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Abstract

Dementia is one of the greatest global challenges for health and social care in the 21st century. Alzheimer’s disease (AD), the most common
type of dementia, is by no means an inevitable consequence of growing old. Several lifestyle factors may increase, or reduce, an individual’s risk
of developing AD. Much has been written over the ages about the benefits of exercise and physical activity. Among the risk factors associated
with AD is a low level of physical activity. The relationship between physical and mental health was established several years ago. In this review,
we discuss the role of exercise (aerobic and resistance) training as a therapeutic strategy for the treatment and prevention of AD. Older adults
who exercise are more likely to maintain cognition. We address the main protective mechanism on brain function modulated by physical exercise
by examining both human and animal studies. We will pay especial attention to the potential role of exercise in the modulation of amyloid 8 turn-
over, inflammation, synthesis and release of neurotrophins, and improvements in cerebral blood flow. Promoting changes in lifestyle in presymp-
tomatic and predementia disease stages may have the potential for delaying one-third of dementias worldwide. Multimodal interventions that
include the adoption of an active lifestyle should be recommended for older populations.

Keywords: Aerobic exercise; Dementia; Exercise training; Lifestyle factors; Multidomain interventions; Resistance exercise

1. Introduction greater.” These alarming numbers are explained by the fact
that the main risk factor for this disease is age,” and by
2050 it is estimated that the population over 65 years will
be 3 times larger than it was in 2010, reaching close to 1.5
billion people.

AD is a devastating disease. The social and human cost for
patients and caregivers is overwhelming, and the economic
cost of AD is unaffordable. For instance, in the United States
in 2017, the annual cost of care per patient over 65 with AD or
another type of dementia was USD 48,000, or 3.5 times more
than for a person without any type of dementia.*

AD is characterized by the loss of neuronal synapses and
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Alzheimer’s disease (AD) is the most common type of
dementia and one of the most frequent neurodegenerative
pathologies in elderly people, constituting about 90% of the
cases of dementia in this population. AD is characterized by
its irreversibility and progressive functional, cognitive, and
behavioral loss. It is usually accompanied by various brain dis-
orders such as amnesia, agnosia, apraxia, and aphasia.’

Twenty-four million people in the world suffer from AD,
and it is expected that by 2050 this number will be 4 times
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Exercise in Alzheimer’s disease

Although there are several hypotheses to explain the origin
of AD, the 2 main neuropathological features include the extra-
cellular accumulation of senile plaques around the neurons and
the glia, and the intracellular formation of neurofibrillary tangles
(NFTs). Senile plaques are formed mainly by the accumulation
of insoluble amyloid S (Ap) protein, especially its isoform
AB4y, which is formed by the enzymatic cleavage of the trans-
membrane amyloid precursor protein (APP).”* NFTs are
formed from the hyperphosphorylation of the tau protein. The
main function of this protein is to stabilize the microtubules so
that they connect with other elements of the neuronal cytoskele-
ton, such as neurofilaments and actin.’

Another feature in AD is the inflammatory response at the
brain level. In the early stages of the disease, the immune
response results in a removal of Af, ameliorating its symp-
toms.'”'" To generate a balance between the deposition and the
clearance of A B, microglia plays a fundamental role by engulfing
insoluble deposits of this peptide through the activation of recep-
tors that promote phagocytic action, such as cluster of differenti-
ation 36 (CD36), and receptors for advanced-glycosylation end
products.'>'* Microglia also activates extracellular proteases
such as neprilysin, the insulin degrading enzyme, endothelin
converting enzyme 1, angiotensin converting enzyme, matrix
metalloprotease, and the presequence peptidase.'* '® During
advanced stages of the disease there is a prolonged stimulation
of the immune response caused by AS, which leads to a decrease
in the efficiency of the microglia to degrade it.'” In turn, this
leads to the release of several proinflammatory products, such as
cytokines, reactive oxygen, and nitrogen species, leading to an
increase in the production of AS and the hyperphosphorylation
of tau, generating more damage and neuronal death.'® ?° This
state contributes to an increase in cognitive decline and the
development of the disease.

The risk factors associated with AD, apart from age, are low
educational level, diabetes, genetics, belonging to certain
minority ethnic groups (prevalence of dementia is higher in
British African—Caribbean people),”’ diet, previous brain
injuries, sleep disorders, hypertension, hearing loss, and low
levels of physical activity.”” Physical activity (“any movement
of the body”) and exercise (“physical activity that is typified
by specific and purposeful training”) constitute 2 different con-
cepts.”® However, for the sake of clarity we refer to both these
concepts interchangeably since some of the reports we refer to
in this review use these expressions as synonyms. Older adults
are considered physically active when they perform moderate-
intensity aerobic physical activities for a minimum of 30 min,
5 days/week, or vigorous-intensity aerobic activity for a mini-
mum of 20 min, 3 days/week.”* Also, combinations of moder-
ate- and vigorous-intensity activity can be performed to meet
this recommendation. Moderate-intensity aerobic activity
involves a moderate level of effort relative to an individual’s
aerobic fitness. On a 10-point scale, where sitting is 0 and all-
out effort is 10, moderate-intensity activity is rated as a 5 or 6
and produces noticeable increases in heart rate and breathing.
Using the same scale, vigorous-intensity activity is rated as a 7
or 8 and produces large increases in heart rate and breathing.
Thus, physical inactivity, a concept that has also been included
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in this review, is defined as not meeting any of the following 2
criteria: 30 min of moderate-intensity physical activity on at
least 5 days/week or 20 min of vigorous-intensity physical
activity on at least 3 days/week.

Gender is also considered a risk factor for AD; two-thirds of
AD patients are women.” This proportion is mainly attributed
to the greater longevity of women over men, which makes
them more susceptible to this and other age-associated dis-
eases and syndromes.”* Apart from this fact, if there is a real
relationship between sex and AD risk, it is not clear. In the lit-
erature, epidemiological studies with controversial results can
be found.”” ?” Several results point to sex hormones as
responsible, at least partially, for the higher incidence of AD
in women. The important changes in sex hormone concentra-
tions associated with a woman’s age, the role of sexual dimor-
phism in the neuronal structures development, the gene-by-sex
interactions, and the increased specific immune response of
women, have all been associated with an increased risk of
AD.**

In this review, we mainly discuss the role of physical exer-
cise as a therapeutic strategy for the treatment and prevention
of AD.

2. Physical exercise and physiologic brain aging

Physical inactivity contributes to about 5 million deaths in
the world each year from noncommunicable diseases.”® The
inverse relationship between a physically active life and the
risk of suffering cognitive decline is widely documented,”’
and aerobic exercise training has been the most extensively
used option for the study of the effect of physical activity in
alleviating the negative impact of aging in cognitive func-
tion.””*" The first evidence was published in the 1970s, when
it was shown that middle-aged sports practitioners had
better response in cognitive tasks that involved a psychomotor
component when compared with sedentary aged-matched sub-
jects.”' More recently, one study found a significant improve-
ment in memory among middle-aged trained individuals,
compared to sedentary subjects, when the Free and Cued
Immediate Recall test was administered to both groups.*” The
positive impact of long-term exercise training by delaying the
onset of physiologic memory loss suggests the effectiveness of
exercise as a preventive strategy against age-related memory
loss and neurodegeneration. However, it is worth mentioning
that late-onset exercise interventions have also shown positive
results in the delay of brain aging. For example, in a ground-
breaking paper published in 2011, the authors found that 1
year of moderate-intensity exercise (40 min duration, 3 days/
week) increased the size of the hippocampus, as well as
increasing spatial memory, in healthy older individuals.’® The
anatomic changes induced by aerobic exercise have also been
confirmed by other research groups. For instance, it has been
found that 6 months of exercise (60 min duration, 3 days/
week) is sufficient to increase both the gray and white matter
in the anterior cingulate cortex, as measured by magnetic reso-
nance imaging, in older, cognitively healthy subjects.’* Longer
aerobic exercise training protocols (3 years’ duration) in
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sedentary older women have shown improvements in reaction
time, motor function, and cognitive processing speed, indicat-
ing that exercise is effective in reversing or at least slowing
the age-related declines in motor performance and in speed of
cognitive processing.”> However, some evidence shows that
aerobic exercise interventions do not always induce improve-
ments in cognitive function in older subjects (60—80
years).”° *® These contradictory results may be explained by
the training duration, frequency, and/or intensity of the inter-
ventions.

The impact of resistance exercise on cognitive function
has gained notice in the past few years. In a recent meta-anal-
ysis, more than 24 studies were reviewed that investigated the
effects of weight lifting on different cognitive outcomes in
older individuals. According to the results, resistance training
has positive effects on measurements related to the detection
of cognitive impairment and executive functions. However,
resistance training has no effect on working memory meas-
urements.”” Although a high heterogeneity was observed in
all analyses, the authors concluded that resistance training
seemed to have positive effects on cognition. However,
future research will need to determine why the effects are so
variable.

From this first part of the review, we can conclude that
exercise programs with components of both aerobic and resis-
tance training, of moderate intensity, and lasting at least 45
min per session on as many days of the week as possible, are
beneficial in terms of cognitive function in older healthy
adults.*’

3. Physical exercise and multimodal interventions for the
treatment and prevention of AD

Dementia is by no means an inevitable consequence of
reaching retirement age. There are lifestyle factors that may
decrease, or increase, an individual’s risk of developing
dementia.”” Around 35% of dementia is attributable to a com-
bination of 9 risk factors: low education level, midlife hyper-
tension, midlife obesity, hearing loss, later-life depression,
diabetes, smoking, social isolation, and, of course, low physi-
cal activity.*'

A meta-analysis that included 16 studies with more than
160,000 participants found a 45% reduction in the risk of
developing AD due to the regular practice of physical activity
(hazard ratio=0.55, 95% confidence interval: 0.36—0.84,
p=0.006)." In a sample of 716 older subjects followed for
3.5 years, similar results were found when assessing the risk of
suffering AD. Those individuals with low daily physical activ-
ity levels were 53% more likely to suffer AD than those who
reported more active lives (hazard ratio=0.477, 95% confi-
dence interval: 0.273—0.832).**

Although there are discrepancies, the benefits of engag-
ing in physical activities have also been seen in populations diag-
nosed with mild cognitive impairment (MCI) and AD. Several
studies have found improvements in executive functions, memory,
and cognitive tests in individuals with MCI who engaged in an
aerobic exercise program.”’ > Improvements in the cognitive
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function of individuals with MCI through physical activity
are important in preventing the progression of the disease
and in decreasing the number of AD in older people. In
individuals diagnosed with AD, and, in general, at early
stages of the disease, aerobic exercise alone, or accompa-
nied with cognitive stimulation, induces improvements in
some aspects of brain function,”® > although in some stud-
ies exercise was accompanied with cognitive situation.

Few studies have been published on the effects of resistance
training in people with MCI or AD.**°®"°* Prominent among
them is the randomized, double-blind trial that included 100
people between 55 and 86 years of age with MCL®’ In this
study it was shown that 6 months of resistance exercise
induced improvements in memory, attention, and executive
functions. Moreover, those benefits persisted 12 months after
the end of the intervention period.

Prevention through the promotion of changes in lifestyle in
presymptomatic and predementia disease stages may have the
potential for delaying one-third of dementias.”’ Engaging in
physical exercise programs seems to be effective, but it is
clearly not enough. Studies that examine multimodal interven-
tions hypothesize that an integrated approach to addressing
multiple risk factors for AD may be more successful than sin-
gle-component interventions in producing benefits. Multi-
modal interventions often include changes in diet, physical
activity, and cognitive training (Fig. 1).

Several studies attribute to the diet a key role in delaying
the progression of AD. Some of these studies have tested diets
considered as heart-healthy, such as the Dietary Approaches to
Stop Hypertension diet (DASH), Mediterranean—DASH Inter-
vention for Neurodegenerative Delay diet (MIND), or the
Mediterranean diet.”' The inflammatory component of AD has
been treated by supplementation with fatty acids, vitamins, fla-
vonoids, polyphenols, probiotics, and dietary advanced glyca-
tion end products.”” Ketogenic diets, which are protective in
other neurological disorders, also seem to have great potential
in the prevention and treatment of the disease.”” In humans,

Normal Aging

Brain function

Dementia

Years

Fig. 1. Brain function in normal aging and Alzheimer’s disease is influenced
by lifestyle factors. The usual trajectory for brain aging (orange line) indicates
that, years before death, an individual shows signs of mild cognitive
impairment. In some cases, that cognitive damage takes place many years
before death and even leads to dementia (red /ine). By modifying lifestyle fac-
tors through multimodal interventions, an individual can delay the onset of
cognitive impairment until a very advanced age (green line).
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few clinical trials have been carried out using ketogenic diets;
instead, ketogenic agents have been used.”* In animal models
of AD, the increase in ketone levels in the body through inter-
mittent fasting or supplementation with ketone esters have
shown promising results.”>’®

The Finnish Geriatric Intervention Study to Prevent Cognitive
Impairment and Disability (FINGER), a multidomain interven-
tion consisting of diet, exercise, cognitive training, and vascular
risk monitoring, resulted in an improvement or maintenance of
cognitive functioning in at-risk elderly people from the general
population.”” This trial was the first methodologically robust
study showing that with a 2-year intervention, it was possible to
reduce the risk of cognitive decline among the general elderly
population, rather than solely with patients in a clinical setting.
More recently, it has been found that engaging in physical activ-
ity and lowering vascular risk may have additive protective
effects on delaying the progression of AD.”” Greater physical
activity and lower vascular risk independently attenuated the
negative association of AS burden with cognitive decline and
neurodegeneration in asymptomatic individuals.”®

4. Potential protective mechanisms of physical exercise on
brain aging, from mice to humans

The beneficial effects of physical activity go beyond skele-
tal muscle and involve adaptations in other organs. Exercise
causes changes in the brain at the anatomic, cellular, and
molecular levels by inducing a cascade of cellular and molecu-
lar processes that promote different physiologic phenomena,
including angiogenesis, neurogenesis, synaptogenesis, and
stimulation of neurotrophic factors that enhance learning,
memory, and brain plasticity (Fig. 2).”>°7*~** The availabil-
ity of transgenic murine models that simulate the main neuro-
pathologic characteristics of AD has enabled the study of the
main protective mechanisms of exercise on brain aging.
Among these mechanisms is an increase in cerebral blood flow

A Cerebral BF
A A
Hormonal < y < Oxidative stress
response — (Hormesis)
) - - g

Psychological
benefits

“MNeurotrophic
factors

Neurotransmission

N "

Fig. 2. Potential protective mechanisms of exercise on brain aging. BF = blood
flow.
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(CBF) in several cortical and subcortical areas,”” together with
the decrease in the formation of AS and the phosphorylation of
the tau protein.***’

5. Summary of the main mechanisms that exercise can
activate at the brain level

5.1. B-Amyloid peptide, tau protein, and exercise

In transgenic mice models for AD, a decrease in Af plaques
and NFTs after both voluntary and forced exercise interventions
has been found. In some cases, these findings have been accom-
panied by improvements in learning and memory.*® *’ APP/
PS1 are double transgenic mice expressing a chimeric mouse/
human amyloid precursor protein (APP) (Mo/HuAPP695swe)
and a mutant human presenilin 1 (PS1-dE9), both directed to
central nervous system (CNS) neurons. In a recent study in dou-
ble transgenic APPswe/PSEN1AE9 mice, 10 weeks of voluntary
exercise decreased both the load and the size of the AB plaques,
as well as the phosphorylation of tau in the hippocampus.
Improvements in spatial memory, a decrease in hippocampal
neuronal loss, and an increase in neurogenesis in the Cornu
Ammonis 3 (CA3) zone and the dentate gyrus were also reported
in the study.”” These results have been supported by studies in
other AD transgenic mice models such as hPS2m (overexpress
human Presenilin 2 mutant),” Tg-NSE/htau23 (overexpress
human tau23 under the control of the NSE promoter),”® Thy-
Tau22 (human 4-repeat tau mutated at sites G272V and P301S
under the control of Thy1.2 promoter),”’ P301S-tau (overexpress
the P301S-mutant human tau gene),"” and Tg2576 (overexpress
human APP 695).” It is assumed that a successful therapy for
AD would both remove the pathologic hallmarks of the disease
and provide some functional recovery. However, there are stud-
ies that have not found a decrease in AB load and/or tau phos-
phorylation despite improvements in learning tasks and/or
memory in the exercised mice.”” > A key factor with exercise
interventions is to start them in an early pathologic state. Exer-
cise cannot counteract the formation of plaques and the cognitive
deterioration if the intervention is carried out after their appear-
ance.®® Moreover, it has been shown in mice models that volun-
tary exercise may be superior to forced exercise if certain
aspects of the disease, such as plaque deposition and memory
impairment, are to be reduced.”

Studies in humans have also found an inverse correlation
between physical activity levels and the plasma and brain
AP load in elderly people without cognitive disorders.”*””
Moreover, it has been found that a 6-month aerobic exercise
intervention in individuals with MCI induced a 24%
decrease in the plasma A4, levels when compared with
the levels found in the control group.’” Jointly, all of these
results indicate a potential role of exercise in modulating
the AB turnover.

5.2. Exercise and inflammation

The term “inflammaging” characterizes a widely accepted
hypothesis that aging is accompanied by a low-grade chronic
upregulation of certain proinflammatory responses. It is
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characterized by a relative decline in adaptive immunity and
T-helper 2 responses and is associated with increased cell-
mediated responses.’® Inflammaging has been considered to be
a “prodrome” to AD and microglial malfunction, a common
feature during aging.””

Exercise has important modulatory effects on immune func-
tion.'” Systemically, physical exercise has been shown to
have a positive effect on markers of inflammation, and recently
those effects have been extended to the CNS.'""

In the Tg2576 AD animal model, it was shown that 3 weeks
of voluntary exercise were sufficient to decrease the concentra-
tion of AB and the proinflammatory cytokines interleukin-1.
(IL-1B) and tumor necrosis factor-a (TNF-a). These changes
were accompanied by an increase in proteins related to the
immune response, such as interferon-y and macrophage
inflammatory protein-1c, in the hippocampus.'*”

The anti-inflammatory effects of exercise on the CNS have
also been evaluated in older animals. Higher levels of hippo-
campal IL-10 (the main anti-inflammatory cytokine) and lower
IL-18/IL-10, IL-6/IL-10, and TNF-a/IL-10 ratios have been
found in rats exercised for 10 days.'” Barrientos et al.'”*
found that the long-term memory impairment in older rats
injected with Escherichia coli (E. coli) intraperitoneally could
be prevented when they had free access to running wheels.
Along with these findings, voluntary exercise also prevented
the reduction in brain-derived neurotrophic factor (BDNF)
expression in the CAl zone of the hippocampus. Finally,
the microglia of the exercised rats had a lower inflamma-
tory response than the control rats, as measured by the
expression of TNF-a, IL-18, and IL-6. These findings high-
light the capacity of exercise to modulate inflammatory
responses on CNS and reinforce its potential in minimizing
the risk of suffering diseases related to neuroinflammation,
such as AD.

Particularly in elderly people, regular physical activity has
been shown to have a positive effect in the reduction of inflamma-
tory markers such as Creaction protein, IL-6, and TNF-o.'%> """
at the systemic level. In many cases, this has been associated with
better performance in cognitive tests in both cross-sectional''' '
and longitudinal studies."'* "’

Aerobic exercise lasting more than 2 weeks' ' '?! has been
shown to improve the immune system in healthy elderly peo-
ple by increasing the activity of the natural killer cells, the pro-
liferation of T lymphocytes, hematopoietic stem cells, and
endothelial progenitor cells. However, it is noteworthy that the
results achieved with resistance exercise interventions have
been more heterogeneous.' >

5.3. Neurotrophins, cognitive function, and exercise

Neurotrophins are growth factors belonging to the family of
neurotrophic factors, which regulate axonal growth, synaptic
plasticity, neurotransmission, hippocampal neurogenesis, syn-
aptic protein expression, and long-term potentiation.'* '**

Among neurotrophins, BDNF has been extensively studied,
and its relationship with exercise and cognitive function has
been widely established.”””"'?°~'*> The brain synthesizes
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about 75% of BDNF under normal conditions. During pro-
longed exercise, this synthesis is increased by 2- to 3-fold, and
there is evidence indicating that circulating BDNF levels cor-
relate with brain tissue BDNF levels.'**'*°

Exercise provides cognitive benefit in 5XxFAD mice
(express human APP and PSENI transgenes with a total of 5
AD-linked mutations: the Swedish (K670N/M671L), Florida
(I716V), and London (V717I) mutations in APP, and the
M146L and L286V mutations in PSEN1), a mouse model of
AD, by inducing both adult hippocampal neurogenesis and
by elevating the levels of BDNF."?” This combination seems
to generate an adequate brain environment for the mainte-
nance and survival of the new neurons in regions of the brain
affected by AD. The induction of adult hippocampal neuro-
genesis in combination with the elevation of BDNF levels
successfully mimic the beneficial effects of exercise in AD
mice.'”” However, the induction of hippocampal neurogenesis
alone did not benefit cognition or AD markers. Exercise has
also shown its effectiveness on cognitive function and BDNF
levels in mice models of accelerated aging.'*" Four weeks of
moderate exercise were sufficient to improve recognition
memory and increased hippocampal BDNF expression in
13-month-old mice.

Low levels of BDNF have been found in brains of people
with AD,"**'*% which supports the hypothesis that improving
its production may be an effective alternative that delays the
onset of the disease. In humans, several studies indicate that
both acute and chronic exercise'*’ '*° contribute to an
increase in the peripheral levels of BDNF, and, in some cases,
it is related to gains in cognitive function.'*""'"*”~'** Moreover,
aerobic exercise-induced increments in hippocampal volume
are associated with greater serum levels of BDNF in cogni-
tively healthy older individuals,” and high serum levels of
BDNF have been associated with low risk of AD."*’

The pathways responsible for the synthesis and release of
BDNF in AD patients seem to be susceptible to stimulation
with exercise. In fact, one bout of acute aerobic exercise
increased the BDNF plasma levels in patients with AD and in
healthy controls. Additionally, BDNF was associated with
their physical activity levels.'”'

5.4. AD, CBF, and exercise

Aging has been associated with progressive losses in cogni-
tive function and CBF."”> ' It has been shown that the rate
of decrease with age of the CBF is 0.35%—0.45% per year in
middle-aged and elderly subjects (Fig. 3)."°”'*® This leads to
an accelerated decline in cognitive function and an increased
risk of suffering dementia in the general population.'”

Although the cause of the CBF decrease in aging is not
entirely clear, it has been postulated that changes in the density
and elasticity of cerebral blood vessels, as well as the degener-
ation of pericytes and a reduction in the activity and number of
neurons, could explain it.""'*

Compared with healthy people, individuals with AD show
a decrease of up to 40% in the CBF. Regions such as the
precuneus, the hippocampus, the posterior cingulate gyrus,
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Fig. 3. CBF by age groups (at an interval of 5 years), measured by MRI (De Vis et al.,'®” used with permission of John Wiley and Sons). CBF = cerebral blood

flow; MRI = magnetic resonance imaging.

and the temporal, occipital, and parietal lobes are mainly
affected.'®> '’

In animal models, it has been shown that the soluble form
of A protein can accumulate in cerebral blood vessels (which
is known as amyloid angiopathy), generating a decrease in
CBEF and a vasoconstriction effect, possibly affecting neuronal
activity.mx’”’(’ Intra-arterially injected solubilized AB;_49 in
rats of 7—8 months of age decreased CBF and increased vascu-
lar resistance in the cerebral cortex of the animals, indicating
that AS could contribute to the hypoperfusion observed during
AD. 170

In older adults, the regular practice of exercise has a positive
effect both on peripheral endothelial function'’' and on the
increase of CBF in areas such as the hippocampus.'**'"*'"* In
middle-aged, cognitively healthy subjects, even short-term exer-
cise programs, such as 3 h of aerobic exercise per week for 12
weeks, are sufficient to improve CBF at rest in regions such as the
anterior cingulate and the hippocampus.'”*'”> However, even in
physically active people, short periods of inactivity can decrease
CBF in up to 8 regions of the brain, including the hippocampus.' "
Thus, CBF is sensitive to small changes in people’s lifestyle, thus
making it necessary to maintain a regular practice of exercise to
preserve brain health.

Regarding AD patients and exercise, the results from
studies have not been consistent.!”” For instance, in a study,
exercise did not lead to any improvements in CBF,'’® concen-
trations of Ap, total tau, or phosphorylated tau in the cerebro-
spinal fluid of people with AD.'”” This indicates that, although
functional parameters are still likely to be positively affected
in people with AD, changes in brain function may require an
adjustment in the different components of the load, such as the
duration of exercise sessions and the frequency, intensity, and
type of exercise during the intervention.

Finding mimetics of physical exercise for those patients
who have very compromised functionality is not easy, because
physical exercise is a very systemic intervention and targets at
several potential causes of AD. The possibility of using molec-
ular mimetics, such as 5-aminoimidazole-4-carboxamide ribo-
nucleotide (AICAR), is known to only improve brain function
transiently'*’ and does not achieve the same positive effects
as, for instance, running. Another option would be to use neu-
romuscular electrical stimulation or vibration in people who

are unable to perform physical exercise, but this has not yet
been tested in AD patients.'"'

6. Conclusion

Promoting changes in lifestyle in presymptomatic and pre-
dementia disease stages may have the potential for delaying
one-third of dementias worldwide. Exercise modulates ApS
turnover, inflammation, the synthesis and release of neurotro-
phins, and CBF. Multimodal interventions that include the
adoption of an active lifestyle should be recommended for
older populations.
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