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Protective Effects of Physical Exercise in Alzheimer’s Disease
and Parkinson’s Disease: A Narrative Review

Thierry Paillard®
Yves Rolland>®
Philipe de Souto Barreto®®

Alzheimer’s disease (AD) and Parkinson’s disease (PD) are devastating, frequent, and still in-
curable neurodegenerative diseases that manifest as cognitive and motor disorders. Epidemio-
logical data support an inverse relationship between the amount of physical activity (PA) un-

sLaboratoire Activité Physique, dertaken and the risk of developing these two diseases. Beyond this preventive role, exercise
Performance et Santé (EA 4445), may also slow down their progression. Several mechanisms have been suggested for explain-
Université de Pau & Pays de 'Adour, ing the benefits of PA in the prevention of AD. Aerobic physical exercise (PE) activates the re-
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lease of neurotrophic factors and promotes angiogenesis, thereby facilitating neurogenesis and
synaptogenesis, which in turn improve memory and cognitive functions. Research has shown

of Toulouse (CHU-Toulouse), that the neuroprotective mechanisms induced by PE are linked to an increased production of
Toulouse, France superoxide dismutase, endothelial nitric oxide synthase, brain-derived neurotrophic factor,
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Toulouse lll, Toulouse, France; reduction in the production of free radicals in brain areas such as the hippocampus, which is
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particularly involved in memory. Other mechanisms have also been reported in the preven-
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tion of PD. Exercise limits the alteration in dopaminergic neurons in the substantia nigra and
contributes to optimal functioning of the basal ganglia involved in motor commands and con-
trol by adaptive mechanisms involving dopamine and glutamate neurotransmission. AD and
PD are expansive throughout our ageing society, and so even a small impact of nonpharmaco-
logical interventions, such as PA and exercise, may have a major impact on public health.
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INTRODUCTION

The prevalence of neurodegenerative diseases such as Alzheimer’s disease (AD) and Par-
kinson’s disease (PD) increases markedly with age.! Genetic and environmental factors con-
tribute to the development of both of these diseases,”* which are progressive and irrevers-
ible and result in cognitive and/or motor disorders. AD is the more frequent of the two dementia
types, while PD, which mainly affects motor functioning, is the second most common neu-

rodegenerative disease.® AD is characterized by neuronal and synaptic impairments in the
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Revised  January 2, 2015 cerebral cortex, as well as in certain subcortical regions, which affect cognitive function and
Accepted  January 5, 2015 psychobehavioral function.” PD affects neurons located at the level of the basal ganglia and,
Correspondence more specifically, those of the substantia nigra, which secrete dopamine. The lack of dopa-
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which triggers various neurobiological mechanisms in the brain tissues. The regular (repeat-
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ed) increases in cerebral blood flow associated with regular
PE probably contribute to increases in angiogenesis, neuro-
genesis, synaptogenesis, and neurotransmitter synthesis in
the different cerebral areas involved in cognition (e.g., mem-
orization) and mobility.""'> Experimental data support the the-
ory that PE is likely to maintain and even improve cognitive
and motor functions in healthy subjects.” It is also suggest-
ed that overall physical activity (PA) can protect against the
onset of AD and PD,"*" and that PE can slow down the pro-
gression of these pathologies.'"

Nevertheless, most data on the protective roles of PA and
PE on the neurologic system are based on animal studies, and
so the mechanisms through which PA and PE exert their neu-
roprotective effects and thus counteract the onset and pro-
gression of neurodegenerative pathologies in humans remain
to be established. Hence, the aim of this narrative review was
to report the current state of the scientific knowledge relating
to the preventive and attenuating effects of PA and PE against
AD and PD.

ALZHEIMER’S DISEASE

Preventive effects of physical activity against
Alzheimer’s disease
Most of the longitudinal epidemiological studies that have in-
vestigated the association between PA and the risk of cogni-
tive decline support the idea that PA delays the onset of AD
and dementia in older people. A meta-analysis conducted in
2009 concluded that PA reduced the risk of developing AD
by 45% [0.55, 95% confidence interval (CI)=0.36-0.84, p=
0.006].%° This protective role of PA against AD is defined, at
least partially, by a dose—response relationship.">*' In a re-
cent study examining the population-attributable risk of AD
according to selected risk factors, Norton et al.”” found that
12.7% and 20.3% of AD cases in the world and in Europe in
2010, respectively, were attributed to physical inactivity. There-
fore, data from observational studies strongly support PA as
a clinically relevant option toward the prevention of AD.
Physical exercise, defined as repetitive and purposeful PA
generally used to improve physiological, physical, and func-
tional capacities, is a subtype of PA that also protects against
cognitive decline and AD. An American study of 1,740 sub-
jects older than 65 years found that the incidence of demen-
tia was 13.0 per 1,000 person-years for participants who ex-
ercised three or more times per week (=15 min/session of
walking, cycling, swimming, aerobics, eurhythmics, aquaro-
bics, strength training, stretching, or other activities) com-
pared with 19.7 per 1,000 person-years for those who exer-
cised fewer than three times per week.”” In a cohort of 347
elderly men (aged 74.614.3 years, meantstandard deviation),
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cognitive decline as measured using the Mini Mental State
Examination (MMSE) was higher for individuals who per-
formed PA for less than 1 hour weekly than for those who
were significantly more active.”* A longitudinal study carried
out in Western Europe (in Finland, Italy, and The Nether-
lands) over a 10-year period revealed that subjects (n=295)
who decreased their daily amount or intensity of PA exhibit-
ed a cognitive decline that was greater than that of subjects
who maintained their daily amount or intensity of PA.**

Benefits of exercise in Alzheimer’s-disease patients

Physical exercise is a powerful instrument for slowing the de-
cline in physical and cognitive function in AD patients.'**?
and even mortality™
have been reported in dementia patients involved in PE pro-

grams. Improvements in cognitive function were associated

Reductions in depressive symptoms™**

with improvements in postural and motor functions in exer-

cise trials.>**

What is the best physical exercise program to propose

to prevent or slow down the course of

Alzheimer’s disease?

There is currently no consensus regarding the best PE regi-
men for improving clinical outcomes in AD patients. Aero-
bic PE is feasible and practical for AD subjects® and has been
repeatedly reported to be associated with better cognitive func-
tion.”** For instance, the simple practice of regular walking
is associated with a reduced decline in cognitive performance
(as assessed on the MMSE) in AD subjects.*"** Walking also
improves the postural and motor functions of AD patients.

Since AD is associated with low muscle mass and strength,*
muscle strength and power training can be crucial for AD pa-
tients. Balance training has been shown to improve the pos-
tural abilities of subjects who were moderately-to-severely af-
fected by AD, and thus reduce the risk of falling at a later stage.”*
Multicomponent exercise training [comprising balance, aer-
obic exercise (generally walking), and strength training] was
shown to be particularly effective for improving postural and
motor functioning and reducing the risk of falling in AD
subjects.*

While the best PE regimen for AD patients has yet to be de-
fined, there is increasing evidence that multicomponent train-
ing (involving aerobic, muscle strength, and power and bal-
ance/coordination exercises) provides important health benefits
in this population.

Other aspects related to physical exercise

Environmental conditions should also be taken into account
since they are likely to influence the effects of PE. Research
with AD subjects has shown that walking plus conversation
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has a better preventive effect than walking alone,* suggest-
ing that the “socialization effect” of exercise is an important
aspect for this population. In another controlled exercise tri-
al, the practice of walking combined with bright light expo-
sure improved sleep among AD patients.”’

In animals, the conditions in which PE is practiced also in-
fluence the neurobiological adaptations. Mice running freely
in a wheel (without a preset speed) exhibited a greater reduc-
tion in the concentration of amyloid plaques (or AB-plaques)
in their brain as well as on memory impairment than mice forced
to run in the wheel at a predetermined rotation speed.”® These
result and others suggest that the benefits of PE on brain func-
tioning are modulated by other factors (e.g., motivation) than
just improved cardiovascular fitness.

Neuroprotective mechanisms induced by physical
exercise in subjects affected by Alzheimer’s disease

Human studies

In humans, most of the evidence regarding the benefits of PE
on brain function has come from imaging technologies. For
example, 40 min of PE (ergocycle, treadmill, and stair-climb-
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ing) four times weekly for a period of 12 weeks was found to
increase the cerebral blood flow in the dentate gyrus of the
hippocampus, which may improve neurogenesis.” Another
study showed that 1 year of moderately intense aerobic exer-
cise (3 days/week, 40 min/session, 60-75% of the maximum
heart rate reserve from the 7th week) increased (+2%) the
hippocampal volume; this exercise training was also associ-
ated with an increase in the plasma concentration of brain-
derived neurotrophic factor (BDNF) in older healthy sub-
jects.® Moreover, a significant correlation was found between
plasma BDNF levels and the level of PE practiced among peo-
ple with AD.* An aerobic program (three weekly 1-hour ses-
sions for a period of 6 months) increased the volumes of both
the gray and white matters in certain prefrontal and tempo-
ral cortical regions for subjects aged between 60 and 79 years.™
In the same study, the subjects of the same age who partici-
pated in stretching and toning (nonaerobic) training did not
benefit from the same cortical adaptations. Although these
experiments involved healthy subjects, the findings high-
lighted the positive effect of aerobic PE on brain health.
Moreover, Lange-Asschenfeldt and Kojda®® emphasized
the interconnection between AD and vascular risk factors

‘ Physical activity
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Fig. 1. Preventive and slowing down neuroprotective mechanisms induced by regular physical exercise on the cognitive and motor functions. BDNF:
brain-derived neurotrophic factors, eNOS: endothelial nitric oxide synthases, GDNF: glial cell line-derived neurotrophic factors, IGF-1: insulin-like
growth factors, NGF: nerve growth factors, NO: nitric oxide, SOD: superoxide dismutase, VEGF: vascular endothelial growth factor.
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and the impact of cerebrovascular and endothelial dysfunc-
tion on AD pathophysiology. They described the molecular
mechanisms of the beneficial effects of PE on the vasculature,
such as activation of the vascular nitric oxide (NO)/endothe-
lial NO synthase (eNOS) pathway (Fig. 1). These authors con-
cluded that PE may counteract AD pathophysiology by build-
ing a vascular reserve, as well as by maintaining neuronal
plasticity.

Animal studies

Most of the current knowledge about the potential mecha-
nisms involved in the protective effect of PE has been obtained
by studying animal models of AD. The findings thus far sug-
gest that PE reduces the noxious effects of oxidative stress,
the production of total cholesterol, and insulin resistance, in-
creases vascularization, and improves energy metabolism (e.g.,
glucose metabolism).'>*****° PE activates neurotrophic func-
tions and angiogenesis, thereby facilitating neurogenesis and
synaptogenesis, which improve memory and cognitive func-
tiOl’lS (Flg 1).12,26,39,49,53,55

It has been found that moderate-to-vigorous PE in animal
models increases the production of antioxidant enzymes (par-
ticularly superoxide dismutase), eNOS, BDNE nerve growth
factor, insulin-like growth factor; and vascular endothelial growth
factor. PE also reduces the production of free radicals (reac-
tive oxygen species) as well as the concentration of brain AB-
plaques, in particular in the cerebral regions involved in cog-
nitive function (and notably memory), such as the hippocampus
(Fig. 1).">** PE also improves brain plasticity. For example,
after running for 1 hour, 5 days a week, for 16 weeks, Tg2576
mice (a murine AD model) exhibited a more voluminous hip-
pocampus than their control, nonexercising counterparts.*
The hippocampal neurogenesis was associated with synapto-
genesis and improvements in learning capacity (spatial mem-
ory) in old trained mice compared with sedentary control
mice.”’

A running program of 16 weeks on a treadmill for trans-
genic (TgCRND8) mice with AD phenotypes decreased their
level of B-amyloid precursor protein (B-APP or AP peptide)
compared with a control group.** After 5 months of exercise
training, the surface area of the AB-plaques of TgCRND8 mice
was reduced in the frontal cortex (-38%), the cortex near to
the hippocampus (-53%), and the hippocampus (-40%).>*
This adaptation occurred mainly during the first month of
training and was associated with a decrease in the proteolyt-
ic fragments of B-APP. The induced mechanism was inde-
pendent of mRNA/protein changes in neprilysin and insulin-
degrading enzyme, and may involve changes in neuronal
metabolism that are known to affect APP processing and to
be regulated by PE. In addition, the learning capacities and
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memory of the TgCRND8 mice improved.* However, an im-
provement in cognitive function is not systematically associ-
ated with a reduction of the number of AB-plaques.” It was
observed that the spatial memory of APP-23 mice placed in
a condition of environmental enrichment (a spacious, well-
equipped cage) increased at the end of 11 months of training,
while the number of cortical and hippocampal AB-plaques
did not decrease. These cognitive improvements in the mice
that had benefited from environmental enrichment arose from
increases in BDNE, hippocampal neurotrophin, and activa-
tion of hippocampal neurogenesis compared with mice that
completed the same training program but without environ-
mental enrichment.” The combination of the environmen-
tal stimulation and PE optimized the effects of the therapeu-
tic program to increase the neural reserve of mouse models
affected by AD.

Physical exercise has also been shown to act favorably on
neurofibrillary degeneration. After 9 months of training, the
concentration of tau protein in the hippocampus was decreased
in a mouse model affected by the disease (THY-Tau22).* In
addition, PE may decrease the neuroinflammatory respons-
es activated by the increase in cerebral tau proteins'® and en-
sure a preventive role against the loss of the expression of cho-
line acetyltransferase.*

PARKINSON’S DISEASE

Preventive effects of physical activity against
Parkinson’s disease
There is a large amount of epidemiological data suggesting
that PA can also prevent the development of PD.*"* Two stud-
ies®*®* found that the risk of developing this disease appeared
to be inversely associated with the amount of PA practiced
throughout life (0.7, 95% CI=0.5-1.1, p<0.007, and 0.65, 95%
CI=0.51-0.83, p<0.0001, respectively).***> An important lim-
itation of these observational studies is that subjects predis-
posed to develop PD may naturally tend to avoid PA® prior
to the onset of the clinical symptoms of the disease. Further-
more, the protective effect of PE against this pathology ap-
pears to be particularly large when practiced at young-to-
middle adulthood (i.e., around 35-39 years old) and at the
end of life.” Xu et al.”> suggest that people who practice PE
during these two periods of their life have a 40% lower risk
of PD than people who remained inactive during the same
periods. In a study involving 48,574 men and 77,254 women,
Chen et al.”! found that the direct relationship between the
amount of PA and the risk of developing PD was only signif-
icant in men.

For an equal duration of PA, the intensity may also have an
effect on the risk of developing the disease. A longitudinal
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study conducted over a period of 1 year involving 143,325
subjects showed that those who practiced a PA of high inten-
sity such as cycling, aerobics, or tennis at the time of their in-
clusion had a 40% lower risk than those who did not practice
PA or who practiced a low-intensity PA such as walking or
dancing.” Garraux® reported that the risk of developing PD
varies according to the level of work-related physical effort,
with the risk being higher in sedentary workers (e.g., teach-
ers, medical doctors, and state employees) than in active work-
ers (e.g., construction workers).

Benefits of physical exercise in Parkinson’s-disease
patients

Larger amounts of moderate-to-vigorous PE may slow down
the evolution of the disease in PD patients." It is known that
PD patients expend 29% less energy than do healthy subjects,
which results in the disease evolving negatively, increased
motor deficits, and declines in daily activities.*” PE is a non-
pharmacological approach that is usually recommended for
PD patients in order to slow down the deleterious effects of
the disease.”

An observational Japanese study® involving 438 PD pa-
tients (178 men and 260 women) showed that the ratio of
mortality was 1.68 for the group of active subjects (n=151;
walking, stretching exercises, and postural exercises) com-
pared with 2.47 for the other participants.

Despite the findings of some studies that the beneficial ef-
fects of PE on cognitive performances or psychological do-
mains (i.e., attentional capacities, depressive and anxiety
symptoms, and mood state) of the disease are weak or even
nonexistent,”* it is important to emphasize that PE enables
PD subjects to maintain their psychomotor learning abilities.
Three weeks of training focusing on sensory stimuli (audito-
ry, visual, and somatosensorial) during the completion of lo-
comotor tasks improved the spatiotemporal characteristics
involved in walking for 153 PD subjects;” the postprogram
locomotor improvements observed were preserved 6 weeks
after completion of the program. That study indicates that the
capacities of psychomotor learning (acquisition, automatic-
ity, and retention) can be maintained for PD subjects. The pos-
itive effects of PE on the cognitive and automatic components
of motor control in PD subjects result from neuroplastic mech-
anisms involving the synaptic connections of neuronal net-
works.”!

Regarding motor function, there is solid evidence for the
beneficial effects of PE for PD patients. Indeed, strength train-
ing has been shown to improve the muscle strength and walk-
ing speed of PD patients who are not severely affected by the
disease.””” A meta-analysis by Herman et al.” indicates that
walking training on a treadmill improves the spatiotemporal
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parameters of walking, and that this benefit can persist for 2
months. A Cochrane review found that the walking program
that produces the biggest improvements involves 30 min of
walking, performed five times a week for a period of at least
6 weeks.” A pilot study showed that a balance training pro-
gram based on visual feedback, such as those supplied by a
videographic game, improved static and dynamic balance,
mobility, and functional capacities in PD subjects.”® Tai Chi
practiced for 60 min, twice weekly for 24 weeks by patients
with mild-to-moderate PD improved postural stability and
functional capacities (walking, muscle strength, and perfor-
mance in the Timed Up-and-Go test) more than the activi-
ties of strength training and stretching.”

Multicomponent training improves muscle strength, flex-
ibility, postural balance, walking speed, mobility, functional
capacity,”®” physical performance, and the PAs of daily life,”
especially if the training program lasts more than 10 weeks.*
Aerobic exercise, stretching, strength training, Qigong, and
balance training improve motor function, and in particular
muscle strength, balance, and walking speed in PD subjects.>"'
These effects on physical functioning may explain, at least in
part, why quality of life can be improved after only 6 weeks
of training.*

The benefits of PE on fall prevention for PD subjects re-
main to be determined.®* Although PE is of overall benefit
for the health and functional capacities of PD subjects, the
best exercise regimen remains to be determined."*

Neuroprotective mechanisms induced by physical
exercise in subjects affected by Parkinson’s disease
The current knowledge about the mechanisms involved in
the protective effect of PE against PD relies on data obtained
in animal models. It has been shown that PE has a protective
effect on the dopaminergic function of PD animals by stim-
ulating the expression of several neurotrophic factors and an-
giogenesis." In response to PE, the concentration of dopa-
mine increases and the receptors of this neurotransmitter
enhance their sensitivity."" More precisely, PE reduces the al-
teration of the dopaminergic neurons in the substantia nigra
and contributes toward reconstituting the function of the
basal ganglia involved in the motor command by the adap-
tive mechanisms of dopamine and glutamate neurotransmis-
sion (Fig. 1).* This action is related to an increased concen-
tration of BDNE™ In addition, the hyperexcitability often
observed in the basal ganglia is decreased.”

Diminished loss of the neurons that produce dopamine is
observed in PD mice after 18 months of training, as well as
improved movement-balance coordination.* Mechanistic
investigations revealed that the neuronal and behavioral re-
covery generated by PE is associated with an improvement



of the mitochondrial function and increases in the cerebral
levels of BDNF and glial-cell-line-derived neurotrophic factors.
According to Lau et al.,*® PE not only protects neurons and mi-
tochondria, but also increases the concentration of neuro-
trophic factors in the substantia nigra (nigrostriatal neurotroph-
ic factors) in PD mice with moderate neurodegeneration.

At another neurological level, aerobic training for PD rats
(in sessions lasting 20—60 min) performed 5 days a week for
4 weeks can restore the expression of glial fibrillary acidic
protein (GFAP) in the dorsal striatum, indicating that astro-
cytes may play a role in producing the beneficial effects of PE
in PD.¥ It was suggested that the reduction in GFAP expres-
sion is related to the reduced expansion of astrocytes, prob-
ably due to an increase in the synaptic function in the dorsal
striatum induced by PE.* This observation also demonstrates
the neuroprotective role of PE.

Furthermore, regular and continuous training of rats (from
5 to 23 months of age) over a period of 18 months, which in-
volved them running on a horizontal treadmill at a speed of
20 m/min for 20 min, twice a day, 5 days a week, also had a
neuroprotective effect on the cerebellum,” a part of the brain
that is fundamentally involved in the command and control
of movement and balance. Larsen et al.” reported that sed-
entary elderly rats had 11% fewer Purkinje cells (cerebellar
efferents) and 9% smaller Purkinje cell soma volumes (p=0.02
for both) than exercising elderly rats, with the latter having
the same number of Purkinje cells as young rats (5 months
of age).

CONCLUSION

The current knowledge supports PA as an important preven-
tive factor against the onset of both AD and PD, and that PE
is crucial for the maintenance or slow decline of optimal func-
tional ability levels in AD and PD patients. However, there is
currently insufficient information to enable a precise defini-
tion of the best exercise regimen for patients with AD or PD.
Aerobic exercise is very much favored by therapists because
of its role in relation to angiogenesis as well as the liberation
of neurotrophic factors (increases in cerebral blood flow and
cerebral plasticity). Aerobic exercise is a necessary part of the
treatment for AD, but aerobic exercise alone is probably not
the best activity. Strength/power training, Tai Chi, balance/
coordination, and other types of PE also contribute to recon-
ditioning, maintaining, and improving the cognitive and mo-
tor functions of AD and PD subjects. Therefore, it is advisable
to combine aerobic PE with other exercises that are beneficial
for the neuromuscular system (e.g., strength/power training
and stretching), balance function, and the performance of
motor coordination. The development of coordination asso-
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ciated with the stimulation of psychomotor capacity seems
particularly relevant for PD subjects because of the specific-
ity of their pathology (alteration of the basal ganglia) involv-
ing movement command and control processes.

Future studies should quantitatively and qualitatively com-
pare the effects of different types of PE on well-defined out-
comes (e.g., disability) in both AD and PD populations. Re-
searchers and health-care workers should pay attention to
exercise-program adherence in this elderly, sick, and often
polymedicated population, since adherence and compliance
are important challenges in clinical populations. When spec-
ifying the type, intensity, and overall PA volume that should
be practiced in order to prevent the development of AD and
PD, future studies will also need to determine the optimal
lifetime periods (childhood, adolescence, young adult, mid-
dle age, old age, and very old age) during which particularly
close attention should be paid. When attempting to determine
the nature of optimal PE that should be practiced in order to
limit the evolution of these pathologies, future studies will need
to assess the impacts of the intensity, duration, and frequen-
cy of different exercises.
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