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Abstract

Aims: Esports is a rapidly growing industry with large global revenue streams which have
been used to invest in player performance and offer substantial monetary prizes for
competitive players. Heart rate variability (HRV) has been studied widely as a measure of
sympathetic activity and stress. Whilst often employed in athletes to monitor condition and
performance, it has scarcely been explored in esports.

Methods and results: This study assesses observational changes in time domain variables of
HRYV over the course of an esports session. We found that mean Standard deviation of RR
intervals (SDRR) was lower in the winning team compared to the losing team and that there
were certain areas of analogous change in HRV in multiple players, mainly at the end of play.
However, our results show that throughout most of the session there was considerable intra-
player variability in HRV and that without high resolution contextual information it is not
possible to confidently link this data with performance.

Conclusion: Our results add further evidence of HRV being a sensitive measure of stress that
requires further study to extract meaningful results.

Highlights:

e There is moderate correlation between esports and heart rate variability, with similar
changes seen in players of both teams during the session.
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e Overall, heart rate-variability varies considerably making observer interpretation
difficult and without recording of gameplay there is a limited ability to contextualise
results.

e To interpret and analyse heart rate variability a high-level of study and analysis would
be required to produce valuable results.
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Introduction

Esports involves the competitive playing of video games between individuals or teams and has
seen a rapid growth in popularity across the world. Viewership is expected to rise from 454
million in 2019 to 646 million in 2023 and the value of the industry is estimated to be as high
as $24 billion, with prize-pots for major esports tournaments eclipsing those of established,
major sports tournaments (1,2). In response, there has been a considerable increase in
investment and analysis of esports professionals to improve performance. However, at present
there is a lack of evidence to guide training regimes and much of the current approach is
based on academic work done with regards to physical activity, supported by a belief from
esports players themselves that such methods can enhance performance (3).

One parameter which has attracted attention regarding physical activity and athletes is heart
rate variability (HRV). HRV describes the change in the interval between successive
heartbeats, these oscillations reflect the activity of the autonomic nervous system and
responses to external stimuli (4). HRV is widely considered to reflect changes in sympathetic
and parasympathetic nervous systems and measurement provides insight into their relative
activities (5,6).The measurement and evaluation of HRV is split into time domain and
frequency domain analysis. Time domain analysis quantifies the amount of variability in the
RR interval, the time between contiguous QRS’s in sinus rhythm. Common time domain
measures includes the standard deviation of RR intervals (SDRR) and root mean square of
successive RR interval differences (RMSSD) (5). Frequency domain analysis defines the heart
rate signal in frequency bandwidths; primarily as low frequency or high frequency
components. Their relative power is quantified to assess the contribution of either the
parasympathetic or sympathetic nervous systems to changes in HRV (6). HRV measurement
can be performed over varying lengths of time often split into 24 hours (long term), 5 minutes
(short term) and less than 5 minutes (ultra-short term) (4,5). Whilst most studies previously
focussed on the use of long and short term measurement, the increasing demand for analysis
based on mobile devices has led to several studies validating to use of ultra-short term values

(7,8).

Many physiological factors can affect HRV such as age, gender, respiration, heart rate, blood
pressure and circadian rhythm (9,10). In clinical medicine, a higher HRV has been shown to be
associated with improved outcomes with regards to mortality and morbidity, whereas the
opposite is true for those with a lower HRV (11-13). Patients who undertake physical activity as
either part of a rehabilitation plan or recreationally have been shown to have improved
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outcomes as well as increased time and frequency values of HRV when compared to less active
individuals (14,15). This increase in HRV with physical activity is also seen in healthy
individuals and athletes (16,17). Indeed, time domain values of HRV seem to be associated with
fitness (18). This reflects an increase in parasympathetic tone that is seen in athletes during
physical training, which also produces a bradycardia at rest (19). In sport and physical activity,
HRYV has been increasingly studied over recent years with a view to develop athletic
performance. Training regimes at the elite level often have a high training burden with short
periods for recovery. Research around HRV in physical activity has therefore focussed on
measuring HRV change during exercise, after exercise and over a prolonged period of training.
Higher intensity exercise leads to a greater change in HRV, which subsequently takes longer to
return to the resting HRV than if lower intensity exercise was undertaken (20,21).

HRYV has also been used to assess mental stress and response to tasks. Whilst driving, HRV is
able to differentiate high-demand periods with single task driving, although this is not
consistent across time and frequency measures of HRV (22). A meta-analysis of 37 studies
found that HRV changed in response to stress and was sensitive to changes in the autonomic
nervous system (24).

There is limited understanding on the application of HRV in video games or esports.
Observational work suggests significant variation in heart rate and HRV during and after
playing a racing simulation video game (25). More recently Andre et al showed HRV variance
before, during and after esports activity (26).

HRV measurement may therefore provide a way to tailor training, determine rest periods,
prevent over-exercising and provide insight into the emotional response of athletes to
competition. (27-30). The advent of wearable devices, such as smart watches, which can
measure physiological parameters including HRV has led to an uptake in interest in HRV and
its potential application in performance and health.

A greater understanding about how HRV changes throughout an esports session would in
theory, allow for recognition of the body’s response and autonomic activity during this activity
and its relation to performance. This paper will explore how HRV is affected and how useful it
is for assessing an autonomic response during an esports session.

Methods

This observational study was approved by the New York Institute of Technology (NYIT)
Internal Review Board and was conducted as a well described prospective study by Sousa et al
[8]. Participants signed written consent to take part in the study which was located at the
NYIT esport arena, Old Westbury, NY, USA. Inclusion criteria included men or women
between the ages of 18-30. Exclusion criteria included players who had not played
competitively in the last year, were unable to wear the smart shirt or had an injury that would
affect their gameplay.

Following informed consent, smart shirts were fitted on the participants after which
competitive play started. Participants wore the Hexoskin Smart Shirt® (5800 Denis St.
Montreal, Quebec H2S-3L5) which is similar to a standard T-shirt and worn directly on the
torso. The smart shirt contains electrodes that measure common physiological parameters
including HRV through NN and RR intervals. Participants competing in LoL played in two
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consistent teams against each other, whilst OW players competed in cooperative teams of 2-4.
Physiological parameter recording started upon placing the suit on the participants. After
completing the esports session ranging from 1.5 to 2.5 hours across the two cohorts,
participants removed the Hexoskin suit for data extraction.

Statistical analysis

Values for the RR and NN intervals were recorded by the Hexoskin Smart Shirt® and used to
produce time-domain measures of HRV. Poor quality RR interval values, corrupted by noise in
the ECG signal, were removed to improve the quality of data. Furthermore, to enhance the
quality of the inference, removed values were interpolated using a standard cubic spline
method. SDRR was then calculated for each minute of play for individual players. Players were
then grouped into winning and losing teams and a mean value of SDRR was taken for each
minute. This was then plotted onto a graph (Figure 1) allowing comparison of SDRR over time
for both winning and losing teams.

Figure 1 — Change in HRV of teams over an esports session.
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A statistical similarity comparison was performed over pairs of members of the same team. A
significance of a statistical similarity between normalized and smoothed signals was based on
values of mean squared error (MSE), mean absolute error (MAE), and Pearson's correlation
coefficient r. Lower MSE/MAE values indicate greater similarity between signals, while
correlation coefficient closer to 1indicates that the two signals agree with each other.
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Tables below summarise the similarity values between players and teams. We make an
interesting observation that at the team level the HRV could be treated as a relatively good
indicator at distinguishing rest and esports activity periods (Figure 1), while at the player level
it is not reliable (Figures 2-3, Tables 1-2). The reason that HRV is performing better at the team
resolution, is the phenomenon called “signal averaging” (30). Due to the averaging
performance over the members of a team in the time domain, we have increased the strength
of a signal relative to the noise that is obscuring it. The more members a team has, a higher
signal-to-noise ratio (SNR) becomes, in turn, more clearly revealing global patterns in a signal,
such as periods of rest and esports activity. This is reflected in Table 3, where a significant r of
0.78 was observed, revealing an agreement in global patterns between HRV signals of winning
and losing teams. On the other hand, at the player level, within a team we can see a rather
poor correlation (Table 1) or outright disagreement (Tablez2).

19 male players took part in the study across the two cohorts (Table 1). The winning team
appears to have a generally lower HRV (Figure 1), however, significant variation in HRV was
noted between players regardless of team allocation (Figure 2). One instance of similarity in
HRV pattern during esports activity was identified in both cohorts (Figure 3).

Figure 2 — Intrateam variability across multiple game titles.
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Figure 3 — Similarities in HRV within teams during esports activity.
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Table 1 — Comparison between selected players in League of Legends (LOL). MSE — Mean standard
error, MAE — Mean absolute error.

LOL — players MSE MAE r

P6 vs P8 0.89 0.72 0.54
P8 vs P9 15 0.87 0.24

Table 2 - Comparison between selected players in Overwatch (OW). MSE — Mean standard error,
MAE — Mean absolute error.

OW - players ‘ MSE MAE r
P4 vs P5 2.41 1.24 -0.21
P5 vs P6 1.09 0.87 0.44
Discussion

The data collected from participants playing LoL during sessions demonstrates that HRV has
high participant variability throughout the entire esports session. Often, changes in HRV will
occur at different points of the session for each player. There are moments during play where
multiple players appear to have sudden changes in HRV but there is also little consistency in
HRV when comparing members of the same team. This is to some extent an expected finding.
During games such as LoL and OW, players generally take on different roles creating a high
level of unique interests and actions despite team objectives in place. Furthermore, each
player will be in a different in-game situation which may be related to a higher or lower level
of mental stress which in turn would alter HRV. This is in-keeping with existing research
which has considered how HRV is affected by mental tasks or those with cognitive stresses.
Studies which more broadly considered the effect of tasks with a high cognitive load have
found that HRV does correlate with stress, although how individuals react to the same
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stimulus varies (22-24,31). One study considering HRV in the context of esports found that
there was a significant reduction of RR intervals and high frequency measures of HRV during
esports sessions, in-keeping with an increased HR and a stress response, compared to before
and after competitive playing, but other measures did not change significantly (26). The
changes in HRV which are seen during the session suggest that esports provokes a stress
response with variation in sympathetic and parasympathetic activity.

During an esports session there are situations which would be predicted to cause an increase
in sympathetic activity leading to a reduction in SDRR in all players, such as team battles or
the end phases of play. In our study, as the end of the game approaches there is a reduction in
SDRR seen in most players which is expected. Therefore, although there is considerable
variation in HRV there appears to be areas of concordance seen in almost all players
irrespective of team during play and suggests that certain actions or in-game events create
similar patterns in HRV. This finding implies there could indeed be value in using HRV to
measure players responses during esports and potential for it to be used generically - although
further research is required to identify and characterise these commonalities in order to
substantiate such claims. With such differing patterns of HRV over the course of an esports
session there may also be the need to individualise or normalise HRV data for each player.
Determining points where HRV changes are consistent could be used to calibrate HRV for the
individual and allow for easier interpretation of HRV during play. Prior to an esports
competition a player could have a set scenario which would induce expected changes in HRV
and this could be used as the basis for calibration. Identifying and utilising these periods could
be valuable for future research to normalise HRV and allow greater confidence in analysis.

During the session, the winning team demonstrated a lower mean SDRR compared with the
losing team suggesting a greater physiological response to play. Previous work considering
how other biological parameters, such as HR and RR, change during esports found comparable
findings, with players in the winning team exhibiting a greater change in these parameters
(32). A study examining 10 pilots’ psychophysiological response to a 9o minute scenario
showed cardiac measures were related to changes within the simulation, although heart rate
was more sensitive than HRV (23). In the context of tasks which invoke mental stress or have
a high cognitive load studies have shown that increased time domain measures of HRV are
associated with a greater executive function and improved reaction times, memory and
attention (33,34). Similarly, acute stress has been linked to impaired memory and a greater
number of errors when performing tasks (35,36). Interestingly, our study suggests that the
average HRV is lower in the winning team which is in contrast to these studies. However, as
discussed earlier, esports is dynamic with rapid changes in scenarios which differ between all
players irrespective of teams and this will induce varying levels of stress, alongside in-game
situations where all players may be involved, such as team battles. Whilst the mean SDRR
across the session is lower for the winning team, this fails to capture the high level of intra-
team variation in HRV across the game session and due to the low sample size could be a
circumstantial finding. HRV analysis is clearly a sensitive measure and how it correlates with
performance will depend heavily on the recording of gameplay alongside HRV to be able to
contextualise results. Techniques have been used with benefit in studies concerning cognitive
tasks to alter HRV and improve performance. Biofeedback has been studied in the context of
cognitive tasks and involves the measurement of physiological parameters, such as HR or
HRYV, and then this information is made available to the user in real-time, allowing the
individual to have greater control over these measures (37). Some studies have shown a
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benefit of biofeedback associated with improved performance in sport (38-40) and cognitive
performance, such as in musicians when performing with reduced errors and improved
reaction times (41,42). Measuring HRV in response to esports and using methods to increase
HRYV could provide a benefit to esports players and is one possible area of further
investigation.

HRYV has been widely studied in the context of both exercise and cognitive tasks and this study
suggests there is possible value in monitoring HRV during esports activity as an objective
measure of stress. In the domain of physical activity, the main role of monitoring HRV is to
supposedly allow athlete focussed training and improving or measuring performance.
Correlating HRV with performance could provide a focus for training and be advantageous for
competitive esports players. The recording of in-game data alongside HRV could allow for
player-specific information and feedback related to gameplay, team interaction and
communication which could provide a target for player development. Providing players with
this information may also allow them to have a greater awareness of their physical and
emotional response to play and confidence in their ability to perform. Although there are
many studies which have considered the use of HRV and its relation to physical activity, there
is considerable variation in methodology. Studies have considered diverse populations of
participants, different modalities and intensities of exercise with varying measures of HRV and
different approaches to analysis (43-45). This, coupled with varying exercise and rest
protocols, has meant that scarcely any studies are directly comparable which prevents
assessment of conclusions and limits the applicability of studies to sports physiology (6,43).
The use of HRV in exercise has been adopted into mainstream sports physiology and use by
the general public facilitated by easier methods through which to measure HRV, albeit
supported by a vast but inconsistent evidence base. With advancements in wearable devices
there is now increasing convenience and practicality in measuring non-invasive physiological
parameters, which will inevitably lead to widespread use at a team level without appropriate
understanding through research. In fact, availability of these technologies gives a unique
opportunity to conduct larger studies with greater confidence in the accuracy of data. At this
early stage it is likely that its use in tandem with other collected indices, such as heart rate or
respiratory rate, to monitor a stress response would be a more prudent approach. Although
the measuring of HRV could represent a powerful tool in esports to monitor stress and
cardiovascular response with benefits to performance, further research is required to illicit the
relationship and applicability.

This study has a number of limitations. As discussed earlier, the absence of in-game
information alongside HRV data prevents further analysis of the relation of changes in HRV
and performance. The sample size of this study (n=10) was small, although this is comparable
to existing esports studies and this study was designed to provide initial observations of how
HRYV correlates with esports. Two of the players devices failed to record data due to technical
issues with the device and therefore could not be included in the analysis of HRV. Although
this study was able to demonstrate that there is variance in HRV across an esports session,
baseline HRV, whilst not playing esports, was not recorded for each participant and this would
have allowed for a more detailed analysis of how HRV was affected by esports activity.

Earlier research focussed on the use of HRV in relation to disease and found that a reduction
in HRV was associated with mortality and a poor prognosis for a number of diseases including
myocardial infarction (11,46) and heart failure (13,47,48). However, HRV has not translated
well into clinical practice and does not feature in clinical guidelines (49-52) reflecting a lack of
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understanding of HRV and how it can be utilised in real-world situations. Whilst our research
suggests there is possible value in the use of HRV it is clearly very specific to an individual and
a high level of study is required in order to produce truly meaningful results.

Conclusion

Our results show that HRV has a moderate level correlation with esports activity, however, it
is unlikely to be a useful assessment parameter without a high level of context due to its
sensitivity and observer variability.

Funding

The authors received no specific funding for this work.

Declaration of interest

The authors confirm that there are no conflicts of interest to declare.

References

1 Global Esports Revenue Reaches More Than $1 Billion As Audience Figures Exceed 433
Million [Internet]. [cited 2020 Sep 30]. Available from:
https://www.forbes.com/sites/jamesayles/2019/12/03/global-esports-revenue-reaches-
more-than-1-billion-as-audience-figures-exceed-433-million/#170531061329

2. Ahn, J., Collis, W., & Jenny, S. The one billion dollar myth: Methods for sizing the
massively undervalued esports revenue landscape. International Journal of Esports,
2020;1(1).

3. Kari T, Karhulahti VM. Do E-athletes move?: A study on training and physical exercise
in elite E-Sports. International Journal of Gaming and Computer-Mediated Simulations
(JGCMS). 2016;8(4):53-66.

4. Shaffer F, Ginsberg JP. An Overview of Heart Rate Variability Metrics and Norms. Front
Public Heal. 2017;5:258.

5. Malik M, John Camm A, Thomas Bigger J, Breithardt G, Cerutti S, Cohen RJ, et al. Heart
rate variability: Standards of measurement, physiological interpretation, and clinical
use. Circulation. 1996;93(5):1043-65.

6. Dong JG. The role of heart rate variability in sports physiology (Review) [Internet].
Experimental and Therapeutic Medicine. Spandidos Publications; 2016;11:1531-6.

7. Baek HJ, Cho CH, Cho J, Woo JM. Reliability of ultra-short-term analysis as a surrogate



Original Research Article 11

of standard 5-min analysis of heart rate variability. Telemed e-Health. 2015;21(5):404-14.

8. Salahuddin L, Cho J, Jeong MG, Kim D. Ultra short term analysis of heart rate variability
for monitoring mental stress in mobile settings. In: Annual International Conference of
the IEEE Engineering in Medicine and Biology - Proceedings [Internet]. Annu Int Conf
IEEE Eng Med Biol Soc; 2007:4656-9.

9. Tsuji H, Venditti F], Manders ES, Evans JC, Larson MG, Feldman CL, et al.
Determinants of heart rate variability. ] Am Coll Cardiol. 1996;28(6):1539—46.

10. Bonnemeier H, Wiegand UKH, Brandes A, Kluge N, Katus HA, Richardt G, et al.
Circadian Profile of Cardiac Autonomic Nervous Modulation in Healthy Subjects: ]
Cardiovasc Electrophysiol [Internet]. 2003;14(8):791-9.

11. La Rovere MT, Bigger JT, Marcus FI, Mortara A, Schwartz P]. Baroreflex sensitivity and
heart-rate variability in prediction of total cardiac mortality after myocardial infarction.
Lancet. 1998;351(9101):478-84.

12.  Lopshire JC, Zipes DP. Sudden cardiac death: Better understanding of risks,
mechanisms, and treatment. Circulation. Lippincott Williams & Wilkins; 2006;114:134-
6.

13.  Aronson D, Mittleman MA, Burger AJ. Measures of heart period variability as predictors
of mortality in hospitalized patients with decompensated congestive heart failure. Am ]
Cardiol. 2004;93(1):59-63.

14.  Routledge FS, Campbell TS, McFetridge-Durdle JA, Bacon SL. Improvements in heart
rate variability with exercise therapy [Internet]. Canadian Journal of Cardiology. Pulsus
Group Inc.; 2010;26:303-12.

15. Malfatto G, Facchini M, Sala L, Branzi G, Bragato R, Leonetti G. Effects of cardiac
rehabilitation and beta-blocker therapy on heart rate variability after first acute
myocardial infarction. Am ] Cardiol [Internet]. 1998;81(7):834-4o0.

16. Pichot V, Roche F, Denis C, Garet M, Duverney D, Costes F, et al. Interval training in
elderly men increases both heart rate variability and baroreflex activity. Clin Auton Res.

2005;15(2)107-15.
17. Furlan R, Piazza S, Dell’orto S, Gentile E, Cerutti S, Pagani M, et al. Early and late effects

of exercise and athletic training on neural mechanisms controlling heart rate.
Cardiovasc Res. 1993;27(3):482-8.

18. Kiss O, Sydo N, Vargha P, Vagé H, Czimbalmos C, Edes E, et al. Detailed heart rate
variability analysis in athletes. Clin Auton Res. 2016;26(4):245-52.

19. Uusitalo ALT, Tahvanainen KUO, Uusitalo AJ, Rusko HK. Non-invasive evaluation of
sympathovagal balance in athletes by time and frequency domain analyses of heart rate
and blood pressure variability. Clin Physiol. 1996;16(6):575-88.

20. Plews DJ, Laursen PB, Kilding AE, Buchheit M. Heart-rate variability and training-
intensity distribution in Elite rowers. Int J Sports Physiol Perform. 2014;9(6):1026-32.

21. Mourot L, Bouhaddi M, Tordi N, Rouillon JD, Regnard J. Short- and long-term effects of
a single bout of exercise on heart rate variability: Comparison between constant and
interval training exercises. Eur ] Appl Physiol. 2004;92(4-5):508-17.

22.  Mehler B, Reimer B, Wang Y. A Comparison of Heart Rate and Heart Rate Variability



Original Research Article 12

Indices in Distinguishing Single-Task Driving and Driving Under Secondary Cognitive
Workload. In The University of lowa; 2011;590-7.

23.  Kim HG, Cheon EJ, Bai DS, Lee YH, Koo BH. Stress and heart rate variability: A meta-
analysis and review of the literature. Psychiatry Investigation. Korean Neuropsychiatric
Association; 2018;15:235-45.

24.  Subahni AR, Xia L, Malik AS. Association of mental stress with video games. In: ICIAS
2012 - 2012 4th International Conference on Intelligent and Advanced Systems: A
Conference of World Engineering, Science and Technology Congress (ESTCON) -
Conference Proceedings. 2012. p. 82—5.

25.  Andre T, Walsh S, Valladao S, Cox D. Physiological and Perceptual Response to a Live
Collegiate Esports Tournament. International Journal of Exercise Science.
2020;13(6):1418-29.

26.  Borresen ], Lambert MI. Autonomic control of heart rate during and after exercise.
Sports medicine. 2008;38(8):633-46.

27.  Mourot L, Bouhaddi M, Perrey S, Cappelle S, Henriet MT, Wolf JP, et al. Decrease in
heart rate variability with overtraining: Assessment by the Poincaré plot analysis. Clin
Physiol Funct Imaging. 2004;24(1):10-8.

28.  Morales ], Garcia V, Garcia-Massé X, Salva P, Escobar R, Busca B. The use of heart rate
variability in assessing precompetitive stress in high-standard judo athletes. Int ] Sports

Med. 2013;34(2):144-51.

29.  Kiviniemi AM, Hautala AJ, Kinnunen H, Nissild J, Virtanen P, Karjalainen J, Tulppo MP.
Daily exercise prescription on the basis of HR variability among men and women.
Medicine & Science in Sports & Exercise. 2010;42(7):1355-63.

30.  Trimble CR. What Is Signal Averaging?. Hewlett-Packard J. 1968;19(8)(8):2-7.

31.  Wilson GF. An analysis of mental workload in pilots during flight using multiple
psychophysiological measures. The International Journal of Aviation Psychology.
2002;12(1):3-18.

32. Hughes AM, Hancock GM, Marlow SL, Stowers K, Salas E. Cardiac measures of
cognitive workload: a meta-analysis. Human factors. 2019;61(3):393-414.

33. Koshy A, Cironis L, McVey M, Sousa A, Ahmad SL, Hassan T, Yuen K, Douris PC, Zwibel
H, DiFrancisco-Donoghue ]. An observation of common physiological parameters
during esports activity. International Journal of Esports. 2020;1(1).

34. Hansen AL, Johnsen BH, Sollers J], Stenvik K, Thayer JF. Heart rate variability and its
relation to prefrontal cognitive function: the effects of training and detraining.
European journal of applied physiology. 2004;93(3):263-72.

35. Hansen AL, Johnsen BH, Thayer JF. Vagal influence on working memory and attention.
International journal of psychophysiology. 2003;48(3):263-74.

36. Kirschbaum C, Wolf OT, May M, Wippich W, Hellhammer DH. Stress-and treatment-
induced elevations of cortisol levels associated with impaired declarative memory in
healthy adults. Life sciences. 1996;58(17):1475-83.

37.  Hajcak G, McDonald N, Simons RF. Anxiety and error-related brain activity. Biological
psychology. 2003;64(1-2):77-90.



Original Research Article 13

38.  Giggins OM, Persson UM, Caulfield B. Biofeedback in rehabilitation. Journal of
neuroengineering and rehabilitation. 2013;10(1):60.

39. Morgan S], Mora JA. Effect of heart rate variability biofeedback on sport performance, a
systematic review. Applied psychophysiology and biofeedback. 2017;42(3):235-45.

40.  Paul M, Garg K. The effect of heart rate variability biofeedback on performance
psychology of basketball players. Applied psychophysiology and biofeedback.

2012;37(2)131-44.

41. Pagaduan JC, Chen YS, Fell JW, Wu SS. Can Heart Rate Variability Biofeedback Improve
Athletic Performance? A Systematic Review. Journal of Human Kinetics. 2020;73(1):103-

14.1

42.  Prinsloo GE, Rauch HL, Lambert MI, Muench F, Noakes TD, Derman WE. The effect of
short duration heart rate variability (HRV) biofeedback on cognitive performance
during laboratory induced cognitive stress. Applied Cognitive Psychology.
2011;25(5):792-801.50

43.  Wells R, Outhred T, Heathers JA, Quintana DS, Kemp AH. Matter over mind: a
randomised-controlled trial of single-session biofeedback training on performance
anxiety and heart rate variability in musicians. PloS one. 2012;7(10):e46597.

44.  Michael S, Graham KS, Davis GM. Cardiac autonomic responses during exercise and
post-exercise recovery using heart rate variability and systolic time intervals—a review.
Frontiers in physiology. 2017;8:301.

45.  Makivi¢ B, Niki¢ Djordjevi¢ M, Willis MS. Heart Rate Variability (HRV) as a tool for
diagnostic and monitoring performance in sport and physical activities. Journal of
Exercise Physiology Online. 2013;16(3).

46.  Aubert AE, Seps B, Beckers F. Heart rate variability in athletes. Sports medicine.
2003;33(12):889-919.

47.  Bigger JT, Fleiss JL, Rolnitzky LM, Steinman RC. Frequency domain measures of heart
period variability to assess risk late after myocardial infarction. Journal of the American
College of Cardiology. 1993 Mar 1;21(3):729-36.

48.  Bilchick KC, Fetics B, Djoukeng R, Fisher SG, Fletcher RD, Singh SN, Nevo E, Berger
RD. Prognostic value of heart rate variability in chronic congestive heart failure
(Veterans Affairs’ Survival Trial of Antiarrhythmic Therapy in Congestive Heart
Failure). The American journal of cardiology. 2002;90(1):24-8.

49. Ponikowski P, Anker SD, Chua TP, Szelemej R, Piepoli M, Adamopoulos S, Webb-
Peploe K, Harrington D, Banasiak W, Wrabec K, Coats AJ. Depressed heart rate
variability as an independent predictor of death in chronic congestive heart failure
secondary to ischemic or idiopathic dilated cardiomyopathy. The American journal of

cardiology. 1997;79(12)1645-50.

50.  Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs ], Bhatt DL, Dendale P,
Dorobantu M, Edvardsen T, Folliguet T, Gale CP. 2020 ESC Guidelines for the
management of acute coronary syndromes in patients presenting without persistent ST-
segment elevationThe Task Force for the management of acute coronary syndromes in
patients presenting without persistent ST-segment elevation of the European Society of
Cardiology (ESC). European heart journal. 2020.

51. Atherton J], Bauersachs ], Carerj S, Ceconi C, Coca A, Erol C, Ezekowitz ], Fernandez-



Original Research Article 14

52.

Golfin C, Guazzi M. 2016 ESC Guidelines for the diagnosis and treatment of acute and
chronic heart failure. Eur ] Heart Fail. 2016;18:891-975.

Yancy CW, Jessup M, Bozkurt B, Butler ], Casey DE, Colvin MM, Drazner MH,
Filippatos GS, Fonarow GC, Givertz MM, Hollenberg SM. 2017 ACC/AHA/HFSA focused
update of the 2013 ACCF/AHA guideline for the management of heart failure: a report
of the American College of Cardiology/American Heart Association Task Force on
Clinical Practice Guidelines and the Heart Failure Society of America. Journal of the
American College of Cardiology. 2017;70(6):776-803.



