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Editorial on the Research Topic
 Exercise and neuroplasticity in Parkinson disease




Historically, exercise was believed to be a waste of time, or even harmful, by increasing the amount of underlying muscle tone. Little research was conducted. Consequently, limited progress was made in our understanding of the interplay between exercise and the degenerative brain process in rehabilitation of individuals living with Parkinson's disease (PD). In the last decade, epidemiologic evidence has established an association between the amount of physical activity and risk of PD (primary prevention) (1); supports a disease-modifying secondary prevention role (2); provides plausible rationale of exercise for symptomatic relief (i.e., tertiary prevention), highlighting the pivotal role of exercise (2).

Although a neuroprotective or neurorestorative disease-altering role of exercise for individuals at all stages of PD remains controversial and mysterious (3, 4), an inflection point has occurred that will lead us into a new generation.


We are entering a new era

Growth in the number of scientific studies on effect of exercise on PD clinical progression (5–7), as assessed in the off-medication state by the widely used Movement Disorders Society-Unified Parkinson's Disease Rating Scale (MDS-UPDRS motor section), has been noted over the past decade. Frazzitta et al. (8) were among the first to use a randomized controlled trial design to hypothesize an interplay between intensive physical exercise and endogenous production of brain-derived neurotrophic factor, with positive effect on MDS-UPDRS, in the rehabilitation of human PD. Meta-analytic evidence supports this hypothesis (9, 10).

Using a case study design of a single runner with PD assessed by DaTSCAN (Ioflupane i 123) 3 days before and 3 days after running a 100 km ultramarathon race, Daviet et al. (11) reported longitudinal improvement in bilateral posterior putamen-caudate nucleus dopamine transporter (DAT) binding (DAT is a protein critical in maintaining intracellular dopamine storage in the substantia nigra). Interestingly, following the race, the authors point out that the patient was able to eliminate his levodopa pills and benserazide, a peripheral decarboxylase inhibitor that increases the amount of levodopa crossing the blood-brain barrier and its subsequent conversion to dopamine. Similarly, in 2013, Fisher et al. reported elevated striatal dopamine D2 receptor binding potential after treadmill exercise in 2 patients with early PD (12). Using data from the Parkinson Progressive Markers Initiative, Shih et al. reported a positive significant mediating effect of physical activity in the relationship between DAT in the caudate and putamen separately and PD global cognition (13). Sacheli et al. reported exercise-induced increase in caudate dopamine release and ventral striatal activation as measured by positron emission tomography in participants with mild to moderate idiopathic PD after 3 months of aerobic cycling using a stationary ergometer (14). Using resting state and functional MRI Johansson et al. found remotely supervised exercise involving cycling on a stationary bike with “exergaming” features 3 days per week over the 6-month course of the Park-in-Shape aerobic exercise trial increased cognitive control, functional connectivity of the anterior putamen with the sensorymotor cortex, right fronto-parietal network, and reduced global brain atrophy, possibly stabilizing disease progression (15). Finally, de Laat et al. (16) evaluated the effects of a 6-month high-intensity interval training program mirroring the ParkFit exercise program (17) in 13 high functioning participants with mild bilateral PD with intact cognition and no significant mood disturbances. Using PET in an uncontrolled proof-of-concept design with MRI assessment for neuromelanin (a hallmark of PD pathology), the authors report exercise-induced “reversal [of an] expected decrease in DAT availability in substantia nigra and putamen” (16). In addition, a significant increase in the neuromelanin signal in the substantia nigra was observed, which was interpreted by the authors as likely reflecting “improved metabolic/synthetic functionality in the remaining dopaminergic neurons post-exercise” (16). Taken together, the evidence on exercise-induced neuroplastic effects and its underlying mechanisms in people with PD is in its early infancy but does point in a positive direction.

The current Research Topic adds to this positive direction with research and scholarship on exercise and neuroplasticity among 259 participants with PD by five research teams in 3 countries:

San Martin Valenzuela et al. provide a randomized controlled trial protocol to evaluate markers of motor imagery to improve PD gait among 88 participants with idiopathic PD.

Rotondo et al. employ a pilot, prospective, observational cohort study design to evaluate dosing effects of exercise on peripheral biomarkers, neurotrophins, Insulin-like growth factor-1 or Irisin, and possible downstream neuroplasticity brain connectivity mechanisms among 30 participants with mild to moderate PD.

Lombardi et al. provide a randomized controlled trial protocol to evaluate the effect of intensive treadmill training on prognostic biomarkers associated with blood-derived extracellular vesicles among 48 participants with mild to moderate PD with gait disturbance.

Luo et al. provide a trial protocol to assess the effect of Yijnjing exercise on prefrontal cerebral and sensorimotor cortex blood oxygen signal level among 96 eligible participants with PD.

Zikerya et al. review evidence supporting dopamine depletion as the basis for dysfunctional goal-directed and habitual basal ganglia control circuitry.

“Thank you” to these teams for reminding us that optimal exercise prescription can only be obtained if we look more deeply and think beyond motor function.



We need to make this a “we” journey and not a “me” journey

We emphasize that exercise-neuroplasticity is a young science still in its early infancy, very open to exploration. Much still remains to be discovered and we need to work together and remain humble. How will we get to new therapies? We don't understand the critical steps at play in PD. Can the appropriate exercise regimen slow or perhaps even halt disease progression? Big questions cannot be answered by individuals. Increasingly, a team science approach is adopted. We hope the current Research Topic promotes a more radical team science approach, greater collaboration among patient-scientist-clinician in which people with PD are empowered as “partners” or “colleagues” rather than mere “objects” or “subjects” of research. We need hard work to gain insight into the potential of physical exercise as a disease modifying treatment and not handwaving about the degenerative process. So how about we get busy!



Author contributions

MH: Writing – original draft, Writing – review & editing. UD: Writing – review & editing. EW: Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Conflict of interest

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



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. 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

 2. Langeskov-Christensen M, Franzén E, Grøndahl Hvid L, Dalgas U. Exercise as medicine in Parkinson's disease. J Neurol Neurosurg Psychiatry. (2024) 95:1077–88. doi: 10.1136/jnnp-2023-332974

 3. Hirsch MA, Farley BG. Exercise and neuroplasticity in persons living with Parkinson's disease. Eur J Phys Rehabil Med. (2009) 5:215–29.

 4. Ahlskog JE. Does vigorous exercise have a neuroprotective effect in Parkinson disease? Neurology. (2011) 77:288–94. doi: 10.1212/WNL.0b013e318225ab66

 5. Rosenfeldt AB, Miller Koop M, Penko AL, Hastilow K, Zimmerman E, Schindler D, et al. Community-based high-intensity cycling improves disease symptoms in individuals with Parkinson's disease: a six-month pragmatic observational study. Health Soc Care Community. (2022) 30:e6122–34. doi: 10.1111/hsc.14049

 6. van der Kolk NM, de Vries NM, Kessels RPC, Joosten H, Zwinderman AH, Post B, et al. Effectiveness of home-based and remotely supervised aerobic exercise in Parkinson's disease: a double-blind, randomised controlled trial. Lancet Neurol. (2019) 18:998–1008. doi: 10.1016/S1474-4422(19)30285-6

 7. Duncan RP, Earhart GM. Randomized controlled trial of community-based dancing to modify disease progression in Parkinson disease. Neurorehabil Neural Repair. (2012) 26:132–43. doi: 10.1177/1545968311421614

 8. Frazzitta G, Maestri R, Ghilardi MF, Riboldazzi G, Perini M, Bertotti G, et al. Intensive rehabilitation increases BDNF serum levels in parkinsonian patients: a randomized study. Neurorehabil Neural Repair. (2014) 28:163–8. doi: 10.1177/1545968313508474

 9. Hirsch MA, van Wegen EEH, Newman MA, Heyn PC. Exercise-induced increase in brain-derived neurotrophic factor in human Parkinson's disease: a systematic review and meta-analysis. Transl Neurodegener. (2018) 7:7. doi: 10.1186/s40035-018-0112-1

 10. Kaagman DGM, van Wegen EEH, Cignetti N, Rothermel E, Vanbellingen T, Hirsch MA. Effects and mechanisms of exercise on brain-derived neurotrophic factor (BDNF) levels and clinical outcomes in people with Parkinson's disease: a systematic review and meta-analysis. Brain Sci. (2024) 14:194. doi: 10.3390/brainsci14030194

 11. Daviet JC, Roy X, Quelven-Bertin I, Jallageas R, Mandigout S, Torny F, et al. Parkinson's patient runs an ultra marathon: a case report. Eur J Phys Rehabil Med. (2014) 50:447–51.

 12. Fisher BE, Li Q, Nacca A, Salem GJ, Song J, Yip J, et al. Treadmill exercise elevates striatal dopamine D2 receptor binding potential in patients with early Parkinson's disease. Neuroreport. (2013) 24:509–14. doi: 10.1097/WNR.0b013e328361dc13

 13. Shih CH, Moore K, Browner N, Sklerov M, Dayan E. Physical activity mediates the association between striatal dopamine transporter availability and cognition in Parkinson's disease. Parkinsonism Relat Disord. (2019) 62:68–72. doi: 10.1016/j.parkreldis.2019.01.027

 14. Sacheli MA, Neva JL, Lakhani B, Murray DK, Vafai N, Shahinfard E, et al. Exercise increases caudate dopamine release and ventral striatal activation in Parkinson's disease. Mov Disord. (2019) 34:1891–900. doi: 10.1002/mds.27865

 15. Johansson ME, Cameron IGM, Van der Kolk NM, de Vries NM, Klimars E, Toni I, et al. Aerobic exercise alters brain function and structure in Parkinson's disease: a randomized controlled trial. Ann Neurol. (2022) 91:203–16. doi: 10.1002/ana.26291

 16. de Laat B, Hoye J, Stanley G, Hespeler M, Ligi J, Mohan V, et al. Intense exercise increases dopamine transporter and neuromelanin concentrations in the substantia nigra in Parkinson's disease. NPJ Parkinsons Dis. (2024) 10:34. doi: 10.1038/s41531-024-00641-1

 17. Speelman AD, van Nimwegen M, Bloem BR, Munneke M. Evaluation of implementation of the ParkFit program: a multifaceted intervention aimed to promote physical activity in patients with Parkinson's disease. Physiotherapy. (2014) 100:134–41. doi: 10.1016/j.physio.2013.05.003

Copyright
 © 2025 Hirsch, Dalgas and van Wegen. 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



		Editorial: Exercise and neuroplasticity in Parkinson disease



		We are entering a new era



		We need to make this a “we” journey and not a “me” journey



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in

Editorial: Exercise and
neuroplasticity in Parkinson
disease











OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Neurology







