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Brain-derived neurotrophic factor (BDNF) is a crucial protein for neuronal
health and function, which declines in older adults, particularly those with
medical conditions, potentially leading to cognitive impairments. Physical
exercise has been shown to increase BDNF levels. The aim of this study was to
systematically collect and analyze existing evidence to evaluate the effects of
exercise interventions on BDNF levels in older adults with and without disease.
A systematic search was conducted in the databases PubMed, Web of Science,
Scopus, Magiran, Irandoc, NoorMags, and SID to identify articles published
from inception until April 2025. To estimate the effect size, the standardized
mean difference (SMD) with 95% confidence intervals was calculated using
CMA2 software. Heterogeneity among studies was assessed using the 12 test,
and publication bias was evaluated through visual inspection of funnel plots and
Egger’s test. Additionally, the quality of the included studies in the meta-
analysis was assessed using the PEDro checklist. A total of 33 studies (including
40 exercise interventions) involving 1,099 older adults with and without
medical conditions were included in the meta-analysis. The results indicated
that exercise interventions led to a significant increase in BDNF levels
compared to control groups [SMD= 1.885 (95% CI: 1.326 to 2.444), P < 0.001].
The results of the meta-analysis demonstrated that physical exercise
significantly increased BDNF levels in older adults with and without medical
conditions, with effects that were statistically significant compared to control
groups. These findings highlight that physical activity can serve as an effective
strategy to enhance neurological and cognitive health in the elderly.
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Extended Abstract

Introduction

The global increase in life expectancy has led to a growing population of older adults, particularly
in developing countries, where preserving cognitive function and brain health has become a public health
priority (Setayesh & Mohammad Rahimi, 2023). Aging is commonly accompanied by declines in memory,
learning, and executive functions and an increased risk of neurodegenerative disorders such as
Alzheimer’s and Parkinson’s disease (Kaagman et al., 2024). Identifying interventions that promote
neuroprotection and cognitive resilience is therefore essential to maintaining independence and quality of
life in later years.

Brain-derived neurotrophic factor (BDNF) is a key protein that supports neuronal survival,
plasticity, and synaptic strengthening. It is highly expressed in brain regions such as the hippocampus and
prefrontal cortex, which are critical for learning and memory (Gholami et al., 2025; Li et al., 2025).
Decreased BDNF levels are linked to cognitive decline and a higher susceptibility to neurodegeneration.
Physical exercise is considered one of the most potent non-pharmacological strategies to enhance BDNF
expression and improve neuroplasticity (Li et al., 2025). Exercise increases cerebral blood flow, optimizes
glucose metabolism, and stimulates molecular pathways, including PI3K/Akt and MAPK/ERK signaling
via TrkB receptor activation, that underlie synaptic growth and neuronal survival (Li et al., 2025).

Several meta-analyses and experimental studies have explored the role of exercise in modulating
BDNF, but their findings have been heterogeneous. Some have reported significant BDNF increases with
resistance training and associated reductions in depressive symptoms (Setayesh & Mohammad Rahimi,
2023), while others emphasize aerobic training as particularly effective, though dependent on type and
intensity (Kim et al., 2022). Combined aerobic and resistance programs appear promising for older adults
unable to sustain one modality alone (Wang et al., 2020). However, inconsistencies remain regarding how
exercise variables such as intensity, duration, and modality affect BDNF responses in healthy and
medically compromised elderly populations (Bi et al., 2024).

Given these knowledge gaps, a comprehensive systematic review and meta-analysis was needed
to compare different exercise regimens, clarify the influence of training variables, and examine BDNF
responses across healthy and diseased older subgroups. This evidence is essential to design effective
exercise prescriptions aimed at protecting and improving cognitive health among aging populations.

Methods and Materials

This study followed Cochrane and PRISMA guidelines to ensure methodological rigor (Moher et
al., 2015; Tarsilla, 2008). A systematic search was conducted across PubMed, Web of Science, Scopus,
Google Scholar, and local Persian databases including Magiran, Irandoc, NoorMags, and SID for articles
published up to April 2025. Keywords and MeSH terms in both English and Persian related to exercise,
physical training, BDNF, aging, and disease were used.

Eligible studies included randomized controlled trials (RCTs) investigating the effect of exercise
interventions compared to non-exercise controls on serum or plasma BDNF levels in participants aged 60
and above, with or without chronic diseases. Trials had to provide pre- and post-intervention mean and
standard deviation values or enough data to calculate standardized mean differences (SMD). Non-human
studies, theoretical papers, conference abstracts, and trials without control groups or clear BDNF measures
were excluded.
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Two independent reviewers performed study selection, data extraction, and quality appraisal,
resolving disagreements by consensus. Extracted data covered sample size, age, sex, BMI, health status,
exercise type (aerobic, resistance, combined), intensity, session duration and frequency, and total
intervention length (Kazemi Nesab & Zafarmand, 2024; Mogharnasi et al., 2024; Zafarmand et al., 2024). When
data were missing, authors were contacted, and if unavailable, values were estimated from graphs using
GetData or SD was calculated from SEM (Kazeminasab et al., 2023; Khalafi, Malandish, et al., 2021).

Study quality was assessed with the PEDro checklist, excluding blinding items inapplicable to
exercise trials. Scores ranged from 0-9, with higher values indicating better quality (Khalafi, Malandish, et
al., 2021). Statistical analysis used a random-effects model to pool SMD with 95% confidence intervals.
Heterogeneity was examined with the I? statistic and interpreted using Cochrane thresholds (Wen & Wang,
2017). Publication bias was evaluated using funnel plots and Egger’s regression (Egger et al., 1997).

Findings

The search identified 2,471 articles; after removing duplicates and screening, 33 randomized
controlled trials with 40 exercise interventions and 1,099 older adults were included. Participants’ mean
age ranged from early 60s to mid-80s, and studies included healthy individuals as well as those with
conditions such as mild cognitive impairment, dementia, depression, obesity, type 2 diabetes, prediabetes,
Parkinson’s disease, and patients undergoing hemodialysis. Exercise sessions lasted 20—90 minutes, with
interventions spanning 4 to 52 weeks and frequencies from 2 to 6 sessions per week.

The pooled analysis showed a significant overall effect of exercise on BDNF compared to controls
(SMD = 1.885; 95% CI: 1.326-2.444; p < 0.001). However, heterogeneity was high (I* = 93.65%, p <
0.001). Egger’s test indicated the presence of potential publication bias (p = 0.001).

Subgroup analyses provided deeper insights. Exercise increased BDNF significantly in both
healthy older adults (SMD = 2.040; 95% CI: 1.240-2.840; p < 0.001) and those with chronic disease
(SMD = 1.761; 95% CI: 0.947-2.574; p < 0.001). Aerobic exercise produced robust BDNF gains (SMD
=2.340; 95% CI: 1.429-3.251; p<0.001), as did combined aerobic and resistance training (SMD = 1.899;
95% CI: 1.052-2.726; p < 0.001), while resistance-only programs showed a non-significant trend (SMD
=1.106; 95% CI: —0.195 to 2.407; p = 0.096).

Gender-specific analysis revealed larger effects in women (SMD = 3.949; 95% CI: 2.298-5.600;
p <0.001) compared to men (SMD = 1.453; 95% CI: 0.710-2.195; p <0.001). Exercise intensity mattered:
both moderate and higher intensities increased BDNF, with high-intensity regimens showing particularly
strong responses (SMD = 3.768; 95% CI: 1.371-6.165; p = 0.002). Session duration of both <50 and >50
minutes improved BDNF, but shorter, more intense protocols sometimes produced larger gains.
Interventions longer than eight weeks tended to yield more sustained increases (SMD = 2.078; 95% CI:
1.421-2.736; p < 0.001).

PEDro quality scores ranged from 5 to 8, indicating mostly moderate methodological quality, with
common weaknesses in blinding and allocation concealment.

Discussion and Conclusion

This meta-analysis demonstrates that structured exercise programs significantly increase
circulating BDNF in older adults, regardless of health status. Gains were particularly strong with aerobic
and combined training, suggesting that multimodal programs integrating cardiovascular and strength
elements may best support neuroplasticity in aging populations. Higher-intensity exercise appeared



especially potent, aligning with molecular evidence that vigorous activity strongly stimulates BDNF-
related signaling cascades such as PGC1a—FNDC5—irisin and cAMP—CREB pathways (de Azevedo et al.,
2019; khosravi & Taherzadeh, 2022; Kim et al., 2019; Nay et al., 2021; Taherzadeh et al., 2021).

The observed sex differences, with women showing greater BDNF responses, could reflect
hormonal influences and differences in neuromuscular adaptations. The variation in training protocols and
baseline health conditions contributes to heterogeneity but also underscores the adaptability of exercise
interventions. Despite methodological limitations, including moderate study quality and some risk of
publication bias, the large sample size and consistent direction of effects strengthen confidence in the
findings.

Overall, this evidence supports exercise—especially aerobic and combined modalities—as a non-
pharmacological strategy to enhance neurotrophic support and potentially mitigate age-related cognitive
decline. Designing individualized exercise prescriptions considering health status, sex, and training
variables could optimize BDNF response and brain resilience in the elderly.
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