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PHYSICAL ACTIVITY AS A FACTOR INFLUENCING

ON COGNITIVE DISORDERS

LK. Chupriaev, S.D. Ponomareva, A.V. Yasakova, E.V. Frolova

North-Western State Medical University named after I.I. Mechnikov, Saint Petersburg, Russia

The article presents the results of modern research regarding the mechanisms of the positive effect of
physical activity on cognitive functions, the benefits of aerobic exercise, and recommendations on physical

activity for older adults with cognitive impairment.
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Background

According to the latest revision of the In-
ternational recommendations for the diagnosis
of mental disorders (Diagnostic and Statistical
Manual of Mental Diseases — DSM-V), cogni-
tive disorders include a decrease in the level of
one or more higher mental functions that sup-
ports perception, storage, transformation and
transmission of information [1] compared to the
premorbid level.

There are two groups of cognitive disor-
ders [2]: severe (dementia) and non-dementia
(subjective, mild/ premeditated and moderate).
According to the World health organization
(WHO) 2015, there were more than 46 mil-
lion people with dementia worldwide. In 2017,
these figures increased to 50 million. Every
year 7.7 million new cases of dementia are
registered. This adversely affects society and
the health system. It is predicted to increase
to 131.5 million by 2050 [3].

Some agents that are effective in severe
cognitive disorders have a significantly lower
effect on cognitive disorders that do not reach
the degree of dementia. This is probably due
to various neurochemical changes that occur
at the early and later stages of the pathologi-
cal process [1]. In this regard, more attention is
shunted toward non-drug methods of correc-
ting cognitive disorders such as physical acti-
vity.

Definition and emphases

Physical activity is an integral part every-
one’s life. According to the WHO defini-
tion (2002), it refers to body motion generated
by skeletal muscles that requires energy con-
sumption. Physical activity affects not only
the state of the musculoskeletal system, but
cognitive abilities as well. Systematic physical
activity reduces the risk of developing arterial
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hypertension, coronary heart disease, stroke,
malignancies, and type 2 diabetes mellitus that
are conditions with a high mortality rate [4].
Physical activity by energy efficiency of the
body is divided into aerobic, anaerobic, and
mixed. Aerobic (cardio) load is a set of exer-
cises aimed primarily at strengthening the car-
diovascular system and reducing body weight
(running, swimming, cycling, and dancing).
Anaerobic load (training), is aimed at develo-
ping and gaining muscle mass (strength trai-
ning, lessons in the gym by simulators) [5].

We assessed physical activity using the
Global physical activity questionnaire (GPAQ)
developed by the WHO. According to the WHO
recommendations, weekly physical activity is
600 MET (metabolic units measured in ml/kg
min and reflect oxygen consumption per ki-
logram of body mass per minute). This value
is equivalent to 150 minutes of a brisk wal-
king or 75 minutes of jogging. GPAQ covers
several components of physical activity such as
intensity, duration, and frequency, It includes
three types of physical activities: professional,
transport-related physical activity and physical
activity at leisure) [6].

Physical activity in terms of intensity is
divided into moderate (dancing, housework,
gardening, active games and sports with chil-
dren/walking with pets, brisk walking) and
high (running, active climbing, aerobics, fast
cycling), depending on the experience of physi-
cal exercises and physical condition [4].

Sedentary lifestyle is associated with many
chronic diseases and premature death. There
is growing evidence that increasing the time
during the day when a person is motionless
or sedentary can increase the risk of chronic
diseases and mortality. You need to know the
intensity of a physical activity to assess its
benefits, and the recommended “dose.” How-
ever, current recommendations for physical
activity base on independent physical measure,
and this can be potential for errors. Thus, the
strength of associations is probably underesti-
mated.

In the meta-analysis of U. Erklund et al. [7]
only studies with an accelerometer to assess
physical activity were considered. Reports
show that benefits of a physical activity are
dose-dependent in comparison with a seden-
tary lifestyle, and this link maintains in an old
age. All types of the intensity of a physical
activity, including mild physical activity, corre-
late with a significantly reduced risk of death.

The association between a physical activity
and a risk of death is about twice as strong
in studies using devices compared to the as-
sociation in studies in which physical activity
was determined by a self-reporting. The risk of
death is statistically significantly higher if the
time in a sitting position is daily 9.5 hours or
more. Thus, any type and intensity of a physi-
cal activity in an old age is more useful than
a sedentary lifestyle.

Recommendations for the use
of a physical training
in the elderly age

A chronic lack of a physical activity of the
older adults is one of the significant pathoge-
nesis in the development of frailty syndrome.
The benefits of physical exercises for older
adults increase functional activity, mobility
and quality of life while reducing the risk of
falls. Exercise programs are an effective means
of preventing the progression of senile asthe-
nia and preasthenia, as well as other geriat-
ric syndromes (especially cognitive decline and
deficits). For patients with frailty syndrome,
regular physical activity is recommended in
the volume and intensity depending on the
functional capabilities of patient to improve/
maintain their physical, functional, and cogni-
tive status [8].

Patients with a senile asthenia need the fol-
lowing types of physical activity [9]:

— Resistance exercises;

— Strength training;

— Aerobic training (walking with a change
of a time and direction, walking on a treadmill,
climbing stairs, cycling);

— Exercises to maintain balance.

Physical activity programs for patients with
frailty syndrome should be regular, long-term,
adapted to the individual, and sufficiently in-
tensive to improve muscle strength and abi-
lity to maintain balance. The intensity and/
or duration of training should increase gradu-
ally. Training exercises were combined with
exercises that simulate everyday activities
for improving functional activity, resistance,
and strength, such as stand—up and sit-down
exercises, tandem walking, climbing stairs,
transferring body weight from one leg to the
other, walking in a straight line and balanc-
ing on one leg. Qualified specialists (doctors of
a therapeutic physical culture) should com-
pile training programs. Moreover, they should
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regularly review and adjust them depending
on the progress and changes in the condition
of participants [10].

Influence of a physical training
on cognitive functions

Exercise is one of the lifestyle factors iden-
tified as a potential means of reducing or
slowing the progression of dementia symp-
toms. According to various publications, phy-
sical activity reduces the production of free
radicals, prevents the development of arterial
hypertension, with associated changes in the
white matter of the brain [11]. It also reduces
the volume of amyloid plaques in cerebral ves-
sels and areas of the brain responsible for cog-
nitive functions (hippocampus) [12], and slow
down the processes of age-associated cognitive
changes by stimulating neuroplasticity, indu-
cing neurogenesis and increasing the volume
of the hippocampus [13].

Some studies show that aerobic exercise im-
proves brain blood flow, memory [14] and brain
metabolism. There is an evidence that glucose
uptake improves after aerobic training in the
parietal and temporal regions of the brain [15].
It is noteworthy that regular physical exercise
increases the level of BDNF (brain-derived
neurotrophic factor, a brain neurotrophic fac-
tor that affects the synaptic plasticity and its
signaling cascades [16]) and reduces the risk
of cardiovascular diseases by increasing brain
perfusion and oxygen flow to the brain while
simultaneously reducing the blood lipid con-
tent and increasing brain volume [17]. Since
disorders of an endogenous lipid metabolism
and neurodegenerative diseases affect cogni-
tive capabilities, increasing BDNF levels can be
a preventive factor in the development of de-
mentia and Alzheimer’s disease. For example,
Danish scientists studied the effect of physical
activity on biomarkers with the involvement of
447 patients. We assessed physical activity us-
ing duration and intensity. We determined the
level of markers, of a brain neurotrophic factor,
cholesterol, testosterone, estradiol, dehydroepi-
androsterone and insulin. We observed a posi-
tive effect on these markers in seven out of
eight cases. Despite this, the biochemical effect
of physical activity on the course of dementia
and mild cognitive disorders was not reliably
measured [18].

There are no simple recommendations on the
types of physical activity based on intensity,

duration. This makes it applicable for older
adults with cognitive disorders of varying de-
grees of severity. For example, a systematic
review published in the Cochrane collabora-
tion database evaluated the results of 17 stu-
dies (search dates are August 2012 and October
2013) with 1067 participants. The purpose of
the review was to find out whether exercise
programs improves cognitive function (memo-
ry, reasoning power and spatial perception),
daily life, behavior, and psychological state (de-
pression, anxiety and arousal) for older adults
with dementia. The authors tried assessing the
impact of exercises on mortality, quality of life,
care experience and the use of medical services
as well as any adverse effects.

There is evidence that exercise programs
can improve the daily activities of people with
dementia, but several discrepancies erupted
among the authors. These discrepancies were
due to the heterogeneity of participants, physi-
cal activity programs, and measurement scales.
Unfortunately, through the review, there was
no evidence of a positive effect of exercises
on cognitive abilities, psychological symptoms,
and depression. There was no evidence for the
other results listed. There was also no evidence
about the dangers of the exercises. As a re-
sult, the authors rated the overall quality of
the evidence underlying most of the results
as very low [19]. This means physical exercise
is beneficial for dementia seeing the conclu-
sion made by the authors as follows: Firstly, it
seems exercises moderately improved the cog-
nitive abilities and efficiency of a person as well
as everyday activities. Secondly, bedside indi-
viduals of dementia patients observed physi-
cal training programs to reduce the burden of
a care laid on them. Thirdly, doctors should
not avoid prescribing exercises to patients with
dementia and may feel confident about it.

In order to evaluate the significant effects of
treatment with physical training, it is necessary
to improve the design of such studies.

In an attempt to understand the mechanisms
that underlie the effects of physical training
on cognitive function, researchers compared
different types of exercises. Bossers et al. stu-
died the training and subsequent effects of
combining aerobic and strength training com-
pared to only the aerobic training on cognitive
and motor functions of dementia patients in
a psychogeriatric nursing home. They sought
to determine whether improvement of motor
functions affects the improvement of cognitive
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functions [20]. It turned out that patients with
dementia who combined aerobic and strength
training significantly slowed down the deve-
lopment of cognitive and motor disorders com-
pared to patients on aerobic exercises only, and
patients in the control group without training.
However, we observed no mediating effects be-
tween an improved cognitive function and an
increased motor activity.

The relationship between physical training
and the development of Alzheimer’s disease
is presently ongoing. Experimental studies on
animals that modeled for Alzheimer’s disease
reveal that physical activity prevents brain
neuroplasticity disorders and memory loss [21].

Based on the results obtained by A. Strohle
et al., a regular motor activity slows down the
progression of cognitive disorders in Alzheimer’s
disease, and this effect varies from moderate to
severe one [22]. However, we assessed the re-
sults of other studies. In particular, Hoffmann
et al, reveal that no significant effect of mod-
erate and high intensity aerobic exercises (one-
hour sessions three times weekly for 16 weeks)
was found on the results of neuropsychological
tests, although the severity of clinical neuro-
psychiatric parameters significantly decreased
for patients engaged in motor training [23].

There is also evidence that physical activity
(aerobic training, stretching, and physical the-
rapy) has a positive effect on the cognitive abi-
lities of people who have suffered from a stroke.
We achieved a positive effect in 12 weeks, and
combined training programs gave the best re-
sults. The mean age of the participants was
62.5 years, 59% of which were men. We ob-
tained a positive result even for patients with
residual events of a stroke [24].

We also conducted studies with patients
with a Parkinson’s disease. An article published
in NeuroRehabilitation [25] in 2017 shows a sig-
nificant improvement in motor and cognitive
functions of patients with Parkinson’s disease
at performing a non-traditional physical the-
rapy such as dance.

We divided 16 patients with Parkinson’s
disease with a history of recent falls into two
groups. Patients of one group received dance
therapy, and patients of the second group re-
ceived traditional rehabilitation. Nine patients
engaged in dance therapy for an hour twice
a week for ten weeks. (20 sessions), seven
patients received a similar cycle of 20 group
sessions of 60 minutes of traditional rehabilita-
tion. Motor (Berg Balance Scale — BBS, Gait

Dynamic Index — GDI, Timed Up and Go
Test — TUG, 4 Square-Step Test — 4SST,
6-Minute Walking Test — 6MWT) and cogni-
tive (Frontal Assessment Battery — FAB, Trail
Making Test A & B — TMT A&B, Stroop Test)
abilities were evaluated at the beginning of the
study, after end of treatment and after eight
weeks of monitoring.

In the group of patients engaged in dance
therapy, the results of motor and cognitive
tests significantly improved after treatment
compared to patients from traditional rehabili-
tation and remained after the completion of
the program.

A large Canadian study with 2,876 older
adults aged 70 to 79, examined characteristics
between walking speed and potential cognitive
changes. It was found that slowing down the
walking speed of people served as a predic-
tor of a decrease in physical activity, and this
result was independent on the initial physical
condition. In addition, reduced walking speed
in an old age was associated with an increased
risk of a cognitive impairment and future mor-
tality [26].

Another study aimed at assessing the im-
pact of moderate-to-high-intensity aerobic and
strength exercise on a cognitive impairment
and other outcomes in patients with mild and
moderate dementia. This was conducted in the
UK as part of the National Dementia Registry.
The study involved 494 people with dementia
with 329 engaged in a program of aerobic and
strength exercises including of social activity,
and 165 engaged with regular activities to in-
crease the social activity. The duration of phy-
sical training programs was four months. After
a year of monitoring the results in repeated
evaluations using neuropsychological scales
(the ADAS-cog scale), there was no significant
improvement in the group of patients engaged
in physical training. However, participants in
this group significantly improved the results of
the six-minute walk test. The authors conclude
that the program of moderate-to-high intensity
aerobic and strength exercises does not slow
down the development of cognitive disorders
of patients with mild and moderate dementia,
while improving physical fitness.

It is possible that the negative results de-
scribed were associated with various mecha-
nisms of dementia development. Nevertheless,
the author of a large review on dementia [27]
still includes aerobic and strength exercises in
the list of therapeutic measures for dementia.
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Conclusion it is not possible to develop consensus guide-

Despite numerous studies aimed at un- lines for physical activity for older adults
derstanding the mechanisms of influence of with cognitive disabilities of varying degrees
physical activity on cognitive abilities, there of severity. It is necessary to improve the
is no simple scientific justification for the structure of research in order to study this
benefits of physical activity. In this regard, issue.
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