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Abstract

Physical exercise has increasingly been recognized as an important modulator of neuroplasticity and
cognitive functioning across the lifespan. Among proposed biological mediators, brain-derived
neurotrophic factor (BDNF) has emerged as a key molecule linking physical activity with adaptive
neural changes. This narrative review summarizes current evidence regarding exercise-induced BDNF
signaling and its association with cognitive outcomes in both healthy individuals and clinical

populations.

Available findings indicate that physical activity promotes neuroplastic processes including
neurogenesis, synaptic remodeling, and enhanced neuronal survival, particularly within hippocampal
networks involved in learning and memory. In healthy populations, exercise primarily supports
cognitive maintenance, executive function enhancement, and age-related cognitive resilience. In

contrast, in clinical populations—including individuals with Alzheimer’s disease, Parkinson’s disease,
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depression, mild cognitive impairment, and stroke—exercise appears to contribute to cognitive recovery

and functional adaptation through neurotrophic mechanisms.

Accumulating evidence suggests that exercise intensity represents an important factor influencing
BDNF response; however, no single training modality has been consistently identified as superior across
conditions. Considerable heterogeneity in study design, patient characteristics, and measurement
methods limits direct comparison between studies.

Overall, BDNF-mediated neuroplasticity may represent a shared biological pathway underlying
exercise-related cognitive benefits, although its relationship with functional outcomes remains complex.
Future research should focus on individualized exercise prescriptions and improved translational

understanding of neuroplastic mechanisms supporting cognitive health and rehabilitation.
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1. Introduction

In recent years, increasing attention has been directed toward physical exercise as a therapeutic strategy
aimed at enhancing neuroplasticity and improving cognitive outcomes in both healthy and clinical
populations [1]. Reported cognitive outcomes include memory, learning and executive functions
modulation. A growing number of studies have suggested possible connection between exercise and
cognition through shared biological mediator — Brain-derived Neurotrophic Factor (BDNF) [2,3]. Many
of them also focused on finding the most beneficial training strategies in improving clinical outcomes

for healthy individuals as well as patient groups. Different types of physical activity and their intensities



have been suggested with no clear consensus regarding optimal protocols [4,5]. The narrative review
aims to summarize recent knowledge and discuss possible directions for future research.

Unlike previous condition-specific reviews, the present narrative review integrates evidence across
healthy aging and multiple neurological and neuropsychiatric conditions to identify shared BDNF-

mediated mechanisms underlying exercise-induced cognitive adaptation.

2. Literature search strategy

The literature for this narrative review was identified through searches conducted in PubMed and Google

Scholar databases using combinations of keywords such as “exercise,” “brain-derived neurotrophic
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factor,” “neuroplasticity,” “cognition,” “Alzheimer’s disease,” “Parkinson’s disease,” “depression,” and
“stroke.” Priority was given to recent systematic reviews, meta-analyses, and clinical trials investigating
exercise-induced changes in BDNF and cognitive outcomes in both healthy individuals and clinical
populations. Relevant background articles addressing neurobiological mechanisms were also included
to provide conceptual context. Due to the narrative nature of this review, study selection was based on

thematic relevance rather than strict methodological criteria.

3. Neurobiological Mechanisms and Cognitive Effects of Exercise-Induced Plasticity

Brain-derived Neurotrophic Factor (BDNF) plays a major role in neuroplasticity. It influences not only
neurogenesis, but also gliogenesis and synaptogenesis, and is known to enhance synaptic signaling and
neuronal survival. Moreover, it participates in the regulation of apoptosis and the elimination of
improperly formed neural connections [2]. Particularly high concentrations of BDNF are observed in
the hippocampus, a brain structure strongly associated with memory formation and learning processes.
Through modulation of synaptic efficiency and structural plasticity, BDNF contributes to adaptive

changes in neural networks underlying cognitive functioning [6].

Ageing and various health conditions have been linked to reduced BDNF expression, which may
negatively affect neuronal resilience and plasticity [2,7]. Understanding these biological mechanisms
provides a framework for interpreting how physical activity may influence cognitive outcomes through

exercise-induced neuroplastic adaptations described in subsequent sections.

4. Evidence from Healthy Populations

Exercise-related cognitive improvements can be observed in healthy populations even after a few
sessions of exercise. A follow-up increase in BDNF positively impacts neurotransmission through

enhancing neuronal survival and neurogenesis. All of these mechanisms contribute to neuroplasticity



which enables the brain to adapt to environmental demands. This phenomenon is present in different
age groups and either alters cognition or prevents its loss. An improvement in activities dependent on
memory and learning have also been documented. They include both memory formation and its
consolidation. Efficient neurotransmission is crucial in keeping cortical excitability. This outlines why
engaging in physical activity can largely improve brain function responsible for cognition [1].

Given the role of BDNF in exercise-induced plasticity, it raises a question about what kind of exercise
is optimal for meaningful increase in BDNF levels. While every exercise generates an increase in BDNF
levels, some have shown better results than others. Recent reviews state that aerobic training is the one
to focus on in the first place [3,8]. In addition to this, intensity, duration and frequency of the exercise
need to be taken into consideration while analyzing BDNF levels. In order to observe BDNF response,
exercise must be above aerobic threshold. This observation was one of the supporting points that
indicated intensity of the exercise as one of the most important factors in BDNF release. This mostly
applied to high intensity exercise which, in most cases, caused larger increase in BDNF [3]. The other
review also stated that intensity changed BDNF levels and that high intensity aerobic exercise had more
beneficial effect on it. However, it also indicated that high intensity interval training could have even
more beneficial effect on BDNF levels and neuroplasticity [8]. For instance, a clinical trial that studied
exercise intensity on BDNF focused on moderate-intensity continuous training (MICT), vigorous-
intensity continuous training (VICT) and sprint interval training (SIT). The results suggested that SIT
caused higher increase in BDNF in plasma that MICT and VICT. Although, VICT was more effective
than MICT, which proves a point of intensity-dependent outcome. [9] Another trial also probed into the
matter of intensity in training in healthy adults. It demonstrated that high intensity interval exercise
stimulated BDNF secretion more effectively in comparison to moderate intensity continuous exercise.
Moreover, it acted stronger in enhancing synaptic plasticity in the cerebral cortex [10]. Taken together,
current evidence suggests an intensity-dependent pattern of exercise-induced BDNF response, with
higher intensity protocols appearing to elicit more pronounced neuroplastic adaptations in healthy
individuals.

Exercise-induced brain health is also a case in adolescents and not only adults. Higher BDNF levels
promote cognitive functioning which might result in better educational performance due to enhancement
in memory and learning. Improving neuronal signaling and BDNF release from early years might result
in maintaining stronger cognition until later age. As presented in a recent systematic review and meta-
analysis on exercise-induced BDNF in adolescents, the study confirmed that both moderate and high
intensity exercise seems to increase BDNF levels in adolescent population [11].

Aging is a natural process associated with gradual changes in brain function, particularly within
cognitive and executive domains. With advancing age, neuroplasticity and neuromodulatory capacity

may become less efficient, which contributes to progressive cognitive decline. Reduced levels of BDNF



are often observed alongside other age-related alterations, suggesting a potential role of neurotrophic
support in maintaining neuronal resilience. Therefore, strategies aimed at enhancing BDNF availability
may be relevant for preserving cognitive performance in older adults [12].
Physical activity has been proposed as one of the non-pharmacological approaches capable of
modulating these processes. Positive effects of exercise on cognition in older populations have been
described in a recent systematic review, where activity-induced increases in BDNF were associated with
improvements in memory and learning performance, accompanied by structural changes in the
hippocampus [7]. Furthermore, a recent randomized controlled trial investigating high-intensity interval
training in healthy older individuals demonstrated improvements in hippocampal-dependent learning,
highlighting the relevance of exercise intensity and the central role of hippocampal plasticity in ageing-
related cognitive outcomes [12].
Altogether, findings from healthy adults, adolescents and ageing populations indicate that physical
activity may contribute to maintaining cognitive resilience across the lifespan, largely through
mechanisms related to BDNF-mediated neuroplasticity.

5. Evidence from Clinical Populations

Neurological disorders are commonly characterized by dysregulation of neuronal pathways associated
with processes such as inflammation, protein misfolding, and changes in cortical metabolism. Many of
these mechanisms converge on impaired neuroplasticity, which is considered a shared feature across
various neurological and neuropsychiatric conditions. Exercise has been proposed as a potential non-
pharmacological intervention capable of modulating these mechanisms and supporting adaptive neural
responses. Through its influence on neurotrophic signaling, particularly BDNF-dependent pathways,
physical activity may contribute to restoring functional balance within disrupted neural systems [13].
Based on a recent systematic review with meta-analysis, physical exercise is associated with an increase
in circulating BDNF in different types of neurological disorders, suggesting a potential role in
neuroprotection of the hippocampus and preserving cognitive function in people affected by
neurological conditions [4]. Consistently, another systematic review also indicated that adults with
neurocognitive disorders benefited from exercise training. Physical activity may reduce risk of
neurodegeneration and strengthen memory and executive functioning. For that reason, exercise training
has been suggested as a part of rehabilitation strategies in neurological patients. However, the effect of
physical activity varies among different conditions and patients and needs to be studied individually
with consideration of disease characteristics and individual factors [14].

One of the clinical areas where exercise-related neuroplasticity has been most widely investigated is
Alzheimer’s disease (AD) and conditions associated with mild cognitive impairment (MCI).

One of the mechanisms responsible for memory loss and cognitive decline in AD may involve reduced

BDNF levels in specific regions of the brain, particularly the hippocampus and amygdala. BDNF is also



regulated by other proteins present in AD causing the negative symptoms of the disease. Due to
complexity of underlying mechanisms and relations between them and the molecules, non-
pharmacological ways of treating the disorder might be the main focus right now. Different studies
suggest that exercise may be beneficial in non-progression of cognitive dysfunction. Despite variability
across studies, a large number of them showed increase in BDNF levels, enhanced neural function in
hippocampus and amygdala. Moreover, exercise-induced increase in vascularity of the brain,
improvement in mitochondrial function, immunomodulation and anti-inflammatory function may also
act in favor of AD patients. Aerobic exercise, in particular, has been highlighted as potentially beneficial
in AD because of its possible best effect on cognitive impairment, especially memory [15,16].
Considering that Alzheimer’s disease develops gradually, similar exercise-related mechanisms have also
been investigated in earlier stages of cognitive decline, particularly in individuals with mild cognitive
impairment. The results of systematic review and meta-analysis reported potential association between
exercise and reducing the risk of progression from MCI to AD or other dementias. This highlights the
potential importance of early intervention in such diseases [17]. For instance, a recent clinical study
demonstrated that active lifestyle may contribute to preventing or delaying onset of different
neurological diseases by enhancing molecular pathways such as BDNF-dependent pathway and
improved cognitive outcomes [18].

Together with Alzheimer’s Disease, Parkinson’s Disease (PD) is one of the most prevalent
neurodegenerative disorders in the world. It affects not only motor function but also many non-motor
features including cognitive impairment, particularly associated with learning and memory. Although
the mechanisms in AD and Parkinson’s disease may differ from each other, they share one common
phenomenon which is decline in BDNF levels. This may be one of the components responsible for some
of the symptoms in Parkinson’s Disease. Despite existing pharmacological treatment in this condition,
it doesn’t fully meet therapeutic expectations and has many unfavorable side effects. Given these
limitations, increasing attention has been directed toward non-pharmacological strategies, particularly
physical exercise, as a potential modulator of neuroplasticity and BDNF signaling in Parkinson’s disease.
Despite certain methodological limitations, exercise has been associated with increased BDNF levels in
PD. What remains unclear is the association of BDNF with motor and non-motor improvements in
patients. As indicated in a recent systematic review and meta-analysis, exercise may contribute to
improvements in overcoming motor deficits in PD patients. There has also been evidence that physical
activity may induce neuronal changes in dopamine-related regions of the brain. As dopamine pathways
are mostly disrupted in PD, this may have a significant impact on the course of the disease [19].

As research on exercise in Parkinson’s disease expands, increasing attention has been directed toward
understanding how specific training characteristics influence clinical outcomes. Currently, no single

exercise modality has been identified as clearly superior in PD management. Nevertheless, various



forms of training appear to be beneficial for patients, with some evidence suggesting greater benefits
associated with higher-intensity training [20]. Moreover, evidence from long-term cohort studies
suggests that sustained physical activity may contribute to slower progression of motor impairment and
preservation of functional abilities in early Parkinson’s disease. In addition, different forms of physical
activity appeared to influence distinct symptom domains, indicating that exercise-related benefits may
extend beyond general neuroplastic effects [21].

Apart from neurodegenerative disorders, the therapeutic role of exercise has also been explored in
neuropsychiatric disorders, particularly depression. As one of the most prevalent mental health disorders
worldwide, it represents a major global health concern affecting not only mood but also memory,
attention, perception and learning processes. While pharmacotherapy remains a primary treatment
approach for depression, growing evidence suggests that physical exercise may provide comparable
benefits in certain populations. Exercise has also shown potential in enhancing pharmacological or
psychotherapeutic interventions. Despite growing evidence, the role of physical activity is undervalued.
Moreover, various forms of exercise appear to be associated with improvements in both mood and
cognitive functioning [22].

Among the proposed mechanisms underlying depression, a decline in BDNF levels has been proposed
as one of the components. Emerging evidence suggests that disrupted neuroplasticity and reduced BDNF
signaling may contribute to depressive symptoms, while both acute and long-term physical exercise
appear to promote neurotrophic responses associated with improvements in mood and cognitive
functioning [23,24]. In light of these neuroplastic mechanisms, recent meta-analytical research has
attempted to determine which exercise modalities and training doses may produce the most pronounced
neurotrophic and clinical effects in individuals with depression. Findings indicated that combined
training protocols, particularly those integrating aerobic and resistance exercise, were associated with
the most consistent increases in BDNF levels. The analysis suggested a nonlinear relationship between
training volume and neurotrophic response, indicating that moderate-to-high exercise doses may provide
greater benefits compared with lower-intensity approaches. Interestingly, while several forms of
physical activity appeared beneficial, no single modality was universally superior, highlighting the
importance of individualized exercise prescription [5].

Beyond chronic neurodegenerative and neuropsychiatric conditions, exercise-induced neuroplasticity
has also been investigated in acute neurological injuries such as stroke, where recovery of cognitive and
functional abilities remains a major therapeutic challenge. Stroke represents a major global health
burden resulting in motor, executive and cognitive impairments that often demand intensive
rehabilitation and lead to dependency on others. Similarly to other diseases described in this review,
post-stroke BDNF levels appear to be reduced compared to healthy adults. Lower BDNF concentrations

may be associated with negative post-stroke effects on different functions, especially cognition. Recent



systematic review and meta-analysis on this topic suggested possible role of measuring BDNF levels
during the rehabiliation process in order to associate them with potential improvement. Furthermore, it
may also show potential as a prognostic factor in acute stroke [25]. The importance of preserving
cognition in post-stroke population has been highlighted concerning how largely it could improve life
quality. Strategies aimed at maintaining executive function, attention, memory, and learning ability are
widely discussed in the rehabilitation literature. Aerobic exercise is commonly researched as a
rehabilitation strategy. Its potential benefits include enhanced cerebral perfusion, BDNF-dependent
neuroplasticity and reducing neuroinflammation. Given that neuroplasticity is probably a determining
factor in regaining cognition and other features after a stroke, aerobic exercise might be a crucial part of
post-stroke recovery [26]. However, recent systematic review suggested that high intensity interval
training might be particularly beneficial in improving neuroplasticity after stroke [27]. Similarly, a
randomized clinical trial indicated moderate-intensity continuous training to be specifically effective in
the regenerative-compensatory period of stroke rehabilitation [28]. Collectively, further clarification of
individualized exercise strategies remains an important research direction. Nevertheless, exercise as
treatment and recovery strategy has considerable therapeutic potential and remains an important area for

future investigation.

Overall, findings across neurodegenerative, neuropsychiatric, and post-injury conditions suggest that
exercise-induced neuroplasticity may represent a shared mechanism supporting cognitive recovery,
although variability in study design and clinical outcomes highlights the need for further translational

research.

6. Discussion

This narrative review aimed to demonstrate a common pattern in exercise-induced BDNF signaling in
both healthy and clinical populations with particular focus on different neurological disorders. The
findings suggest beneficial effects of exercise on cognition alongside other brain functions. Exercise
intensity is suggested to be one of the factors modulating the impact of physical activity on BDNF
circulation and, consequently, cognitive functions [5,10]. Nevertheless, several methodological
limitations should be acknowledged due to inconsistent study results regarding the most effective

exercise modalities and training parameters [4,5,19].

Exercise induced neuroplasticity appears to influence cognitive outcomes among both healthy and
clinical populations. However, the functional implications may differ between specific groups. In
healthy individuals, exercise-related effects were mainly observed in executive functions improvement

including working memory, cognitive flexibility, organization, focusing and emotional regulation [1].



In this group, physical activity primarily serves prevention and adaptability rather than rehabilitation
and regaining functionality as in clinical populations. Exercise-induced neurotrophic factors such as
BDNF could also be used in monitoring and evaluating the effects of non-pharmacological therapies.
The variability across patient groups suggests that while BDNF signaling may represent a common
biological pathway, its relationship with functional improvement is not always linear [4,5,19]. These
differences highlight the importance of individualized exercise protocols regarding disease context and

baseline cognitive status.

The growing body of evidence presented across this narrative review indicates that BDNF may represent
a shared biological link between exercise and neuroplasticity in not only healthy but also clinical
populations. Several studies discussed BDNF as a possible marker of rehabilitation response and
prognosis assesment regarding cognition, yet needs to be interpreted carefully [4,25]. Due to substantial
variability in applied training protocols, different patients’ characteristics and changeability in
measurement methods acoss different, consistent conclusions cannot always be drawn [4,5,19]. This
may prove that neuroplasticity is based on complex mechanisms and is unlikely to rely on a single
neurological factor. Consequently, further research is needed in order to clarify an optimal exercise

strategies aimed at improving cognitive function through neuroplastic adaptation.

7. Conclusions

This narrative review highlights exercise-induced neuroplasticity as a shared mechanism supporting
cognitive function across both healthy and clinical populations, with BDNF emerging as a potential
biological mediator of these effects. While physical activity appears to enhance executive functions,
memory, and adaptive brain processes, the magnitude of benefits varies depending on disease context,
training parameters, and baseline cognitive status. Current evidence does not support a single optimal
exercise modality, emphasizing the importance of individualized intervention strategies. Future research
should focus on refining exercise prescriptions and improving translational understanding of

neuroplastic mechanisms to optimize cognitive outcomes.
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