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ABSTRACT

Introduction an purpose of the research. Physical activity and exercise stimulate our brain on several levels, including
improving neuroplasticity, while promoting the formation of new synaptic connections and reshaping its anatomical
structures, particularly the hippocampus. The aim of the review was to determine the current state of knowledge about the
impact of physical activity and exercise on brain function and their potential therapeutic use in dementia, Alzheimer's disease
and depression.

Material and methods. The search process included searching PubMed and Google Scholar by keyword. The selection of
articles was based on the title and abstract.

Results. Muscles, under the influence of movement, begin to produce myokines and other substances that affect the nervous
system. Only some of them are able to cross the blood-brain barrier. They affect the formation of new synaptic connections
and changing of the brain structure, in particular the hippocampus. A special place in muscle-brain communication is
occupied by BDNF, which stimulates the process of neuroplasticity, tissue regeneration and cognitive functions, and its
production is increased by the work of skeletal muscles. These changes impact the development of cognitive functions and
counteract the pathomechanisms of some diseases, such as dementia or Alzheimer's disease. The positive effect of physical
exercise in the treatment of depression has also been proven.

Conclusions. Processes occurring in the human body during physical exercise affect the structure and function of the brain.
Some studies show promising results with incorporating exercise into the treatment of dementia, Alzheimer's disease and
depression.
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Introduction.

The human body has the ability to change over the course of life. This is a well-known process of
adaptation, present not only in humans but also in animals and other forms of life. The human brain and nervous
system have their own unique ability to adapt. Neuroplasticity is a complex process that involves three different
types of changes in the brain: adaptive, structural and functional, under the influence of some triggers. After
an injury, the human brain begins to reorganize itself, changing its structure, connections and functions,
adapting to the new situation. In the literature, we have divided the time after injury into three phases,
depending on the time after injury. In the first 48 hours after brain tissue damage, we have the advantage of
cell death and neuronal loss, while other mechanisms and networks are involved in maintaining brain function.
The second phase is when synaptic plasticity occurs. Neurons begin to organize and new neuronal connections
are recreated. The final phase lasts from several weeks to several months. Brain tissue is constantly remodeling
and changing its organization, trying to adapt to the new situation(Puderbaugh & Emmady, 2025). The
mechanisms of neuroplasticity are not yet fully understood. One of them may be the mechanism of stimulation
of the synaptic space, which increases the number of postsynaptic receptors when more neurotransmitters from
the presynaptic neuron stimulate them. This leads to a lower threshold of the release potential(Vints i in., 2022).
There are several factors that improve synaptic changes. Physical activity (PA) increases the potential in the
synaptic space, accelerating changes(Boa Sorte Silva i in., 2024; Devanne & Allart, 2019). Exercise affects
brain functions in both adults(Boa Sorte Silva i in., 2024) and children(Donnelly i in., 2016; Erickson 1i in.,
2019). Many studies show a correlation between PA and improved brain function. Measurements were not
only carried out using questionnaires and clinical observation, but also included examining patients using
Magnetic Resonance Imaging (MRI). Some brain structures are more sensitive to physical activity than others,
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and we can observe changes in MRI(Boa Sorte Silva i in., 2024; Erickson i in., 2019). Not every type of PA
could influence the brain with the same effect and its responsiveness and sensitivity remain under some
conditions. While aerobic exercises help us stop the negative brain changes associated with aging(Iso-Markku
iin., 2022), other types of PA show less or no neuroprotective effect(Sanders i in., 2020). Changes in our body
and in the brain depend on intensity and form of training as well as time of regular exercise/physical activity.
During the aging process or disease, the brain may undergo changes that negatively affect its structure. Many
diseases whose pathomechanisms change the anatomy of the brain, resulting in worsening cognitive functions,
memory, concentration and affecting mood. Conditions such as depression, dementia or Alzheimer's disease
(which is the most common type of dementia) affect millions of people around the world(De La Rosa i in.,
2020a) as isolated diseases, accompanying other diseases or co-occurring with each other.

Aim of the study

The purpose of this comprehensive review was to describe how physical activity and exercise can
influence the anatomy, physiology, and function of the human brain, with particular emphasis on the role of
neuroplasticity. In this study, we would like to present the current state of knowledge on the possibilities of
using PA in the therapeutic process and prevention of dementia, Alzheimer's disease and depression.

Materials and method

In this review, we used articles retrieved from PubMed and Google Scholar based on title and abstract.
We included research articles, reviews with meta-analyses, reviews, and umbrella reviews. Some of the studies
included both human and animal models. Our search was targeted by the key words “brain function physical
activity”, “exercise brain function”, “physical activity neuroplasticity”, “exercise cerebrum structure”,

G LR I3

“physical activity depression”, “exercise depression”, “physical activity cognitive function”, “Alzheimer
disease physical activity”, “exercise Alzheimer disease”, “physical activity depression”, “exercise depression”,
“brain muscle crosstalk”. Selected studies were analyzed and included if they directly focused on the effects
of physical activity/exercise on brain function and neuroplasticity in healthy individuals, in depression, or in

Alzheimer’s disease or dementia.

Influence of the physical activity on the brain structure

Physical activity has pleiotropic influence on human anatomy and physiology (fig.1). It changes the
molecular and anatomical structure of the brain. In recent studies we can find that frontal and temporal regions
with hippocampus included, noted most positive effects of PA. Exercises reduce grey and white matter atrophy,
decreases lesions in white matter simultaneously increasing volume of the whole brain structure(F.-T. Chen i
in., 2020; Herold i in., 2019). Erickson et al. found in his research physical activity in older adults causes
changes in the structure of the hippocampus. Aerobic exercises led to increasing volume of the both (anterior
and posterior) hippocampal regions(Erickson i in., 2011a). The effects of physical activity are also visible as
increased circulation in the brain structures and greater transport of the metabolic substances to the brain. In
animals, adaptations in cell density and molecular structures have been observed. In human research, scientists
use neuroimaging techniques to observe most modifications in human brain structure, so our knowledge is not
complete due to the limitations of the research method(Thomas i in., 2012; Voss i in., 2019). This knowledge
may prove important in protecting against aging. MRI shows many structural changes in neurodegenerative
disorders such as dementia or Alzheimer's disease. The mechanism of depression also has its anatomical basis.
Moreover, in people without dementia, the volume of the hippocampus decreases by 1-2% each year,
increasing the risk of developing cognitive impairment(Erickson i in., 2011b).

Muscle-brain crosstalk

How can muscles and the brain communicate? When we exercise, our body secretes many molecules
from tissues and internal organs. Skeletal muscles should also be considered as a secretory organ because of
the myokines and other exercise mediators they produce which have effects on other tissues in the human body.
Since studies have demonstrated the effects of myokines on muscle regeneration, signaling between abdominal
organs, the vascular bed, and potentially anti-cancer effects, it is important to consider whether they have any
effect on the nervous system. Both the brain and skeletal muscles are considered as insulin-sensitive organs,
while cerebral function uses approximately 25% of the glucose delivered by blood to the entire body. Studies
have shown that type 2 diabetes and sarcopenia in animal models have a negative effect on cognitive function.
Chang et al. found a positive correlation between sarcopenia and cognitive impairment in their meta-analysis,
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which is important because we know that sarcopenia is very common in elderly patients. Muscles secrete
molecules, mainly cytokines, during exercise. Some studies show that lowering insulin-like growth factor 1
(IGF-1) levels in sarcopenia also leads to a deterioration in brain function. However, there is no evidence that
exogenous IGF-1 factors improve cognitive function, but we know that it is not indifferent to our brain(Han i
in., 2023; Severinsen & Pedersen, 2020). Brain-Derived Neurotrophic Factor (BDNF) plays a huge role in
neuroplasticity, cognition, development and regeneration of brain tissue. It is also a growth factor for the
hippocampus(Severinsen & Pedersen, 2020). The main source of BDNF is the nervous system, where it is
widely expressed, but recent studies show that it is also produced by skeletal muscles. PA is considered as a
factor stimulating the body to produce BDNF. One theory is that the release of beta-endorphins during training
stimulates cells to produce BDNF. In addition, the effect of PA on brain tissue causes increased blood flow,
which results in better oxygenation and increased nutrients supply to the brain(Oyovwi i in., 2025). Higher
plasma BDNF levels are associated with improved memory and larger hippocampal volume(Erickson i in.,
2011Db). Irisin levels also increase with exercise. An important feature of this substance is the ability of irisin
to cross the blood-brain barrier (unlike BDNF, which does not have this ability). Irisin is a protein secreted
from skeletal muscles with proven beneficial effects both on them and on the brain. It accelerates lipid and
glucose metabolism in muscles, protecting them from atrophy. In mice, irisin levels decrease with age and its
removal by genetic engineering led to impaired cognitive functions. Administration of exogenous irisin in an
animal model prevented sarcopenia and improved cognitive functions. Some interleukins have dual roles and
affect brain function when released from skeletal muscles. IL-15 and IL-6 occupy a unique place in the
interaction between muscle and brain. IL-6 can have both anti-inflammatory and pro-inflammatory effects.
Increased levels of this interleukin have been found in patients with Alzheimer's disease and have been linked
to age-related brain neurodegeneration. The anti-inflammatory IL-6 is released from skeletal muscles, so when
sarcopenia occurs in elderly patients, this positive effect begins to be overshadowed by the inflammatory IL-
6. IL-15 is a myokine released from muscles, among others, which plays pleiotropic role in metabolism and
protects muscles from degradation. Like IL-6, it can have pro-inflammatory and anti-inflammatory functions.
Released from muscles, it has anti-inflammatory effects and hypothetically also can balance its pro-
inflammatory effects(Han 1 in., 2023).

physical activity

l

stimulating blood impact on brain
circulation structure

stimulating muscles
to produce
substances

Fig. 1. Anatomical and physiological changes in the human body during physical exercise

Role of physical activity in dementia

In our population number of elderly people still rises and there are prognosis of continuing of that trend
in the future. Public healthcare concentrates in this area on many aspects. Many researchers seek the role of
exercise in prevention of diseases involving elderly patients in both prophylaxis and therapeutic aspects.
Considering all we know for now about reshaping the brain in molecular, physiological and structural aspects,
researchers are focusing on finding the right amount and intensity of physical activity to provoke changes
reversing diseases like dementia or Alzheimer disease. Exercising for a patient with dementia should be
considered as a part of person-centered approaches with dual goals. It may be essential in dementia therapy
because every day routine and socializing helps the patients feel like part of society(Russell, 2023). Tsuk et al.
concluded in his research focused on a group of healthy young people, that moderate intensity training sessions
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have positive influence on cognitive function in this group(Tsuk i in., 2019). Iso-Markku et al. concluded in
meta-analysis (more than 250 000 participants) that a group of participants with more PA showed less
incidences of all types of dementia, Alzheimer disease and vascular dementia altogether. Long term PA (more
than 20 years) was a protective factor, so it is not simply reversing cause of dementia but should be seen as a
preventive factor(Iso-Markku i in., 2022). What happens when we stop exercising? Physical inactivity in fact,
is a risk factor of neurodegenerative disorders and cognitive decline(Pastor i in., 2022). Erickson et al. observed
improvements in executive functions in addition to improvements in episodic memory, visuospatial function,
verbal fluency, and processing speed, but not all types of PA had the same results. Aerobic exercise has its
special place in boosting executive functions and indicates more effect on rest of the areas than resistance and
muti-modal training(Erickson i in., 2019).

Positive effect in therapy against Alzheimer disease

One of the most common types of dementia is Alzheimer's disease. We know several factors that
increase or decrease the risk of developing AD during life, and among them physical activity may have a
special place. This devastating disease affects also mental health. Physical barriers and social exclusion are
associated with huge socio-economic costs for whole society. In the pathophysiology of the disease we can
find a neurodegenerative process, with the hippocampus and neocortex being particularly effected. In AD,
synapses and pyramidal neurons disappear simultaneously with the progressive impairment of cognitive
functions. Is that confirmed that physical exercise is a non-pharmacological approach to improving and
delaying the symptoms of dementia? In the literature, we can find data informing about a 45% lower risk of
developing AD in people who exercise regularly, which was proven by an analysis of 160,000 people(De La
Rosa i in., 2020b). Human studies are still lacking, but several reports conducted in transgenic mice show that
exercise causes a reduction in the size and overall number of AP plaques(Adlard i in., 2005; Ohia-Nwoko i in.,
2014). The effect of exercise can be seen as early as one month after starting regular exercise(Adlard i in.,
2005). According to Zhang et al. exercise below 30 minutes per session, 150 minutes in total in maximum a
week and frequency about three times weekly maintains most effective and reflects in significantly better Mini-
Mental State Examination results (MMSE)(S. Zhang i in., 2022). Lopez-Ortiz in a meta-analysis presents
strong evidence indicating physical activity as a factor reducing the risk of AD in the future by 30-40%.
Moreover, the meta-analysis showed that physical exercise improves global cognitive functions, but it failed
to indicate the exact characteristics of physical exercise that have the greatest impact on the above-mentioned
changes(Lopez-Ortiz 1 in., 2023). There are assumptions that lactates released during physical exercise
modulate AD-related neuroinflammation and hippocampal neurogenesis along with angiogenesis. Another
important aspect is the reduction of oxidative stress, which can be said to be a hallmark of AD. Chronic
inflammation accompanying Alzheimer's disease is considered a secondary response to the accumulation of
pathological beta amyloid and is identified as one of the causes of neurodegenerative changes(Valenzuela i in.,
2020). Enette et al. showed that physical exercise significantly improves the quality of life of AD patients in
aspects such as, among others: sense of physical health, humor (the largest statistical correlation), money,
family, memory, energy(Enette i in., 2020). There is a certain group that derives greater benefit from exercise
than other people in the population. These are people with €4 alleles (APOE allele) in their genotype. In these
individuals, physical activity can delay the onset of AD by up to two decades(Kou i in., 2019).

Influence of the physical activity on individuals during depression treatment

According to WHO, depression affects 5% of adults worldwide(Depressive Disorder (Depression), b.d.).
This complex disease is a major burden for society in many areas. Depressive disorders are associated with a higher
risk of comorbidities and premature death. The heterogeneity of symptoms is very characteristic and requires
complex and specialist help through the provision of physical and mental treatment of the disease. A patient with
depressive disorders may be burdened with anxiety, sleep disorders, mood changes, anhedonia, but also reduced
psychomotor activity(Tartt i in., 2022). In a meta-analysis, Schuch et al. indicate that physical activity increases the
likelihood of avoiding depression in the future, a conclusion supported by 49 studies. We can also find data
confirming that PA is a protective factor patients in all ages, regardless of ethnicity(Schuch i in., 2018) in both
aerobic and endurance exercises, €.g. playing football, dancing, cycling(Zhao i in., 2020) with a risk reduction of
up to 30%(C. Chen i in., 2022). MRI imaging in patients with depression shows a picture of structural changes in
the brain. The hippocampus was found to be smaller in patients suffering from depression than in healthy controls.
Changes also affected other parts of the brain, mainly reported as reduced volume of the frontal lobes, but also
involving the thalamus, striatum, and parietal lobe(F. Zhang i in., 2018) Neuroplasticity is considered a fundamental
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mechanism of adaptive brain shifts in the protection against stress(Trifu i in., 2020). It was explained why the
hippocampus plays such an important role in pathogenesis and the mechanism of action was identified. Its role in
the hypothalamic—pituitary—adrenal (HPA) axis and direct connection with areas involved in mood regulation—the
amygdala and anterior cingulate cortex—makes the hippocampus play a key role in well-being(Tartt i in., 2022).
Harvey et al. in a cohort study found that regular exercise, even at low intensity, is a protective mechanism against
future depression(Harvey i in., 2018). Patients taking pharmacotherapy concomitantly with exercise show
significantly better cognitive function than those relying on antidepressants alone(C. Chen i in., 2022). Philippot et
al. conducted a very important randomized controlled trial involving 52 hospital patients undergoing treatment for
depression and anxiety. They organized and planned an exercise program for patients who were also receiving
pharmacological treatment. Each patient was involved in a 20-hour structured exercise program and followed a
specific plan. The next step was to evaluate the results using a specially designed scale, the Hospital Anxiety
Depression Scale. The results showed that the exercise program reduced depression from severe to moderate with
an average decrease of about 0.11 points, while in the control reduction was equal to 0.03 points (participants remain
in range for severe depression). There was no effect on anxiety in either group(Philippot i in., 2022).

Discussion

In our review, we highlighted the importance and impact of physical activity and exercise on brain
function. Physical activity refers to any movement of our body, while exercise is performed in a specific and
organized training system. Both of them contribute to the movement of skeletal muscles. This results in an
improvement in metabolic rate and increased circulation in muscles, which produce specific substances that
can cause changes in brain structures(Han i in., 2023; Severinsen & Pedersen, 2020). This specificity of brain
transformation under the influence of sports is opposite(Augusto-Oliveira i in., 2023) to the processes
determining the changes and pathophysiology of dementia(F.-T. Chen i in., 2020), Alzheimer's disease(S.
Zhang i in., 2022) and depression(Kandola i in., 2019). While many studies have shown an improvement in
brain function after training programs, we can still find cases in the literature in which there was no effect on
cognition in dementia and no improvement in intellectual functions. What was different in these studies and
may be a potential cause of variance is the duration of PA in participants. The negative correlation was
described in the short duration of exercise, when the greatest effects were associated with long-term regular
PA, the earlier we start, the better. Even though much evidence of PA reducing depression symptoms, it doesn’t
have a specific place in the therapeutic process. It may be effective but still pharmacotherapy has better results.
There is some speculation about using PA in the situation where we cannot administer medication to patients
with contraindications and where it is no longer effective(C. Chen i in., 2022; Russell, 2023). Many studies
are confirming this thesis but we still lack information when exactly we should start to exercise to avoid or
minimize risk of neurodegenerative disorder or what is minimal or maximal intensity of necessary training(Boa
Sorte Silva i in., 2024). Despite many efforts therapy of dementia is insufficient. No pharmacotherapy can
reverse brain tissue atrophy so the cure still relies on symptomatic treatment using cholinesterase inhibitors
with behavioral intervention additionally(Tisher & Salardini, 2019). Alzheimer disease affecting over 50
million people worldwide. With progressive prognosis of growing number of patients, only two types of drugs
are approved for therapy. Neither acetylcholine esterase nor N-metylo D-aspartate antagonist (NMDA) reverse
changes in cerebrum so treatment targeted to reverse or alter pathway of changes in AD is still beyond our
capabilities(Breijyeh & Karaman, 2020).

Conclusions

Physical activity beyond doubt has a positive impact on brain function. Our muscles during exercise
produce and secrete many substances e.g. myokines that influence cerebrum not only directly but also in
secondary processes. Many studies proved the contribution of PA in creating new interconnections and
reshaping brain structure. In literature we can find researches where positive aspects of exercise and PA were
shown on cognitive function and treatment of Alzheimer disease and depression.
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