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Physical exercise: a promising non—pharmacological
intervention for patients with mild cognitive impairment

LI Yucheng  Julien Baker *¢

[Abstract] Mild cognitive impairment (MCI) occurs in the early stage of Alzheimer disease (AD). Non-
pharmacological interventions are one of the ways to improve the cognitive function of MCI patients. Among the non—
pharmacological interventions, physical exercise is attracting more and more attention. This article reviews the effects of
physical exercise on cognitive improvement in MCI patients, so as to provide ideas for the treatment and management of
MCI. Physical training can be divided into aerobic training and resistance training. Both training methods can improve the
overall cognitive function of MCI patients, but the effects of different exercises on different cognitive domains are still
unclear. In addition, physical training combined with other non-pharmacological interventions also shows a certain
potential for cognitive improvement in MCI patients. On the other hand, the mechanisms by which exercise improves
cognition are related to neurogenesis, neuronal survival, and synaptic plasticity, which can be interpreted both at the
molecular cellular level and from a macroscopic perspective such as organ. Finally, this paper provides conducting
homogeneous research, exploration of exercise prescription and implementation of remote exercise management as possible
directions for MCI and exercise related research.

[Key words] Mild cognitive impairment Alzheimer disease Physical exercise Non—pharmacological interven-

tion Cognition

training: aerobic training and resistance training”. Aerobic
1 Exercise and combined intervention can im- . _ . ) )
exercise can improve aerobic capacity, thereby enhancing car-

r nitive function in patients with MCI . . . .
prove cognitive functio patients wit c diopulmonary capacity and reducing cerebrovascular disease,

Alzheimer disease (AD) is the most common cause of mobility limitations and disability'. Aerobic exercise includes

dementia and a major public health problem™. Mild cognitive many commonly practiced exercises such as brisk walking, jog-

impairment (MCI) due to AD is a prodromal stage of AD where ging, water acrobics, swimming, dancing, or bicycle riding™. In

. . S . addition, tai chi, yoga and several special forms of exercises
there are notable signs of cognitive impairment. However, MCI ’ > YO8 sev 5P s x s
. . - - . can also be classified as aerobic exercise when the intensity of
does not interfere with activities of daily life. Although there is no ¥

. . . exercise meets the required demands of the aerobic exer;
cure for AD, accumulated evidence suggests that physical activ- q &y

. . - supply system. On the other hand, resistance exercise is usually
ity may reduce the conversion rates from MCI to dementia™.
L . L . performed by athletic populations and individuals who would

Exercise is a form of physical activity aimed to improve
) o ) like to induce neuromuscular adaptations to increase muscle

health and well-being. There are two distinct types of exercise
size and performance’®. These types of exercises are anaerobic

in nature, and the fuel for energy provision comes predomi-
*  Department of Neurology, The First Affiliated Hospital, Sun Yat— . .
! & P nantly from anaerobic glycolysis and the breakdown of adenos-
sen University; Guangdong Provincial Key Laboratory for Diagnosis
X ine triphosphate (ATP). The energy supply from these meta-
and Treatment of Major Neurological Diseases, National Key
- - . bolic pathways is very rapid and facilitates strong powerful
Clinical Department and Key Discipline of Neurology. The First

acti S i fod<!”! H p is
Affiliated Hospital of Sun Yat—sen University. contractions over short time periods'”. Aerobic metabolism

~ Hong Kong Baptist University increases as the duration of the activity becomes longer and

@ Corresponding author (E-mail ; jsbaker@hkhu.edu.hk) decreases in intensity occur.
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Both aerobic training and resistance training enhance
cognitive performance in healthy, community—dwelling seniors
and improve the overall cognitive performance of patients with
MCI**" However, the positive outcomes are highly associ-
ated with intensity, duration and frequency of exercise. For
example, shorter duration training sessions and higher frequen-
cies may have greater cognitive effects in that short sessions
may induce less fatigue, the condition associated with the
ability and motivation to exercise”. On the other hand, the
action of exercise on the different domains of cognition remains
diverse due to the heterogeneity of research!® ',

In a meta—analysis, TALAR et al. concluded that there
were no statistically significant effects of aerobic exercise on

working memory and executive function!

. In contrast, in a
clinical trial which participants in both the aerobic and stretch-
ing groups performed high—intensity activity routines 4 d/wk for
45 to 60 minutes per session for 6 months demonstrated
favorable results. Both groups achieved a better executive con-
trol processes of multitasking, cognitive flexibility, information

1
M- Moreover,

processing efficiency, and selective attention
there is evidence that aerobic exercise improves immediate
recall ability as well as delayed recall ability but not cognitive
domain of intention, executive ability, verbal fluency or visuo-
spatial function"”.

Similarly, resistance training may promote executive func-
tion and associative memory in patients with MCI®®. Interest-
ingly, ZHU et al. discovered a trend that implementation of
isometric handgrip exercise has a beneficial chronic effect on
cognitive performance, while the rigorous methodological
approach is needed to evaluate the feasibility and effectiveness
of the exercise!. Yoga is a typical aerobic exercise with a
focus on interactions among the brain, body and mind. Eyre’ s
study found that Kundalini yoga had similar improvements on
memory during cognitive training, with additional beneficial
effects on executive functioning and mood symptoms"®. Addi-
tionally, Tai chi, as one of the traditional Chinese sports,
showed evidence on improving cognitive performance, memory,
attention, language and executive functions in older adults with
MCI"™. The controversial findings suggest that there are com-

plex relationships between physical exercise and cognition.

Given that the types and/or settings of aerobic exercise vary

Chin J Nerv Ment Dis ~ Vol.49, No.2 Feb. 2023

from one another, the precise effect on the cognition domains
require more scientific original studies in the future.
Theoretically, the combination of different interventions
may provide better protection on cognition in patients with
MCI. Indeed, combinations of aerobic exercise and cognitive
training, have been shown to reduce the decline of visual
memory and verbal fluency and improve executive function".
A meta—analysis also demonstrated a positive small-to—
medium effect of combined cognitive—physical exercise inter-
ventions on global cognitive function in older adults with MCI
or dementia (SMD=0.32 [0.17;0.47], P<0.00), without signifi-
cant heterogeneity across the studies™. However, inadequate
combinations may be less effective. For instance, patients
receiving full doses of resistance training and cognitive training
performed significantly poorer compared with isolated progres-
sive resistance training on executive and global domains™.
This may be due to the excessive stress of the combined inter-
vention, which was both mentally and physically challenging.
As a result, patients may be less engaged with home or
community—based activities. Alternatively, combinations may
induce side effects that inhibit rather than promote neural plas-

20 Further to this, the exercise

ticity and cognitive benefits
training mode should be provided and prescribed to the
patients on an individual basis. This will ensure that the modali-
ties of exercise are prescribed at the correct intensities for
individual subjects.

One interesting research direction would be to combine
physical exercise with transcranial direct current stimulation
(tDCS) or transcranial magnetic stimulation (TMS), non—
invasive tools to enhance cognition. Although the relevant lit-
erature in this area is limited, emerging evidence suggests that
concurrent anodal tDCS and Taichi training was superior to a
sham stimulation with Taichi training in improving cognitive
dual-task walking'"

Ongoing clinical studies on exercise improving cognitive

function in patients with MCI are shown in Table 1.

2 The mechanisms of exercise improving cogni-

tive function in MCI patients

The underlying mechanisms have not yet been fully eluci-

dated. However, exercise—induced brain benefits are largely
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Table 1 Ongoing clinical studies of exercise on cognitive improvement in patients with MCI
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NCT Number Title Conditions Interventions Locations
NCTO05540613  Tai Chi Versus Conventional Exercise to Improve Cognitive Perfor- MCI 1. Health Education Hong Kong,
mance in Older Adults With Mild Cognitive Impairment 2. Conventional Exercise China
3. Tai Chi
NCT02737878  Reshaping the Path of Mild Cognitive Impairment by Refining Ex- MCI 1. Aerobic Training Canada
ercise Prescription 2. Resistance Training
3. Balance and Tone Training
NCT03619577  The Effectiveness of Combining Physical Exercise and Cognitive MCI Cognitive training combining aero- Taiwan, China
Training for Individuals With Mild Cognitive Impairment bic exercise
NCTO03855475  Aging Brain Structure and Memory in Response to Exercise MCI 1. Aerobic exercise United States
2. Stretching
NCT05310890  Long Term Prospective Study of Tai Chi Intervention to Prevent MCI 1. Tai chi training China
MCI From Conversion to Dementia 2. Group activity
NCT04070703  Tai Ji Quan and Cognitive Function in Older Adults With Mild Cog- MCI 1. Cognitve enhanced Tai Ji Quan ~ United States
nitive Impairment 2. Tai Ji Quan
NCT04185298 mSIM: Mobile Simultaneous Aerobic Exercise and Memory Train- Amnestic Mild 1. mSIM intervention plus activity ~ United States
ing Intervention for Amnestic Mild Cognitive Impairment Cognitive Impair- monitoring
ment 2. Activity monitoring
NCT05663918  The Effects of Exercise on Synaptic Plasticity in Individuals With MCI Self-determined Intensity Interval Canada
Mild Cognitive Impairment and in Healthy Aging Training
NCT02614365 Genes, Exercise, Neurocognitive and Neurodegeneration: MCI 1. Aerobic exercise United States
Community—Based Approach 2. Stretch exercise
NCT04997681  SYNchronizing Exercises, Remedies in Gait and Cognition at Home MCI 1. Combined Aerobic Exercise Canada
and Resistance Training with
cognilive lraining
2. Balance and Toning Exercise
Training with cognitive training
NCT03313895  The ACT Trial: Effects of Combined Aerobic Exercise and Cogni- MCI 1. Aerobic exercise and Cognitive  United States
tive Training in MCI Training
2. Cycling Only
3. Cognitive Training Only
4. Stretching and Mental Stimulat-
ing Activities
NCT04956549  Reducing African American’s Alzheimer’s Risk Through MCI Physical activity program United States
Exercise=Mild Cognitive Impairment (RAATE-MCI)
NCT05370118  Improving Physical Activity With Cognitive Impairment MCI Telerehabilitation physical activity ~ United States
behavioral (TPAB) intervention
NCT05030948 A Physical Activity Intervention to Promote Cognitive Health, Car- MCI Tiempo Juntos Intervention United States
diovascular Health and Sleep in Older Latinos
NCTO05375513  SYNchronizing, Exercises and Remedies to Galn Cognition@Home MCI Muti—domain intervention Canada
NCT04689776  The Effectiveness of Dual Task Training in Elderly With Cognitive MCI Dual-Task Training Taiwan, China
Decline
NCT05108246 Home-Based Dual-Task Training for Older Adults MCI Dual-Task Exercise Training United States
NCT05301868 Multidomain Intervention Via a None—face—to—face Platform in MCI Multidomain intervention Korea
Mild Cognitive Impairment
NCT05023057 Multidomain Interventions Via Face—to—face and Video Communi- MCI Multidomain intervention Korea
cation Platforms in Mild Cognitive Impairment
NCT04296565 Water—based Activity to Enhance Recall in Veterans MCI Water—based exercise + cognitive  United States
training
NCT04507386 Reducing Sedentary Time in Patients With Mild Cognitive Impair- MCI Physical activity Brazil
ment: The Take a STAND for Health Study
NCT04059705  Dual-task Training for Function in MCI MCI Dual-Task Training United States
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related to neurogenesis, neuronal survival, and synaptic plastic-
ity. Indeed, physical exercise may promote the production of
neurotrophins such as brain—derived neurotrophic factor (BDNF),
modulate serotonin and kynurenine metabolism, induce myo-
kines in muscle=brain crosstalk, increase anti-Inflammatory
response and mitochondrial-mediated regulation.

However, subgroup analyses of a meta study confirmed
that exercise interventions increased plasma BDNF levels for
MCI with a non—significant trend (SMD= 1.07; 95% CI: -0.14~
2.28; I*=86%; P=0.080). The indeterminate result might be
potentially due to low statistical power, but also to the reduced
ability of MCI patients to comply with the prescribed exercise
interventions because of their cognitive impairment™. This is
another factor related to individual exercise prescription
regimes.

Another interesting field is the role of the mitochondria
and the muscle=brain axis. BURTSCHER et al. demonstrated
that mitochondria in the skeletal muscle will be activated after
physical exercise and secreting circulating factors including
myokines, metabolites and microRNAs, which directly and indi-
rectly improve brain mitochondria health, possibly resulting in
a better cognitive state®!. Moreover, the aerobic system plays a
significant role in determining performance during high—
intensity exercise over long exercise periods”. An overactive
aerobic system in combination with anaerobic glycolysis may be
a trigger to upregulate proteins involved in mitochondrial
biogenesis and energy production, to induce the translation of
oxidative phosphorylation—linked proteins, and to improve ATP
generation in skeletal muscle®.

Besides, acute exercise elicits an increase in circulating
stem and progenitor cell numbers, while the mobilization of

(5726 Together, these

endogenous neural stem cells also begins
molecular or cellular pathways may directly increase hippocam-
pal neuronal activation and plasticity in turn, or indirectly
affect neurons through increases in cerebral blood volume
capillary densities, as well as improvement in whole body situ-
ation® ¥, Increased hippocampal volume has also been ob-
served following physical training in people with cognition
decline”.

On the other hand, beta—amyloid (AB) plaques and intra-

cellular accumulation of neurofibrillary tangles, hyperphos-
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phorylated tau proteins, are the primary hallmarks of AD, and
are proposed to contribute to a decline in brain volume and
function™'. Comprising evidence from animal studies suggests
that exercise may contribute to both the inhibition of AB pro-
duction and enhancement of AP clearance in the brain™.
Meanwhile, there is evidence that physical exercise levels
might affect AR levels in the brain, cerebrospinal fluid (CSF),
and blood in human bodies™. LIANG et al. found that individu-
als (n=69) meeting the American Heart Association guidelines
of 7.5 metabolic equivalent (MET) hours/week of exercise
showed significantly lower PiB (The Pittsburgh compound B,
which is the analogue of thioflavin T, is the most commonly
used tracer for amyloid imaging) binding and higher levels of
AB,, in the CSF, indicating a healthier amyloid profile®™”. The
Apolipoprotein E (APOE) €4 allele is the strongest known
genetic risk factor for sporadic onset AD"'. Tt is associated with
higher rates of AP aggregation, reduced clearance of AB from
the brain, increased rate of cognitive decline and neuronal
vulnerability®™!. Previous research suggested higher levels of
physical activities may lead to mitigating the increased risk of
]

AB deposition conferred by APOE &4 carriage™.
BROWN et al. demonstrated lower levels of PET—quantified

Besides,

tau in cognitively normal older adults reporting the highest
levels of physical activity™. However, as the measurements of
AP and tau are developing, studies applying gold—standard tau
and AP measurements as outcome measures in specifically
designed exercise—focused randomized controlled trials are ex-
pected. Furthermore, identification neuroprotective mechanism
by exercise may also contribute to drug development (Figure 1).

Different forms of physical exercise may improve cognitive

ability by targeting different areas of the brain. Aerobic exer-
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Figure 1 Possible molecular and cellular mechanisms of exercise

improving cognitive function in MCI patients
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cise has been reported to be associated with the activation of
the hippocampus, while Yoga activates the frontal lobe and
insula, which are responsible for integrating thoughts and emo-
tions. In addition, lifting weights boosts executive function
through the action on the prefrontal cortex. Longitudinal func-
tional and structural MRI study of young adults who accepted a
6-week motor training showed increased fronto—parietal
network connectivity in accordance with cognitive performance
improvements. The structural gray matter alterations were also
tightly correlated with functional connectivity changes in

prefrontal and supplementary—motor areas'™

1. Moreover, resis-
tance training has been found to modulate corticospinal adapta-
tions and lower white matter lesion volume'®. Collectively, this
evidence suggests that generic exercise may not take full advan-
tage of therapeutic potential of exercise in MCI. Several brain
networks including Default Mode Network mainly, Fronto—
Parietal Network and Fronto—Executive Network are potential

5 ..
1331 Precision

targets for the interventions of cognitive decline
exercise prescription based on individual cognitive domain
impairment is desirable. This may require exercise regimes of

different intensities, durations and rest recovery periods to

maximize the full benefits of exercise on brain health.

3 Expectations

Tele—exercise or remoted—supervised physical exercise is
a new frontline in the battle against cognitive decline. Short—
term exercise interventions in MCI people were usually con-
ducted in hospitals health centers. Given that sustainable exer-
cise can provide long—term protective effects, a long—term exer-
cise program is necessary for MCI patients. However, long—
term adherence to aerobic exercise is challenging for patients
with MCI in that the physiological data needs to be collected
and needs to be measured for the establishment of exercise
intensity. Home—based Emerging literature has demonstrated
that telemedicine is an ideal tool for home—based cognitive
training. Home—based exercise may be a feasible option
because of its convenient schedule and easy acceptability. In
the home—based setting, tele-exercise programs can provide
remote supervision by professional trainers while being sup-
ported by the family or near communities, thus improving

patient adherence and increasing effectiveness of exercise. For
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instance, the Vivifrail programme was a home—based exercise
programme focused on individualized multicomponent exercise
prescription according to the functional capacity of the older
adults. After 12 weeks of training, significant differences were
observed for cognitive function and handgrip strength®™. On the
other hand, lower handgrip strength has been found to be asso-
ciated with a higher risk of all-cause dementia incidence and
mortality, independent of important confounding factors"”.
Together, handgrip strength may be a promising measurement
for the effect of physical exercise as well as a predictor for
cognitive decline. In conclusion, future research needs to con-
sider the effects of different intensities of exercise, the effects of
different durations, work to rest recovery ratios and more suit-
able measurements. Further to this, exercise modalities that
have an element of skill in the exercise being performed may
provide greater benefits than simply walking, running or swim-

ming.
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