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Abstract

Age-related cognitive decline is a growing health concern. The lack of adequate pharmacological treatments to
reduce or prevent the loss of cognitive abilities associated with aging, has contributed to a growing interest in
integrated interventions useful for promoting the proper functioning of cognitive abilities. Among these, physical
exercise seems to be an effective strategy.

This study aims to systematically review studies examining the relationship between acute/chronic, multimodal/
unimodal exercises and cognitive functions in elderly people, in order to clarify which type of exercise may be most
appropriate for delaying or preventing cognitive decline.

For this purpose, a bibliographic search was carried out on two main database search, PubMed and Scopus. Studies
from 2016 to 2020 were selected. The research strategy focused on three main categories: exercise, cognition and
population. After applying the eligibility criteria, 15 studies were included in the review. 4 studies describe a multi-
modal approach, 11 describe the unimodal approach, 3 studies describe the effects of acute exercise and 12 focused
on the effects of chronic exercise on cognitive functions. The evidence included in the study shows that exercise,
whether unimodal or multimodal, has positive effects on cognitive function and is able to delay or prevent age-relat-
ed decline. Acute and chronic exercise also induce beneficial effects, however, chronic exercise should be preferred
so that the effects can be sustained.

11 declino cognitivo correlato all’eta € una preoccupazione crescente. La mancanza di adeguate cure farmacologiche
per ridurre o prevenire la perdita delle capacita cognitive associate all’invecchiamento, ha contribuito ad un cre-
scente interesse per interventi integrati utili a favorire il corretto funzionamento delle capacita cognitive. Tra questi,
I’esercizio fisico sembra essere una strategia efficace. Questo studio si propone di rivedere sistematicamente gli studi
che hanno esaminato la relazione tra esercizi acuti/cronici, multimodali/unimodali e funzioni cognitive nelle persone
anziane, al fine di chiarire quale tipo di esercizio pud essere piu appropriato per ritardare o prevenire il declino co-
gnitivo. A tal fine ¢ stata effettuata una ricerca bibliografica su due principali database di ricerca, PubMed e Scopus.
Sono stati selezionati gli studi dal 2016 al 2020. La strategia di ricerca si € concentrata su tre categorie principali:
esercizio, cognizione e popolazione. Dopo aver applicato i criteri di ammissibilita, sono stati inclusi nella revisione
15 studi. 4 studi descrivono un approccio multimodale, 11 descrivono I’approccio unimodale, 3 studi descrivono
gli effetti dell’esercizio acuto e 12 focalizzati sugli effetti dell’esercizio cronico sulle funzioni cognitive. Le prove
incluse nello studio mostrano che 1’esercizio, sia unimodale che multimodale, ha effetti positivi sulla funzione co-
gnitiva ed ¢ in grado di ritardare o prevenire il declino correlato all’eta. Anche 1’esercizio acuto e cronico inducono
effetti benefici, tuttavia, I’esercizio cronico dovrebbe essere preferito in modo che gli effetti possano essere duraturi.
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Introduction

Aging is an irreversible process, characterized by a progressive deterioration of physiologi-
cal functions and processes, that lead to the manifestation of cardiovascular diseases, hyperten-
sion, diabetes, osteoporosis, sarcopenia and sensory deficit (Dziechciaz & Filip, 2014). Aging
is often associated to cognitive deficits (eg. gradual reduction of conceptual reasoning, memory
and information processing speed), that limit the autonomy and reduce the quality of life of
elderly people (Harada, Love, & Triebel, 2013).

Cognitive decline related to aging is a growing public health concern. The World Health
Organization (WHO) predicts that the total number of people with dementia will greatly in-
crease until it reached a number of 152 million in 2050 (WHO, 2010). This rapid increase will
have a significant impact on health systems. The lack of adequate pharmacological treatments
to prevent and/or reduce the progression of the loss of cognitive abilities (Fink et al., 2018), has
contributed to a growing interest in integrated interventions useful to promote the proper func-
tioning of cognitive abilities, physical and mental health, functional autonomy in the absence
of chronic diseases and the ability to adapt to changes and compensate the limitations. Among
the various interventions, physical exercise (PE) seems to be an effective strategy (Troisi Lopez
et al., 2020).

PE, defined by WHO as “a subcategory of physical activity that is planned, structured, re-
petitive, and purposeful in the sense that the improvement or maintenance of one or more com-
ponents of physical fitness is the objective” (WHO, 2010), is involved in increasing the health
potential in both the biological and psychological dimensions and in general well-being (Man-
dolesi et al., 2017, 2018). The positive effects of PE are innumerable and include reducing the
risk of cardiovascular disease, stroke, hypertension, diabetes, osteoporosis, obesity, cancer, im-
proves anxiety management, sleep quality and depression (Gremeaux et al., 2012; Seals, Nagy,
& Moreau, 2019). Finally, there is some evidence that PE is able to produce a direct effect on
the brain, inducing an increase in vascularization and in the production of neurotrophic factors,
which facilitate neuronal repair and growth and the neuroplasticity processes (Ding, Vaynman,
Akhavan, Ying, & Gomez-Pinilla, 2006; Gelfo, Mandolesi, Serra, Sorrentino, & Caltagirone,
2018; Knaepen, Goekint, Heyman, & Meeusen, 2010). Indeed, the brain is able to change in
relation to various environmental factors and among these, PE plays a pivotal role because its
constant practice induces neuroplasticity phenomena both at a structural and functional level
which reflecting on cognitive functioning. It has also been shown that PE is an important neuro-
protective factor in gaining cognitive reserves, preserving or delaying cognitive decline (Gelfo
et al., 2018; Lista & Sorrentino, 2010).

Over the last few years, several studies focused on which type of PE induces the best phe-
nomena of brain plasticity and consequently improves cognitive skills. Most of them showed
that aerobic PE, with resistance programs diversified by intensity, duration and oxygen con-
sumption, is the one that most determines positive effects on the brain and in particular on the
neuronal circuits underlying the purposeful motor behaviour (Mandolesi et al., 2018). These
circuits include large cortical portions, from the occipital cortex to the frontal areas, which
are the seat of executive functions, such as attention and short-term memory (Montuori et al.,
2019; Sorrentino et al., 2019). A number of studies have also examined the effects of chronic
or immediate post-exercise on cognitive abilities, demonstrating that both types of PE produce
improvements in cognitive functions (Loprinzi, 2019; Loprinzi, Moore, & Loenneke, 2020;
Zhou et al., 2019). However, the mechanisms responsible for these changes are different, indeed
while the chronic exercise produces lasting significant changes not only in physical fitness but
also in cognitive functions, acute exercise, based on a single exercise session, produces small
and non-lasting changes in cognitive functions (Loprinzi, Lovorn, Hamilton, & Mincarelli,
2019). Furthermore, there are several studies that examinated the effects of multimodal and un-
imodal or traditional exercise on physical and cognitive functions in adults and in typically and
atypically development children (Foti et al., 2011; Mandolesi, Petrosini, Menghini, Addona, &
Vicari, 2009). The main feature that distinguishes these two types of exercise is that the multi-
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modal exercise is based on mind-body intervention that combines PE and mental processes with
deep breathing and relaxation (Wells, Granetzke, & Paolini, 2019). Although these are different
both interventions are associated with an improvement in physical fitness, memory, executive
function, attention, heart rate, blood pressure, respiratory rate, fasting blood glucose, auditory
and visual reaction times (Firth et al., 2018; Vitetta, Anton, Cortizo, & Sali, 2005).

Starting from the evidence above mentioned, this study aims to systematically review stud-
ies examining the relationship between acute/chronic, multimodal/unimodal exercise and cog-
nitive functions in elderly people, in order to clarify which type of PE may be the most appro-
priate to improve physical fitness and cognitive processes.

Methods

The search for scientific articles was carried out on the following databases: PubMed and
Scopus starting from January 1th 2016 to 2020. The search strategy focused on three main
categories: exercise, cognition and population. The respective keywords, for each of the above

EEINT3 9 < EEINT3 EEINT3

categories, were: “exercise”, “physical activity”, “exercise intervention”, “aerobic”, “resistance

CLINNTS 23, < EEINNT3 9 9

training”, “mind body”’; “cognition”, “cognitive function”, “executive function”, “attention”,
“memory”’; “elderly” (Figure 1).

Studies examining the relationship between PE and cognition in healthy elderly people
(age> 60 years) were included in the review. Studies describing, chronic (defined number of
attacks in the set period), acute (single attack) (or both), multimodal (mind-body exercise), or
unimodal (traditional physical exercise) exercise intervention, were considered eligible. The
exclusion criteria were: populations of older adults with diagnosed cognitive deficits, articles
in a language other than English, reviews, abstracts or theses. The duplicates were removed,
the search results were reviewed and deleted by title and abstract using the eligibility criteria.
All potential and relevant studies were further evaluated by reading the complete manuscript.
Studies that did not meet the eligibility criteria were excluded (Figure 2).

“Exercise” OR
“Physical activity” OR
“Exercise intervention” OR
“Aerobic” OR
“Resistance training” OR
“Mind body”

“Cognition” OR
“Cognitive function” OR
“Elderly” “Executive function” OR
“Attention” OR

“Memory”

Figure 1. Search strategy adopted for the papers selection
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Studies identified through

database search
n= 37,842
Studies after duplicate
removed
n=37,570
Studies excluded after
5| screening of title, review,
book and thesis
n= 34,327
Studies screened
n= 3,243
Studies excluded after

> reading the abstract

v n=3.208

Full text assessed
for elegibity
n=35

5| Full text excluded for

v inclusion/exclusion criteria

Studies included n=20

n=15

Figure 2. Flow chart of adopted research methodology

Tab. 1 Included Studies

Articles Population Intervention Measures Results
Age Number Type Frequency
Salivary
cortisol,
14-item Improved
Perceived | accuracy on
Stress Scale, | executive
ot
Keswani, & Yoga, 8 weeks, 3 Y
62 118 . . Invento- | and an atten-
McAuley, stretching | times, lhour .
ry, letter uated corti-
2016) .
version of | sol response
the running | compared to
memory | their stretch-
span test, ing.
task switch-
ing.
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Improve-

ments in
measures of
functional
Rey Audi- | MOPHIL:
12 weeks, 3 torv-Verbal improved
Aerobic and | times, two ry-ve speed of
. ; Learning
resistance 60 minute process-
N .. . Test and .
(Desjardins training session of ing and
, . recall, Lo
- Crépeau et 72 76 program, du- | physical ex- Color-Word inhibition
al., 2016) al-task (DT) | ercise, one Interfer- abilities, but
training 60 minute only partic-
. ence Test .
program cognitive . . ipants who
. . trail-making
stimulation test took part
' in the DT
training in-
dependently
of physical
training.
Stroop test, Inde-
Borg Rating | pendently
of Perceived | of mode or
Exertion duration of
Aerobic scale, Mini exercise,
. Mental State | participants
(Johnson et exercise or . . . .
al., 2016) 71 31 resistance 1 time Examination | improved in
” exercise (MMSE),- | the Stroop
Seven-Day Inhibi-
Physical tion task
Activity | immediately
Recall (7-d | post-exer-
PAR). cise.
Aerobic ex- Inhibitory
(Falbo, . performance
ercise, phys- Random .
Condello, . increase
. ical-cog- | 12 weeks, 2 | Number .
Capranica, 72 36 .. . . after training
Forte. & nitive dual | times, 1hour | Generation with physi-
Pesce, 2016) t?:;éﬁn (RNG) task. cal-cognitive
g DT focus.
(Shimada et 78 24 Aerobic 3 month, 2 Positron Significant
al., 2017) exercise, times, 90 emission post-
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Tab. 1 Included Studies

Articles

(Donath et
al., 2017)

(Rosano et
al., 2017)

Population

Intervention

75

Age

69

26

Number

22

Type
strength
training,
and physical
therapy.

Aerobic
cycling
exercise at
70% of the
heart rate
reserve.

Walking at
moderate in-
tensity, low-
er extremity
resistance
lower
extremity
resistance
exercises,
balance
exercises,
stretching
and

Frequency
min-session

3 days, 30
min-session

24 month

Measures

tomography,
fluorodeoxy-
glucose

gait analysis.

Executive
function
testing
(Erik-
sen-Flank-
er-Test,
Stroop-
Color-Test,
Digit-Span,
Five-Point-
Test).

Volumes

of total
hippocam-
pus, dentate
gyrus and
cornu
ammonis
measured at
baseline and
at 24-month
follow-up.

Results

intervention
increase in
regional
glucose
metabolism
in the left
posterior
entorhinal
cortex, left
superior
temporal
gyrus, and
right superi-
or temporo-
polar area,
significantly
greater step
length in the
right foot af-
ter 3 months
of physical
activity.
Between day
1 and 2 were
found for re-
action times
(Flanker-
and Stroop
Color
testing) and
completed
figures
(Five-Point
test) at pre
and post
testing.
Significant
left hippo-
campus, left
cornu am-
monis and
right hippo-
campus in
intervention
group.
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Tab. 1 Included Studies

Articles

(Gothe,
Kramer, &
McAuley,
2017)

(Marston et
al., 2019)

Population

Intervention

Age

62

60

Number

118

45

Type
behavioural
counselling
and health
education
program
based on
seminars
regarding
health-relat-
ed matters
and upper
extremity
stretching
exercises.
Hatha yoga,
stretching

High-load,
long rest
resistance
training

or moder-
ate-load,
short rest
resistance
training

280

Frequency

8 weeks

12 weeks, 2
times

Measures

Attention
Network
Task, Trail
Making
Test parts
A and B,
and Pattern
Comparison
Test—at
baseline
and after
the 8-week

intervention.

CogState
computer-
ised battery.

Results

Significantly
faster reac-
tion times on
the Attention
Network
Task’s
neutral, con-
gruent, and
incongruent
conditions,
improve-
ment of
visuospa-
tial and
perceptual
processing
on the Trail
Making Test
part B and
pattern.

The verbal
memory
perfor-
mance was
improved in
resistance
training
groups.




(Zhou et al., 65 60 Tai Chi (24- |12 weeks, Montreal All three
2019 42-56 in phase one | Cognitive TC groups
p g group
(Week 1-6), | Assessment |showed
six 60-min | (MoCA) significant
exercise Time Up & |improve-
sessions, in | GO (TUG), |ments on
second Balance, Six | overall cog-
nitive ability
at 6 or
Table 1 Included Studies
Articles Population Intervention Measures Results
Age | Number Type Frequency
12 weeks
training pe-
riod, TC-56
phase (week il;s:asrs t;)_
7-12) five meter walk . P
. rior effects
90-min exer- test. .
cise session on arterial
’ stiffness
and static/
dynamic
balance.
A six-month
individ-
Montreal uf(l)lzfei’sive
Cognitive progrt ’
multicom-
Assessment ponent
. (MOCA), .
Routine - Rey Audi- | Pysical
activities, 1n- torv-Verbal exercise n-
dividualized, Yy tervention is
rogressive Learning effective at
progt ’ Test, Trail ..
multicompo- . maintaining
(Arrieta et nent physi- making test cognitive
84 112 . Six month | A, Coding .
al., 2018) cal exercise function and
and Symbol .
program Search test decreasing
focused on ’ | perceptions
Verbal and .
strength, . of loneliness
Semantic
balance, and among nurs-
. Fluency, .
walking . ing home
anxiety and .
depres- residents.
sion scale Blood levels
BDNF. of BDNF
were not af-
fected by the

intervention.
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(Guadagni et
al., 2020)

65 206

aerobic
exercise
program

12 month, 3
times/week

Sym-
bol-Digit
Modalities
Test, Cart
Sorting
Test and
Color-Word
Inference
Test from
the Del-
is-Kaplan
Executive
Function
system
battery,
Buschke
Selective
Reminding
Test, Medi-
cal College
of Georgia

The 6-month
aerobic ex-
ercise inter-
vention was
associated
with im-
provements
in some
cognitive
domains and
cerebro-
vascular
regulation.

Table 1 Included Studies

Articles

Population

Intervention

Age Number

Type Frequency

282

Measures

Complex,
Verbal
Fluency
Test from
the Del-
is-Kaplan
Executive
Function
system
battery
Auditory
Consonant
Trigram
Test,
Cerebro-
vascular
regulation
measures,
maximal
aerobic
capacity.

Results




(Wheeler et
al., 2020)

(Coel-
ho-Junior et
al., 2020)

(Garcia-Gar-
ro etal.,
2020)

67

45

68

67

67

110

sitting,
exercise

+ sitting,
sitting, mod-
erate-inten-
sity walking,
exercise +
breaks, mod-
erate-inten-
sity walking,
light-intensi-
ty walking

Traditional
resistance
training
(TRT) and
combined
power train-
ing (PT) and
TRT (PTRT)

Pilates
exercises
program

6-day wash-
out

22 weeks, 2
times

12-week,
2 times, 60
minutes

Blood for
analysis of
BDNF, com-
puterised
test battery
(Cogstate,
Melbourne,
Australia)

to assess
psychomo-
tor function,
attention,
executive
function, vi-
sual learning
and working
memory.

Global
cognitive
function,
short-term
memory, and
dual-task
perfor-
mance. Se-
rum BDNF
levels were
assessed at
baseline and
after the in-
tervention.

Global
cognitive
function
(Mini-Men-
tal State

A morning
bout of mod-
erate-inten-
sity exercise
improves se-
rum BDNF
and working
memory or
executive
function in
older adults.

Overall
cognitive
function,
short-term
memory, and
dual-task
perfor-
mance were
similarly
improved
after TRT
and PTRT.
Serum
BDNF con-
centrations
were not
altered by
any training
protocol.

Significant
benefits in
all measures




Table 1 Included Studies

Articles Population Intervention Measures Results
Age Number Type Frequency
Examina-
tion), verbal
fluency
(Isaacs test),
executive
function excent
(Trail Mak- | g‘foba]
E;Igl (I?(?Itl)a;l cognitive
Aexibili- funct?on and
ty (Back functional
flexibili-
Scratch
ty (Back

Test and Scratch
Chair Sit- Test)
and-Reach '
Test), and
lower-body
strength (30
s Chair-
Stand Test).

Results

In the initial search, 37.842 documents were collected. After the removal of duplicates and
ineligible manuscripts for the above criteria, 15 articles (published from 2016 to 2020) were
considered eligible for the study (Figure 2). Among the 15 identified articles, 3 describe acute
exercise intervention and 12 describe chronic exercise intervention. Among the included stud-
ies, 4 describe a multimodal mind-body approach (yoga, tai chi and pilates), 11 describe a
unimodal approach (aerobic exercise without specific cognitive and/or mental implication). All
studies had an intervention and control condition and included an assessment of physical per-
formance. The control condition included stretching, physical therapy, routine activities and
walking. A description of the works included in the study is given in Table 2.

Discussion

This study, aims to systematically review studies investigating the relationship between
acute/chronic, multimodal/unimodal exercise and cognitive functions in elderly people, in order
to highlight which type of PE may be the most appropriate for improving both physical fitness
and cognitive processes in healthy elderly people. For this purpose a small sample of relatively
recent articles (15 articles), addressing this issue were identified.

The studies on multimodal PE focused on mind-body interventions, which combine mental
concentration, breathing control and body movement, determining a beneficial effect not only
on the flexibility and stability of the body but also on the brain health. In the present study,
were included four studied which described the effect of yoga, pilates and tai chi on cognitive
functions. Gothe NP et al. (Gothe et al., 2016) examinated the cortisol level and self-reported
stress associated to yoga practice. Although the study failed to show positive effects of yoga
on cortisol levels by reducing it, in response to a stressful event such as cognitive assessments,
the yoga group showed an attenuated response to cortisol and perceived stress, resulting in
better accuracy on executive function assessment tasks. On the contrary, the control group
(who practiced stretching) showed a high response to cortisol and a poor performance of task
switching. Stress and anxiety can be two critical factors that impair the ability to perform tasks
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correctly and increase the cortisol level. Cortisol, although a widely used measure of stress,
may influenced by age, gender, health status and behaviours, as well as the perception of stress
(Fries, Dettenborn, & Kirschbaum, 2009). The ability to manage emotions induces an improve-
ment both cortisol levels and cognition (Moore & Malinowski, 2009). Therefore, Yoga can be
understood as a practice capable not only of improving physical fitness but promoting the sta-
bility of attention and awareness of the present moment, repeatedly bringing the attention back
to the object of meditation as one’s own breath. In a study on Hatha yoga (Gothe et al., 2017)
was shown the improvement of processing speed information and a significantly faster reaction
times on the attention network task. The improvement of these abilities could depend on the
effects induced by this practice on the structure of the brain. Neuroimaging studies, reported
increased volume of grey matter in several regions of the brain, including the frontal lobe,
largely responsible for executive processes associated to yoga practice (Froeliger, Garland, &
McClernon, 2012). In the literature, the effects of experience of new activities have been shown
cognitive benefits on brain structure and function involving memory consolidation associated
with specific brain networks (Hampson et al., 2006; Lardone et al., 2018; Liparoti et al., 2019;
Minino et al., 2020; Rucco et al., 2019; Sorrentino et al., 2019) In addition to yoga, Tai Chi
(Zhou et al., 2019), a moderate intensity exercise widely practiced in Chinese countries, seems
involved in improvement of cognitive function. It is characterized by different styles that share
common elements such as breathing control, extension / flexion of muscles, awareness of the
body, mental concentration and coordination of the whole body expressed during the execution
of choreographic movements defined “forms” (Zou et al., 2018). Specifically, three types of
forms (24-form, 42-form, and 56-form) were performed by tai chi practitioners of the study,
that involve different levels of strength, endurance and flexibility. All three Tai Chi groups
showed significant improvements on overall cognitive ability assessed by Montreal Cognitive
Assessment (MoCA). Tai Chi seems to be involved in improving cognitive function, attention
span and visual-spatial capacity probably because the ability to perform sequences of con-
tinuous movements induces processes of neuronal plasticity, which results in better cognitive
function. Like yoga and tai chi, pilates is also a mind-body practice that seems to be involved
in improving cognitive functions. In particolar Garcia-Garro PA et al. (Garcia-Garro et al.,
2020) demonstrated the beneficial effects of pilates on verbal fluency and executive functions.
These findings have significant clinical implications and open up new possibilities for delaying
cognitive impairment thereby improving the autonomy and quality of life of elderly people.
The effects of mind-body exercise have already been addressed in a meta-analysis study that
demonstrates how this practice is able to improve the cognitive performance of the elderly with
or without cognitive impairment. Therefore, these practices could be considered as intervention
to prevent cognitive decline in aging populations.

In addition to multimodal interventions, this systematical review also highlights the poten-
tial of the unimodal approach on the brain and cognitive functions. In recent years, several stud-
ies have focused on the effects of acrobic exercise, resistance exercises and mixed interventions
(aerobic and resistance combined) on cognitive function and brain health in healthy and patho-
logical adults. Aerobic exercises in the elderly people have shown effects on cognitive perfor-
mance, regional brain volume, neurotrophin levels, and brain activation patterns. Indeed in Shi-
mada H et al. (Shimada et al., 2017) people who performed aerobic exercise showed significant
increases in regional glucose metabolism in the left posterior entorhinal cortex, left superior
temporal gyrus and right superior temporopolar area, as well as improved physical performance
assessed by gait analysis (Liparoti et al., 2020, 2019; Troisi Lopez et al., 2021; Rucco et al.,
2020; Sorrentino 2016). The brain regions listed above, are part of a critical pathway which is at
the basis of memory formation. Zola-Morgan and colleagues (Zola-Morgan, Squire, & Ramus,
1994) reported that the entorhinal cortex receives afferents from limbic areas, including the
hippocampus and projects efferences to the neocortex and dentate gyrus of the hippocampus,
and also receives afferents from the dorsal stream pathway (Andersen, Asanuma, Essick, &
Siegel, 1990; Rossi et al., 2008; Zola-Morgan et al., 1994). An increase in the volume of the
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post-surgery hippocampus was also observed in the study of Rosano et al. (Rosano et al., 2017).
It is interesting to note that this increase is lateralized, which indicates a greater susceptibility
of one hemisphere than the other. Future studies with larger samples should focus on the effects
of exercise on a specific hemisphere and the clinical implications it entails. Although these
researches provide compelling evidence on the benefits of aerobic exercise on brain volume, it
is not known whether such changes are accompanied by cognitive improvement in this cohort.

The studies reviewed investigated the effects of aerobic or mixed exercise (aerobic-resist-
ance exercise) on executive function. From the analysis of these works it is clear that the elderly
employed in aerobic physical exercise, show significant improvements within three specific
domains of executive functions, inhibition, working memory and switching. Executive func-
tions involve cognitive processes in the anterior and posterior brain regions that modulate the
ability to independently manage the activities of daily living (Montuori et al., 2019). These are
the basis of the ability to appropriately allocate attention between activities that are performed
simultaneously and allows you to ignore irrelevant sensory inputs (Liparoti et al., 2019; Yo-
gev-Seligmann, Hausdorff, & Giladi, 2008). Several studies have shown that in aging individ-
uals may experience difficulty performing multiple tasks at the same time, particularly when
performing another task such as walking. In this review emerge an improvement in executive
functions associated with aerobic exercise tested, in most of the studies, through the use of the
Stroop colour-word task. In particular, there is a better accuracy in performing task and in pro-
cessing the information by inhibiting the superfluous ones, which translates into a reduction in
reaction times associated with aerobic physical exercise.

This review also aimed to examinate the effect of acute and chronic PE. Specifically, three
works described the effect of acute exercise intervention on cognitive function and twelve de-
scribed the effects of chronic exercise intervention. Acute physical exercise is associated not
only to improve of executive functions and working memory post-intervention, but also to pro-
mote the release of brain-derived neurotrophic factor (BDNF), identified as an initiator of brain
neuroplasticity. Wheeler et al. (2020) (Wheeler et al., 2020) demonstrated an increase of BDNF
after acute the aerobic physical exercise of moderate intensity. This is an important result be-
cause it is observed that is involved in increases proliferation of hippocampal cells therefore it
may be implicated in improvement of memory skills. Various evidences supported the hypoth-
esis of the beneficial effects of acute physical exercise on cognitive functions (Chang, Labban,
Gapin, & Etnier, 2012; Tomporowski, 2003), however, the effects of a single bout exercise are
generally small and may be unreliable (Chang et al., 2012; Donath et al., 2017). Conversely,
chronic physical exercise is associated with long lasting effects on cognitive function which are
the expression of consistent changes on brain regions involved in the expression of these func-
tions (Guadagni et al., 2020; Rosano et al., 2017). Chronic physical exercises based on a moder-
ate intensity program, in addition to being associated with changes in improvement of cognitive
functions post-exercise, are also associated with the maintenance of these benefits over time.
Therefore, in agreement with the guideline recommended by WHO (WHO, 2010), the optimal
physical exercise for elderly people is the regular and moderate intensity physical exercise.

Conclusion

In conclusion regular physical activity can delay or prevent age-related decline and this
review although draws on a small but substantial evidences, suggest that moderate intensity
acute aerobic exercise has benefits on cognition, however it should be preferred the chronic
moderate physical exercise which have long-lasting effects. Both unimodal and bimodal phys-
ical exercises appear to have beneficial effects on the brain and cognitive function, however,
the evidence of multimodal exercises reported in this review is relatively few. The information
reported in this review could be useful in identifying optimal programs aimed at improving not
only physical but also cognitive fitness.

286



References

Andersen, R. A., Asanuma, C., Essick, G., & Siegel, R. M. (1990). Corticocortical connections
of anatomically and physiologically defined subdivisions within the inferior parietal lobule.
Journal of Comparative Neurology, 296(1), 65-113.

Arrieta, H., Rezola-Pardo, C., Echeverria, I., Iturburu, M., Gil, S. M., Yanguas, J. J., ... Ro-
driguez-Larrad, A. (2018). Physical activity and fitness are associated with verbal memory,
quality of life and depression among nursing home residents: preliminary data of a random-
ized controlled trial. BMC Geriatrics, 18(1), 80. https://doi.org/10.1186/s12877-018-0770-y

Chang, Y.-K., Labban, J. D., Gapin, J. L., & Etnier, J. L. (2012). The effects of acute exercise on
cognitive performance: a meta-analysis. Brain Research, 1453, 87-101.

Coelho-Junior, H. J., Gongalves, 1. de O., Sampaio, R. A. C., Sampaio, P. Y. S., Lusa Cadore,
E., Calvani, R., ... Uchida, M. C. (2020). Effects of Combined Resistance and Power Train-
ing on Cognitive Function in Older Women: A Randomized Controlled Trial. Internation-
al Journal of Environmental Research and Public Health, 17(10). https://doi.org/10.3390/
ijjerph17103435

Desjardins-Crépeau, L., Berryman, N., Fraser, S. A., Vu, T. T. M., Kergoat, M.-J., Li, K. Z.,
... Bherer, L. (2016). Effects of combined physical and cognitive training on fitness and
neuropsychological outcomes in healthy older adults. Clinical Interventions in Aging, 11,
1287-1299. https://doi.org/10.2147/cia.s115711

Ding, Q., Vaynman, S., Akhavan, M., Ying, Z., & Gomez-Pinilla, F. (2006). Insulin-like growth
factor I interfaces with brain-derived neurotrophic factor-mediated synaptic plasticity to
modulate aspects of exercise-induced cognitive function. Neuroscience, 140(3), 823-833.

Donath, L., Ludyga, S., Hammes, D., Rossmeissl, A., Andergassen, N., Zahner, L., & Faude,
0. (2017). Absolute and relative reliability of acute effects of aerobic exercise on executive
function in seniors. BMC Geriatrics, 17(1), 247. https://doi.org/10.1186/s12877-017-0634-x

Dziechciaz, M., & Filip, R. (2014). Biological psychological and social determinants of old
age: Bio-psycho-social aspects of human aging. Annals of Agricultural and Environmental
Medicine, 21(4).

Falbo, S., Condello, G., Capranica, L., Forte, R., & Pesce, C. (2016). Effects of Physical-Cog-
nitive Dual Task Training on Executive Function and Gait Performance in Older Adults: A
Randomized Controlled Trial. BioMed Research International, 2016, 5812092. https://doi.
org/10.1155/2016/5812092

Fink, H. A., Jutkowitz, E., McCarten, J. R., Hemmy, L. S., Butler, M., Davila, H., ... Brasure,
M. (2018). Pharmacologic interventions to prevent cognitive decline, mild cognitive im-
pairment, and clinical Alzheimer-type dementia: a systematic review. Annals of Internal
Medicine, 168(1), 39-51.

Firth, J., Stubbs, B., Vancampfort, D., Schuch, F., Lagopoulos, J., Rosenbaum, S., & Ward, P. B.
(2018). Effect of aerobic exercise on hippocampal volume in humans: a systematic review
and meta-analysis. Neuroimage, 166, 230-238.

Foti, F., Petrosini, L., Cutuli, D., Menghini, D., Chiarotti, F., Vicari, S., & Mandolesi, L. (2011).
Explorative function in Williams syndrome analyzed through a large-scale task with multi-
ple rewards. Research in Developmental Disabilities, 32(3), 972-985.

Fries, E., Dettenborn, L., & Kirschbaum, C. (2009). The cortisol awakening response (CAR):
facts and future directions. International Journal of Psychophysiology, 72(1), 67-73.

Froeliger, B., Garland, E. L., & McClernon, F. J. (2012). Yoga meditation practitioners exhibit
greater gray matter volume and fewer reported cognitive failures: results of a preliminary
voxel-based morphometric analysis. Evidence-Based Complementary and Alternative Med-
icine, 2012.

Garcia-Garro, P. A., Hita-Contreras, F., Martinez-Amat, A., Achalandabaso-Ochoa, A., Jiménez-
Garcia, J. D., Cruz-Diaz, D., & Aibar-Almazan, A. (2020). Effectiveness of A Pilates Train-
ing Program on Cognitive and Functional Abilities in Postmenopausal Women. Internation-
al Journal of Environmental Research and Public Health, 17(10). https://doi.org/10.3390/

287



ijerph17103580

Gelfo, F., Mandolesi, L., Serra, L., Sorrentino, G., & Caltagirone, C. (2018). The neuropro-
tective effects of experience on cognitive functions: evidence from animal studies on the
neurobiological bases of brain reserve. Neuroscience, 370, 218-235.

Gothe, N. P, Keswani, R. K., & McAuley, E. (2016). Yoga practice improves executive func-
tion by attenuating stress levels. Biological Psychology, 121(Pt A), 109—116. https://doi.
org/10.1016/j.biopsycho.2016.10.010

Gothe, N. P., Kramer, A. F., & McAuley, E. (2017). Hatha Yoga Practice Improves Attention
and Processing Speed in Older Adults: Results from an 8-Week Randomized Control Trial.
Journal of Alternative and Complementary Medicine, 23(1), 35-40. https://doi.org/10.1089/
acm.2016.0185

Gremeaux, V., Gayda, M., Lepers, R., Sosner, P., Juneau, M., & Nigam, A. (2012). Exercise and
longevity. Maturitas, 73(4), 312-317.

Guadagni, V., Drogos, L. L., Tyndall, A. V, Davenport, M. H., Anderson, T. J., Eskes, G.
A., ... Poulin, M. J. (2020). Aerobic exercise improves cognition and cerebrovascu-
lar regulation in older adults. Neurology, 94(21), e2245—e2257. https://doi.org/10.1212/
WNL.0000000000009478

Hampson, M., Driesen, N. R., Skudlarski, P., Gore, J. C., & Constable, R. T. (2006). Brain
connectivity related to working memory performance. Journal of Neuroscience, 26(51),
13338-13343.

Harada, C. N., Love, M. C. N., & Triebel, K. L. (2013). Normal cognitive aging. Clinics in
Geriatric Medicine, 29(4), 737-752.

Johnson, L., Addamo, P. K., Selva Raj, ., Borkoles, E., Wyckelsma, V., Cyarto, E., & Polman,
R. C. (2016). An Acute Bout of Exercise Improves the Cognitive Performance of Older
Adults. Journal of Aging and Physical Activity, 24(4), 591-598. https://doi.org/10.1123/
japa.2015-0097

Knaepen, K., Goekint, M., Heyman, E. M., & Meeusen, R. (2010). Neuroplasticity—exer-
cise-induced response of peripheral brain-derived neurotrophic factor. Sports Medicine,
40(9), 765-801.

Lardone, A., Liparoti, M., Sorrentino, P., Rucco, R., Jacini, F., Polverino, A., ... Mandolesi, L.
(2018). Mindfulness meditation is related to long-lasting changes in hippocampal functional
topology during resting state: A magnetoencephalography study. Neural Plasticity, 2018.
https://doi.org/10.1155/2018/5340717

Liparoti, M., Della Corte, M., Rucco, R., Sorrentino, P., Sparaco, M., Capuano, R., ... Sorren-
tino, G. (2019). Gait abnormalities in minimally disabled people with Multiple Sclerosis: A
3D-Motion Analysis study. Multiple Sclerosis and Related Disorders.

Liparoti, M., Troisi Lopez, E., & Agosti, V. (2020). Motion capture system: A useful tool to
study cyclist’s posture.

Lista, 1., & Sorrentino, G. (2010). Biological mechanisms of physical activity in preventing
cognitive decline. Cellular and Molecular Neurobiology, 30(4), 493-503.

Loprinzi, P. D. (2019). An integrated model of acute exercise on memory function. Medical
Hypotheses, 126, 51-59.

Loprinzi, P. D., Lovorn, A., Hamilton, E., & Mincarelli, N. (2019). Acute Exercise on Memory
Reconsolidation. Journal of Clinical Medicine, 8(8), 1200.

Loprinzi, P. D., Moore, D., & Loenneke, J. P. (2020). Does Aerobic and Resistance Exercise
Influence Episodic Memory through Unique Mechanisms? Brain Sciences, 10(12), 913.
Mandolesi, L, Petrosini, L., Menghini, D., Addona, F., & Vicari, S. (2009). Children’s radial
arm maze performance as a function of age and sex. International Journal of Developmental

Neuroscience, 27(8), 789-797.

Mandolesi, L., Gelfo, F., Serra, L., Montuori, S., Polverino, A., Curcio, G., & Sorrentino, G.
(2017). Environmental factors promoting neural plasticity: insights from animal and human
studies. Neural Plasticity.



Mandolesi, L., Polverino, A., Montuori, S., Foti, F., Ferraioli, G., Sorrentino, P., & Sorrentino,
G. (2018). Effects of physical exercise on cognitive functioning and wellbeing: biological
and psychological benefits. Frontiers in Psychology, 9, 509.

Marston, K. J., Peiffer, J. J., Rainey-Smith, S. R., Gordon, N., Teo, S. Y., Laws, S. M., ...
Brown, B. M. (2019). Resistance training enhances delayed memory in healthy middle-aged
and older adults: A randomised controlled trial. Journal of Science and Medicine in Sport,
22(11), 1226—-1231. https://doi.org/10.1016/j.jsams.2019.06.013

Minino, R., Belfiore, P., & Liparoti, M. (2020). Neuroplasticity and motor learning in sport
activity. Journal of Physical Education & Sport, 20.

Montuori, S., D’Aurizio, G., Foti, F., Liparoti, M., Lardone, A., Pesoli, M., ... Sorrentino, P.
(2019). Executive functioning profiles in elite volleyball athletes: Preliminary results by a
sport-specific task switching protocol. Human Movement Science, 63, 73-81.

Moore, A., & Malinowski, P. (2009). Meditation, mindfulness and cognitive flexibility. Con-
sciousness and Cognition, 18(1), 176—186.

Rosano, C., Guralnik, J., Pahor, M., Glynn, N. W., Newman, A. B., Ibrahim, T. S., ... Ai-
zenstein, H. J. (2017). Hippocampal Response to a 24-Month Physical Activity Interven-
tion in Sedentary Older Adults. The American Journal of Geriatric Psychiatry : Olfficial
Journal of the American Association for Geriatric Psychiatry, 25(3), 209-217. https://doi.
org/10.1016/j.jagp.2016.11.007

Rossi, S., Mataluni, G., De Bartolo, P., Prosperetti, C., Foti, F., De Chiara, V., ... Centonze, D.
(2008). Cerebellar control of cortico-striatal LTD. Restorative Neurology and Neuroscience,
26(6), 475-480.

Rucco, R., Liparoti, M., & Agosti, V. (2020). A new technical method to analyse the kinematics
of the human movements and sports gesture.

Rucco, R., Liparoti, M., Jacini, F., Baselice, F., Antenora, A., De Michele, G., ... Sorrentino,
G. (2019). Mutations in the SPAST gene causing hereditary spastic paraplegia are related
to global topological alterations in brain functional networks. Neurological Sciences, 1-6.

Seals, D. R., Nagy, E. E., & Moreau, K. L. (2019). Aerobic exercise training and vascular func-
tion with ageing in healthy men and women. The Journal of Physiology, 597(19), 4901—
4914.

Shimada, H., Ishii, K., Makizako, H., Ishiwata, K., Oda, K., & Suzukawa, M. (2017). Effects
of exercise on brain activity during walking in older adults: a randomized controlled trial.
Journal of Neuroengineering and Rehabilitation, 14(1), 50. https://doi.org/10.1186/s12984-
017-0263-9

Sorrentino, P., Barbato, A., Del Gaudio, L., Rucco, R., Varriale, P., Sibilio, M., ... Agosti, V.
(2016). Impaired gait kinematics in type 1 Gaucher’s Disease. Journal of Parkinson's Dis-
ease, 6(1), 191-195. https://doi.org/10.3233/JPD-150660

Sorrentino, P., Lardone, A., Pesoli, M., Liparoti, M., Montuori, S., Curcio, G, ... Foti, F. (2019).
The development of spatial memory analyzed by means of ecological walking task. Fron-
tiers in Psychology, 10(MAR). https://doi.org/10.3389/fpsyg.2019.00728

Tomporowski, P. D. (2003). Effects of acute bouts of exercise on cognition. Acta Psychologica,
112(3), 297-324.

Troisi Lopez, E., Cusano, P., & Sorrentino, P. (2020). The relationship between sports activity
and emotions in the formation of cognitive processes. Journal of Physical Education &
Sport, 20.

Trosi Lopez, E., Minino, R., Sorrentino, P., Rucco, R., Carotenuto, A., Agosti, V., ... Sorrentino,
G. (2021). A synthetic kinematic index of trunk displacement conveying the overall motor
condition in Parkinson’s disease. Scientific Reports, 11(1), 1-11.

Vitetta, L., Anton, B., Cortizo, F., & Sali, A. (2005). Mind-body medicine: Stress and its impact
on overall health and longevity. Annals of the New York Academy of Sciences, 1057(1),
492-505.

Wells, R. E., Granetzke, L., & Paolini, B. (2019). Complementary and Alternative Approach-

289



es to Chronic Daily Headache: Part [——Mind/Body. In Chronic Headache (pp. 239-251).
Springer.

Wheeler, M. J., Green, D. J., Ellis, K. A., Cerin, E., Heinonen, I., Naylor, L. H., ... Dunstan, D.
W. (2020). Distinct effects of acute exercise and breaks in sitting on working memory and
executive function in older adults: a three-arm, randomised cross-over trial to evaluate the
effects of exercise with and without breaks in sitting on cognition. British Journal of Sports
Medicine, 54(13), 776—781. https://doi.org/10.1136/bjsports-2018-100168

WHO, W. H. O. (2010). Global recommendations on physical activity for health. Geneva World
Heal Organ, 60.

Yogev-Seligmann, G., Hausdorff, J. M., & Giladi, N. (2008). The role of executive function and
attention in gait. Movement Disorders, 23(3), 329-342.

Zhou, S., Zhang, Y., Kong, Z., Loprinzi, P. D., Hu, Y., Ye, J., ... Zou, L. (2019). The Effects
of Tai Chi on Markers of Atherosclerosis, Lower-limb Physical Function, and Cognitive
Ability in Adults Aged Over 60: A Randomized Controlled Trial. International Journal of
Environmental Research and Public Health, 16(5). https://doi.org/10.3390/ijerph16050753

Zola-Morgan, S., Squire, L. R., & Ramus, S. J. (1994). Severity of memory impairment in mon-
keys as a function of locus and extent of damage within the medial temporal lobe memory
system. Hippocampus, 4(4), 483-495.

Zou, L., Yeung, A., Li, C., Wei, G.-X., Chen, K. W,, Kinser, P. A., ... Ren, Z. (2018). Effects of
meditative movements on major depressive disorder: a systematic review and meta-analysis
of randomized controlled trials. Journal of Clinical Medicine, 7(8), 195.

290



