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Parkinson’s disease (PD) is the second most common
neurodegenerative disorder worldwide, characterized by the gradual
degeneration of dopaminergic neurons in the substantia nigra and
subsequent motor system dysfunction. Recent evidence indicates that
chronic inflammatory processes and decreased levels of neurotrophic
factors play a key role in the progression of this disease. Aerobic
exercise, as a low-risk non-pharmacological intervention, can
positively influence inflammatory and neurotrophic pathways. This
review article examines studies from the past 25 years on the effects
of aerobic exercise on inflammatory factors (such as TNF-a, IL-1p,
and CRP) and neurotrophic factors (such as BDNF and GDNF) in
patients with Parkinson’s disease.
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Introduction: Parkinson's disease (PD) is the second most common neurodegenerative
disorder in the world, characterized by the progressive degeneration of dopaminergic
neurons in the substantia nigra and impaired motor function. Classic motor symptoms
include resting tremor, bradykinesia, muscle rigidity, and postural instability; while non-
motor symptoms such as depression, cognitive deficits, and sleep disorders are also
common. The pathophysiology of the disease involves pathological accumulation of
alpha-synuclein, mitochondrial dysfunction, oxidative stress, and, in particular, two key
mechanisms: chronic neuroinflammation and decreased neurotrophic factors. Increasing
evidence suggests that microglial activation, increased proinflammatory cytokines (TNF-
a, IL-1B, IL-6, CRP), and decreased BDNF and GDNF play a pivotal role in disease
progression. In recent decades, non-pharmacological interventions, especially “aerobic
exercise”, have been proposed as a safe, low-cost, and effective strategy to modulate
these pathological pathways. Regular aerobic exercise (brisk walking, cycling, treadmill)
at moderate to vigorous intensity (60-80% VO, max) for at least 150 min per week has
shown significant anti-inflammatory and neurotrophic effects.

Methodology: A comprehensive search was conducted in PubMed, Scopus, and Web of
Science databases for the period January 2000 to January 2024. Keywords included
(“Parkinson’s disease” AND “aerobic exercise” OR “endurance training” AND
“inflammatory markers” OR “neurotrophic factors”). Articles that examined the effect of
aerobic exercise on inflammatory or neurotrophic factors in Parkinson’s patients were
selected. After screening, 54 articles were selected for the final review.

Results: Anti-inflammatory effects:

Randomized controlled studies conducted over the last 25 years (2000-2024) have
shown that 8-24 weeks of regular aerobic exercise significantly reduce serum and brain
levels of CRP, TNF-a, IL-6, and IL-1p. The main mechanisms are:

1. Inhibition of the NF-kB/MyDS88/TLR axis through decreased expression of TLR2/4
and MyD88;

2. Suppression of the NLRP3 inflammasome and reduction of caspase-1 activation;

3. Activation of the ARE/Nrf2 pathway and increase of antioxidant enzymes (HO-1,
NQO1, SOD, CAT);

4. Metabolic modulation via the PGC-1o/SIRT1/AMPK axis and improvement of
mitochondrial biogenesis;

5. Shift of cytokine balance towards anti-inflammatory 1L-10 and TGF-p.
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These changes have been associated with decreased blood-brain barrier permeability,
reduced oxidative stress, and improved motor function (as measured by the UPDRS-I1I)
and quality of life.

Neurotrophic effects:

Aerobic exercise significantly increases BDNF and GDNF levels in serum, striatum, and
substantia nigra. MPTP/6-OHDA animal models have demonstrated that treadmill or
bicycle exercise for more than 12 weeks increases BDNF and GDNF expression, thereby
preventing neuronal death. The main signaling pathways activated are:

1. BDNF — TrkB — PI3K/Akt/mTOR/CREB (inhibition of apoptosis and increased
neuronal survival);

2. BDNF — TrkB — MAPK/ERK (increased synaptic plasticity and PSD-95
expression);

3. GDNF — RET/GFRal — PI3K/Akt and MAPK/ERK;
4. NGF — TrkA — similar pathways;

5. IGF-1 — IGF-1R (transmission from the environment to the brain and enhancement of
neurogenesis).

Increased hippocampal neurogenesis, improved synaptic plasticity, and regeneration of
dopaminergic axons are among the clinical outcomes of these pathways.

Meta-analysis and systematic review findings: At least 150 minutes of moderate
aerobic activity per week is necessary to produce sustained anti-inflammatory effects.
Intensity of 60-80% VO, max has the most significant impact on reducing inflammatory
markers and increasing BDNF/GDNF. Group activities such as tango dancing or group
walking have also shown similar effects. Human and animal studies consistently suggest
a direct association between these biochemical changes and improvements in UPDRS
scores, balance, gait speed, and cognitive function.

Conclusion: Regular moderate-to-vigorous aerobic exercise, through the simultaneous
modulation of inflammatory (NF-xB, NLRP3, Nrf2, PGC-la) and neurotrophic
(TrkB/RET-PI3K/Akt-ERK) pathways, offers an effective strategy to slow the
progression of neurodegeneration in Parkinson's disease. This intervention should be
recommended as an integral part of a comprehensive treatment plan, alongside
dopaminergic drugs, for patients in the early to moderate stages of the disease (Hoehn &
Yahr I-I11). Performing at least 150 minutes of aerobic activity per week can
significantly reduce disease burden, treatment costs, and the need for invasive
interventions.
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Limitations and Suggestions: Heterogeneity in exercise protocols, small sample sizes,
differences in disease stages, and variations in measurement methods are significant
limitations. Future trials should design standardized protocols for exercise
intensity/duration/type of exercise protocols with long-term follow-up (greater than 1
year) and simultaneous measurement of peripheral and central markers.
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