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Abstract:

Previous research has recently shown that high cognitive and somatic anxiety and low self-confidence, before and during sport competitions have a
significant correlation with heart rate variability (HRV) changes and can reduce overall athletic performance. Therefore, interventions, such as
transcranial direct current stimulation (tDCS), can be a potential tool to reduce psychophysiological anxiety-related and enhance athletic
performance. We present a case of a male professional athlete of eSports. We explored the effects of a single session of anodal tDCS (a-tDCS) at
2mA over the dosrsolateral prefrontal cortex (DLPFC) on competitive anxiety and HRV assessed in baseline (BL), pre-tDCS, post-tDCS and post-
game moments and compared between moments. Here, we found a decrease in somatic and cognitive anxiety, as well as an increase in self-
confidence and in SDNN index in the post-tDCS moment compared with BL, pre-tDCS and post-game moments. These findings can be a result of
an acute change in the attentional state, influencing the processing of threatening information essential for cognitive anxiety and of a self-
regulatory process, which can regulate physiological arousal response, such as HRV.
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Dear Editor, athletic performance [4]. To the best of our knowledge, there

Electronic sports (eSports) depend much more on cognitive
and psychological skills for sports performance than traditional
sports [1]. Literature shows that competitive anxiety, as well as
self-confidence, are extremely important factors in the context
of eSports performance [2], however there is no study
examining competitive anxiety as a determining factor in the
final score of a game, as well as about the effects of
transcranial direct current stimulation (tDCS) on competitive
anxiety in eSports athletes [3]. In addition, previous research
has recently shown that high cognitive and somatic anxiety and
low self-confidence, before and during sports competitions
have a significant correlation with heart rate variability (HRV)
changes, which might provide useful insights into the
individual psychophysiological responses associated with
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are no studies on the impact of tDCS on competitive anxiety
and HRYV in the eSports field. Therefore, interventions, such as
tDCS, can be a potential tool to modulate anxiety-related
psychophysiological enhance athletic
performance [3, 5].

responses  and

tDCS is a non-invasive brain stimulation technique which
delivers weak electric currents (1-2 mA) using two electrodes
applied to the scalp to induce prolonged changes in cortical
excitability even after the end of the stimulation [6, 7]. The
anodal current increases the cortical excitability, favoring the
depolarization of the neuronal membrane, whereas the cathodal
current has an inhibitory effect, causing hyperpolarization of
the neuronal membrane [8]. Depending on the intensity and
duration of the electric current imposed through the tDCS,
these effects can last for more than an hour [8]. tDCS does not
produce action potentials in the target brain areas, on the
contrary, tDCS modulates the resting potential of the neuronal
membrane, leading to changes in synaptic transmission [9].
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In general, professional athletes deal with several stressors
during a competition, which can affect emotional and anxiety
states [10]. Competitive anxiety and self-confidence are
especially important in the context of sports and can be a
determining factor in the final outcome of a competition [11].
Before a competition [12], for example, several brain areas are
activated and inhibited by structures of the limbic system, such
as the medial prefrontal cortex, the hippocampus and the
amygdala, which send multisynaptic afferents to the brainstem
and hypothalamic activators of the brain to hypothalamic-
pituitary-adrenocortical (HPA) axis and the autonomic nervous
system (ANS) [13]. Due to tDCS being considered a
neuroenhancement tool, since tDCS has been shown
improvement in neurocognitive functions [3, 14] and changes
in heart rate variability responses [15], we believe that a-tDCS
applied to the dorsolateral prefrontal cortex (DLPFC) regulate
anxiety and autonomic control, since DLPFC is one of the
main areas responsible for emotional regulation and
psychophysiological responses [16].

Therefore, a 20 years old male professional athlete with 6
years of experience in the practice of the game Counter Strike:
Global Offensive was recruited, and no neuropsychiatric or
osteoarticular diseases, nor use of any caffeine drink, smoke,
alcohol or drugs on the day before the experiment was allowed.
The Player was exposed to a decisive game in CS:GO PGL
Major Fall championship. The experiment respected the
Helsinki declaration and occurred just after the player’s signed
the informed consent form. Thus, 48 hours before the game,
the player was familiarized with the Revised Competitive State
Anxiety Inventory - 2 (CSAI-2R) and the HRV measurements.
Twenty-four hours before the game (i.e., baseline moment -
BL) the player responded to the CSAI-2R [17], and HRV has
recorded at rest for 10 minutes [18]. Thirty minutes before the
tDCS application (i.e., pre-tDCS moment) and immediately
after tDCS application (i.e., post-tDCS moment) before the
beginning of the game, CSAI-2R and 10 minutes of HRV
recording was performed by the same researcher. Both sessions
were carried out in the game house between 14:00-17:00h to
avoid circadian effects on psychological and autonomic
performance and were conducted by the same researcher. The
player sat in a comfortable chair for HRV and CSAI-2R
acquisition and to receive a-tDCS.

Considering that a-tDCS over the left DLPFC administered
at 2 mA for 20-30 min with electrodes between 9 and 25 cm’
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improves acutely the core neurocognitive functions (i.e.,
working memory, decision making, attention, and
multitasking) [3], thus, a-tDCS was administered at 2 mA for
20 min using a pair of pads embedded in saline (NaCl 140
mmol dissolved in milli-q water) comprising the two electrodes
of 25 cm’ placed on the scalp using elastic bands, connected to
a stimulator (TCT, Hong Kong, China). The anodal electrode
was placed vertically over the left DLPFC located in the F3
electrode area, and the cathode was also placed vertically over
the right orbitofrontal cortex (OFC) located in the FP2
electrode according to the international system of 10-20 EEG
[19].

Lower values can be observed in the post-tDCS compared
to the values in the BL, pre-tDCS and post-game considering
CSAI-2R, for the somatic and cognitive components. For the
self-confidence component, higher values can be observed in
post-tDCS compared to values in BL, pre-tDCS and post-game
(Fig. 1A). HRV data was recorded at rest for 10 minutes during
the pre-and post-game (RS800 Precision Performance version
4.01.029, Polar, Finland). HRV was imported into a specific
software (KUBIOS HRV - HEART RATE VARIBILITY
ANALYSIS - VERSION 3.0.2, 2017), and analyzed under the
moment domain, extracting the following derivative data only
for SDNN (standard deviation of normal-to-normal RR ranges)
[9]. SDNN reflects all the cyclic components responsible for
the variability in the heart rate during recording [18], thus, it
influences both sympathetic and parasympathetic components
of the autonomic nervous system. The increase in SDNN
values means that parasympathetic activity is predominant over
sympathetic activity, howev er when the opposite occurs (i.e.,
reduced values of SDNN) there is a predominance of
sympathetic activity over parasympathetic activity [19]. SDNN
was higher at post-tDCS compared to values in the BL, pre-
tDCS and post-game (Fig. 1B).

Regarding the tolerability to the tDCS application, the
player reported some mild effects through the adverse effects
questionnaire [20] (i.e., scalp pain, tingling, itching, burning
sensation, and redness of the skin) during the tDCS session.
This questionnaire explains if a participant had experienced
any adverse event and his relationship with the tDCS session.
The questionnaire is composed of categorical issues with a
score ranging from 0 to 5, being 0 - none, 1 - very mildly, 2 -
mildly, 3 - moderate, 4 - severe, 5 - very serious, and was
applied after the tDCS session to check the occurrence of 13
symptoms during or after the tDCS session.
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Fig. (1). Anxiety and heart rate variability behavior before and after a competitive game of eSports.
Note: (A) Behavior of subtypes of anxiety throughout study; (B) Behavior of heart rate variability throughout study; BL: baseline; Pre-tDCS: moment
before tDCS application; Post-tDCS: moment after tDCS application; Post-game: moment after the end of the game.
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Regarding psychological responses to competition, and
according to our expectations, our findings are corroborated by
Mehrsafar et al. [21] that revealed an acute decrease in somatic
and cognitive anxiety after a-tDCS was applied over the
DLPFC, but unlike us, self-confidence remained unaffected.
Literature shows that athletes with greater self-confidence are
the ones that best manage their stress in competitive conditions
[22]. Thus, the application of a-tDCS over the left DLPFC
appears to have positively influenced on self-confidence at the
post-tDCS moment before the beginning of the competitive
game. These findings can be a result of a self-regulatory
process, which can regulate physiological arousal responses,
such as HRV [23]. In addition, previous studies have shown
that a-tDCS applied over the DLPFC acutely altered the
attentional state, which influences the processing of threatening
information essential for cognitive anxiety [24]. Evidence
indicated that the top-down regulation of negative emotions,
such as anxiety, was associated with increased activity in the
left DLPFC and decreased in the right DLPFC [25], which
justifies our findings through a-tDCS applied over the left
DLPFC.

With regard to mechanisms underlying tDCS, the literature
is still scarce, and more evidence is necessary. We speculate
that the application of the a-tDCS over DLPFC led to an
increase in parasympathetic modulation (i.e., vagal system) or
to a reduction of sympathetic modulation (i.e., activation of
amygdala and insula) [25]. Due to ventromedial pre-frontal
cortex (VMPFC) and OFC are located below DLPFC and their
involvement in affective/emotional processing is likely that a
possible adjacent modulation may have influenced anxiety
[26]. Therefore, tDCS may have contributed to an autonomic
balance observed by the increase in SDNN, which means a
predominance of parasympathetic activity over sympathetic
activity [26], and to an emotional regulation demonstrated by
the improvement in overall anxiety, which probably
contributed to a good performance in the game.

As limitations, case reports are exploratory and cannot
allow generalizable findings due to the lack of randomization,
control group and sham stimulus. However they open new
perspectives to create new hypotheses, and lead to subsequent
investigations with other designs. Therefore, we suggest that a-
tDCS could be used in a sample with a larger number of eSport
players. Moreover, the use of non-focal tDCS may have
influenced other cortical areas, which makes it difficult to
ascertain whether the present results were exclusively due to
the isolated stimulation of the DLPFC.

AUTHORS’ CONTRIBUTIONS

SM and LOS have prepared the first draft; BT and DM
revised it. All authors approved the final version of the paper.
CONFLICT OF INTEREST

The authors declare that the research was conducted
without any commercial or financial relationships that could be
construed as a potential conflict of interest.

ACKNOWLEDGEMENTS

Declared none.

Clinical Practice & Epidemiology in Mental Health, 2022, Volume 18 3

REFERENCES

[1]

[5]

[7]

[10]

(1]

[12]

[13]

[14]

[15]

[1e]

[17]

(18]

Himmelstein D, Liu Y, Shapiro JL. An exploration of mental skills
among competitive league of legend players. Int J Gaming Comput-
Mediated Simula 2017; 9(2): 1-21.
[http://dx.doi.org/10.4018/IIGCMS.2017040101]

Mendoza G, Clemente SVJ, Alvero CJR, et al. The role of experience,
perceived match importance, and anxiety on cortisol response in an
official esports competition. Int J Environ Res Public Health 2021;
18(6): 2893.

[http://dx.doi.org/10.3390/ijerph18062893] [PMID: 33808997]
Machado S, Travassos B, Teixeira DS, Rodrigues F, Cid L, Monteiro
D. Could tDCS be a potential performance-enhancing tool for acute
neurocognitive modulation in esports? A perspective review. Int J
Environ Res Public Health 2021; 18(7): 3678.
[http://dx.doi.org/10.3390/ijerph18073678] [PMID: 33916018]
Moreira A, Machado DGS, Moscaleski L, et al. Effect of tDCS on
well-being and autonomic function in professional male players after
official soccer matches. Physiol Behav 2021; 233: 113351.
[http://dx.doi.org/10.1016/j.physbeh.2021.113351] [PMID: 33556409]
Machado S, De Oliveira SAL, Cid L, e al. Impact of victory and
defeat on the perceived stress and autonomic regulation of professional
eSports athletes. Front Psychol 2022; 13: 987149.
[http://dx.doi.org/10.3389/fpsyg.2022.987149]

Kronberg G, Bridi M, Abel T, Bikson M, Parra LC. Direct current
stimulation modulates LTP and LTD: Activity dependence and
dendritic effects. Brain Stimul 2017; 10(1): 51-8.
[http://dx.doi.org/10.1016/j.brs.2016.10.001] [PMID: 28104085]
Dell’Osso B, Altamura AC. Transcranial brain stimulation techniques
for major depression: Should we extend TMS lessons to tDCS? Clin
Pract Epidemiol Ment Health 2014; 10(1): 92-3.
[http://dx.doi.org/10.2174/1745017901410010092] [PMID: 25317200]
Nitsche MA, Liebetanz D, Antal A, Lang N, Tergau F, Paulus W.
Modulation of cortical excitability by weak direct current stimulation —
technical, safety and functional aspects. Suppl Clin Neurophysiol
2003; 56: 255-76.
[http://dx.doi.org/10.1016/S1567-424X(09)70230-2]
14677403]

Cantone M, Lanza G, Ranieri F, Opie GM, Terranova C. Non invasive
brain stimulation in the study and modulation of metaplasticity in
neurological disorders. Front Neurol 2021; 12: 721906.
[http://dx.doi.org/10.3389/fneur.2021.721906] [PMID: 34276553]
Palazzolo J. Anxiety and performance. Encephale 2020; 46(2): 158-61.
[http://dx.doi.org/10.1016/j.encep.2019.07.008] [PMID: 31542211]
Craft LL, Magyar TM, Becker BJ, Feltz DL. The relationship between
the competitive state anxiety inventory 2 and sport performance: A
meta analysis. J Sport Exerc Psychol 2003; 25(1): 44-65.
[http://dx.doi.org/10.1123/jsep.25.1.44]

Mellalieu SD, Neil R, Hanton S, Fletcher D. Competition stress in
sport performers: Stressors experienced in the competition
environment. J Sports Sci 2009; 27(7): 729-44.
[http://dx.doi.org/10.1080/02640410902889834] [PMID: 19424897]
Ulrich LYM, Herman JP. Neural regulation of endocrine and
autonomic stress responses. Nat Rev Neurosci 2009; 10(6): 397-409.
[http://dx.doi.org/10.1038/nrn2647] [PMID: 19469025]

Fisicaro F, Lanza G, Bella R, Pennisi M. “Self-neuroenhancement”:
The last frontier of noninvasive brain stimulation? J Clin Neurol 2020;
16(1): 158-9.

[http://dx.doi.org/10.3988/jcn.2020.16.1.158] [PMID: 31942774]
SchmauBer M, Hoffmann S, Raab M, Laborde S. The effects of
noninvasive brain stimulation on heart rate and heart rate variability: A
systematic review and meta-analysis. J Neurosci Res 2022; 100(9):
1664-94.

[http://dx.doi.org/10.1002/jnr.25062] [PMID: 35582757]

Cerqueira JJ, Almeida OFX, Sousa N. The stressed prefrontal cortex.
Left? Right! Brain Behav Immun 2008; 22(5): 630-8.
[http://dx.doi.org/10.1016/j.bbi.2008.01.005] [PMID: 18281193]
Fernandes MG, Nunes SA, Raposo JV, Fernandes HM, Brustad R. The
CSAI-2: An examination of the instrument’s factorial validity and
reliability of the intensity, direction and frequency dimensions with
Brazilian athletes. J Appl Sport Psychol 2013; 25(4): 377-91.
[http://dx.doi.org/10.1080/10413200.2012.744780]

Heart rate variability: Standards of measurement, physiological
interpretation and clinical use. Task Force of the European society of
cardiology and the North American society of pacing and
electrophysiology. Circulation 1996; 93(5): 1043-65.
[http://dx.doi.org/10.1161/01.CIR.93.5.1043] [PMID: 8598068]

[PMID:


http://dx.doi.org/10.4018/IJGCMS.2017040101
http://dx.doi.org/10.3390/ijerph18062893
http://www.ncbi.nlm.nih.gov/pubmed/33808997
http://dx.doi.org/10.3390/ijerph18073678
http://www.ncbi.nlm.nih.gov/pubmed/33916018
http://dx.doi.org/10.1016/j.physbeh.2021.113351
http://www.ncbi.nlm.nih.gov/pubmed/33556409
http://dx.doi.org/10.3389/fpsyg.2022.987149
http://dx.doi.org/10.1016/j.brs.2016.10.001
http://www.ncbi.nlm.nih.gov/pubmed/28104085
http://dx.doi.org/10.2174/1745017901410010092
http://www.ncbi.nlm.nih.gov/pubmed/25317200
http://dx.doi.org/10.1016/S1567-424X(09)70230-2
http://www.ncbi.nlm.nih.gov/pubmed/14677403
http://dx.doi.org/10.3389/fneur.2021.721906
http://www.ncbi.nlm.nih.gov/pubmed/34276553
http://dx.doi.org/10.1016/j.encep.2019.07.008
http://www.ncbi.nlm.nih.gov/pubmed/31542211
http://dx.doi.org/10.1123/jsep.25.1.44
http://dx.doi.org/10.1080/02640410902889834
http://www.ncbi.nlm.nih.gov/pubmed/19424897
http://dx.doi.org/10.1038/nrn2647
http://www.ncbi.nlm.nih.gov/pubmed/19469025
http://dx.doi.org/10.3988/jcn.2020.16.1.158
http://www.ncbi.nlm.nih.gov/pubmed/31942774
http://dx.doi.org/10.1002/jnr.25062
http://www.ncbi.nlm.nih.gov/pubmed/35582757
http://dx.doi.org/10.1016/j.bbi.2008.01.005
http://www.ncbi.nlm.nih.gov/pubmed/18281193
http://dx.doi.org/10.1080/10413200.2012.744780
http://dx.doi.org/10.1161/01.CIR.93.5.1043
http://www.ncbi.nlm.nih.gov/pubmed/8598068

4 Clinical Practice & Epidemiology in Mental Health, 2022, Volume 18

(191

Jasper H. Report of the committee on methods of clinical examination

Machado et al.

[http://dx.doi.org/10.1080/10615800802203769] [PMID: 18791904]

in electroencephalography. Electroencephalogr Clin Neurophysiol [23] Appelhans BM, Luecken LJ. Heart rate variability as an index of
1958; 10(2): 370-5. regulated emotional responding. Rev Gen Psychol 2006; 10(3):
[http://dx.doi.org/10.1016/0013-4694(58)90053-1] 229-40.

[20] Brunoni AR, Amadera J, Berbel B, Volz MS, Rizzerio BG, Fregni F. [http://dx.doi.org/10.1037/1089-2680.10.3.229]
A systematic review on reporting and assessment of adverse effects [24] Clarke PJF, Browning M, Hammond G, Notebaert L, MacLeod C. The
associated with transcranial direct current stimulation. Int J causal role of the dorsolateral prefrontal cortex in the modification of
Neuropsychopharmacol 2011; 14(8): 1133-45. attentional bias: Evidence from transcranial direct current stimulation.
[http://dx.doi.org/10.1017/S1461145710001690] [PMID: 21320389] Biol Psychiatry 2014; 76(12): 946-52.

[21] Mehrsafar AH, Rosa MAS, Zadeh AM, Gazerani P. A feasibility study [http://dx.doi.org/10.1016/j.biopsych.2014.03.003] [PMID: 24690113]
of application and potential effects of a single session Transcranial [25] Sagliano L, D’Olimpio F, Panico F, Gagliardi S, Trojano L. The role
Direct Current Stimulation (tDCS) on competitive anxiety, mood state, of the dorsolateral prefrontal cortex in early threat processing: A TMS
salivary levels of cortisol and alpha amylase in elite athletes under a study. Soc Cogn Affect Neurosci 2016; 11(12): 1992-8.
real-world competition. Physiol Behav 2020; 227: 113173. [http://dx.doi.org/10.1093/scan/nsw105] [PMID: 27510494]
[http://dx.doi.org/10.1016/j.physbeh.2020.113173] [PMID: 32956682] [26] Viviani R. Neural correlates of emotion regulation in the ventral

[22] Mullen R, Lane A, Hanton S. Anxiety symptom interpretation in high- prefrontal cortex and the encoding of subjective value and economic
anxious, defensive high-anxious, low-anxious and repressor sport utility. Front Psychiatry 2014; 5: 123.
performers. Anxiety Stress Coping 2009; 22(1): 91-100. [http://dx.doi.org/10.3389/fpsyt.2014.00123] [PMID: 25309459]

© 2022 Machado et al.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.


http://dx.doi.org/10.1016/0013-4694(58)90053-1
http://dx.doi.org/10.1017/S1461145710001690
http://www.ncbi.nlm.nih.gov/pubmed/21320389
http://dx.doi.org/10.1016/j.physbeh.2020.113173
http://www.ncbi.nlm.nih.gov/pubmed/32956682
http://dx.doi.org/10.1080/10615800802203769
http://www.ncbi.nlm.nih.gov/pubmed/18791904
http://dx.doi.org/10.1037/1089-2680.10.3.229
http://dx.doi.org/10.1016/j.biopsych.2014.03.003
http://www.ncbi.nlm.nih.gov/pubmed/24690113
http://dx.doi.org/10.1093/scan/nsw105
http://www.ncbi.nlm.nih.gov/pubmed/27510494
http://dx.doi.org/10.3389/fpsyt.2014.00123
http://www.ncbi.nlm.nih.gov/pubmed/25309459
https://creativecommons.org/licenses/by/4.0/legalcode

	Anodal Transcranial Direct Current Stimulation Reduces Competitive Anxiety and Modulates Heart Rate Variability in an eSports Player 
	Dear Editor,
	AUTHORS’ CONTRIBUTIONS
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES


