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ABSTRACT

With the current development of medical science today, anti aging medicine has developed rapidly,
including in neuroscience aspect. Indicator of healthy aging is to maintain a good quality of life, include
maintaining optimal brain function. One of lifestyle factors that can improve health, prevent chronic
diseases, and maintain cognitive function is exercise. Exercise has been shown to increase brain-derived
neurotrophic factor (BDNF), which acts as a biomarker of neuroprotective. In patients with Parkinson's
disease was found a decrease in BDNF serum levels. BDNF plays a major role as neuroprotection and
neurorestoration, its levels can be increased through regular exercises with moderate-intensity. Thus, it can
be considered as adjunctive therapy in Parkinson's disease. This literature review is to explain the
correlation between exercise and BDNF level in Parkinson’s Disease.
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INTRODUCTION

Physical exercise with moderate-intensity, such as aerobics, have been shown to be safe and have
a positive effect on patients with neurodegenerative diseases or neurological disorders such as Parkinson's
disease . Exercise has a positive effect on cardiovascular system, respiratory system, also increases cerebral
blood flow, changes in the structure of central nervous system, and release of neurotransmitters. Recent
studies reveal the role of the neurotrophin, namely BDNF, which increases during exercise 2. BDNF is
thought to play a role in improving neuroplasticity in Parkinson's disease °.

BDNF is a protein belonging to the neurotrophin group that plays a role in the function of the
central nervous system (CNS) and the peripheral nervous system. BDNF works by influencing cell
differentiation, nerve cell growth and development, synaptogenesis, and synaptic plasticity 6. Research
that has been done suggests that decreased levels of BDNF may be related to cause of neurodegenerative
diseases such as Parkinson's disease’. A meta-analysis review stated that moderate-intensity aerobic
exercise had a significant effect on increasing BDNF levels 2. Therefore, this literature review aims to find
out the correlation between moderate-intensity aerobic exercise with BDNF levels in Parkinson's disease.

METHODS
a. Methodology

We conducted a systematic search of articles on electronic databases using PubMed, Google
Scholar, ProQuest, and ScienceDirect with a combination categories of neurodegenerative disease

(Parkinson's disease), neuroprotective biomarkers (BDNF, brain-derived neurotrophic factor,
neurotrophin), and exercise (physcial activity, aerobic) and sort the range of the year from 2012 to 2022.
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Then, we checked the articles obtained in the Scimago Journal Rank (SJR) to find out the reputation of the
journal sources. Scopus index of journals used are Q1 and Q2.

b. Material and procedure

The articles used were reviewed and analyzed according to the following criteria: studies conducted
in humans or animals, in populations with Parkinson's disease, measuring serum BDNF, exercise
interventions, using experimental, observational, or meta-analyses studies. Articles were excluded based
on the following criteria: no serum BDNF measurement, no neurological impairment, no exercise
intervention, or duplication.

RESULTS

Articles searched through database
with “BDNF, brain derived neurotrophic
factor, parkinson, moderate exercise, aerobic”

Identification Literature Database Search (n = 1.534)

Google Scholar (n = 1.290)
PubMed (n=80)
ProQuest (n=77)

ScienceDirect (n = 87)

l

Screening Screening by title and abstract (n=152)

!

Eligibility Full-text assessed for eligilibity
(n=47)

'

Included Studies used for literature review
(n=5)

Figure 1. Literature review methodology

DISCUSSION

a. Parkinson’s Disease (PD)

PD is a degenerative neurological condition that can affect individuals as they age 8. It is known as
the most common neurodegenerative disease after Alzheimer’s Disease >, As human life expectancy
increases, the number of people with PD rises, creating anguish for patients and caregivers, as well as a
significant economic burden on society 8. Prevalence varies by age, gender, and geographic area, but the
global estimate is 315 per 100.000 people 1.
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A hallmark histological aspect of PD is the loss of nigrostriatal dopaminergic neurons in the
substantia nigra 1+'2, pars compacta 3. Neuroinflammation cause dopaminergic neurons degeneration 4.
The symptoms of PD are divided into motoric and non-motoric symptoms °. Resting tremor, bradykinesia
(sluggishness and lack of mobility), and rigidity are hallmarks motoric symptoms of PD. Postural instability
and gait abnormalities become more severe as the disease advances. While non-motoric symptoms that
often occur are sleep disturbances, mental problems such as depression, and cognitive impairments include
dementia 12,

PD is a degenerative disease that until now has no cure, there is only treatment to alleviate
symptoms %, Currently available pharmacological treatments such as dopamine replacement drugs can only
treat motoric symptoms but cannot prevent or delay disease progression'®. The effectiveness of
pharmacotherapy declines as the disease progresses, thus necessitating the development of new therapeutic
procedures®s.

According to evidence, PD has a presymptomatic period of 10-20 years, or may be longer . This
provides an opportunity to convert or slow the pathogenic progression from presymptomatic to PD.
Identifying non-pharmacotherapies to postpone and diminish dopamine (DA) neuronal degradation and, as
a result, the onset of PD symptoms is critical, in addition to the continuous research for pharmacological
treatments. Non-pharmacotherapies, such as exercise, can be used in conjunction with current and future
pharmacotherapy to improve symptoms, both motoric and non-motoric, also slow disease progression after
the onset of PD symptoms. Exercise is particularly beneficial for improving cognitive function, reducing
depression in people with PD 17 and also improving the side effects of anti-PD therapy such as wearing-off
and dyskinesia 8. It has no adverse effects, non-invasive, and can be considered as non-pharmacological
therapy for presymptomatic and clinical PD 1920.21.22,

b. Brain-Derived Neurotrophic Factor (BDNF)

The gene that regulates BDNF is located on chromosome 11. Synthesis of the pre-proBDNF
precursor occurs in the endoplasmic reticulum, where it is transported to the Golgi apparatus and cleaved
into the proBDNF isoform. This ProBDNF will be converted into mature BDNF (mBDNF) by
endoproteases. The balance of proBDNF and mBDNF is influenced by the stage of brain development and
brain region. During brain development, there are higher levels of proBDNF. While mBDNF functions as
a neuroprotective and helps increase synaptic plasticity in adulthood 6. High expression levels and
regulation of excitatory and inhibitory synaptic transmission are maintained by BDNF in the adult brain 3.

The term "neuroplasticity” refers to the ability of the CNS to change as a result of internal and
external triggers. It is a procedure in which neurons adapt their function and structure in response to their
environment '*. BDNF has an indirect neuroprotective effect on microglial activation by reducing nerve
injury and inflammation 24,

The higher levels of BDNF in the brain which cross blood brain barrier, have been found in the
hippocampus, amygdala, cerebellum and cerebral cortex, besides the lower levels of BDNF were found in
organs such as heart, lung, and liver 2325, The levels of BDNF in studies involving the same population,
healthy control groups, and neurological populations vary at baseline. Age, sex, diurnal changes, food,
metabolic and immune system problems influence BDNF levels 26, Furthermore, a frequent variant in the
BDNF gene (Val66-Met) in humans may affect BDNF levels 2%, BDNF Val66Met is a single nucleotide
polymorphism that results in the substitution of valine for methionine 2. People with this polymorphism
have a lower level of circulating BDNF because their activity-dependent release of BDNF is reduced.
Participants in exercise intervention research are rarely genetically tested, however randomizing study
participants may reduce this effect 2.

Increased BDNF levels are beneficial because they play a key role in neuroplasticity-related
activities such as neurogenesis, dendritic growth, and long-term potentiation of neurons 26. BDNF supports
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neuroprotection, increases dopaminergic neurotransmission, promotes dopaminergic neuron survival, and
facilitates improved motor function in animal models of PD 16,

c. Neuroprotective Benefits of Exercise in People with Parkinson’s Disease

Over the past decade, there has been a growing amount of study emphasizing the potential of
physical activity to enhance neuroprotection in PD 112°30_ Animal studies using PD models have shown
that physical activity increases plasticity processes and involved in neuroprotection mechanisms 3.
Although animal studies have shown that exercise can cause neuroplastic changes, human studies are
limited 1.

Aerobic exercise is a type of training that has been demonstrated to help people with neurological
issues. After participating in the aerobic exercise program, those with stroke and PD experienced
improvements in walking ability 32, functional ability, motor performance, and cardiorespiratory fitness 2.
To explain why aerobic exercise is beneficial, several mechanism of processes have been proposed,
including increased cerebral blood flow, altered neurotransmission, structural changes in the CNS, and
altered arousal levels 3. Regular aerobic exercise is expected to increase BDNF expression across the CNS,
which boosts neuroplasticity in the affected brain. According to a study and meta-analysis published in
2017, aerobic exercise was associated with higher levels of BDNF, as evaluated by peripheral blood,
compared with standard treatment or no therapy in a study sample of stroke, multiple sclerosis, and PD 2.
As part of neurological rehabilitation, regular aerobic exercise may help to raise BDNF levels, perhaps
resulting in enhanced neuroplasticity and motor performance 3.

In animal models of PD, increased BDNF in response to aerobic exercise has been linked to
improvements in symmetrical forelimb movement and balance 2. In human neurological populations,
similar correlations between increased BDNF levels and improved motor performance have yet to be
discovered. The impact on BDNF levels varies depending on the intensity or dose of exercise 2. Moderate-
intensity exercise consisted of session of 60 minutes length, three sessions per week performed for 8 weeks
succeeded in increasing BDNF in the basal serum of patients with PD 353, Moderate-intensity exercise also
improves functional capacity, gait, balance, and strength in patient 37383,

A study showed that aerobic exercise performed 2-3 times per week had no effect on BDNF levels,
whereas if performed 4-7 times per week had a significant effect on increasing BDNF. In this study, it was
also stated that the average exercise time of 12.9 + 3.9 hours did not give a difference in results in BDNF
levels, while the average 20 hours of aerobic activity showed a significant increase in BDNF 2. In other
research conducted by Lippi G in 2020, sufficient physical exercise, moderate-intensity aerobic exercise
with a frequency of 2-3 sessions per week, a minimum duration of 30 minutes for 3 months can increase
the release of BDNF which can maintain cognitive function 34. Other studies showed the benefits of
treadmill exercise with frequency 5 times a week for 3 weeks will cause an increase in the expression of
the BDNF gene in the brain that can improve PD by inhibiting the inflammatory pathway #°. The increase
in BDNF shown after the exercise program in the neurological group was due to the cumulative dose of
regular physical exercise 2.

Another study was conducted with a high-intensity interval training program using tandem cycling
for 8 weeks, the results showed a significant increase in serum BDNF levels in PD, thereby increasing
motor function, rigidity, bradykinesia, and inducing neuroplasticity 4! .

We also found the correlation between BDNF and depression in PD. Study by Szuhany et al. found
that regular physical activity produced a two-fold effect on BDNF levels in patients with psychiatric
illnesses such as depression than in healthy people. The results showed that the mean effect size of changes
in BDNF in psychiatric patients is 0.40 versus 0.17 for healthy people 6. Exercise has been shown to have
anti-depressant effects and also improves motor dysfunction and cognitive deficits in patients with PD 4243,
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Table 1. Description of study interventions and results

Author Population Design  Intervention Group Activity Postprogram Outcome
Angelucci  Parkinson’s Pre- PD exercise BDNF NSD Pre-post
et al.¥ disease (n=9) post 5 days/wk (3 sessions per day) p<0.14
4 weeks
40 min
<60% HRR
Frazzitta  Parkinson’s RCT PD exercise vs PD no exercise BDNF 1 post ex 12.6%
etal. @  disease (n=24) 3 x 60 min 5 days/wk p =0.017, NSD
4 weeks control p > 0.05
<60% HRR
Marusiak  Parkinson’s QE PD exercise vs healthy no exercise  BDNF 1 post ex 34% p = 0.035
etal. ®  disease (n = 11), 3 days/wk (p < 0.05),
healthy controls 8 weeks NSD in healthy control p = 0.81
(n=11) 40 min
68% HR max
Fontanesi  Parkinson’s Pre- 15 times/wk BDNF-TrkB signaling 1 post ex
et al.® disease (n=16)  post 4 wks p < 0.001 in the peripheral
60 min lymphocytes at the levels of

receptors, intracellular mediators,
and downstream effectors.

Zoladz et Parkinson’s Pre- 3 times/wk BDNF 1 post ex 34% p =0.03
al. ©® disease (n=12)  post 8 wks
60 min

60-75% HR max

PD: Parkinson’s disease; RCT: randomised controlled trial; QE: quasiexperimental; N: sample size; BDNF: brain-derived neutrophic factor; TrkB:
Tyrosine receptor kinase B; HRR: heart rate reserve; HR: heart rate; NSD: nonsignificant difference

All these results show that variations in exercise dose can affect BDNF levels outcome. Previous
studies have shown that adequate exercise will not only prevent PD in susceptible people, but also slow the
progression of the disease, which will have a positive effect on the cognitive and psychomotor functions of
PD patients 8. BDNF has been demonstrated to protect and restore dopaminergic neurons, making it a
potential treatment for PD 1646, Exercise-stimulated synthesis of endogenous neurotrophic factors may help
patients with PD by protecting and restoring dopaminergic neurons or repairing the damaged cortico-basal
ganglia motor control circuit . Physical exercise that is well-chosen can enhance BDNF levels in the blood
and brain, thus can protect neurons from neurotoxic assaults to some extent, as shown in animal models
1647 Exercise is a widely available, simple, non-invasive, side-effect-free, and cost-free therapy which
should be recommended for vulnerable people as a preventative strategy and those with PD as a therapeutic
element 8.

However, further researches are needed to determine the type, training variables (intensity,
duration, frequency), as well as the underlying mechanisms that have a positive effect on improving clinical
symptoms of PD.
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CONCLUSION

Our literature review showed evidence that moderate-intensity physical exercise such as aerobics can
increase BDNF levels in Parkinson's disease as measured by peripheral blood. BDNF exerts neuroprotective
and neurorestorative effects on dopaminergic neurons. Proper and regular physical exercise can be
considered as a component of rehabilitation therapy to help increase BDNF levels in people with
Parkinson's disease, which induces increased neuroplasticity and facilitates improvement in motor function,
which will ultimately help improve the patient's quality of life. Future studies can focus more on how
physical exercise can induce BDNF expression, the cellular and molecular mechanisms underlying
neurorestoration, and the factors that influence BDNF outcomes.
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