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Physical inactivity triggers several metabolic syndromes and influences cognitive function, including
the development of dementia. Exercise can help to prevent these negative effects. However, there is currently limited
research examining how exercise affects cognitive function through brain-derived neurotrophic factor (BDNF) levels,
and the underlying mechanisms remain unclear. The aim of this study was to analyze existing literature on the effect
of physical exercise on brain-derived neurotrophic factor (BDNF) levels as a biomarker of cognitive function.
Several journal databases, including Scopus, Web of Science, PubMed, and Science Direct, were searched for this study.
The study considered several variables, including studies on BDNF, high-intensity exercise, and moderate-intensity
exercise published within the last ten years. Articles that did not meet the inclusion criteria (e.g. animal studies)
were excluded from this systematic review. Using databases from PubMed, Science Direct, Web of Science, and Scopus,
a total of 152 publications were identified. Ten carefully selected, peer-reviewed articles addressed the need for this
systemic change. Standard operating procedures for this study were established using the Preferred Reporting Items
for Systematic reviews and Meta-Analyses (PRISMA) guidelines. Based on the results of this comprehensive study,
it is evident that exercise increases BDNF levels in humans. Although high-intensity exercise is more effective
in increasing BDNF levels in humans than moderate-intensity exercise, further research is needed for selection
of the optimal physical load required for BDNF expression. Physical exercise is recommended to improve
brain development and memory ability.
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INTRODUCTION Dementia shortens life expectancy [3].
The majority of deaths among dementia patients
in nursing homes occurs in the advanced stages

of the disease before the end stage, with eating and/or

One of the most pressing health problems
in the world is Alzheimer's disease which is a serious

threat to public health [1]. In 2020, there were
about 50 million dementia sufferers globally.
Every 20 years, this number will almost double,
rising to 82 million in 2030 and 152 million in 2050.
The majority of the growth will take place
in developing nations [2]. According to the latest
World Health Organization statistics 39 million deaths,
or 57% of the 68 million deaths globally, were caused
by the top 10 causes of death. With 1.8 million deaths,
Alzheimer's disease ranks seventh as the leading
cause of death [3]. About 25% of dementia sufferers
worldwide reside in China, making it the country with
the highest number of dementia patients worldwide.
This has a significant negative impact on both health
and the economy [4].

drinking issues and pneumonia being the most
frequent reasons for death [5]. Issues with respiration
or circulation are frequently cited reasons of death
in dementia patients [6]. Advanced age, male gender,
chronic physical illnesses, increasing drug use,
dementia type, more severe stages of dementia,
delirium, and psychiatric history are the factors
that contribute to dementia patients' death [7].
Interestingly, when evaluated using a neuropsychiatric
checklist, difficult conduct was also linked to increased
fatality rates [8]. Previous studies have shown
a strong link between dementia and a sedentary
lifestyle or lack of physical activity. If left untreated
the latter can worsen and negatively impact
health [9]. Frequent exercise has numerous health

© 2026 by the authors. Licensee IBMC, Moscow, Russia. This article is an open access and distributed under the terms and
conditions of the Creative Commons Attribution (CC BY-SA 4.0) license (http://creativecommons.org/licenses/by-sa/4.0/).
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advantages, such as enhancing physical fitness and
preventing or reducing a number of mental and
physical illnesses [10, 11]. Physical exercise is the best
non-pharmacological therapy in improving public
health and it also has an effect on increasing
bone metabolism [12]. In addition, exercise also
maintains balance and walking ability, motor skills, and
non-motor symptoms including preventing cognitive
deficits, sleep disturbances, and improving mood [13].
Previous research has shown that resistance training
significantly increases human BDNF levels [14].
In addition, aerobic exercise also has an impact
on increasing BDNF levels [15].

One of the most prevalent neurotrophic
factors in the central nervous system, brain-derived
neurotrophic factor (BDNF) is essential for both
neuronal plasticity and synaptic homeostasis [16].
BDNF simultaneously activates the PI3K/Akt,
MAPK/ERK, and PLC-y signaling cascades upon
binding to its cognate high-affinity receptor,
tropomyosin receptor kinase B (TrkB). These cascades
collectively control cell survival, neurogenesis,
synaptogenesis, and long-term potentiation, processes
that underlie memory consolidation and learning [16].
BDNF protects the brain dopaminergic neurons from
damage and acts as a dopaminergic neuron growth
factor in the substantia nigra pars compacta [17].
BDNF synthesis is dynamic and extremely
responsive to environmental cues, including stress and
physical activity [18]. A meta-analysis of exercise
programs in older adults showed that strength training
significantly increased BDNF concentrations, while
aerobic exercise did not have such an effect [19].
Another systematic review reported that the increase
in BDNF concentration was greater after aerobic
exercise compared to resistance exercise [20].
BDNF levels in humans are affected by exercise
routine [21]. However, the mechanisms and stages
by which exercise increases BDNF levels
have not been widely discussed, and information
is still limited. This has created confusion and
debate among researchers. Further exploration
of the mechanisms underlying the increase
in both types of exercise is needed to provide a deeper
understanding of the beneficial effects of physical
exercise on BDNF levels. BDNF expression has a vital
role in the developing and functional brain [22].
Strength training and endurance training can increase
BDNF expression of in humans, thus having a positive
effect on brain development [23]. Physical exercise

Table 1. Inclusion criteria

has been shown to increase BDNF levels in humans,
but the underlying mechanisms are still debated.
Therefore, this systematic review will discuss
how humans who exercise can have higher
BDNF expression levels and explain the mechanisms
and stages underlying the increase in BDNF during
physical exercise.

METHODS

Study Design

The effect of physical exercise on human
BDNF levels has analyzed by reviewing the scientific
literature. The following search engines were used
to locate scientific literature: Web of Science, PubMed,
Science Direct, and Scopus. The search keywords used
are physical exercise, BDNF, health, dementia.
Publications were selected based on the following
inclusion criteria: year of publication, experimental
study, and articles related to humans (Table 1).

Eligibility Criteria

The inclusion criteria for this study were
established by searching pre-defined databases
for materials published between 2019 and 2025.
Experimental studies on increased BDNF levels after
exercise were also included in these publications.
The search terms used included BDNF levels.
Furthermore, our study excluded papers that
did not meet scientific validity standards or were
not included in the leading search indexes such as
Scopus, Web of Science, PubMed, or Science Direct.
Therefore, we screened the selected papers using
the pre-defined inclusion criteria.

Procedure

The full text, abstract, and title of each publication
were added to the Mendeley database after review and
confirmation (Fig. 1). Using Scopus, Science Direct,
PubMed, and Web of Science, 152 publications
were identified during the initial screening phase.
Sixty-five eligible papers were selected for the second
screening phase after identifying duplicate articles and
the reasons behind title discrepancies. In the next stage,
27 papers were identified based on title relevance,
specifically related to the impact of exercise
on increasing BDNF levels in humans, abstracts

Web search engines

PubMed, Science Direct, Scopus, and Web of Science

Publishing period 2019-2025
Keyword Cognitive function, BDNF, and physical exercise
Language English

Type of article

Original research article

Full Text

Articles matched the purpose and/or topic of the research
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[ Identification of studies via databases and registers ]

Records removed
before screening:

Duplicate records removed
(n=52)

Records removed for other
reasons (n=35)

Delete irrelevant literature after
reading the title abstract and
key words

(n=38)

Reports excluded:
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Non-Empirical Research Articles (n=3)
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Figure 1. PRISMA flowchart of the article selection process.

that matched experimental studies, and pre-determined
keywords such as BDNF and exercise. After reviewing
each paper, we determined whether the study
was experimental. The parameters used included
cognitive function (due to the role of BDNE,
as a potential marker for neurodegenerative diseases).
In this context changes in BDNF levels
can reflect changes in cognitive function and
therefore the intervention must be exercise
in human. This was the final step in the process.
We screened these publications to identify those
that met our predetermined inclusion criteria.
After a rigorous review and observation process,
ten papers that met the inclusion criteria were
selected for analysis. The Preferred Reporting Items
for Systematic reviews and Meta-Analyses (PRISMA)
criteria were used in this study.

RESULTS AND DISCUSSIONS

The purpose of this study was to investigate
how physical activity could increase BDNF levels
in humans (Table 2). We also wanted to explore
in depth the underlying mechanisms. It is known
that physical exercise has an effect on increasing
the expression of BDNF in humans. Data from
the study showed that physical exercise with
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moderate intensity using a treadmill for 30 min
had an effect on human BDNF levels [24]. Another
study also showed that high-intensity physical
exercise had a significant effect on increasing
serum BDNF levels [25]. So it can be understood
that physical exercise has a positive effect
on improving health status by increasing BDNF levels.
The comparative study of the effects of high-intensity
physical exercise and moderate-intensity physical
exercise has shown that high-intensity exercise
had the highest effect on serum BDNF levels than
moderate-intensity exercise [26].

There is still a need for many references related
to how the mechanism that occurs during
high-intensity exercise on increasing BDNF expression
and why high-intensity physical exercise has higher
BDNF expression than moderate-intensity exercise.
The underlying mechanisms are complex.
High intensity interval training (HIIT) is known
to have many beneficial effects on humans.
One study showed that 20 min of HIIT produced
better cognitive function responses and BDNF levels
than 30 min of HIIT in healthy young men [34].
The duration of HIIT training affects BDNF expression.
This is a matter of debate and certainly requires
further research and special experimental testing.
Further exploration is important to provide
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an explanation regarding how the optimal duration
increases the BDNF levels. Another research
included 60 children who were grouped and divided
into 4 groups: obese children doing gymnastics, obese
control group children, normal weight children doing
gymnastics, and normal weight control group children.
The data showed that BDNF levels increased both
obese and normal weight children exposed to physical
exercise intervention for 8 weeks of treatment [28].

Other data also showed an increase in BDNF
expression, namely subjects who had undergone
pretest and posttest research given submaximal
aerobic physical exercise interventions with a total
time of 28 min of intervention showed an increase
in BDNF levels after the intervention [29].
Comparison of several types of physical exercises
between endurance training and strength training
on BDNF levels showed that strength training
resulted in higher BDNF levels than endurance
training [23]. This strengthens the data that
strength training has a better effect on increasing
BDNF levels. A previous study has demonstrated
that moderate-intensity physical activity can raise
circulating BDNF [35]. The mechanism underlying
physical exercise in increasing the expression
of BDNF still needs further elucidation.

BDNF is a member of the neurotrophin
family of proteins, which the brain produces;
they support the survival, growth, and maintenance
of neurons as well as a number of learning and
memory-related processes. Neurotrophins also play
a significant role in the regulation of neuronal
plasticity, which is dependent on human activity [36].
Physical exercise can affect epigenetic regulation
of the BDNF gene in neurons [37]. Exercise
activates N-methyl-D-aspartate (NMDA) receptors,
this is accompanied by calcium influx into neurons
via a cascade of molecular processes that activate
BDNF transcription and cAMP response elements
(CREs) binding proteins [38]. Exercise promotes
generation of some byproducts, such as reactive
oxygen species (ROS) due to increased mitochondrial
activity, that control other molecular pathways
and events [39]. In addition, exercise causes
the blood to circulate with more lactate [40].
Exercise increases the levels of TNF-a and HIF-1 [41].
They all may be considered as mediators of the exercise
impact on BDNF transcription and translation.

The human skeletal muscles, produce more ROS
during physical activity [42], which also results
in a shortage of oxygen supply and makes it impossible
for the body to fulfill the quickly rising oxygen
demand [43]. Other signal transduction pathways
will be influenced by ROS. As a physiological
response to physical activity, the rise in ROS during
exercise is entirely normal and antioxidants become
more abundant in the body when ROS levels
increased [44].
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Physical exercise is accompanied by a tremendous
increase in skeletal muscle contraction [45],
acetylcholine release from the presynaptic motor
neuron to the postsynaptic muscle end plates [46].
Skeletal muscles secrete hormones known as myokines,
making it the biggest endocrine organ. In both humans
and animals, skeletal muscles secrete the myokine
irisin, which enters the bloodstream during or
right after physical activity [47]. Skeletal muscles
may therefore both directly and indirectly raise
BDNF levels in the bloodstream (Fig. 2). Certain
evidence exists that increased peripheral irisin
concentrations precede the expression of BDNF
in rat hippocampal neurons [48]. Skeletal muscles
are an important source of lactate, which can pass
through the blood-brain barrier and affect
BDNF synthesis of [49]. PGC-la (peroxisome
proliferator-activated gamma cofactor) is thought
to be able to raise BDNF levels by inducing irisin
expression or by producing it locally [50].

The signal transduction pathway that
stimulates PGC-1a production includes adenosine
monophosphate-activated protein kinase (AMPK)
influenced by ROS [51]. PGC-1a is thought to be able
to raise BDNF levels by inducing irisin expression or
by producing it locally [50]. Analysis of accumulated
knowledge shows that physical exercise enhances
PGC-1a expression. Exercise intensity, duration,
and type all affect expression levels of PGC-la.
Interval training and resistance training had a positive
impact on PGC-1la expression, and the interventions
were often moderate to high intensity [43].
Based on the reviewed literature, each study
demonstrated an increase in PGC-la following
physical exercise [52, 53]. So there is a close link
between PGC-1a and increased BDNF.

Irisin release and muscle-specific expression
of PGC-1a and FNDCS5 are both increased during
contractions of large muscle groups [54]. After 12 weeks
of consistent aerobic activity, blood irisin levels
in humans reach about 3.6 ng/ml in sedentary
people and 4.3 ng/ml in active people [55].

Improve Learning Ability

Improve Memory Ability

PHYSICAL EXERCISE NEUROPLASTICITY

Blood Lactate BDNF

Physical exercise
increases irisin release

Increase Muscle
Contraction

IRISIN

Figure 2. The mechanisms underlying increased serum
BDNF levels induced by physical exercise.
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Irisin helps the immunological, digestive, adipose, and
cardiovascular systems adjust physiologically
to exercise [54, 56, 57]. For obese people, exercise
combined with calorie-restricted exercise improves
health [58] and raises the levels of circulating irisin [59].
Even though the primary source of exercise-induced
irisin released into plasma is skeletal muscle [60],
whether neural irisin is made inside neurons or comes
from muscle still remains unknown. PGC-1a controls
FNDCS expression in neurons via interacting
with estrogen-related receptor alpha (ERRa) [61].
Enhanced FNDCS5 expression promotes growth and
differentiation of neurons [62, 63]. FNDCS is present
in astrocytes and microglia in brain tissue, cerebrospinal
fluid, cortical neurons, paraventricular neurons
in the hippocampus, Purkinje cells in the cerebellum,
hypothalamus, and multipolar neurons in the anterior
spinal cord [64].

Previous research has demonstrated that
after two weeks of jogging on an exercise wheel,
mouse hippocampus neurons express more
PGC-1la and FNDC5 [61]. FNDC5 has a positive
impact on the neural activity-induced genes
(BDNF, Arc, cFos, and Zif268). Regular exercise
is necessary to sustain the neurological benefits
of this feedback loop, which most likely
represents a CNS detraining mechanism. According
to these data, the transcriptional response to exercise
in the central nervous system, which includes
neuroplasticity and neuroprotection, also includes
FNDCS5 upregulation [65]. Irisin may be important
for neuronal survival following cerebral ischemia
since BDNF is a crucial regulator of neuronal
plasticity. Even in female mice aged 20 months,
physical exercise (wheel running, 12 weeks) raised
blood levels of BDNF and irisin [66], improved motor
and cognitive function, increased BDNF expression,
and reduced neuroinflammation in the hippocampal
regions of elderly rats and mice [67].

Results of experiential research show that
high-intensity physical exercise increases BDNF levels
in humans [68]. Another study also confirmed
that high-intensity physical exercise could also
effectively increase BDNF levels [69]. Obese patients
who were given aerobic exercise interventions
were characterized by a significant increase
in BDNF expression [70]. So it can be concluded
that the increase in BDNF that occurs in exercise
has an advantageous impact on the development
of human memory and besides that, exercise is also
the best effort in keeping the body healthy.

In conclusion, even if the brain continues
to be the primary source of BDNF during exercise,
it is critical to acknowledge the role that
peripheral sources play in influencing the rise
in BDNF levels. It is yet unclear how BDNF
contributes to exercise-induced plasticity in humans.
In this systematic review of research, of course,

the authors have limitations in conducting the analysis
and in presenting the discussion. Researchers
only focused on the increase in BDNF expression
during exercise. There is still confusion regarding
the optimal dose during exercise in increasing
the expression of BDNF. Many opinions state that
high-intensity physical exercise, strength training or
weight lifting has a better effect in increasing
BDNF expression, but this still needs to be explored
further related to mechanism(s) and stages.
For future research, it is necessary to further explore
the relationship between physical exercise and other
biomarkers that affect BDNF levels such as irisin.
In addition, future research is also needed to discuss
the right and optimal dose, intensity and duration
of exercise in increasing BDNF expression.

Strengths and Limitations

This systematic review has the advantage
of focusing only on randomized controlled trials,
the most reliable form of scientific evidence, and
eliminating the potential for ambiguous causal
relationships. Furthermore, the collected samples
focused on humans, provided consistent data, and
were not mixed with samples from other categories,
including animal samples.

One limitation we identified was the lack
of information on how exercise could increase
BDNF levels. Therefore, this study is considered
significant in increasing our understanding
of how physical exercise affects BDNF levels and
improves cognitive function. The general population,
especially the elderly, may benefit from physical
exercise to prevent cognitive decline. However,
this may be related to its effective duration and
intensity, which remain unclear. Therefore, further
experimental studies are needed to determine
the optimal timing and intensity for increasing
BDNF levels in humans.

CONCLUSIONS

Exercise has been shown to significantly increase
BDNF expression. The type of physical exercise also
has a different effect on increasing BDNF expression.
Physical exercise with high intensity is highly
recommended in increasing BDNF expression,
but it should be noted that duration also affects.
Therefore, there is still a need for further research
that is related to how much the optimal dose is good
in increasing BDNF expression. So that it has a positive
effect on memory and human health.
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duzndeckast NaCCUBHOCTH MPOBOIMPYET Pa3BUTHE Psia META0OIMUECKIX CHHIPOMOB, BIUSIET HA KOTHUTHBHbIC
(GyHKIMH ¥ crocoOcTByeT JeMeHIMH. Du3nueckue yHpakHEHUS MOTYT IOMOYb NPEAOTBPATHTH 3TH HETaTHBHbIE
addextsl. OnHaKO B HacTOsIEE BPEMs CYIIECTBYEeT OTPaHMYCHHOE KOJIMYECTBO HMCCIIENOBAaHUN, OPHEHTHPOBAHHBIX
Ha WM3YyYCHWH OCHOBHBIX MEXAaHHM3MOB, OTBETCTBEHHBIX 3a BIHMSHUC (PU3NYECKUX YNPaKHEHWH HA KOTHUTHBHBIE
(yHKIMM TyTEM HW3MEHEHHs YPOBHS HeWpoTpoduueckoro ¢akropa romoBrHoro mosra (BDNF). Iempro maHHOTO
WCCIIEZIOBaHNS OBUI aHANIM3 CYIIECTBYIOIIUX JIUTEPATyPHBIX AAHHBIX O BIMSHUM (QU3HYECKHUX YIPAKHEHHH
Ha ypOBHH HeWpoTpodmueckoro ¢akropa rojoBHoro mo3ra (BDNF) kak Omomapkepa KOTHHTHBHBIX (YHKIHIL.
Jna maHHOTO MCcnenoBaHUS OBUT MPOBENEH IMOMCK B HECKOJNIBKMX 0a3aX MAaHHBIX HAyYHBIX JKypHAJIOB, BKIIFOUas
Scopus, Web of Science, PubMed u Science Direct. B wnccrnenoBaHuy y4uTHIBAIM pa3iiMuHble IEPEMEHHBIE,
B TOM uucie pesynsrarbl uccienoBaHnii BDNF, BBHICOKOMHTEHCHBHBIX M YMEPEHHO WHTEHCHBHBIX (PH3MYECKHX
yIpa)KHEHUH, OMyOIMKOBaHHBIC 3a IMOCIEIHHE JeciTh JieT. CTaThbi, HE COOTBETCTBYIOIIME KPUTEPHSAM BKIIFOUCHUS
(HammpuMep, WCCIeIOBaHMS Ha JKHBOTHBIX), OBLUTH MCKIIOYEHBI M3 JAaHHOTO CHCTEMAaTHUecKoro 003opa. C MOMOIIBO
6a3 narapix PubMed, Science Direct, Web of Science u Scopus G110 BBISIBIEHO B 00111e# CIOXHOCTH 152 myOimkanmy.
JecaTs TmareabHO 0TOOpPaHHBIX PELIEH3UPYEMBIX CTaTel COOTBETCTBOBAIN C(POPMYITHPOBAHHBIM KPUTEPHSIM OTOOpA.
CranzapTHele pabodue mpouenypbl Ul JaHHOTO HCCIIEJOBaHHMA OBUIM YCTaHOBJIEHBI B COOTBETCTBHUH
¢ pexomenganusiMu PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses). IIpuBenénusle
pe3yNbTaThl CBUAETEIBCTBYIOT O TOM, 4YTO (HU3MUYECKHE YNpPaXXHEHUS IMOBbIIIaloT ypoBeHb BDNF y momei.
XoTsT BBICOKOMHTCHCHBHBIE yHpakHeHus Oonee >5¢dextuBHpl B moBbmeHnH ypoBHS BDNF y mromeit,
YeM YMEPEHHO HHTEHCHBHBIC, HEOOXOAMMBI JaJbHEHIINE WCCIENOBaHMS Ul BBIOOpA ONTHMANbHON (pu3ndeckoit
Harpy3ku, Heobxommmon mns skcrpeccun BDNF. ®dusnueckue ynpaXHEHHS PEKOMEHAYIOTCS IS yIydIICHHS
pa3BUTHUS MO3Ta M MaMsITH.

Tonnwlii mexem cmamou Ha pycckom sA3vike 00CmyneH Ha catime Jcyprana (hitp://pbmc.ibmc.msk.ru).
KiroueBnble ciioBa: dpusndeckue ynpaxuaenus; BDNF; 3nopoBse; nemeHnus
®uHaHcupoBaHue. JJaHHOE UCCIIEI0BAaHNE HE MOTyYaio BHEITHEro HHHAHCHPOBAHHUSL.

[Moctymuna B pemaknuio: 05.10.2025; mocne mopadotku: 19.01.2026; mpursrta k medaru: 06.02.2026.
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