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Synergistic effects of brain-derived
neurotrophic factor (BDNF) and exercise
intensity on memory in the adolescent
brain: a commentary
Tharmegan Tharmaratnam1* , Tyler Tabobondung2, Taylor Tabobondung3 and Sally Doherty1,4

Abstract
This commentary highlights the recently published study by Jeon and Ha (Environ Health Prev Med 22:27, 2017)
examining the effects of exercise intensity and brain-derived neurotrophic factor (BDNF) on memory in adolescents.
This 12-week training study elicited increases in BDNF and improvements in working memory during moderate- and
high-intensity exercise, which may have been achieved through improved brain tissue oxygenation, nutrient delivery,
and BDNF mRNA expression. These improvements highlight the positive neuroendocrinological effects of BDNF and its
role as a potential candidate molecule, as a mediator of synaptic plasticity. In this commentary, we aim to highlight the
strengths and potential areas of consideration of Jeon and Ha (Environ Health Prev Med 22:27, 2017). We also offer
insight into the clinical implications of this study, such as advocating for exercise in healthy children and as adjunctive
therapy in pathological states. This study is promising and further highlights the importance of cardiorespiratory exercise
in improving physiological health and cognitive functioning in youth through the phenomenon of neuroplasticity.
Keywords: Brain-derived neurotrophic factor, Memory, Aerobic exercise, Neurogenesis, Exercise intensity, Cognition,
Adolescence, Neurogenesis

Introduction
Adolescence is a crucial time of brain maturation and alterations in the neuroendocrine milieu. These changes
may be augmented synergistically by aerobic exercise
and BDNF, a member of the neurotrophin protein family. BDNF operates through a tyrosine kinase b (TrkB)
receptor and has been implicated in long-term potentiation, hippocampal neurogenesis, axonal growth, and
synaptogenesis [1]. The complex interplay between
exercise-induced BDNF production has been shown to
induce hippocampal neurogenesis and improvements in
working memory [2]. Evidence also exists to suggest that
BDNF increases are dependent on exercise intensity,
with only high-intensity exercise protocols eliciting
BDNF increases [3]. Thus, examining the temporal relationship between exercise intensity and BDNF-mediated
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cognitive improvements is particularly important during
critical periods of development such as adolescence.
Additionally, a majority of studies have focused on the
adult cohort when investigating this phenomenon.
In a recent training study, Jeon and Ha [4] aimed to elucidate the effects of aerobic exercise of varied intensities
on serum BDNF, insulin-like growth factor (IGF-1), cortisol, and working memory of adolescents. The authors recruited a sample of male middle-school students (N = 40)
to partake in a 12-week treadmill aerobic exercise program
comprising of four sessions a week. Participants were randomly assigned to a high intensity (HIEG, 70% oxygen
consumption (VO2)), moderate (MIEG, 55% VO2), low intensity (LIEG, 40% of VO2), and a control stretching group
(SG). After the training intervention, BDNF expression increased with MIEG (p < 0.05) and HIEG (p < 0.01), compared to LIEG and SG. Interestingly, there were increases
in IGF-1 in only the HIEG and SG, but not MIEG or
LIEG. Similar findings were noted for improvements in
cortisol levels, with significant reductions in the HIEG
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group (p < 0.05) compared to pre-intervention. The HIEG
was also the only group to accrue improvements in working memory (p < 0.01) when compared to MIEG, LIEG, or
SG [4], which was assessed using the Korean version of
the Wechsler Intelligence Scale (K-WISC-111).
This present study lends support to previous work that
the magnitude of BDNF increase post-intervention is
dependent on exercise intensity in both acute and chronic
exercise [5]. A recent meta-analysis demonstrated a doseresponse relationship between exercise intensity and peripheral BDNF concentrations in response to acute exercise
[1]. Another study showed that high-intensity exercise
leads to improved memory via less forgetting of newly
learned vocabulary words compared to control group [5].
The magnitude of resting BDNF increases can be further
enhanced with a regular exercise program [1], such as in
Jeon and Ha [4]. Additionally, Jeon and Ha [4] align with
previous work suggesting improvements in executive
function and cognition with chronic aerobic exercise [6].
This may suggest a synergistic effect between exercise intensity and magnitude of BDNF production leading to improvements in working memory. Indeed, previous work
has shown BDNF levels to be correlated with memory
performance [7].

Strengths and potential areas of consideration
A strength of Jeon and Ha [4] study is the authors
accounted for training status of subjects by incorporating a sample size of sedentary individuals. Additionally,
the authors standardized participants across the four
groups to avoid confounding effects (i.e., body composition was largely homogenous across groups). The study
effectively highlights how chronic aerobic high-intensity
exercise can lead to improvements in working memory
in adolescents. More specifically, this study emphasizes
that exercise may in part improve memory during a critical window of development, and this may possibly further attenuate age-related cognitive decline during
senescence.
Chronic aerobic exercise is known to induce blood volume expansion, which occurs after 2–3 weeks of exercise,
while plasma volume expansion occurs over hours to days
[8]. Considering that serum and plasma are components
of whole blood, alterations in plasma volume can elicit
changes in serum volume. This may result in differing peripheral BDNF concentrations due to exercise-induced angiogenic adaptations, and not merely increased BDNF
mRNA expression alone. It is unclear if Jeon and Ha [4]
accounted for the cardiovascular adaptations that accompany chronic aerobic exercises and if statistical adjustments were made to account for the variation in BDNF
that may result as a function of blood volume relative to
increased BDNF gene expression. Additionally, the increased blood volume is also a physiological mechanism
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which may explain the improvements in VO2max noted in
the boys in Jeon and Ha [4], due to improved oxygen delivery because of increased blood volume via traininginduced adaptations.

Issues in the field
While studies have shown increased BDNF levels in the
periphery after an exercise intervention [1], it cannot be
inferred that central BDNF is also increased in the brain.
However, the findings are not equivocal as BDNF has
largely been shown to cross the blood-brain barrier (BBB)
in murine models. Previous work has shown a relationship
between central and peripheral BDNF concentrations [9].
Although murine models have shown that BDNF crosses
the BBB bi-directionally, murine models lack validity in
this situation, as their BBB differs both anatomically and
physiologically when compared to humans. Methodological limitations also persist as there is no standardized
method to measure peripheral BDNF, since it exists in
both serum and plasma, albeit in differing concentrations.
A recent meta-analysis reported no significant differences
in studies measuring serum or plasma BDNF, although
only a small proportion of studies employed plasma BDNF
assessment. Despite the insignificance, studies have shown
serum BDNF to be markedly increased relative to plasma
BDNF by 200 fold [10]. A majority of studies measure peripheral BDNF in serum, which is essentially stored BDNF
in platelets through enhanced mRNA gene expression and
transcription, while plasma BDNF represents freely circulating BDNF. Therefore, study variations based on serum
or plasma BDNF assessment make it difficult to ascertain
definitive conclusions from between-study comparisons.
Another methodological limitation is that no biomarker
currently exists to measure central, BDNF in living
humans, and experimental studies of central BDNF have
largely involved murine models.
Clinical implications
The clinical implications of Jeon and Ha [4] provide further evidence that BDNF is a primary factor in neurogenesis and neuroplasticity [11, 12]. In the future, we hope
that further study will provide evidence that implementing
aerobic exercise is an evidenced-based and cost-effective
adjuvant treatment for those suffering with a variety of
psychiatric and neurologic illnesses. The findings from the
present study may also be used to advocate for using aerobic exercise as adjunctive therapy for obese children or
those with type 2 diabetes mellitus (T2DM). Previous
work using functional magnetic resonance imaging (fMRI)
has shown atrophy in the subcortical regions of the brain
along with temporal and frontal lobes with increased body
mass index and a diagnosis of T2DM [13, 14]. These
obesity-related declines in brain volume may adversely
affect academic performance [14, 15], considering that
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obesity-mediated changes in brain structure are partly mediated by reduced physical activity [14]. Exercise-induced
increases in BDNF have a beneficial role in improving
memory and improving the metabolic milieu. BDNF reduces polyphagia, lowers blood glucose, and improves insulin sensitivity and oxidation of glucose [13]. The volume
of the hippocampus has also been shown to be greater in
physically active children compared to sedentary [13]
Thus, the synergistic effects of exercise and BDNF may
contribute to improved physiological parameters, academic performance and achievement, and maintenance of
a healthy metabolic profile [13, 15]. In healthy children,
aerobic exercise during the critical window from childhood to adolescence may thus confer improvements in
memory and prevent age-associated cognitive decline.
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Conclusions
Jeon and Ha [4] demonstrated the beneficial effects of exercise intensity on cognition during a 12-week training
study in male adolescents with treadmill exercise. Notable
improvements were seen in participants’ BDNF levels and
working memory (assessed through K-WISC-111) in the
HIEG followed by the MIEG. No improvements were seen
in the SG and LIEG. This suggests that an exercise intensity of sufficient magnitude may be necessary to induce favorable cognitive improvements. Additionally, this study
strengthens the existing literature in regard to the beneficial effects of aerobic exercise for brain health in adolescents. Considering that adolescence is a period of immense
neurogenesis, exercise may be a beneficial stimulus to
improve memory and scholastic performance during this
critical developmental period [15]. What remains unanswered however is the exact physiological mechanism by
which aerobic exercise confers improvements in memory.
Previous work has suggested that this is mediated by improvements in BDNF in various cortical areas [2], increased cerebral oxygenation, and increased neurotrophinmediated neurogenesis [1]. Overall, these findings can be
used to guide health care providers and encourage them to
implement aerobic exercise as an adjuvant therapy for children with psychiatric and neurologic illnesses. Considering
that BDNF levels are disordered in those diagnosed with
neuropsychiatric disorders and involved in their pathophysiology [12], therapies that affect the concentration of
this biomarker in the body need further investigation.
Abbreviations
BDNF: Brain-derived neurotrophic factor; fMRI: Functional magnetic
resonance imaging; HIEG: High-intensity exercise group; IGF-1: Insulin-like
growth factor-1; K-WISC-111: Wechsler Intelligence; LIEG: Low-intensity
exercise group; MIEG: Moderate-intensity exercise group; SG: Stretching
group; T2DM: Type 2 diabetes mellitus; TrKB: Tyrosine kinase receptor b;
VO2: Oxygen consumption; VO2max: Maximal oxygen consumption
Acknowledgements
None

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
School of Medicine, Royal College of Surgeons in Ireland-Medical University
of Bahrain, Adliya, Bahrain. 2Brantford General Hospital, Department of Family
Medicine, Michael G. DeGroote School of Medicine, McMaster University,
Hamilton, ON, Canada. 3Department of Physical and Environmental Sciences,
University of Toronto, Toronto, ON, Canada. 4School of Medicine, Royal
College of Surgeons in Ireland, Dublin, Ireland.
Received: 9 February 2018 Accepted: 20 March 2018

References
1. Dinoff A, Herrmann N, Swardfager W, Liu CS, Sherman C, Chan S, Lanctôt KL.
The effect of exercise training on resting concentrations of peripheral brainderived neurotrophic factor (BDNF): a meta-analysis. PLoS One. 2016;11:9.
2. Griffin EW, Bechara RG, Birch AM, Kelly AM. Exercise enhances hippocampaldependent learning in the rat: evidence for a BDNF-related mechanism.
Hippocampus. 2009;19:973–80.
3. Schmidt-Kassow M, Schädle S, Otterbein S, Thiel C, Doehring A, Lötsch J,
Kaiser J. Kinetics of serum brain-derived neurotrophic factor following lowintensity versus high-intensity exercise in men and women. Neuroreport.
2012;23:889–93.
4. Jeon YK, Ha CH. The effect of exercise intensity on brain derived
neurotrophic factor and memory in adolescents. Environ Health Prev Med.
2017;22:27.
5. Hötting K, Schickert N, Kaiser J, Röder B, Schmidt-Kassow M. The Effects of
Acute Physical Exercise on Memory, Peripheral BDNF, and Cortisol in Young
Adults. Neural Plast. 2016;2016:6860573. https://doi.org/10.1155/2016/
6860573.
6. Best JR. Effects of physical activity on children’s executive function: contributions
of experimental research on aerobic exercise. Dev Rev. 2010;30:331–51.
7. Whiteman AS, Young DE, He X, Chen TC, Wagenaar RC, Stern CE, Schon K.
Interaction between serum BDNF and aerobic fitness predicts recognition
memory in healthy young adults. Behav Brain Res. 2014;259:302–12.
8. Sawka MN, Convertino VA, Eichner ER, Schnieder SM, Young AJ. Blood
volume: importance and adaptations to exercise training, environmental
stresses and trauma sickness. Med Sci Sports Exerc. 1999;32:332–48.
9. Pillai A, Kale A, Joshi S, Naphade N, Raju MSVK, Nasrallah H, Mahadik SP.
Decreased BDNF levels in CSF of drug-naive first-episode psychotic subjects:
correlation with plasma BDNF and psychopathology. Int J
Neuropsychopharmacol. 2010;13:535–9.

Tharmaratnam et al. Environmental Health and Preventive Medicine (2018) 23:12

Page 4 of 4

10. Rosenfeld RD, Zeni L, Haniu N, Talvenheimo J, Radka SF, Bennett L, Welcher
AA. Purification and identification of brain-derived neurotrophic factor from
human serum. Protein Expr Purif. 1995;6:465–71.
11. Autry AE, Monteggia LM. Brain-derived neurotrophic factor and
neuropsychiatric disorders. Daws LC, ed. Pharmacol Rev 2012;64(2):238–258.
12. Hueston CM, Cryan JF, Nolan YM. Stress and adolescent hippocampal
neurogenesis: diet and exercise as cognitive modulators. Transl Psychiatry.
2017;7(4):e1081.
13. Meeusen R. Exercise, nutrition and the brain. Sports Med. 2014;44:47–56.
14. Raji CA, Ho AJ, Parikshak N, Becker JT, Lopez OL, Kuller LH. et al. Brain
Structure and Obesity. Hum Brain Mapp. 2010;31(3):353–64.
15. Davis C, Cooper S. Fitness, fatness, cognition, behavior, and academic
achievement among overweight children: do cross-sectional associations
correspond to exercise trial outcomes? Prev Med. 2011;52:S65–9.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

