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Editorial on the Research Topic

Role of Diet, Physical Activity and Immune System in Parkinson’s Disease

It is believed that Parkinson’s disease (PD) may originate outside of the central nervous system
and converging evidence strongly suggests that gastrointestinal tract (GI) tract may be a critical
system in PD pathogenesis. (a) The GI tract is the largest surface area and point of entry for
environmental factors to interact with the host. (b) The microbiota that inhabit the GI tract are
profoundly impacted by environmental factors including those that are known to be risk factors
for PD pathogenesis such as high fat, high sugar/low fiber Western diet, and lack of physical
activity [Jackson et al., (1)]. (c) GI tract dysfunction such as constipation is commonly observed
in PD patients and often occurs decades before PD diagnosis and an abnormal microbiota (i.e.,
dysbiosis) is observed with those with constipation (2). (d) A pathological hallmark of PD, α-
synuclein misfolding and aggregation, is thought to be a consequence of inflammation and the
source of that inflammation could be the microbiota. Indeed, the intestinal microbiota (especially
a pro-inflammatory, dysbiotic microbiota) can activate intestinal mucosal, systemic, and brain
immune systems, which can culminate in neuroinflammation (3). (e) PD patients have microbiota
dysbiosis with low levels of anti-inflammatory short chain fatty acids (SCFA) and high levels of
pro-inflammatory lipopolysaccharide (LPS) (4, 5). (f) The GI tract is continuously inundated with
a high antigenic load resulting from exposure to pathogens, pathobionts, and commensal bacteria
leading to chronic mucosal immune activation (6). A combination of pro-inflammatory dysbiotic
microbiota and exaggerated mucosal immune activation due to intestinal leak in PD appears to
be the underlying mechanism of intestinal inflammation in PD. Examination of colonic biopsy
tissue from PD patients demonstrate high levels of pro-inflammatory cytokines (TNFα, IL-1β,
IFNγ, IL-5) (7). Production of these cytokines is important because co-culture of autologous Th17
cells with dopaminergic neurons showed that Th17 cell production of IL-17A damage DA neurons
resulting in cell death (8). GI tract inflammation is a feature associated with PD, even during early
stages of the disease, and this mucosal immune activation/inflammation may trigger and/or sustain
neuroinflammation is required for α-synuclein aggregation and loss of dopaminergic neurons
in PD. Taken together, these findings provide compelling evidence to support the view that the
dysbiotic intestinal microbiota is a trigger and/or enabler for the sustained neuroinflammation that
can initiate and/or promote PD pathogenesis.

Among the lifestyle factors most strongly implicated in PD pathogenesis are diet and physical
activity. Consumption of a Western diet is a risk factor for PD whereas diets high in fiber are
associated with reduced risk. While diet has many effects on the body (e.g., omega-3-fatty acids,
polyphenols), diet robustly impacts the intestinal microbiota. Consumption of a Western diet
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promotes pro-inflammatory intestinal microbiota dysbiosis,
characterized by a high relative abundance of LPS-containing
bacteria and low relative abundance of SCFA-producing bacteria
(4), which can promote neuroinflammation. Additionally,
there is a growing body of evidence that physical activity
reduces the risk of developing PD (9) and ameliorates
Parkinsonism symptoms (10–15), and quality of life (16).
Imaging studies demonstrate that exercise is associated with
greater release of DA in the ventral and dorsal striatum,
increases neurotrophin levels, improves vascularization,
facilitates synaptogenesis, reduces inflammation, and reduces
disordered protein deposition (15). It is not clear how physical
activity mediates these beneficial effects on PD patients,
but it may include changes in the microbiota. For example,
physical activity is associated with a reduction in pro-
inflammatory LPS-containing bacteria and an increase in
SCFA-producing bacteria. It is possible that both diet and
physical activity via changes in the microbiota modulate
neuroinflammation and PD pathogenesis via changes in
immune function.

How does dysbiotic microbiota trigger/promote
neuroinflammation? The microbiota has many features that
can influence inflammation, but compelling evidence indicates
that low SCFA and high LPS [via binding to toll like 4 receptor
(TLR) leading to activation of the NLRP3 inflammasome] are
important. SCFA are thought to be anti-inflammatory with
an inverse relationship observed between SCFA levels and
pro-inflammatory cytokines such as IL-6, IL-12, and TNF-α (17).
SCFA can cross the blood brain barrier and microglia (resident
immune cells in the brain) are influenced by SCFA (18). SCFA
(especially butyrate) are essential for health of intestinal colonic
epithelial cells (19) and low SCFA are associated with disrupted
intestinal barrier with a concurrent increase in LPS in the
systemic circulation (20). There is also a substantial amount of

data demonstrating the importance of the LPS-induced NLRP3
inflammasome activation in PD (21). Activation of the NLRP3
inflammasome following exposure to microbial (e.g., LPS or
damage-associated stimuli) induces robust inflammation (e.g.,
production of IL-1β). NLRP3 levels increase in response to
factors such as consumption of a Western diet and it could be
that this primes the immune system to respond to increased LPS
(as is the case of microbiota dysbiosis) (22). These mechanisms
(and others) might be the underlying mechanism for impact
of the diet and physical activity on PD pathogenesis and
disease course.

This special issue will present evidence demonstrating the
critical role of the intestinal microbiota and the immune system
in PD pathogenesis, as well as how diet and physical exercise
might impact PD disease course (via a mechanism including an
altered microbiota). This special issue highlights the potential
importance of the bi-directional relationship of the brain and
intestinal microbiota and microbiota/immune system in PD
underscoring the need to better understand the microbiota-
gut-brain axis in PD in order to identify potential therapeutic
target(s) to design scientifically-based, gut/microbiota-directed
disease modifying therapeutics to prevent and/or treat PD and
positively impact PD disease course.

AUTHOR CONTRIBUTIONS

GA conceived the idea of this topic and managed most of
the reviews. Consequently, he developed a first draft of this
contribution, reporting the highlights of the topic, and gave
specific aspects about physical activity. AK supervised this work
and gave a significant contribution about the role of GA.
SA supervised the contribution and offered specific aspects
about immune system. All authors discussed the results and
contributed to the final manuscript.

REFERENCES

1. Mailing LJ, Allen JM, Buford TW, Fields CJ, Woods JA. Exercise and

the gut microbiome: a review of the evidence, potential mechanisms,

and implications for human health. Exerc Sport Sci Rev. (2019) 47:75–

85. doi: 10.1249/JES.0000000000000183

2. 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

3. Sampson TR, Debelius JW, Thron T, Janssen S, Shastri GG,

Ilhan ZE, et al. Gut microbiota regulate motor deficits and

neuroinflammation in a model of parkinson’s disease. Cell. (2016)

167:1469–80.e12. doi: 10.1016/j.cell.2016.11.018

4. Keshavarzian A, Green SJ, Engen PA, Voigt RM, Naqib A, Forsyth CB, et al.

Colonic bacterial composition in Parkinson’s disease. Mov Disord. (2015)

30:1351–60. doi: 10.1002/mds.26307

5. Unger MM, Spiegel J, Dillmann KU, Grundmann D, Philippeit H, Bürmann J,

et al. Short chain fatty acids and gut microbiota differ between patients with

Parkinson’s disease and age-matched controls. Parkinsonism Relat Disord.

(2016) 32:66–72. doi: 10.1016/j.parkreldis.2016.08.019

6. Sun M, He C, Cong Y, Liu Z. Regulatory immune cells in regulation of

intestinal inflammatory response to microbiota. Mucosal Immunol. (2015)

8:969–78. doi: 10.1038/mi.2015.49

7. Villumsen M, Aznar S, Pakkenberg B, Jess T, Brudek T. Inflammatory bowel

disease increases the risk of Parkinson’s disease: a Danish nationwide cohort

study 1977-2014. Gut. (2019) 68:18–24. doi: 10.1136/gutjnl-2017-315666

8. Sampson TR, Mazmanian SK. Control of brain development, function,

and behavior by the microbiome. Cell Host Microbe. (2015) 17:565–

76. doi: 10.1016/j.chom.2015.04.011

9. Ahlskog JE. Aerobic exercise: evidence for a direct

brain effect to slow parkinson disease progression. Mayo

Clin Proc. (2018) 93:360–72. doi: 10.1016/j.mayocp.2017.

12.015

10. Ridgel AL, Peacock CA, Fickes EJ, Kim CH. Active-assisted cycling improves

tremor and bradykinesia in Parkinson’s disease.Arch PhysMed Rehabil. (2012)

93:2049–54. doi: 10.1016/j.apmr.2012.05.015

11. Allen NE, Sherrington C, Paul SS, Canning CG. Balance and falls in

Parkinson’s disease: a meta-analysis of the effect of exercise and motor

training.Mov Disord. (2011) 26:1605–15. doi: 10.1002/mds.23790

12. Hackney ME, Earhart GM. Effects of dance on gait and

balance in Parkinson’s disease: a comparison of partnered and

nonpartnered dance movement. Neurorehabil Neural Repair. (2010)

24:384–92. doi: 10.1177/1545968309353329

13. Murray DK, Sacheli MA, Eng JJ, Stoessl AJ. The effects of exercise on

cognition in Parkinson’s disease: a systematic review. Transl Neurodegener.

(2014) 3:5. doi: 10.1186/2047-9158-3-5

Frontiers in Neurology | www.frontiersin.org 2 December 2020 | Volume 11 | Article 611349

https://doi.org/10.1249/JES.0000000000000183
https://doi.org/10.1016/S1474-4422(16)30230-7
https://doi.org/10.1016/j.cell.2016.11.018
https://doi.org/10.1002/mds.26307
https://doi.org/10.1016/j.parkreldis.2016.08.019
https://doi.org/10.1038/mi.2015.49
https://doi.org/10.1136/gutjnl-2017-315666
https://doi.org/10.1016/j.chom.2015.04.011
https://doi.org/10.1016/j.mayocp.2017.12.015
https://doi.org/10.1016/j.apmr.2012.05.015
https://doi.org/10.1002/mds.23790
https://doi.org/10.1177/1545968309353329
https://doi.org/10.1186/2047-9158-3-5
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Albani et al. Editorial: Diet Physical Immune Activity PD

14. Abrantes AM, Friedman JH, Brown RA, Strong DR, Desaulniers J, Ing E,

et al. Physical activity and neuropsychiatric symptoms of Parkinson disease. J

Geriatr Psychiatry Neurol. (2012) 25:138–45. doi: 10.1177/0891988712455237

15. Intlekofer KA, Cotman CW. Exercise counteracts declining hippocampal

function in aging and Alzheimer’s disease. Neurobiol Dis. (2013) 57:47–

55. doi: 10.1016/j.nbd.2012.06.011

16. Cruise KE, Bucks RS, Loftus AM, Newton RU, Pegoraro R, Thomas MG.

Exercise and Parkinson’s: benefits for cognition and quality of life.Acta Neurol

Scand. (2011) 123:13–9. doi: 10.1111/j.1600-0404.2010.01338.x

17. Luk KC, Kehm VM, Zhang B, O’Brien P, Trojanowski JQ, Lee VM.

Intracerebral inoculation of pathological alpha-synuclein initiates a rapidly

progressive neurodegenerative alpha-synucleinopathy in mice. J Exp Med.

(2012) 209:975–86. doi: 10.1084/jem.20112457

18. Park M, Ross GW, Petrovitch H, White LR, Masaki KH,

Nelson JS, et al. Consumption of milk and calcium in midlife

and the future risk of Parkinson disease. Neurology. (2005)

64:1047–51. doi: 10.1212/01.WNL.0000154532.98495.BF

19. Wong JM, de Souza R, Kendall CW, Emam A, Jenkins DJ. Colonic health:

fermentation and short chain fatty acids. J Clin Gastroenterol. (2006) 40:235–

43. doi: 10.1097/00004836-200603000-00015

20. Makki K, Deehan EC, Walter J, Bäckhed F. The impact of

dietary fiber on gut microbiota in host health and disease.

Cell Host Microbe. (2018) 23:705–15. doi: 10.1016/j.chom.2018.

05.012

21. Gordon R, Albornoz EA, Christie DC, Langley MR, Kumar V,

Mantovani S, et al. Inflammasome inhibition prevents alpha-

synuclein pathology and dopaminergic neurodegeneration in mice.

Sci Transl Med. (2018) 10:eaah4066. doi: 10.1126/scitranslmed.aa

h4066

22. Chakraborty S, Kaushik DK, Gupta M, Basu A. Inflammasome signaling

at the heart of central nervous system pathology. J Neurosci Res. (2010)

88:1615–31. doi: 10.1002/jnr.22343

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.

Copyright © 2020 Albani, Albani and Keshavarzian. 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.

Frontiers in Neurology | www.frontiersin.org 3 December 2020 | Volume 11 | Article 611349

https://doi.org/10.1177/0891988712455237
https://doi.org/10.1016/j.nbd.2012.06.011
https://doi.org/10.1111/j.1600-0404.2010.01338.x
https://doi.org/10.1084/jem.20112457
https://doi.org/10.1212/01.WNL.0000154532.98495.BF~
https://doi.org/10.1097/00004836-200603000-00015
https://doi.org/10.1016/j.chom.2018.05.012
https://doi.org/10.1126/scitranslmed.aah4066
https://doi.org/10.1002/jnr.22343
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Editorial: Role of Diet, Physical Activity and Immune System in Parkinson's Disease
	Author Contributions
	References


