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Abstract: Background and Objectives: Although the effects of physical exercise on brain functions are
well studied, the influence of mental activity is unknown. The aim of this study was to assess the
influence of a session of mental activity on brain neurobiological factors in chess players. Materials and
Methods: Ten elite and novice chess players were recruited to participate in this study as volunteers.
The subjects performed a session of standard chess matches as a mental activity. Before and after each
chess match, blood samples were drawn to analyze changes in serum brain-derived neurotrophic
factor (BDNF) and insulin-like growth factor 1 (IGF-1). Results: After each chess match, both the
elite and novice groups showed significant increases in serum BDNF and IGF-1 concentrations. The
elite group also showed significantly greater changes in BDNF and IGF-1 levels (p ≤ 0.05) than the
novice group. Conclusions: Our findings indicate that a session of standard chess matches as a mental
activity is effective for elevating BDNF and IGF-1 levels, and that their elevation in elite players seems
to be more pronounced than those in novice players.

Keywords: brain; neurotrophic factor; mental activity

1. Introduction

Brain-derived neurotrophic factor (BDNF) is a member of the neurotrophins family that plays
an important role in neuronal transmission, modulation, and plasticity for the development of
adulthood [1,2]. In fact, BDNF plays a key regulatory role in the growth and development of neurons
in many areas of the brain, and also resistance to nerve damage. Insulin-like growth factor 1 (IGF-1) is
related to neurogenesis and the regulation of the BDNF gene [3], and is involved in the growth and
differentiation of neurons [4].

It has been suggested that increases in IGF-1 are associated with increases in BDNF, resulting
in increased hippocampal synaptic plasticity and the increased expression of molecules associated
with learning and cognitive tasks following physical exercise [1]. On the other hand, physical exercise
enhances the production of IGF-1 and also affects the brain by enhancing BDNF [1]. To date, it has
been well documented that physical exercise regulates BDNF and IGF-1 expression and enhances brain
plasticity [2,4–6]. Although there is clear evidence of physical-activity-induced increases in BDNF and
IGF-1, the effect of mental activity on serum BDNF and IGF-1 levels remains unclear.

Brain exercises are a widely known approach to preventing dementia, increasing neurogenesis,
and protecting neurons. The game of chess has been practiced as a brain activity for many years.
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Playing the game involves many aspects of cognition, improves mental health, and plays a critical role
in enhancing brain cell stimulation [7,8]. In fact, mental activity has the potential to increase motivation
in individuals and has been known to improve working memory and verbal episodic memory [7].
However, the influence of a standard mental activity (i.e., a chess game) on serum BDNF and IGF-1
is unclear. Some studies have reported that long-term mental activity has positive effects on BDNF
and cognitive function [7,8]. To date, no studies have been conducted on the effects of a session of
chess as a standard mental activity on BDNF and IGF-1 changes in elite chess players who have had
at least five years of experience in this mental activity in comparison to novice players. In addition,
determining the role of a session of a standard mental activity on peripheral BDNF and IGF-1 levels is
unclear. Therefore, this study had three aims, including (1) monitoring the resting BDNF and IGF-1
levels of elite and novice chess players, (2) determining acute effects of a session of a standard chess
game on BDNF and IGF-1 changes, and (3) determining the changes between these variables in elite
and novice chess players.

2. Materials and Methods

2.1. Participants

The subjects of this study were 10 elite male chess players who had played chess for more than
five years (age 31.0 ± 1.1 years, weight 82.5 ± 5.6 kg, height 180.3 ± 7.5 cm, and chess game experience
5.7 ± 6.2 years) and 10 novice male chess players who had played chess for less than one year (age
26.3 ± 2.1 years, weight 75.7 ± 6.2 kg, height 179.5 ± 5.4 cm, and chess game experience 1.4 ± 3.6 years)
and participated in the chess tournament in this study as volunteers. All subjects were carefully
informed about the experimental procedures and about the benefits associated with participation in
the study, which was approved by the Declaration of Helsinki and Ethics Committee for the University
of Guilan and Islamic Azad University (date of approval and the project identification code are
respectively 21 September 2016 and IAU1395631). Thereafter, the subjects signed a written consent
form before participating in the study.

2.2. Study Design

This study utilized a cross-sectional design to assess the role of chess experience on brain
neurobiological factors after the chess match. Before participating, subjects were familiarized with the
study design and testing procedures. During this session, subject characteristics such as age, height,
and weight were assessed. Subjects who participated in the standard chess tournament completed a
session of chess (i.e., 180 min) in the afternoon. Before and after each chess game, blood samples were
withdrawn to analyze serum BDNF and IGF-1 levels.

2.3. Anthropometric Measurements

Height was measured to the nearest 0.5 cm using a wall-mounted stadiometer (Seca 222,
Terre Haute, IN, USA). Weight was measured to the nearest 0.1 kg using a digital scale (Tanita,
BC-418MA, Tokyo, Japan).

2.4. Mental Activity

In this study, a standard chess match was used to measure mental activity in chess players. Each
subject performed a 90 min chess match and received 30 s for each movement. Overall, all subjects
completed 180 min of standard chess.

2.5. Blood Sampling and Analysis

Blood samples were withdrawn (5 cc) from the antecubital vein into plain evacuated test tubes.
The blood was allowed to clot at room temperature for 30 min and centrifuged at 3000× g for 15 min.
The serum layer was removed and frozen at −80 ◦C in multiple aliquots for further analyses. All
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samples were assayed in duplicate and were decoded only after completing the analyses. Serum
IGF-1 was measured by a commercially available enzyme-linked immunosorbent assay (ELISA) kit
(Diamerta, R&D manufacturing, Via Pozzuolo, Italy) according to the manufacturer’s procedures. The
sensitivity of the IGF-1 assay was 8.7 ng/mL. An intra-assay coefficient of variation (CV) for IGF-1 was
less than 6%. Serum BDNF was assayed in duplicate according to the manufacturer’s instructions
(R&D Systems, Inc., Minneaplis, MN, USA). The sensitivity of the BDNF assay was 20 pg/mL.

2.6. Statistical Analyses

All data are presented as the mean ± standard deviation (SD). Normality of all data before
and after interventions was checked with the Shapiro–Wilk test. To determine the effect of
interventions on neurobiological changes, a two-way analysis of variance with repeated measurements
(2 [groups] × 2 [times]) was applied. Pearson product moment correlation coefficient (r) was used
to determine relationship between BDNF and IGF-1 using post-test scores. Effect sizes (ES) were
calculated using Cohen’s d. The magnitude of the ES statistics was considered trivial <0.20; small,
0.20–0.50; moderate, 0.50–0.80; large, 0.80–1.30; and very large >1.30. For each variable, a percent
change score was calculated ((post − pre) /pre × 100). The level of significance was set at p ≤ 0.05.

3. Results

There was a significant difference between groups before chess match in resting BDNF levels
(p = 0.01). In addition, both the elite (from 33,300 ± 10,800 to 39,200 ± 10,500 pg/mL, p = 0.003) and
novice (from 30,200 ± 10,600 to 34,900 ± 10,400 pg/mL, p = 0.003) players demonstrated moderate
significant increases in the BDNF levels after chess match and these increases were minimally greater for
the elite chess players (ES = 0.35 vs. 0.31, % change = 17.7 vs. 15.5, respectively) (p = 0.03) (Figure 1A).
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Figure 1. Changes in dependent variables from before to after chess match. Values are mean ± standard
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Similarly, there was a significant difference between groups before chess match in resting IGF-1
levels (p = 0.013). In addition, both the elite (from 146.6 ± 11.7 to 152.7 ± 13.3 ng/mL, p = 0.03) and
novice (from 135.2 ± 9.5 to 137.69 ± 11.1 ng/mL, p = 0.048) players demonstrated moderate significant
increases in the IGF-1 levels after chess match and these increases were greater for the elite chess
players (ES = 0.49 vs. 0.24, % change = 4.2 vs. 1.8, respectively) (p = 0.02) (Figure 1B).

In addition, no statistically significant correlations were detected between serum BDNF and IGF-1
levels for the elite (r = 0.4) and novice (r = 0.19) chess players after match (p ≥ 0.05).

4. Discussion

Our findings showed that an acute session of standard chess matches induced meaningful changes
in BDNF and IGF-1 and the elite chess players showed greater elevations compared to novice chess
players. However, we did not find significant correlations between IGF-1 and BDNF changes after
chess match for the elite and novice players. In line with our findings, previous studies [1,2,9,10]
reported that physical exercise induced positive effects on the elevation of circulating BDNF and IGF-1
levels; however, the influence of mental activity on BDNF and IGF-1 is less investigated. In accordance
with acute effects of mental activity on BDNF, Lin et al. [7] examined the effects of one session of
Chinese GO-match on BDNF levels in Alzheimer’s disease (AD) and found that Chinese GO-game
intervention ameliorates AD manifestations by upregulating BDNF levels. These findings revealed that
mental activity plays an important role in BDNF secretion. The possible mechanism(s) for the elevation
of serum BDNF levels could be due to increase in the mitogen-activated protein kinase (an important
intracellular signal pathway involved in BDNF production and secretion) in the hippocampus and
brain cortex [11,12]. On the other hand, mental activity could increase mature BDNF (mBDNF) through
changing some signal pathways (i.e., Ca2+/calmodulin-dependent protein kinase II (CaMKII) and
Synapsin I), increase expression and activation of tissue plasminogen activator (tPA), and therefore
enhance proteolytic mRNA of mBDNF [13]. Although we did not examine the molecular pathway of
BDNF secretion, here we assume that increase in IGF-1 concentration could be another explanation,
since IGF-1 easily passes through the blood–brain barrier and induces the transformation of proBDNF
to mBDNF in the central nervous system, resulting in serum BDNF enhancements [14,15].

Following the chess match, serum IGF-1 increased significantly compared to prematch for both
the elite and novice groups. However, the magnitude of change for the elite players was greater than
for novice players. To date, little is known about the influence of mental activity on IGF-1 responses;
however, with regard to findings of this study, it seems that mental activity could increase IGF-1 levels
which are in line with previous studies that examined the effects of physical exercise on IGF-1 levels.
In fact, regarding positive effects of IGF-1 on BDNF levels [14,16], IGF-1 could be a factor contributing
to neural cell growth, differentiation, and survival.

Taken together, a session of a chess match as a mental activity not only increased IGF-1 secretion but
also increased serum BDNF level in chess players. This finding theoretically confirms the high potential
of brain neurotrophic factors in chess players to boost neuronal plasticity and neurogenesis [15,17].

5. Conclusions

The present study indicates that long-term experience in chess game induces a greater resting level
in serum BDNF and IGF-1 and a session of chess match induces significant elevations in BDNF and
IGF-1 levels which may induce beneficial metabotropic and neurotropic effects. In clinical importance,
the chess match as a standard mental activity is recommended to increase serum IGF-1 and BDNF
levels and possibly may be used to prevent brain dementia.

Author Contributions: H.A. (Hamid Arazi) designed the research. H.A. (Hanieh Aliakbari) conducted the
research including sample analysis. H.A. (Hamid Arazi), H.A. (Hanieh Aliakbari), A.A., and K.S. analyzed the
data and wrote the paper. All authors read and approved the final manuscript.

Funding: This research received no external funding.



Medicina 2019, 55, 189 5 of 5

Acknowledgments: The authors are grateful to the chess players and National Chess Federation for their
contribution and cooperation and the Human Performance Laboratory team for their technical support.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Maass, A.; Düzel, S.; Brigadski, T.; Goerke, M.; Becke, A.; Sobieray, U. Relationships of peripheral IGF-1,
VEGF and BDNF levels to exercise-related changes in memory, hippocampal perfusion and volumes in older
adults. NeuroImage 2016, 131, 142–154. [CrossRef] [PubMed]

2. Tsai, S.W.; Chan, Y.C.; Liang, F.; Hsu, C.Y.; Lee, I.T. Brain-derived neurotrophic factor correlated with muscle
strength in subjects undergoing stationary bicycle exercise training. J. Diabetes Complicat. 2015, 29, 367–371.
[CrossRef] [PubMed]

3. Hillman, C.H.; Snook, E.M.; Jerome, G.J. Acute cardiovascular exercise and executive control function.
Int. J. Psychophysiol. 2003, 48, 307–314. [CrossRef]

4. Pontifex, M.B.; Hillman, C.H.; Fernhall, B.; Thompson, K.M.; Valentin, T.A. The effect of acute aerobic and
resistance exercise on working memory. Med. Sci. Sports Exerc. 2009, 41, 927–934. [CrossRef] [PubMed]

5. Joen, Y.K.; Ha, C.H. Expression of brain-derived neurotrophic factor, IGF-1 and cortisol elicited by regular
aerobic exercise in adolescents. J. Phys. Ther. Sci. 2015, 27, 737–741. [CrossRef] [PubMed]

6. Tomporowski, P.D.; Lambourne, K.; Okumura, M.S. Physical activity interventions and children’s mental
function: An introduction and overview. Prev. Med. 2011, 52 (Suppl. S1), S3–S9. [CrossRef] [PubMed]

7. Lin, Q.; Cao, Y.; Gao, J. The impacts of a GO-game (Chinese chess) intervention on Alzheimer disease in a
Northwest Chinese population. Front. Aging Neurosci. 2015, 7, 163. [CrossRef] [PubMed]

8. Damirchi, A.; Hosseini, F.; Babaei, P. Mental training enhances cognitive function and BDNF more than
either physical or combined training in elderly women with MCI: A small-scale study. Am. J. Alzheimer Dis.
Other Dement. 2018, 33, 20–29. [CrossRef] [PubMed]

9. Swift, D.L.; Johannsen, N.M.; Myers, V.H.; Earnest, C.P.; Smits, J.A.; Blair, S.N.; Church, T.S. The effect of
exercise training modality on serum brain derived neurotrophic factor levels in individuals with type 2
diabetes. PLoS ONE 2012, 7, e42785. [CrossRef] [PubMed]

10. Forti, L.N.; Njemini, R.; Beyer, I.; Eelbode, E.; Meeusen, R.; Mets, T.; Bautmans, I. Strength training
reduces circulating interleukin-6 but not brain-derived neurotrophic factor in community-dwelling elderly
individuals. Age 2014, 36, 9704. [CrossRef] [PubMed]

11. Zoladz, J.A.; Pilc, A.; Majerczak, J. Endurance training increases plasma brain-derived neurotrophic factor
concentration in young healthy men. J. Physiol. Pharmacol. 2008, 59 (Suppl. S7), 119–132. [PubMed]

12. Sartori, C.R.; Vieira, A.S.; Ferrari, E.M. The antidepressive effect of the physical exercise correlates with
increased levels of mature BDNF, and proBDNF proteolytic cleavage related genes, p11 and tPA. Neuroscience
2011, 180, 9–18. [CrossRef] [PubMed]

13. Rojas Vega, S.; Struder, H.K.; Vera Wahrmann, B. Acute BDNF and cortisol response to low intensity exercise
and following ramp incremental exercise to exhaustion in humans. Brain Res. 2006, 1121, 59–65. [CrossRef]
[PubMed]

14. Lee, K.J.; Rhyu, I.J. Effects of exercise on structural and functional changes in the aging brain. J. Korean
Med. Assoc. 2009, 52, 907–919. [CrossRef]

15. Goekint, M.; Roelandsa, B.; Pauw, K.D.; Knaepen, K.; Bosa, I.; Meeusen, R. Does a period of detraining
cause a decrease in serum brain-derived neurotrophic factor? Neurosci. Lett. 2010, 486, 146–149. [CrossRef]
[PubMed]

16. Kraemer, W.J.; Ratamess, N.A. Hormonal responses and adaptations to resistance exercise and training.
Sports Med. 2005, 35, 339–361. [CrossRef] [PubMed]

17. Borror, A. Brain-derived neurotrophic factor mediates cognitive improvements following acute exercise.
Med. Hypotheses 2017, 106, 1–5. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.neuroimage.2015.10.084
http://www.ncbi.nlm.nih.gov/pubmed/26545456
http://dx.doi.org/10.1016/j.jdiacomp.2015.01.014
http://www.ncbi.nlm.nih.gov/pubmed/25682570
http://dx.doi.org/10.1016/S0167-8760(03)00080-1
http://dx.doi.org/10.1249/MSS.0b013e3181907d69
http://www.ncbi.nlm.nih.gov/pubmed/19276839
http://dx.doi.org/10.1589/jpts.27.737
http://www.ncbi.nlm.nih.gov/pubmed/25931720
http://dx.doi.org/10.1016/j.ypmed.2011.01.028
http://www.ncbi.nlm.nih.gov/pubmed/21420981
http://dx.doi.org/10.3389/fnagi.2015.00163
http://www.ncbi.nlm.nih.gov/pubmed/26379544
http://dx.doi.org/10.1177/1533317517727068
http://www.ncbi.nlm.nih.gov/pubmed/28946752
http://dx.doi.org/10.1371/journal.pone.0042785
http://www.ncbi.nlm.nih.gov/pubmed/22880108
http://dx.doi.org/10.1007/s11357-014-9704-6
http://www.ncbi.nlm.nih.gov/pubmed/25128203
http://www.ncbi.nlm.nih.gov/pubmed/19258661
http://dx.doi.org/10.1016/j.neuroscience.2011.02.055
http://www.ncbi.nlm.nih.gov/pubmed/21371535
http://dx.doi.org/10.1016/j.brainres.2006.08.105
http://www.ncbi.nlm.nih.gov/pubmed/17010953
http://dx.doi.org/10.5124/jkma.2009.52.9.907
http://dx.doi.org/10.1016/j.neulet.2010.09.032
http://www.ncbi.nlm.nih.gov/pubmed/20854879
http://dx.doi.org/10.2165/00007256-200535040-00004
http://www.ncbi.nlm.nih.gov/pubmed/15831061
http://dx.doi.org/10.1016/j.mehy.2017.06.024
http://www.ncbi.nlm.nih.gov/pubmed/28818262
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Study Design 
	Anthropometric Measurements 
	Mental Activity 
	Blood Sampling and Analysis 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

