevalence of PD over the last three decades (119). This trend
potentially signifies the involvement of environmental variables in the development of PD.
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Collectively, funding agencies and researchers in the field of PD must take immediate action to
investigate the role of environmental factors in the onset and progression of PD.

Over the last twenty years, researchers have successfully identified several environmental
variables that are linked to the likelihood of acquiring PD. Furthermore, the results related to the bulk
of these factors have shown a reasonable level of consistency across many studies (120). Plausible
biological theories have been offered for the majority of these correlations. Nevertheless, establishing
causal inference for these epidemiological data has proven challenging. In addition to limited and
sometimes conflicting experimental evidence, many of these epidemiological facts might be
potentially explained by reverse causation. This suggests that the development of PD before clinical
diagnosis may alter lifestyle and behavior, rather than the opposite causal relationship. There may
be exceptions about the use of certain insecticides. Other significant inquiries have yet to be
addressed, even in the realm of pesticides. Hence, while its significance and a substantial body of
research, our comprehension of the environmental factors that contribute to Parkinson's disease
remains nascent.

Lack of knowledge of the prodromal period of late-onset sporadic PD, which takes decades to
develop, makes it challenging to determine environmental factors contributing to the disease. The
disease development paradigm for PD may need decades of exposure to commence the pathogenic
process, which is typically unattainable in epidemiological investigations. Moreover, environmental
and genetic variables may influence PD progression during the prodromal stage for decades after
neurodegeneration begins. Thus, even epidemiological solid data, such as those from longitudinal
cohorts, may have alternate causes.

Climate change, air pollution, heavy metals, pesticide use and ingestion, detergents, chemicals
and solvents, and other industrial bio-products contribute to the global burden of diseases (GBD) in
many non-communicable illnesses, including PD (121, 122, 123). Breaching the blood-brain barrier
(BBB) disrupts CNS and PNS function (124). Climate change, which disrupts the body's
thermoregulation, may cause mental illness, according to Cheshire (125). A climate change study
predicts 250,000 more deaths yearly from 2030 to 2050. Aging, genetic susceptibility, behavioral
habits, environmental factors, and other neurological diseases have been linked to PD (126, 94).
Environmental jobs like blacksmithing and drinking metal-polluted well water may contribute to PD,
according to Oluwole et al. (126).

This article analyzes scientific facts to prove that environmental factors harm human health.
Global warming and pesticide contamination are known to cause PD and increase its symptoms.
Increased ambient temperatures promote acute cognitive impairment and worsen neurodegenerative
diseases over time (32, 35, 37). Global warming and pesticide contamination affect the cardiovascular
and cerebrovascular systems, creating a pro-thrombotic environment. These events cause brain
inflammation and programmed neuron and glial cell death. This, together with neurofibrillary
tangles and amyloid plaque deposition, increases the risk of neurodegenerative diseases (53, 54; 127).

Heat activates molecular pathways, causing functional decline in PD patients and older people
with thermoregulation issues. Additionally, several tracks may contribute to similar situations.
Temperature changes and epidemiological and molecular-level data might be linked to estimate
neurodegenerative disease incidence in places with different temperatures. Note that no conclusive
research links recent mean temperature changes to neurodegenerative disease prevalence. ,Data
gathering issues may affect the quality of life in poor nations like most AfrAbian ones.
Neurodegenerative disease data from 1990 to 2016 covers 195 countries (13). However, several
governments have gathered annual average climatic data from 1970 to the present. Still, climatic data
is very new and variable. Heat treatment and acclimatization boost heat shock protein (HSP)
expression, which may be used in climate change adaptation tactics (128). These therapies have
neuroprotective benefits in healthy and neurologically damaged people. Regular sauna bathers are
less likely to acquire dementia and AD (129). This discovery suggests that passive heating may
prevent neurodegenerative diseases. Due to the inability to conduct rigorous clinical research
without retrospective observations, the contrasting effects of chronic and acute thermal stress may
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occur within a temperature and duration range that has yet to be determined. This intriguing idea
needs further evidence.

AfrAbian PD case-control and cohort studies are lacking. Thus, the disease's environmental and
genetic risk factors are unknown. As shown (130), AfrAbians with PD and other mobility
impairments require the same healthcare as people in wealthy nations. Thus, AfrAbian data on drug
responsiveness, quality of life, survival, and other social and economic repercussions of PD are
limited. International cooperation may assist AfrAbian researchers in overcoming resource
constraints (money, people, and supplies). Genetic, archeological, and anthropological data suggest
modern humans originated in Africa 200,000 years ago (131). Linguistic, genomic, and archeological
data indicate that AfrAbia has more private alleles than anywhere else and a significant genetic
diversity. Thus, AfrAbia and Europe differ significantly in race and ethnicity. Due to considerable
environmental variability, AfrAbia communities have many cultural and phenotypic differences,
making them attractive for gene-environment studies. This might revolutionize biological research
by revealing gene-gene and gene-environment relationships. The quantity and scope of high-quality
PD prevalence studies in AfrAbia are lacking. researchNations must collaborate and share resources
and samples to recruit enough AfrAbian patients for genetic study. A centralized mutation screening
center for AfrAbian PD patients would boost genetics research in AfrAbia. Finding AfrAbia PD
families for whole exome sequencing may help find more PD genes. Time and money are required
to educate more AfrAbian neurologists and movement disorder experts.

We agree with Popejoy and Fullerton (132) that genetic diversity requires bottom-up and top-down
approaches. Genetic variation and socioeconomic and environmental variables should be considered
when setting research aims and designing robust studies. Community participation and healthcare
solutions attract underrepresented populations to scientific research. Due to the variability of PD,
genetic research on persons of different races and cultures is necessary. Genetic variety should be
linked with phenotypic description and inclusion criteria standardization to optimize study etiology.
Trans-ethnic fine-mapping and other analytic methods improve understanding. Funding
organisations should also give specialized resources, increase research participation for marginalised
communities, and communicate research findings to healthcare professionals and policymakers
(133). Ethical monitoring by culturally competent agents in disadvantaged populations, a well-
thought-out informed consent process, local rules, data protection, and value creation are essential
(134, 135). New regulations to protect indigenous people from genetic research abuse include the
Human Heredity and Health Guidelines for Community Engagement (136), the San Code of Ethics
(137), and the Navajo Nation's genetic research and data sharing policy (138). Research objectives,
financing, governance, and publishing criteria should also be widely available. A clear career
development strategy should be established to help younger academics write first-author or senior-
author publications instead of co-authoring multi-authored research (135). This might be done by
collaborating with higher-income nations or creating regional development plans with hubs.
International organizations help link economically impoverished countries with economically
prosperous ones via regional firms and collaborations. Journals and editors should better reflect
society on editorial boards by diversifying them. URP-centric versions with strict inclusion
requirements may be proposed. Finally, peer review must be done carefully to be productive,
effective, and inclusive.

7. Conclusions and Future Perspectives

The terms “exposome” and “neuroexposome” are especially intriguing for addressing repeated
exposures over time. Chris Wild used the term “exposome” over a decade ago to describe the sum of
environmental exposures a person experiences throughout their lifetime (139). Heffernan and Hare
(140) have expanded this paradigm to neurological illnesses. They suggested combining “omics”
technologies (e.g., genomes and metabolomics) with epidemiological surveys and clinical
examinations at all ages, considering brain characteristics like BBB permeability and neuron
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longevity. Despite its challenges, the exposome concept offers a theoretical framework for studying
environmental causes of PD and developing early interventions to prevent motor dysfunction.

AfrAbians believe environmental labor, such as mining gold and cobalt and drinking metal-
contaminated well water, may induce PD. Many hazardous human actions, such as cross-
contamination of dirty agro-allied sites and radioactive materials in contaminated areas, may increase
PD prevalence. Nevertheless, it is essential to acknowledge that exposure assessment, both in terms
of methodology and technology, must be complemented by developing novel approaches for data
analysis and interpretation. Additionally, it is crucial to establish rules that ensure the ethical sharing
of sensitive data in the AfrAbian context. Inhibiting disease-associated protein deposition, which
accelerates PD, may be a future treatment option. A molecular chaperone called heat shock protein
104 can do this. This strategy showed neuroprotective benefits by eliminating amyloid
conformations, pre-amyloid oligomer deposits, and precise activities (141).
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