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ABSTRACT: Physical exercise and nutritional strategies have become powerful tools for improving brain 

health, boosting cognitive performance, slowing cognitive decline, and reducing the risk of neurodegenerative 

diseases, primarily by influencing neurotrophic factors such as brain-derived neurotrophic factor (BDNF). This 

review examines the impact of various exercise types (endurance, high-intensity interval training, and 

resistance) along with dietary approaches (ketogenic diet and intermittent fasting) on BDNF, with a focus on 

their potential to promote cognition and neuroprotective benefits, particularly in the middle-aged and older 

population. Several molecular and physiological pathways may be involved, including activation of the PGC-

1α–FNDC5–BDNF pathway, lactate signaling, increased blood flow to the brain and body, splenic platelet 

release, and stimulation of TrkB, IGF-1, irisin, and cathepsin B. Nutritional interventions may also boost BDNF 

through mechanisms involving β-HB and Notch 1 signaling. Research from both animal and human studies 

highlights the potential benefits of exercise and dietary modifications in supporting brain health and cognitive 

function. However, differences in study design and methodological limitations make it difficult to draw firm 

conclusions. These effects appear to be influenced by factors such as exercise characteristics (intensity, modality, 

and duration), the timing of blood collection, and the type of cognitive assessments. Future studies should focus 

on identifying the most effective intervention protocols and mechanisms, as well as understanding the individual 

factors that influence responsiveness to neurotrophic changes. Overall, targeted exercise and dietary strategies 

offer a promising approach to maintain brain health and reduce cognitive decline associated with aging and 

disease. 
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Introduction 

 

Physical exercise and nutritional strategies have been 

widely recognized for their numerous benefits on brain 

health and functionality. They have been shown to 

improve cognitive performance and decrease the risk of 

neurodegenerative diseases [1]. The mechanisms behind 

this crosstalk are various and not completely understood. 

However, one of the main characters is undoubtedly the 

action of neurotrophic factors.  

Neurotrophic factors consist of a large family of 

dimeric polypeptides, including neurotrophins such as 

nerve growth factor (NGF), brain-derived neurotrophic 

factor (BDNF), neurotrophin-3 (NT-3), and NT-4/5. 

Through their actions on neuronal survival, 

differentiation, and growth, these dimeric polypeptides 

are essential for neurodevelopment and adult brain 

plasticity [1–3]. BDNF has been implicated in many 

different functions in the central (CNS) and peripheral 

(PNS) nervous systems [4–7]. Particularly, mounting 
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evidence has shown that BDNF promotes neuroplasticity, 

receptor trafficking [8], dendritic modification [9], 

facilitating synaptic transmission [10], and the process of 

long-term potentiation (LTP) [8]. Furthermore, BDNF 

supports neurogenesis [11], synaptic growth [12], and 

repair [13]. Thus, due to its significant impact on brain 

changes, BDNF is considered a potential mediator of 

cognitive functions [14].  

Cognition can be defined in several ways (e.g., 

cognitive function, cognitive performance) as it covers a 

variety of cognitive domains, including complex 

attention, executive functions, memory and learning, 

social cognition, language, and perceptual-motor function 

[15]. Supporting the link between BDNF and cognition, 

studies in animals with enhanced BDNF levels, induced 

by enriched environments and exercise, have shown better 

performance on behavioural testing. For instance, 

increased BDNF expression in mice was associated with 

significantly enhanced spatial learning and memory, as 

assessed by the Morris water maze test [16]. Moreover, 

research extensively agrees on the presence of BDNF in 

most brain areas, including the olfactory bulb, cortex, 

hippocampus, basal forebrain, thalamus, hypothalamus, 

brainstem (consisting of midbrain, pons, and medulla), 

cerebellum, and spinal cord [17]. Most of these cerebral 

areas are known to be related to cognitive functions. 

These findings, along with imbalances in BDNF levels 

and downstream signaling association with 

neurodegenerative and psychiatric diseases, such as 

Alzheimer’s, Huntington’s disease, schizophrenia, and 

major depressive disorder [18], suggest the implication of 

BDNF in regulating learning and memory processes in 

young and adult mammals [19]. Furthermore, healthy 

lifestyle, exercise, and dietary programs have been shown 

to upregulate BDNF levels [20, 21] positively and 

improve cognitive functions as well [22]. Thus, a 

summary of recent findings is necessary, considering the 

critical role of BDNF in brain structural changes and 

cognition, as well as the positive effects of simple 

interventions, such as exercise and diet, in enhancing 

BDNF levels and, consequently, cognitive performance. 

This narrative review will provide a brief description 

of the mechanisms of production and secretion, as well as 

the principal function of BDNF in the brain. Then, a 

detailed focus will be given to the influence of 

interventions based on different types of exercise 

(endurance exercise, high-intensity interval training, and 

resistance exercise) and diet (ketogenic diet and 

intermittent fasting), with an emphasis on their 

relationship with BDNF and cognitive functions, 

particularly in the middle-aged and older population. We 

will discuss several factors, such as intensity, duration of 

the intervention, modality, and the mechanism beyond the 

production and release of peripheral BDNF, mainly 

related to plasma and serum.  

 

BDNF and Cognitive Performance 

  

The BDNF protein is synthesized and folded in the 

endoplasmic reticulum as preproBDNF (32–35kDa). 

After being translocated to the Golgi apparatus, the signal 

sequence of the preregion is rapidly cleaved, and the 

isoform proBDNF (28–32kDa) is generated [23]. Then, 

proBDNF is cleaved again, intracellularly by furin and 

other protein convertases [24, 25], or extracellularly by 

plasmin and metalloproteinases [26, 27], to reach the 

mature isoform (mBDNF, 13kDa) [23, 28].  

For many years, it has been assumed that only 

secreted mBDNF had biologically significant effects, 

while pro-BDNF was considered its inactive precursor, 

located in the intracellular compartment. Actually, the two 

forms of BDNF follow different pathways, exerting 

different effects on the brain and tissues. Pro-BDNF 

exhibits high-affinity binding to p75 neurotrophin 

receptor (p75NTR), thereby facilitating mechanisms such 

as long-term depression (LTD), dendritic spine retraction, 

and apoptosis [29–31]. On the other hand, mBDNF 

selectively binds tropomyosin receptor kinase B (TrkB) 

[32, 33], activating multiple intracellular signaling 

cascades, including PI3K/AKT, MAPK/ERK, and TrkB-

mediated PLCγ pathways [34], leading to cell survival and 

proliferation [35–37], axonal and dendritic growth, and 

the facilitation of LTP with concomitant maturation of 

dendritic spines [38–40]. The opposing actions of pro-

BDNF/p75 and mBDNF/TrkB signaling pathways 

underscore the complex regulatory role of BDNF in 

neuroplasticity, with the relative proportion of secreted 

pro-BDNF and mBDNF serving as a critical determinant 

of the direction of neuroplastic changes in target neurons. 

Although BDNF is highly expressed in the CNS [41], 

hippocampus, cortex, amygdala, striatum, and 

hypothalamus [42], a significant amount is also present in 

the circulation [43, 44]. The cellular origin of BDNF in 

platelets is the megakaryocytes, the progenitors of 

platelets [45]. In fact, peripherally, mBDNF is stored 

mainly in platelets [46–50], with serum levels 100/200-

fold higher than in plasma. Thus, given the impracticality 

of directly measuring cerebral BDNF in vivo, and because 

of some evidence that BDNF can cross the blood-brain 

barrier (BBB) [51], it is assumed that peripheral BDNF is 

a proxy of BDNF levels in the brain. Consistently, in some 

animal models like rats and pigs, measures of BDNF in 

the CNS correlate with measures of BDNF from the 

circulation and other tissues [44, 51], with as much as 

75% of BDNF originating from the brain. Nevertheless, 

this relationship is not universal. BDNF was previously 

undetectable in mouse blood, despite comparable brain 
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levels, until the recent development of a sensitive assay 

[52], suggesting species-specific differences and potential 

limitations in using blood BDNF across different animals. 

Recent evidence suggests that blood BDNF levels do 

not accurately reflect brain BDNF levels. First, there is no 

clear evidence that BDNF crosses the BBB [53]. Second, 

brain BDNF levels are relatively consistent across 

mammals, including humans and mice, whereas blood 

BDNF differs by orders of magnitude. This discrepancy 

arises because human blood [54], but not mouse blood 

[55], contains high platelet-derived BDNF, complicating 

cross-species comparisons of peripheral BDNF. 

Interestingly, when the expression of BDNF in mice was 

genetically increased in platelets to the levels present in 

humans, blood-derived BDNF was able to prevent 

dendritic atrophy of retinal ganglion cells after optic nerve 

crush. This suggests that even if BDNF does not cross the 

blood-brain barrier, BDNF can be released from blood 

platelets by extracellular vesicles and delivered to brain 

neurons after lesions of blood vessels in the human brain 

[52]. 

Although the mechanisms of production and 

secretion have been extensively studied in animal models, 

research in human models is limited, with a primary focus 

on peripheral BDNF. Thus, a clear specification of the 

biospecimen considered (e.g., serum or plasma BDNF) is 

necessary to better understand its specific effect and 

response to different types of interventions (e.g., exercise 

or diet) in human studies. As mentioned earlier, the 

importance of BDNF in brain function, through its role in 

neuroplasticity and synaptic plasticity mechanisms, is 

well-documented in the literature. Neuroplasticity, or 

brain plasticity, is the ability of the nervous system to 

change its structure, function, and connections in response 

to extrinsic or intrinsic stimuli [56]. The classic theory 

“neurons that fire together wire together [57] accurately 

illustrates how repetitive neuronal activity strengthens 

synaptic connections, thereby driving experience-

dependent plasticity through distinct neurobiological 

mechanisms. Molecular mechanisms contributing to 

neuroplasticity include synaptogenesis (formation of new 

synaptic connections), neurogenesis (development of new 

neurons), angiogenesis (formation of new blood vessels), 

and gliogenesis (generation of non-neuronal glial cells in 

the brain) [58]. Collectively, these processes are essential 

for cognitive functions, directly influencing learning, 

memory, and perceptual abilities [59]. Furthermore, 

BDNF modulates synaptic plasticity, the capacity for 

strengthening and weakening neural connections over 

time, which underlies cognitive processes such as 

memory formation and recall [60]. Evidence has linked 

these structural adaptations in the brain with 

improvements in cognitive performance [61].  

Conversely, cognitive abilities tend to decline with 

age, likely reflecting cellular and metabolic alterations 

that progressively diminish synaptic plasticity across 

brain regions critical for cognitive functions [62]. Mattson 

et al. [63] proposed that age-related cognitive 

impairments may be linked to reductions in BDNF 

expression within key brain regions affected by aging. 

Consistent with this hypothesis, plasma BDNF 

concentrations have been observed to decrease with age. 

One study [64] stratified median plasma BDNF levels 

across several age groups: young adults (20–33 years, 

∼100 pg/mL, n = 45), mid-life adults (34–47 years, ∼80 

pg/mL, n = 59), and older adults (48–60 years, ∼50 

pg/mL, n = 36). This declining trend persists into later life, 

as evidenced by a large cohort study of serum BDNF in 

adults aged 65–97 years (n = 5,104), which reported an 

average concentration of 21 ng/mL (SD = 5.4 ng/mL) 

[65]. In addition, emerging evidence has suggested that 

cognitive decline can begin earlier in life, particularly 

during middle age (the age range from 40 to 65) [66], 

affecting domains such as memory, processing speed, and 

executive functions [67].  

Therefore, BDNF can significantly impact the 

improvement or maintenance of cognitive performance, 

particularly in middle-aged and older individuals. 

Measuring changes in cognitive functioning (e.g., 

neuropsychological tests) is necessary to assess 

neuroplasticity, as improvements in performance on a 

cognitive task may represent changes in the activity of 

neural networks that execute these mental processes [68]. 

Moreover, techniques such as functional Magnetic 

Resonance Imaging (fMRI) and cerebrospinal fluid (CSF) 

measures could be useful for evaluating structural and 

functional changes in the brain. Furthermore, when 

assessing cognitive functions, it is important to 

acknowledge the baseline cognitive status of the subjects. 

Baseline cognitive status, which reflects cognitive 

reserve, can modulate the responsiveness to interventions, 

thereby affecting observed changes in cognitive 

performance [69]. For example, a study of cognitively 

healthy older adults found that the strongest baseline 

predictor of subsequent episodic memory decline was the 

baseline episodic memory score,  highlighting the value 

of baseline cognitive performance in predictive models 

[70]. Moreover, comorbid neurodegenerative conditions 

such as Alzheimer’s disease (AD) and Parkinson’s 

disease (PD) are often associated with alterations in 

circulating BDNF and accelerated cognitive decline. 

Patients with AD exhibit reduced peripheral BDNF than 

cognitively healthy controls, and lower BDNF has been 

linked with greater neurodegeneration and smaller 

hippocampal volume [71]. In Parkinson’s disease, serum 

BDNF levels are reduced compared to controls and 

positively correlate with cognitive function, suggesting an 
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association between lower BDNF levels and cognitive 

deficits [72].  

Cognitive performance, neuroplasticity, and BDNF 

could be influenced by various factors, including age, 

physical exercise, nutrition, sleep, stress levels, sex 

differences, and potential impairments from medical or 

psychological conditions. Among these factors, exercise 

and nutrition have garnered interest due to their beneficial 

impact on overall health. Research over the last few years 

has focused on identifying the mechanisms and 

subsequent improvements related to enhanced cognitive 

functions through the release of BDNF following exercise 

or dietary interventions. Although exercise and diet are 

widely recognized as effective strategies for enhancing 

BDNF levels and cognitive performance independently, 

research often yields conflicting results when examining 

the correlation between BDNF and cognition as 

simultaneous outcomes. Several factors, such as 

population, intensity, type of intervention, duration, and 

biospecimen, must be considered when analyzing the 

results of a study. Moreover, the mechanisms behind the 

BDNF-related improvement after an exercise or diet 

intervention are not fully understood.   

 

Physical exercise and cognitive performance 

 

Physical exercise is a subcategory of physical activity that 

is planned, structured, repetitive, and purposeful, with the 

aim of improving or maintaining one or more components 

of physical fitness [73].  

In its various forms, exercise provides several 

benefits to almost all human organs and physiological 

systems, including the metabolic, musculoskeletal, 

cardiovascular, respiratory, immune, and digestive 

systems. Endurance exercise is defined as any activity that 

engages large muscle groups, can be maintained 

continuously, and is rhythmic in nature [73]. It requires 

the metabolic system to utilize oxygen to produce energy, 

thereby enhancing the cardiovascular system's capacity to 

uptake and transport oxygen.  Examples of endurance 

exercise include cycling, dancing, hiking, jogging/long-

distance running, swimming, and walking. High-intensity 

interval training (HIIT) is characterised by alternating 

short bursts of intense activity, typically performed at 80–

90% of maximal heart rate (HRmax), with periods of low-

intensity recovery, typically 60% of HRmax, or rest. This 

method targets improvements in cardiovascular fitness, 

endurance, and metabolic rate within a relatively brief 

time frame [74]. Conversely, resistance training is defined 

as any form of physical activity that requires the 

production of muscular force against external resistance, 

with the intention of increasing muscle size, strength, 

and/or endurance [75].  

Among the general, well-recognised, healthy effects 

of exercise on the physiology of the body, in recent years, 

many studies have focused on its positive effects on 

cognition. Regarding endurance exercise, evidence in 

older adults suggests that it may improve cognitive 

performance [76–81], promote brain plasticity [76, 82], 

and attenuate hippocampal atrophy while improving 

visual attention and memory [76]. Similarly, in young, 

healthy individuals, 30 minutes of moderate-intensity 

cycling has been reported to enhance cognitive 

performance, including memory, reasoning, attention, and 

planning, compared to baseline measures [83]. In another 

study, 24 healthy young adults completed a pinch-grip 

motor task before and after 30 minutes of moderate-

intensity running. The results indicated that an acute bout 

of aerobic exercise facilitated motor skill acquisition, 

primarily through improvements in task accuracy [84]. 

Thus, endurance training appears to be particularly 

effective in enhancing cognitive performance across 

different age groups. A recent meta-analysis [85] found 

that HIIT can elicit moderate acute improvements in 

executive function (standardized mean difference [SMD] 

= 0.50), with larger effects observed in studies employing 

moderately to highly demanding HIIT protocols. 

Nevertheless, the relatively small number of studies 

included warrants cautious interpretation of these 

findings. Regarding resistance exercise, two recent meta-

analyses [86, 87] analyzing studies consisting of a 

supervised exercise program lasting at least four weeks, 

have demonstrated its benefits for executive function, 

memory, and working memory. Additionally, 

improvements in executive function have been observed 

in young to middle-aged adults, even after a single bout of 

resistance exercise[88]. Although several reviews and 

studies highlight the effectiveness of endurance, HIIT, 

and resistance exercises in enhancing cognitive 

performance, in most cases, BDNF was not assessed. 

Overall, both aerobic and anaerobic exercise, whether 

acute (one session) or chronic (two or more sessions), 

have been shown to improve cognitive performance 

across various populations.   

 

Endurance exercise and its influence on cognition and 

BDNF 

 

Endurance exercise has been extensively documented, 

both acutely and chronically, as a potent stimulus for 

elevating levels of BDNF [89]. Several mechanisms have 

been proposed to explain how endurance exercise may 

enhance peripheral BDNF concentrations, as illustrated in 

Figure 1. Generally, it can increase tissue metabolism, 

which in turn induces a range of physiological responses, 

such as increased cardiac output, augmented vascular 

shear stress, and energetic demands, as well as triggering 
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hypoxic responses. Specifically, the primary 

physiological mechanisms in BDNF release include 

enhanced cerebral and peripheral blood flow [90], splenic 

platelet release [91], hypoxia [93], and possibly an 

increase in body temperature [93] (Fig. 1). At the 

molecular level, endurance exercise may upregulate the 

peroxisome proliferator-activated receptor γ coactivator-

1α (PGC-1α) gene expression in neurons, promoting the 

secretion of fibronectin type III domain-containing 

protein 5 (FNDC5) and irisin synthesis, which 

subsequently increases BDNF levels (Fig. 1). Moreover, 

activation of the PGC-1α or FNDC5 pathway, coupled 

with enhanced penetration of cathepsin B across the BBB 

during aerobic exercise [94, 95], further contributes to 

BDNF elevation (Fig. 1). However, the precise 

mechanism remains to be fully elucidated, and factors 

such as exercise dosage and intensity may modulate these 

responses.  

 

 
Figure 1. Exercise-Induced Mechanisms Driving Peripheral and Central BDNF Signaling. Different mechanisms are involved in 

three exercise modalities (endurance, high-intensity interval training, and resistance), leading to increased peripheral or cerebral BDNF 

levels. During resistance exercise, lactate production, depending on the intensity, triggers 1) the activation of the SIRT1–PGC-1α–

FNDC5 pathway, which enhances brain BDNF levels, and 2) the activation of tropomyosin receptor kinase B (TrkB) by elevated 

peripheral BDNF levels, also stimulating brain BDNF production. Additionally, resistance exercise promotes the synthesis of insulin-

like growth factor-1 (IGF-1) from the liver, which crosses the blood-brain barrier (BBB) and enhances brain BDNF levels. In response 

to high-intensity interval training, splenic platelet release increases, enhancing both platelet number and BDNF content and release, 

thereby activating TrkB and, consequently, increasing brain BDNF production. Additionally, the same lactate pathway previously 

described becomes active. Finally, improved cerebral blood flow directly raises brain BDNF levels. Regarding endurance exercise, 

increased splenic platelet release, hypoxic response, and peripheral blood flow lead to higher peripheral BDNF levels, which activate 

TrkB and, consequently, brain BDNF production. Additionally, endurance exercise stimulates muscle production of irisin and cathepsin 

B, which, when crossing the BBB, increase brain BDNF levels. Created with BioRender.com 

Nevertheless, the beneficial impact of endurance 

exercise is well documented in neurodegenerative and 

neuropsychiatric conditions [96], as well as among older 

people [97], who are particularly vulnerable to cognitive 

decline. Consequently, endurance exercise interventions 

may not only enhance cognitive performance but also 

serve as a preventative role against neurodegenerative 

diseases, particularly in middle-aged adults, where 



 Givralli J., et al.                                                                                                            Exercise–Diet, BDNF & Cognition

   

Aging and Disease • Volume 18, Number 2, April 2027                                                                         6 

 

cognitive decline is believed to commence. Despite the 

growing body of literature, studies directly examining the 

effects of BDNF-mediated endurance interventions on 

cognitive performance remain limited. Nonetheless, 

several examples demonstrate the impact of aerobic 

exercise on brain function in middle-aged and older adult 

populations. Regarding chronic protocols, Erickson and 

colleagues conducted a trial involving moderate-intensity 

treadmill walking (three days/week) in adults aged 55 to 

80 years [76]. At the end of the one-year intervention, 

participants in the endurance exercise group exhibited a 

2% increase in hippocampal volume, which positively 

correlated with improvements in spatial memory. 

Furthermore, although lower levels of serum BDNF 

were significantly associated with smaller hippocampal 

volumes and poorer memory, regardless of participant 

age, no significant changes in serum BDNF levels were 

observed. Moreover, Leckie et al. [98] examined the 

effects of aerobic training on executive function and 

serum BDNF levels in 90 older adults (mean age, 67 ± 6 

years; 59 women and 33 men). Participants were 

randomly assigned to either a no-exercise control or a one-

year intervention involving walking three days per week 

for 40 minutes at 60-75% of their maximum heart rate 

reserve (HRmax). Notably, individuals over 65 years in 

the walking group exhibited an approximate 25% increase 

in serum BDNF, which was significantly correlated with 

improvements in executive function and task-switching 

performance. Moreover, the mediating effect of BDNF on 

task-switching performance was significant only among 

participants older than 71 years, suggesting that moderate-

intensity activities such as walking may yield greater 

cognitive benefits for adults over 70. Similarly, Nilsson et 

al. [47] reported that in healthy older adults (65–75 years), 

a 12-week intervention consisting of a 30-minute session 

per week at 65–75% of individual HRmax led to increased 

plasma BDNF levels, as well as improved performance on 

the n-back and running span task. In contrast, Xi Li and 

colleagues [99] found that in 29 physically inactive older 

adults (mean age, 64.8 ± 3.9 years), a 12-week vigorous-

intensity continuous training protocol (25 minutes at 70% 

of VO₂ max, three times per week) increased serum 

BDNF levels but did not yield measurable improvements 

in cognitive performance.  

It is noteworthy that global cognition was assessed 

using the Montreal Cognitive Assessment (MoCA) in this 

study, which may have limited sensitivity in detecting 

exercise-induced cognitive changes in a cognitively 

normal population. Regarding acute effects, Wheeler et al. 

[100] observed that a single bout of moderate-intensity 

treadmill walking (65–75% HRmax) enhanced serum 

BDNF levels and improved working memory or executive 

function in older adults. Encouraging results were also 

reported by Hakansson et al. [101], who recruited 19 

healthy older adults (65-85 years of age). Each participant 

completed a single session comprising three different 

interventions: 35 minutes of moderate-intensity whole-

body aerobic exercise, 35 minutes of cognitive training, 

and 35 minutes of mindfulness practice.  

Blood samples were collected for BDNF analysis 

immediately before, immediately after, and at 20 min and 

60 min post-intervention. Results showed that aerobic 

exercise induced a rapid and significant rise in circulating 

BDNF levels (+17%; p = 0.004), whereas cognitive 

training and mindfulness did not produce significant 

changes. Interestingly, the increase in BDNF following 

exercise was strongly correlated with working memory 

performance (r = 0.89; p = 0.02). In contrast, Tsai et al. 

[102] demonstrated that while a 30-minute bout of 

moderate-intensity aerobic exercise (65–75% HRmax) 

increased serum BDNF levels in sixty-six older adults 

with mild cognitive impairment, no corresponding 

improvements were observed in performance on the 

Flanker test. However, the cognitive health status of the 

participants could have affected their performance. In 

summary, aerobic exercise appears to stimulate BDNF 

production through multiple physiological and molecular 

pathways, with both chronic and acute exercise 

interventions exhibiting potential benefits for cognitive 

function, particularly in memory and executive function. 

Nevertheless, variations in exercise modality, intensity, 

and duration, as well as the sensitivity of cognitive 

assessments or the health status of the subjects, may 

influence the correlation between increased BDNF levels 

and observed outcomes.  

 

HIIT and its influence on cognition and BDNF  

 

HIIT has been widely recognised as an efficient method 

to enhance BDNF levels and cognitive performance 

across different populations. Elevated serum 

concentrations of BDNF have been observed following 

HIIT, which has been attributed to increased BDNF 

synthesis in the brain [103]. One proposed mechanism is 

the improvement of cerebral blood flow, as neuronal 

BDNF production and release are dependent on physical 

activity [104] (Fig. 1). Additionally, circulating BDNF 

can also activate TrkB, stimulating the vascular 

endothelium to produce additional BDNF [105]. 

Moreover, HIIT promotes platelet activation, which 

increases both platelet count and the BDNF content per 

platelet, contributing to the pool of bioavailable BDNF 

[106, 107] (Fig. 1). Exercise intensity has been linked to 

the lactate pathway, a key factor in brain metabolism 

[108]. For example, in both animal and human studies, 

acute HIIT enhances brain lactate concentration, initiating 

a cascade that stimulates BDNF expression via activation 

of the SIRT1 and PGC1α signalling pathways [109, 110] 
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(Fig. 1). Furthermore, exercise-induced hypoxia and 

muscle microdamage may elicit a rapid rise in circulating 

BDNF [111]. Finally, the hyperthermia resulting from 

vigorous exercise can increase BBB permeability, 

potentially facilitating the transport of neuronally 

produced BDNF into the periphery [107] (Fig. 1). 

Regarding the intervention, Buzdagli and colleagues 

[112] reported a more pronounced increase in BDNF 

following HIIT (85-100% of VO2 max) compared with 

moderate-intensity continuous exercise (MICE, 65% of 

VO2 max). This finding may be attributed to differences 

in lactate metabolism. In young athletes, serum BDNF 

levels were found to be significantly higher in the HIIT 

group (5.65 ± 1.79 ng/mL) than in both the control group 

(1.24 ± 0.54 ng/mL) and the MICE group (3.38 ± 1.29 

ng/mL) when measured immediately after exercise. 

Furthermore, both HIIT and MICE improved 

cognitive performance, as demonstrated by Stroop test 

outcomes, although HIIT was superior in terms of reaction 

time and error rates on incongruent tasks. Despite 

consistent reports of HIIT-induced increases in BDNF 

levels [113, 114], research incorporating HIIT 

interventions, BDNF measurements, and cognitive 

performance assessments in healthy middle-aged to older 

adults is scarce and inconclusive. For example, Xi Li and 

colleagues [99] found that a 12-week HIIT protocol 

(consisting of 25 minutes per session with alternating 3-

minute bouts at 90% intensity and 3-minute recovery 

periods, performed three times per week) increased serum 

BDNF levels in 29 physically inactive older adults (mean 

age 64.8 ± 3.9 years), yet this did not result in measurable 

improvements in cognitive performance as assessed by 

the MoCA. Similarly, de Lima et al. [115] compared HIIT 

(85–100% intensity) with moderate-intensity continuous 

training (MICT, 60–75% intensity) in middle-aged, 

overweight adults and observed that an 8-week exercise 

program produced positive cognitive effects regardless of 

the exercise intensity.  

Although BDNF levels increased, Spearman 

correlation analysis did not reveal significant associations 

between BDNF changes and cognitive improvements. 

Additionally, Tsai et al. [116] compared a 30-minute 

acute HIIT protocol (1 minute at 70–75% heart rate 

reserve with 2 minutes of active recovery) with a MICE 

(50–55% HRR) intervention in 21 healthy late middle-

aged and older adults (mean age 60.62 ± 4.96 years). 

Although HIIT increased BDNF levels, the pre- to post-

intervention changes in BDNF were not correlated with 

changes in neurocognitive performance. Despite the 

beneficial effect of HIIT in increasing BDNF levels 

among this category of subjects, the effects on improving 

cognitive performance remain controversial. However, 

supporting  HIIT intervention, a longitudinal study [117] 

compared the effect of three different 6-month exercise 

regimens on hippocampal-dependent cognition in healthy 

elderly individuals. Participants aged 65-85 with no 

cognitive deficits were randomly assigned to one of three 

exercise interventions (low-intensity training (LIT), 

medium-intensity training (MIT), and HIIT). Each 

participant attended 72 supervised exercise sessions over 

a 6-month period, with a total of 151 participants 

completing all sessions. Cognitive testing for 

hippocampal performance was conducted monthly, along 

with blood collection, and continued for up to five years 

following the initiation of the study. After six months, 

only the HIIT group displayed significant improvement in 

hippocampal function, as measured by paired associative 

learning (PAL). HIIT-mediated changes in the BDNF 

correlated with improved hippocampal-dependent 

cognitive ability.  

These findings suggest that HIIT significantly 

improves and prolongs the hippocampal-dependent 

cognitive health of aged individuals. However, further 

studies are needed to investigate whether acute and 

chronic HIIT interventions are effective in enhancing both 

BDNF and cognitive performance. Additionally, it is 

worth noting that it is still unclear whether the potential 

benefit can be attributed to the intensity of the exercise or 

the intermittent nature of the HIIT protocol. 

 

Resistance exercise and its influence on cognition and 

BDNF  

 

The mechanisms underlying improvement in BDNF 

following a resistance intervention are not fully 

understood. One proposed mechanism involves lactate, 

which plays a crucial role in long-term memory formation 

by acting as an alternative energy source for the brain, 

particularly when glucose availability is prioritized for 

active muscles during exercise [118] (Fig. 1). Insulin-like 

growth factor-1 (IGF-1) is another critical factor that 

interacts with BDNF to support neuroplasticity, with 

significant consequences for learning and memory. While 

IGF-1 is primarily synthesized in the liver, animal studies 

suggest that it can cross the BBB and influence CNS 

processes [119, 120] (Fig. 1). These findings suggest that 

IGF-1 may be essential for BDNF mRNA expression in 

the hippocampus, and its deficiency could impair 

cognitive processes such as working memory and recall.  

Recent meta-analyses of studies involving supervised 

exercise programs of at least four weeks' duration have 

shown improvements in cognitive domains, including 

executive function, memory, and working memory[86, 

87]. In young to middle-aged adults, benefits on executive 

function have also been observed even after a single or 

acute bout of resistance exercise [121, 122]. Moreover, 

resistance training can increase peripheral levels of 

BDNF. Yarrow et al. [123] found that five weeks of 
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traditional and eccentric-enhanced progressive resistance 

training intervention resulted in increased serum BDNF 

response. Additionally, Marston et al. [124] investigated 

the effects of two resistance training protocols: a 

“strength” protocol (5 × 5 repetitions at 5RM with 3 

minutes of rest between sets) and a “hypertrophy” 

protocol (3 × 10 repetitions at 10RM with 1 minute of rest 

between sets). Although both protocols were matched for 

work and volume, only the hypertrophy condition elicited 

a significant immediate increase in serum BDNF levels 

(13 %). This protocol also produced higher blood lactate 

concentrations compared with the strength protocol, 

indicating a greater metabolic demand and a more 

pronounced cardiovascular and sympathetic nervous 

system response. However, research on the relationship 

between BDNF release through resistance training and 

cognitive performance remains limited. Castaño et al. 

[125] examined the effects of traditional resistance 

training (TRT) and resistance training combined with 

cognitive tasks (RT + CT) in 30 community-dwelling 

older adults, who were randomly assigned to either TRT 

(mean age 70.0 ± 8.1 years; 25% men) or RT + CT (mean 

age 66.3 ± 4.6 years; 31% men). Both groups underwent a 

similar resistance training regimen twice a week for 16 

weeks, with the RT+CT group simultaneously engaging 

in verbal fluency tasks during resistance exercises. The 

intervention consisted of eight resistance exercises, 

performed in two to three sets of eight to fifteen 

repetitions at 60%-70% of one-repetition maximum 

(1RM).  

Cognitive assessments measured verbal fluency, 

dual-task performance, short-term memory, executive 

function, visual attention, and task switching. Findings 

revealed that RT+CT, but not TRT alone, led to 

significant improvements in cognition, semantic and 

phonological verbal fluency, and plasma BDNF levels. 

However, the study acknowledged two key limitations: 

(1) the lack of a control group may have led to an 

overestimation or underestimation of treatment effects, 

and (2) physiological mechanisms underlying the 

correlation between BDNF levels and cognitive 

improvement remain unclear. On the other hand, Fragala 

et al. [126] found that six weeks of resistance training, 

performed twice a week, were likely beneficial for 

improving spatial awareness and visual and physical 

reaction times, which showed improvements of 40.0%, 

14.6%, and 14.0%, respectively. However, circulating 

BDNF did not show significant changes with resistance 

exercise training. The absence of significant changes in 

resting circulating BDNF may be attributable to the 

timing of measurement, as BDNF was assessed in fasting 

and resting conditions before and after the six-week 

intervention.  

Recent evidence suggests that circulating changes 

may be more transient, lasting only 20 minutes post-

exercise, and are dependent on exercise intensity [127]. 

As highlighted by previous studies, research on the 

interplay between resistance exercise, BDNF release, and 

cognitive function remains inconclusive, particularly in 

middle-aged to older populations. Further research is 

needed to elucidate the precise physiological and 

molecular mechanisms by which resistance training 

influences BDNF levels and cognitive outcomes. 

 

Ketogenic diet and Intermittent fasting and their 

influence on BDNF and cognition 

 

Diet interventions have traditionally been viewed as a 

source of energy and a building material for the body. 

Nowadays, its role in maintaining brain health and 

functionality is starting to be recognized [128]. 

Particularly, the ketogenic diet and intermittent fasting 

have been proposed as potential strategies to enhance 

BDNF levels and cognitive function. The ketogenic diet 

(KD) is a dietary strategy characterized by high fat intake, 

adequate protein consumption, and a marked restriction of 

carbohydrates, which is insufficient to meet typical 

metabolic demands [129]. Under conditions of prolonged 

fasting or severe carbohydrate restriction (typically 20/30 

g d-1 or 5% of total daily energy intake), hepatic glycogen 

stores become depleted. As a result, glucose availability 

declines to levels that are inadequate to sustain normal fat 

oxidation through the Krebs cycle or to meet the energetic 

requirements of the brain and CNS [130].  

Regarding the CNS, because free fatty acids are 

unable to cross the BBB, they cannot be used as an energy 

source; therefore, glucose remains the primary energy 

substrate for the brain.  During KD, lipolysis is stimulated 

massively, leading to the release of free fatty acids from 

adipose tissue into the circulation. These fatty acids are 

transported to the liver, where they are converted into the 

ketone bodies acetoacetate (AcAc) and β-

hydroxybutyrate (β-HB), with acetone produced as a 

volatile byproduct. The subsequent metabolic state, 

known as ketosis, is a well-established physiological 

condition. In this condition, energy for the CNS is 

supplied by the ketone bodies (KBs), which are generated 

via a process called ketogenesis from acetyl-CoA and 

occur mainly in the liver mitochondrial matrix. KD has 

been proposed as a possible therapy for neurological 

disorders such as epilepsy, Alzheimer’s disease, and 

Parkinson’s disease. This is because KBs have been 

shown to exert neuroprotective effects by enhancing ATP 

production, reducing reactive oxygen species generation, 

and promoting mitochondrial biogenesis, processes that 

may support synaptic function and neuronal resilience. In 

addition, KD-induced increases in polyunsaturated fatty 
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acid synthesis may contribute to the modulation of 

neuronal membrane excitability [131]. The ketosis state, 

in which the liver converts fats into ketones, is linked with 

BDNF upregulation in humans and animals [132]. 

Ketones are particularly of interest in cognition processes 

because they become the preferred fuel for the brain 

during fasting periods. Particularly, β-HB serves as a 

signaling molecule that upregulates BDNF expression in 

neurons, thereby improving synaptic plasticity [133–135]. 

A recent study showed that a ketogenic diet protocol 

was associated with a significant, yet transient, increase in 

serum BDNF from 78 pg/mL to 92 pg/mL after two weeks 

in a sample (n = 35, aged 30–45) [136]. However, levels 

returned to baseline levels after 12 weeks. Ketosis has 

been shown to increase BDNF production, which is 

implicated in the modulation of neuron proliferation, 

migration, neurite outgrowth, synaptic plasticity, and 

survival [137]. Furthermore, the authors also found a 

positive association between Δβ-HB and ΔBDNF after 

adjusting for energy intake. In addition, BDNF expression 

could be increased after an intraventricular infusion of β-

HB [138]. Thus, the increased level of blood β-HB 

reached during a ketogenic diet may explain the increased 

BDNF in the KD group [139]. Indeed, in humans, KD has 

been shown to increase BDNF levels, likely via β-HB 

regulation [140], which is also associated with substantial 

improvements in cognitive function [136]. However, 

further studies will aim to investigate the correlation 

between cognitive performance and BDNF mediated by 

the KD. On the other hand, intermittent fasting (IF) is a 

form of restrictive eating in which individuals alternate 

between periods of voluntary fasting and feeding 

throughout the day. As with KD, IF can induce a state of 

ketosis, consequently triggering all the previously 

explained mechanisms.  An IF cycle of 16 hours fasting 

and 8 hours feeding has been shown to increase 

hippocampal neurogenesis in mice, a relationship thought 

to be mediated by mechanisms involving Notch 1 

signaling [141].  

Moreover, several studies in animal models have 

demonstrated the effectiveness of intermittent fasting in 

increasing both BDNF levels and cognitive performance 

[142]. Regarding human studies, a systematic review 

[143] indicated that the effects of intermittent fasting on 

cognitive performance are controversial and depend on 

the type of fasting regimen (e.g., alternate-day fasting or 

time-restricted eating). Notably, none of the studies 

included in that review assessed changes in BDNF. 

Conversely, another systematic review [144] 

investigating the effects of time-restricted eating and 

intermittent fasting on cognitive function in older adults 

reported positive results across various studies, although 

no BDNF assessments were conducted. The available 

evidence suggests that intermittent fasting may have 

beneficial effects on both cognitive performance and 

BDNF levels. Consequently, further studies are necessary 

to investigate the correlation between cognitive 

performance and BDNF mediated by intermittent fasting. 

 

Conclusion 

 

Mounting evidence consistently indicates that BDNF 

supports neuroplasticity, synaptic function, and neuronal 

survival, thereby maintaining cognitive performance 

throughout life. Exercise modalities, such as endurance, 

HIIT, and resistance training, have demonstrated the 

ability to increase peripheral BDNF levels in serum and 

plasma, and to improve cognitive outcomes, often 

revealing a relationship between the increase in BDNF 

and cognitive performance. However, there are still 

inconsistencies regarding the strength and longevity of 

this relationship. The specifics of the exercise, including 

modality, intensity, duration, and rest periods, are crucial 

and must be defined and standardized. When assessing 

cognitive performance, it is important to consider the 

timing of the test, the total duration, the baseline cognitive 

level of the participants, and the characteristics of the 

assessment to ensure results are interpreted correctly. 

Likewise, dietary strategies such as ketogenic diets and 

intermittent fasting appear to increase BDNF availability, 

but evidence of resulting cognitive improvements remains 

limited.  

Overall, variations in study design, populations (e.g., 

age-related and sex-related differences), intervention 

protocols, biospecimen types (serum vs. plasma), and 

timing of blood collection make it difficult to compare and 

interpret findings broadly. Translating molecular 

evidence of BDNF modulation into clinically meaningful 

outcomes remains a critical challenge in aging research. 

While exercise- and diet-based interventions consistently 

induce increases in peripheral BDNF levels, robust 

evidence directly linking these changes to long-term 

cognitive benefits, such as the prevention or slowing of 

age-related cognitive decline and dementia, is still limited. 

Nonetheless, longitudinal studies [76, 98, 117] suggest 

that sustained engagement in physical exercise may 

promote chronic upregulation of BDNF, accompanied by 

improvements in cognitive performance and a reduced 

risk of cognitive decline and dementia. However, future 

research should focus on standardized methods, long-term 

studies, and multi-faceted approaches that combine 

neuroimaging, molecular biomarkers, and 

neuropsychological tests to better understand how 

lifestyle interventions influence BDNF and cognition. For 

example, fMRI could be implemented as measures of 

brain volume, cortical thickness, hippocampal size, and 

white matter integrity, metrics that are fundamental 

indicators of neuroplasticity and are predictive of 
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cognitive decline across aging and neurodegenerative 

conditions [145].  

Moreover, CSF analyses could represent one of the 

most direct approaches for assessing CNS–derived 

biomarkers. Unlike serum or plasma, CSF is in closer 

contact with the brain parenchyma and more accurately 

reflects molecular processes related to synaptic function, 

neuroplasticity, and neurodegeneration. For example, 

reduced CSF BDNF was associated with age-related 

cognitive decline, suggesting a potential mechanism that 

may contribute in part to cognitive decline in older 

individuals [146]. Ultimately, understanding the 

mechanisms by which exercise and diet modulate BDNF 

will guide targeted, non-drug strategies to maintain or 

improve cognitive health throughout life, especially in 

aging populations at risk for neurodegenerative and 

psychiatric disorders. However, the present focus on 

lifestyle-related interventions necessarily excludes 

pharmacological factors that also influence BDNF 

signaling and cognitive outcomes. This limitation of the 

current framework should be considered in future 

research, where integrated approaches combining 

behavioral, nutritional, and pharmacological perspectives 

may provide a more comprehensive understanding of 

BDNF modulation and its clinical relevance.  
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