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1. Introduction
Performance neuroscience is a multidisciplinary field

that investigates the brain mechanisms underlying human
performance in various cognitive, physical, and mental do-
mains, such as cognitive functions, motor skills, sports, arts
and creativity, and emotion regulation and resilience. It
seeks to understand how the brain supports and optimizes
performance in different contexts or conditions and how
factors such as genetics, environment, mindset, training,
and individual differences influence performance outcomes
in order to optimize those outcomes. The body (physiol-
ogy) and the brain closely interact to support peak or opti-
mal performance [1]. Therefore, identifying brain and body
biomarkers of optimal performance is also a growing re-
search area in performance neuroscience.

2. Main Areas of Performance Neuroscience
1. Cognitive Performance investigates the brain

mechanisms of performance in various cognitive domains,
such as attention, memory, creativity, perception, learn-
ing, problem-solving, and decision-making. Understanding
these processes can help optimize cognitive performance in
academic, professional, and everyday settings.

2. Motor and Sports Performance examines the neural
mechanisms supporting motor control, coordination, and
movement optimization. Motor performance is critical for
sports performance, which often involves examining the
brain mechanisms subserving athletic skills, motor learn-
ing and planning, expertise development, and performance-
enhancement strategies. It also investigates how athletes
optimize their mental and physical abilities to achieve peak
performance in competition.

3. Emotion Regulation and Resilience focuses on the
neural mechanisms of emotion regulation and resilience in
response to various situations. In particular, it focuses on
how to adapt positively and effectively, while maintaining
and optimizing health and performance, in the face of set-
backs and challenges [1].

4. Performance in Extreme Environments — heat,
cold, and altitude often present unique challenges to the
body and brain and necessitate specific adaptations in or-
der to optimize human performance. This research often

focuses on how to monitor and maintain optimal physical
and mental states for peak performance and prevent adverse
effects in extreme environments.

5. Training and Skill Acquisition explores the mecha-
nisms of neuroplasticity that promote learning and adapta-
tion in different situations. For example, it examines how
training and practice after injury shape brain function and
structure, leading to skill acquisition, expertise develop-
ment, performance improvement, and rehabilitation [2].

6. Individual Differences seeks to understand how
brain structure and function, and genetic and environmental
factors contribute to individual differences in human perfor-
mance and resilience. Moreover, it examines how training
can be tailored to individuals to promote performance (per-
sonalized training for optimal performance) [3].

7. Health and Performance Relationship — health
neuroscience and performance neuroscience are two differ-
ent fields that are often studied separately [4]. However,
health and performance are closely related as they both in-
fluence and depend on each other. For instance, good phys-
ical health is essential for optimal physical performance
and directly impacts task performance. Maintaining good
mental health is critical for effective stress management,
emotion regulation, and cognitive functioning, which also
contribute to optimal performance. Therefore, it is imper-
ative to develop and apply a holistic approach to support
and promote both health and performance. This approach
recognizes the importance of physical, mental, and social
aspects of health in achieving optimal performance in dif-
ferent aspects of life. Balancing these various aspects of
health and addressing any imbalances can lead to improve-
ment in overall human functioning and performance. Simi-
larly, investing in performance improvement and optimiza-
tion strategies can also contribute to better health outcomes
and overall well-being.

3. Biomarkers of Peak Performance
Peak performance refers to a state of exceptional func-

tioning in which individuals or groups achieve their high-
est levels of performance, productivity, and effectiveness.
It is similar to the sense of flow, focus, engagement, and
excellence, that occur when individuals are fully engaged
and performing at their best [5]. Therefore, peak perfor-
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Fig. 1. Biomarkers of Peak Performance. ACC, anterior cingulate cortex, PCC, posterior cingulate cortex; ANS, autonomic nervous
system; HRV, heart rate variability; SCR, skin conductance response.

mance likely involves the coordination and optimization of
both the central and autonomic systems (brain and body)
[6]. For example, themental processes of peak performance
involve at least attention, engagement, motivation, moni-
toring, and self-control (or executive function). We spec-
ulate that key brain areas such as the anterior and poste-
rior cingulate cortex (ACC, PCC), and striatum (APS cir-
cuit) actively participate and support peak performance and
related processes [6–9]. Depending on the tasks, other
brain areas and networks also engage, such as the sensory-
motor areas involved in optimal motor control, coordina-
tion, and balance [2,5]. Likewise, brain biomarkers such
as alpha (α) and theta (θ) frequencies and intensities, and
coherence among brain regions and neurotransmitters like
dopamine, may support peak performance — the state of
heightened concentration, motivation, creativity, and flow
[2,10]. Physiological biomarkers include: heart rate vari-
ability (HRV); skin conductance response (SCR); cortisol
and testosterone levels; and blood biomarkers. HRV re-
flects the balance between sympathetic (active and arousal
mode) and parasympathetic (rest and calm mode) activ-
ity in the autonomic nervous system (ANS). Higher HRV
is associated with better stress resilience, emotion regula-
tion, and cognitive flexibility, which are important for peak
performance [6,11]. Cortisol is a stress hormone, and its
levels reflect the body’s stress response. Optimal corti-
sol levels are associated with adaptive stress responses, en-
ergy regulation, and resilience; dysregulated cortisol lev-
els may indicate chronic stress, fatigue, or burnout, which
can impair performance [1,12]. Blood biomarkers such as

glucose, lactate, creatine kinase, and inflammatory mark-
ers may be indices of energy metabolism, muscle recov-
ery, and physiological stress responses during peak perfor-
mance. Having optimal levels of these biomarkers may in-
dicate efficient energy utilization, muscle function, and re-
covery processes necessary for peak performance [13,14].
As shown in Fig. 1, there are multiple brain and physio-
logical biomarkers of peak performance. We should note
that here we mainly focus on several well-known brain and
body biomarkers associated with optimal functioning, ex-
cellence, and high-level performance. More biomarkers
may be found as a result of further investigation.

Overall, performance neuroscience provides valuable
insights into the brain-behavior-physiology relationships
underlying human performance and has important impli-
cations for education, sports, rehabilitation, business, arts,
and other fields that are aimed at optimizing performance
and promoting health and well-being. However, there are
still many unsolved questions, like how do pre-existing fac-
tors such as genetics and experiences affect performance,
how do the brain and body work together to optimize per-
formance, and how can we cultivate peak performance ef-
fectively?

Author Contributions
YYT and RT —Writing, Conceptualization, Original

draft. Both authors read and approved the final manuscript.
Both authors have participated sufficiently in the work and
agreed to be accountable for all aspects of the work.

2

https://www.imrpress.com


Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding
This work is supported by the Office of Naval Re-

search (grant N000142412270).

Conflict of Interest
The authors declare no conflict of interest. Yi-Yuan

Tang is serving as one of the Editorial Board members of
this journal. We declare that Yi-Yuan Tang had no involve-
ment in the peer review of this article and has no access
to information regarding its peer review. Full responsibil-
ity for the editorial process for this article was delegated to
Gernot Riedel.

References
[1] Tang YY, Tang R. Fundamentals of health neuroscience. Neu-

roscience. Academic Press: Amsterdam, Netherlands. 2024.
[2] Filho E, Dobersek U, Husselman TA. The role of neural effi-

ciency, transient hypofrontality and neural proficiency in opti-
mal performance in self-paced sports: a meta-analytic review.
Experimental Brain Research. 2021; 239: 1381–1393.

[3] Tang YY, Tang R. The neuroscience of meditation: Under-
standing individual differences. Academic Press: Amsterdam,
Netherlands. 2020.

[4] Tang Y, Tang R. Health Neuroscience-How the Brain/Mind and

Body Affect our Health Behavior and Outcomes. Journal of In-
tegrative Neuroscience. 2024; 23: 69.

[5] Peifer C, Engeser S. Advances in flow research. Springer:
Switzerland. 2021.

[6] Tang YY, Bruya B. Mechanisms of Mind-Body Interaction and
Optimal Performance. Frontiers in Psychology. 2017; 8: 647.

[7] Tang YY, Tang R, Posner MI, Gross JJ. Effortless training of
attention and self-control: mechanisms and applications. Trends
in Cognitive Sciences. 2022; 26: 567–577.

[8] Tang YY, Hölzel BK, Posner MI. The neuroscience of mindful-
ness meditation. Nature Reviews. Neuroscience. 2015; 16: 213–
225.

[9] Beerendonk L, Mejías JF, Nuiten SA, de Gee JW, Fahrenfort
JJ, van Gaal S. A disinhibitory circuit mechanism explains a
general principle of peak performance during mid-level arousal.
Proceedings of the National Academy of Sciences of the United
States of America. 2024; 121: e2312898121.

[10] Lomas T, Ivtzan I, Fu CHY. A systematic review of the neuro-
physiology of mindfulness on EEG oscillations. Neuroscience
and Biobehavioral Reviews. 2015; 57: 401–410.

[11] Tang YY, Ma Y, Fan Y, Feng H, Wang J, Feng S, et al. Central
and autonomic nervous system interaction is altered by short-
term meditation. Proceedings of the National Academy of Sci-
ences of the United States of America. 2009; 106: 8865–8870.

[12] Fan Y, Cui Y, Tang R, Sarkar A, Mehta P, Tang YY. Salivary
testosterone and cortisol response in acute stress modulated by
seven sessions of mindfulness meditation in young males. Stress
(Amsterdam, Netherlands). 2024; 27: 2316041.

[13] Nobari H, Azarian S, Saedmocheshi S, Valdés-Badilla P, Gar-
cía Calvo T. Narrative review: The role of circadian rhythm on
sports performance, hormonal regulation, immune system func-
tion, and injury prevention in athletes. Heliyon. 2023; 9: e19636.

[14] Newell ML, Wallis GA, Hunter AM, Tipton KD, Galloway
SDR. Metabolic Responses to Carbohydrate Ingestion during
Exercise: Associations between Carbohydrate Dose and En-
durance Performance. Nutrients. 2018; 10: 37.

3

https://www.imrpress.com

	1. Introduction
	2. Main Areas of Performance Neuroscience 
	3. Biomarkers of Peak Performance 
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

