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The global rise in Parkinson's disease: a critical analysis of causes and future directions
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Introduction

An important challenge in neurology today is the worldwide dramatic rise in Parkinson's disease (PD) incidence. Epidemic studies over the past few decades have revealed a concerning trend: PD is not only becoming more common due to aging populations but also increasing in age-adjusted analyses, implying that demographic changes by themselves cannot explain this surge (1, 2). This trend is both alarming and intellectually provocative—why is a disease first reported over two centuries ago now accelerating in frequency? The solution, I contend, is a complicated interaction of environmental, genetic, and lifestyle elements many of which have been magnified by modern industrialization. This paper calls for a paradigm change in how we approach PD prevention and research, critically reviews the data behind these possible causes, and identifies gaps in our understanding. I have provided a conceptual framework of the main environmental and lifestyle contributors to the rising incidence of PD in Figure 1.
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FIGURE 1
 A conceptual framework of environmental and lifestyle contributors to the rising PD incidence.




The aging population: an unfinished story

Unquestionably, aging is the main risk factor for PD; incidence rates sharply rise after the age of 60 (3). Particularly in high- and middle-income countries, the absolute number of PD cases will surely rise as world life expectancy rises. Still, this demographic justification falls short. In 2016, the global prevalence of PD was 6.1 million [95% uncertainty interval (UI), 5.0–7.3] (1) which has increased to 11.8 million (95% UI, 10.4–13.4) according to the 2021 global, regional, and national burden of disease study (2, 4). This increase was not solely due to an increase of the aging population, certainly age-standardized prevalence rates (per 1,000,000) show a stark picture, with an increase of 21.7% (95% UI, 18.1–25.3) between 1990–2016 and of 16.1% (95% UI, 13.8–18.5) between 2010–2021 (1, 2, 4). These studies, adjusting for age, show that PD cases are rising even in younger populations, suggesting that other, maybe modifiable elements are in play. We would expect rates to stabilize in nations with plateauing life expectancy if aging were the only factor; yet, this is not the case (5, 6). This discrepancy implies that other factors are actively increasing the risk even if aging prepares the ground for neurodegeneration.



Environmental toxins: the silent accelerants

Among the most convincing—and unsettling—justifications for the increase in PD is the explosion of environmental neurotoxins. Supported by both epidemiological and mechanistic studies, the link between pesticides including paraquat and rotenone and PD risk is among the best-documented in the field (7–9). Although it is banned in the EU and China, paraquat, an herbicide still used in many nations, has been repeatedly linked to PD in epidemiological research. According to a 2011 case-control study, those with PD had a positive association with paraquat exposure with an OR of 2.5 (95% CI, 1.4–4.7); the association rises even more in those with particular genetic susceptibilities (7). Another pesticide, rotenone, directly reduces the function of the mitochondrial complex I in ways that eerily match the biochemical dysfunction of PD (9). Exposing animal models to rotenone results in Lewy body-like inclusions and nigrostriatal degeneration, offering a direct experimental link between toxin exposure and PD pathology (8, 9). Still, regulatory responses have been utterly inadequate. Even as peer-reviewed studies mount, the Environmental Protection Agency (EPA) in the United States has regularly delayed action on paraquat. With the strongest links for paraquat, rotenone, and organochlorines such as dieldrin, a 2018 meta-analysis found that occupational exposure to pesticides raises PD risk by at least 5%−11% at 5 and 10 years of pesticide exposure, respectively (10). The latency between exposure and symptom onset complicates public awareness and lets these toxins stay in use while their neurological effects go unseen. Regulatory authorities have been slow to respond, sometimes citing inadequate “proof” of causality—a criterion almost impossible to satisfy in chronic, multifactorial diseases.

Once everywhere in dry cleaning, adhesives, and metal degreasing, trichloroethylene (TCE) has become another likely offender. Individuals with occupational TCE exposure had a six-fold increased risk of acquiring the disease, according a 2011 study of twins discordant for PD (11). More concerning still, TCE persists in soil and groundwater for years, so communities close to former industrial sites could be continuously exposed. Related solvent perchloroethylene (PCE) has also been linked to PD; evidence points to even low-level exposures over time possibly being sufficient to cause neurodegeneration (12). These compounds have long been used in industrial environments, which has produced a quiet reservoir of risk. For decades, TCE and PCE contaminated Camp Lejeune, a U.S. Marine Corps base, and later a ground-breaking study, published in 2023, found higher rates of PD among veterans housed there and reported a staggering 70% increase in the risk of PD for those exposed (13). These cases highlight the long-term effects of environmental neglect—exposures from the 1970s are only now showing up as illness. Certainly, research is complicated by the latency between exposure and symptom onset, but it also means we might be seeing only the start of a wave of poison-driven PD cases.

The impact of air pollution on PD is a newer but rapidly growing area of concern. Increased PD incidence in several epidemiological studies has been linked to fine particulate matter (PM2.5) and traffic-related pollutants. People living in areas with high PM2.5 levels had a 9% higher risk of PD compared to those in cleaner areas, according to a 2016 study in Denmark (14). Experimental studies point to airborne toxins causing systemic oxidative stress, promoting neuroinflammation and alpha-synuclein aggregation (15). Urbanism and industrialization are aggravating this issue. In fast developing nations like India and China, where air quality is often seriously compromised, PD incidence is rising in line with pollution levels (1, 16). Air pollution is an unavoidable exposure for billions of people unlike pesticides or solvents, making it a particularly insidious public health challenge.



Genetic susceptibility: a little actor in a big epidemic

Although genetic studies have found important mutations—e.g., in LRRK2, GBA, and SNCA that increase PD risk—these represent only a tiny portion of cases (17). The primacy of environmental and lifestyle factors is reinforced by the clear rise in PD incidence over just a few generations far exceeding any possible genetic drift. Said another way, gene-environment interactions remain a vital frontier. For instance, carriers of GBA mutations could be particularly sensitive to pesticide exposure, yet most research misses these complex interactions (18). Although monogenic forms of PD (e.g., SNCA, LRRK2, PRKN mutations) represent a minority of cases, polygenic risk is increasingly recognized as an important contributor. Recent GWAS have identified over 90 risk loci, suggesting a complex polygenic architecture involving lysosomal function, mitochondrial maintenance, and autophagy pathways (17, 19). Polygenic risk scores (PRS), aggregating common variants, now allow stratification of individuals at elevated lifetime risk, with predictive potential enhanced when combined with environmental exposure data (19). For example, LRRK2 G2019S carriers may show increased vulnerability to pesticide exposure, supporting a gene-environment synergy (20). Additionally, sex-specific genetic architectures are emerging, with differing heritability estimates and variant penetrance by gender (21). These advances argue for more integrative risk modeling, embracing both biological inheritance and environmental exposure. However, the overreliance on wide-ranging genome-wide association studies (GWAS) has, in my opinion, eclipsed the need of more complex models combining environmental exposure data with genetic risk profiling.



Factors of lifestyle: protection or illusion?

Among the most confusing results in PD epidemiology are the apparently protective effects of caffeine intake and smoking (22). Although these links have been repeated in several studies, suggesting smoking as a preventive tool is ethically and medically unacceptable. Whether nicotine's neuroprotective qualities or caffeine's modulating of adenosine receptors, the processes behind these connections remain hypothetical and not applicable in an ethical and widespread public health strategy against PD.

The data on diet and PD remain murky. While Mediterranean diets correlate with lower risk in observational studies (23), randomized trials are lacking. Urate, a potent antioxidant found in coffee and certain foods (e.g., organ meats, seafood), shows promise; higher serum and cerebrospinal fluid urate predicts slower PD progression in men (24). Yet urate-elevating therapies failed in clinical trials, illustrating the pitfalls of extrapolating from biomarkers to interventions (25).

Physical activity's protective role is less controversial, with meta-analyses linking regular exercise lower PD risk with a relative risk of 0.77 (95% CI, 0.70–0.8) (26). Exercise has no known negative effects, unlike caffeine or smoking; it also has pleiotropic effects for metabolic and cardiovascular health. Animal models show exercise increases brain-derived neurotrophic factor (BDNF) and mitochondrial biogenesis in the substantia nigra, so offsetting PD pathology (27, 28). Particularly striking is the dose-response relationship: a 2018 meta-analysis showed that for each 10 metabolic equivalent of task-hours/week increase of vigorous exercise the risk of PD decreased by 17% in men; such association was not found in women (29). For those with formerly inactive lifestyles, even starting midlife exercise seems to help (30). The reported sex discrepancy in the protective effects of physical activity, beneficial in men but not statistically significant in women, may arise from multiple interacting factors. Hormonal differences, particularly oestrogen's neuroprotective effects, may buffer PD risk in women independently of physical activity (31). Furthermore, differential reporting accuracy and activity intensity between sexes might bias results (32). Finally, neuroimaging studies suggest sex-based differences in dopaminergic system plasticity, which could modulate responsiveness to exercise (33). Clarifying these pathways is essential for tailoring preventive strategies in both sexes.



The gut-brain axis: a new frontier or a red herring?

Based on results of alpha-synuclein pathology in the enteric nervous system and changes in gut microbiota composition in PD patients, the theory that PD may start in the gut has acquired popularity (34). Though mostly hypothetical, the so-called “dual-hit” theory suggests that a pathogen or toxin passes via the vagus nerve into the brain (35). Although gut dysbiosis has been shown in animal studies to affect neuroinflammation, we still lack clear evidence that the gut microbiome starts PD in humans. With some researchers advocating early probiotics or fecal transplants as treatments, the current explosion of interest in this field runs the danger of outpacing the data. We desperately need thorough longitudinal studies, tracking the changes in microbiome years before PD starts in order to provide useful information regarding any potential links with its pathogenesis or future avenues of treatment.



Viral infections: an overlooked trigger?

The COVID-19 epidemic has sparked once more interest in viral causes of neurodegeneration. Historical reports of post-encephalitic parkinsonism following the 1,918 influenza epidemic point to viruses as indeed able to induce parkinsonian syndromes (36, 37). Available evidence revives these concerns; for instance, a 2015 study that included 131 PD participants found that IgG seropositivity to HSV-1 (p = 0.046), was significantly associated with PD after adjusting for age, gender, and education (38). In this study, logistic regression analysis showed that PD participants had a higher infectious burden (with both virus and bacteria) than controls with an OR of 1.86 (95% CI, 1.38–2.52) and an OR of 1.628 (95% CI, 1.05–2.53) for viral burden only (38). Similarly, infection with West Nile virus, influenza A, and herpesviruses has been associated with transient or permanent parkinsonian features (39, 40). SARS-CoV-2′s neuroinvasive potential, via the olfactory nerve or blood-brain barrier, can induce sustained neuroinflammation, oxidative stress, and α-synuclein upregulation (36, 41). In murine models, post-COVID brains show microglial activation and dopaminergic neuronal loss reminiscent of prodromal PD (36). Though longitudinal human data are scarce, a huge prospective follow-up of 236,379 COVID-19 survivors showed increased incidence of new-onset parkinsonism within 24 months, with an incidence of 0.11% (95% CI, 0.08–0.14) for the whole cohort and an incidence of 0.26% (95% CI, 0.15–0.45) for those admitted to the intensive care unit (42). These findings underscore the urgency of including viral history in PD risk modeling and biomarker research. Certainly, the more general question is if by priming neuroinflammatory pathways, viral infections could be silent contributors to PD risk. This field has not received enough attention partly because it is difficult to link past infections to later neurodegeneration.



Important knowledge gaps and a call to action

There are several obvious gaps in PD research at present. First, most environmental risk studies rely on retrospective designs (case-control), which are vulnerable to recall bias. An essential but logistically difficult solution could be prospective exposome studies, combining geospatial toxin data with biomarker analysis. Second, partly because geneticists and environmental epidemiologists sometimes operate in research silos, gene-environment interactions remain understudied. Third, although mechanistic studies in animal models have clarified possible pathways, their applicability to human PD is usually overstated.

I argue going forward for three fundamental changes in research priorities:

1. Policy-driven prevention: regulatory authorities have to apply a precautionary principle, limiting or outlawing high-risk chemicals even before absolute proof is found; even more so given the existence of significant evidence linking pesticides and industrial solvents to PD.

2. Incentivize longitudinal human studies: establishing causality requires extensive cohorts that can properly track environmental exposures, microbiome changes, and viral infections over decades. These types of studies should be incentivized by relevant academic agencies and scientific stakeholders.

3. Interdisciplinary collaboration: developing a unified model of PD pathogenesis will depend on breaking down boundaries between geneticists, environmental scientists, and clinicians to foster impactful interdisciplinary work.



Conclusion

Parkinson's disease's increasing prevalence is not an inevitable result of aging but rather a preventable crisis driven by modern living, industrialization, and environmental damage. Although studies have pointed up important risk factors, the field has been slow to apply these results into practical guidelines due to the lack of attention to this pressing issue. Scientists have to go beyond just recording correlations and, instead, support preventive actions and multidisciplinary work. Passive observation is over; the PD epidemic calls for an active response.



Author contributions

JL-R: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Resources, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. APC was covered by Universidad de las Américas (UDLA).



Conflict of interest

The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Dorsey ER, Elbaz A, Nichols E, Abbasi N, Abd-Allah F, Abdelalim A, et al. Global, regional, and national burden of Parkinson's disease, 1990–2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol. (2018) 17:939–53. doi: 10.1016/S1474-4422(18)30295-3

 2. Steinmetz JD, Seeher KM, Schiess N, Nichols E, Cao B, Servili C, et al. Global, regional, and national burden of disorders affecting the nervous system, 1990–2021: a systematic analysis for the Global Burden of Disease Study 2021. Lancet Neurol. (2024) 23:344–81. doi: 10.1016/S1474-4422(24)00038-3

 3. Reeve A, Simcox E, Turnbull D. Ageing and Parkinson's disease: why is advancing age the biggest risk factor? Ageing Res Rev. (2014) 14:19–30. doi: 10.1016/j.arr.2014.01.004

 4. Global Burden of Disease Collaborative Network. Global Burden of Disease Study 2021 (GBD 2021). Seattle, WA: Institute for Health Metrics and Evaluation (IHME). (2024). Available online at: https://www.healthdata.org/research-analysis/diseases-injuries-risks/factsheets/2021-parkinsons-disease-level-3-disease (accessed February 15, 2025).

 5. Ball N, Teo WP, Chandra S, Chapman J. Parkinson's disease and the environment. Front Neurol. (2019) 10:218. doi: 10.3389/fneur.2019.00218

 6. Pang SYY, Ho PWL, Liu HF, Leung CT, Li L, Chang EES, et al. The interplay of aging, genetics and environmental factors in the pathogenesis of Parkinson's disease. Transl Neurodegener. (2019) 8:23. doi: 10.1186/s40035-019-0165-9

 7. Tanner CM, Kamel F, Ross GW, Hoppin JA, Goldman SM, Korell M, et al. Rotenone, paraquat, and Parkinson's disease. Environ Health Perspect. (2011) 119:866–72. doi: 10.1289/ehp.1002839

 8. Rocha SM, Bantle CM, Aboellail T, Chatterjee D, Smeyne RJ, Tjalkens RB. Rotenone induces regionally distinct α-synuclein protein aggregation and activation of glia prior to loss of dopaminergic neurons in C57Bl/6 mice. Neurobiol Dis. (2022) 167:105685. doi: 10.1016/j.nbd.2022.105685

 9. Sherer TB, Betarbet R, Testa CM, Seo BB, Richardson JR, Kim JH, et al. Mechanism of toxicity in rotenone models of Parkinson's disease. J Neurosci. (2003) 23:10756–64. doi: 10.1523/JNEUROSCI.23-34-10756.2003

 10. Yan D, Zhang Y, Liu L, Shi N, Yan H. Pesticide exposure and risk of Parkinson's disease: dose-response meta-analysis of observational studies. Regul Toxicol Pharmacol. (2018) 96:57–63. doi: 10.1016/j.yrtph.2018.05.005

 11. Goldman SM, Quinlan PJ, Ross GW, Marras C, Meng C, Bhudhikanok GS, et al. Solvent exposures and Parkinson disease risk in twins. Ann Neurol. (2012) 71:776–84. doi: 10.1002/ana.22629

 12. Lock EA, Zhang J, Checkoway H. Solvents and Parkinson disease: a systematic review of toxicological and epidemiological evidence. Toxicol Appl Pharmacol. (2013) 266:345–55. doi: 10.1016/j.taap.2012.11.016

 13. Goldman SM, Weaver FM, Stroupe KT, Cao L, Gonzalez B, Colletta K, et al. Risk of Parkinson disease among service members at marine corps base camp Lejeune. JAMA Neurol. (2023) 80:673. doi: 10.1001/jamaneurol.2023.1168

 14. Ritz B, Lee PC, Hansen J, Lassen CF, Ketzel M, Sørensen M, et al. Traffic-related air pollution and Parkinson's disease in Denmark: a case–control study. Environ Health Perspect. (2016) 124:351–6. doi: 10.1289/ehp.1409313

 15. Calderón-Garcidueñas L, Azzarelli B, Acuna H, Garcia R, Gambling TM, Osnaya N, et al. Air pollution and brain damage. Toxicol Pathol. (2002) 30:373–89. doi: 10.1080/01926230252929954

 16. Saitoh Y, Mizusawa H. Current evidence for the association between air pollution and Parkinson's disease. Ann Indian Acad Neurol. (2022) 25:S41–6. doi: 10.4103/aian.aian_62_22

 17. Blauwendraat C, Nalls MA, Singleton AB. The genetic architecture of Parkinson's disease. Lancet Neurol. (2020) 19:170–8. doi: 10.1016/S1474-4422(19)30287-X

 18. Vance JM, Ali S, Bradley WG, Singer C, Di Monte DA. Gene–environment interactions in Parkinson's disease and other forms of parkinsonism. Neurotoxicology. (2010) 31:598–602. doi: 10.1016/j.neuro.2010.04.007

 19. Iwaki H, Blauwendraat C, Leonard HL, Liu G, Maple-Grødem J, Corvol JC, et al. Genetic risk of Parkinson disease and progression: an analysis of 13 longitudinal cohorts. Neurol Genet. (2019) 5:e348. doi: 10.1212/NXG.0000000000000354

 20. Goldman SM, Kamel F, Ross GW, Bhudhikanok GS, Hoppin JA, Korell M, et al. Genetic modification of the association of paraquat and Parkinson's disease. Mov Disord. (2012) 27:1652–8. doi: 10.1002/mds.25216

 21. Nicoletti A, Baschi R, Cicero CE, Iacono S, Re VL, Luca A, et al. Sex and gender differences in Alzheimer's disease, Parkinson's disease, and Amyotrophic Lateral Sclerosis: a narrative review. Mech Ageing Dev. (2023) 212:111821. doi: 10.1016/j.mad.2023.111821

 22. Ascherio A, Schwarzschild MA. The epidemiology of Parkinson's disease: risk factors and prevention. Lancet Neurol. (2016) 15:1257–72. doi: 10.1016/S1474-4422(16)30230-7

 23. Maraki MI, Yannakoulia M, Stamelou M, Stefanis L, Xiromerisiou G, Kosmidis MH, et al. Mediterranean diet adherence is related to reduced probability of prodromal Parkinson's disease. Mov Disord. (2019) 34:48–57. doi: 10.1002/mds.27489

 24. Ascherio A. Urate as a predictor of the rate of clinical decline in Parkinson disease. Arch Neurol. (2009) 66:1460. doi: 10.1001/archneurol.2009.247

 25. The Parkinson Study Group SURE-PD3 Investigators, Bluett B, Togasaki DM, Mihaila D, Evatt M, Rezak M, et al. Effect of urate-elevating inosine on early Parkinson disease progression: the SURE-PD3 randomized clinical trial. JAMA. (2021) 326:926. doi: 10.1001/jama.2021.10207

 26. Jiang Y, Zhang S, Chen Y, Wang H, He X, Bin C, et al. Physical activity and risk of Parkinson's disease: an updated systematic review and meta-analysis. J Neurol. (2024) 271:7434–59. doi: 10.1007/s00415-024-12672-y

 27. Palasz E, Niewiadomski W, Gasiorowska A, Wysocka A, Stepniewska A, Niewiadomska G. Exercise-induced neuroprotection and recovery of motor function in animal models of Parkinson's disease. Front Neurol. (2019) 10:1143. doi: 10.3389/fneur.2019.01143

 28. Revelo Herrera SG, Leon-Rojas JE. The effect of aerobic exercise in neuroplasticity, learning, and cognition: a systematic review. Cureus. (2024) 16:e54021. doi: 10.7759/cureus.54021

 29. Fang X, Han D, Cheng Q, Zhang P, Zhao C, Min J, et al. Association of levels of physical activity with risk of Parkinson disease: a systematic review and meta-analysis. JAMA Netw Open. (2018) 1:e182421. doi: 10.1001/jamanetworkopen.2018.2421

 30. Thacker EL, Chen H, Patel AV, McCullough ML, Calle EE, Thun MJ, et al. Recreational physical activity and risk of Parkinson's disease. Mov Disord. (2008) 23:69–74. doi: 10.1002/mds.21772

 31. Gillies GE, Pienaar IS, Vohra S, Qamhawi Z. Sex differences in Parkinson's disease. Front Neuroendocrinol. (2014) 35:370–84. doi: 10.1016/j.yfrne.2014.02.002

 32. Troiano RP, Berrigan D, Dodd KW, Mâsse LC, Tilert T, McDowell M. Physical activity in the United States measured by accelerometer. Med Sci Sports Exerc. (2008) 40:181–8. doi: 10.1249/mss.0b013e31815a51b3

 33. Becker JB, Chartoff E. Sex differences in neural mechanisms mediating reward and addiction. Neuropsychopharmacology. (2019) 44:166–83. doi: 10.1038/s41386-018-0125-6

 34. Scheperjans F, Aho V, Pereira PAB, Koskinen K, Paulin L, Pekkonen E, et al. Gut microbiota are related to Parkinson's disease and clinical phenotype. Movement Disorders. (2015) 30:350–8. doi: 10.1002/mds.26069

 35. Claudino Dos Santos JC, Oliveira LF, Noleto FM, Gusmão CTP, Brito GADC, Viana GSDB. Gut-microbiome-brain axis: the crosstalk between the vagus nerve, alpha-synuclein and the brain in Parkinson's disease. Neural Regen Res. (2023) 18:2611–4. doi: 10.4103/1673-5374.373673

 36. Smeyne RJ, Eells JB, Chatterjee D, Byrne M, Akula SM, Sriramula S, et al. COVID-19 infection enhances susceptibility to oxidative stress–induced parkinsonism. Mov Disord. (2022) 37:1394–404. doi: 10.1002/mds.29116

 37. Henry J, Smeyne RJ, Jang H, Miller B, Okun MS. Parkinsonism and neurological manifestations of influenza throughout the 20th and 21st centuries. Parkinsonism Relat Disord. (2010) 16:566–71. doi: 10.1016/j.parkreldis.2010.06.012

 38. Bu XL, Wang X, Xiang Y, Shen LL, Wang QH, Liu YH, et al. The association between infectious burden and Parkinson's disease: a case-control study. Parkinsonism Relat Disord. (2015) 21:877–81. doi: 10.1016/j.parkreldis.2015.05.015

 39. Maramattom BV, Philips G. Acute parkinsonism with west Nile virus infection. Ann Indian Acad Neurol. (2023) 26:801–3. doi: 10.4103/aian.aian_539_23

 40. Cocoros NM, Svensson E, Szépligeti SK, Vestergaard SV, Szentkúti P, Thomsen RW, et al. Long-term risk of Parkinson disease following influenza and other infections. JAMA Neurol. (2021) 78:1461–70. doi: 10.1001/jamaneurol.2021.3895

 41. Matschke J, Lütgehetmann M, Hagel C, Sperhake JP, Schröder AS, Edler C, et al. Neuropathology of patients with COVID-19 in Germany: a post-mortem case series. Lancet Neurol. (2020) 19:919–29. doi: 10.1016/S1474-4422(20)30308-2

 42. Taquet M, Geddes JR, Husain M, Luciano S, Harrison PJ. 6-month neurological and psychiatric outcomes in 236 379 survivors of COVID-19: a retrospective cohort study using electronic health records. Lancet Psychiatry. (2021) 8:416–27. doi: 10.1016/S2215-0366(21)00084-5

Copyright
 © 2025 Leon-Rojas. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		The global rise in Parkinson's disease: a critical analysis of causes and future directions



		Introduction



		The aging population: an unfinished story



		Environmental toxins: the silent accelerants



		Genetic susceptibility: a little actor in a big epidemic



		Factors of lifestyle: protection or illusion?



		The gut-brain axis: a new frontier or a red herring?



		Viral infections: an overlooked trigger?



		Important knowledge gaps and a call to action



		Conclusion



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Public Health

The global rise in Parkinson’s
disease: a critical analysis of
causes and future directions





OPS/images/fpubh-13-1606732-g001.gif
Environmental and Lifestyle Contributors
e
pestides | ([ rpotuton | (Vislintstons

Mecharisms












OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Public Health







