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Abstract
Stress can be associated with many physiological changes resulting in significant decrements in human performance. Due to significant interests in alternative and complementary medicine by Westerners, many of the traditions and holistic yogic breathing practices are being utilized as a measure for healthier lifestyles. These state-of-the-art practices can have a significant impact on common mental health conditions such as depression and generalized anxiety disorder. However, potential role of yogic breathing on optimizing human performance and overall well-being is not well knowen. Breathing techniques such as alternate nostril, Sudarshan Kriya and bhastrika utilizes rhythmic breathing to guide practitioners into a deep meditative state of relaxation and promote self-awareness. Furthermore, yogic breathing is physiologically stimulating and can be described as a natural “technological” solution to optimize human performance which can be categorized into 1) cognitive function (i.e., mind, vigilance) and 2) physical performance (i.e., cardiorespiratory, metabolism, exercise, whole body). 
Based on previous studies, we postulate that daily practice of breathing meditation techniques play a significant role in preserving the compensatory mechanisms available to sustain physiological function. This preservation of physiological function may help to offset the time associated with reaching a threshold for clinical expression of chronic state (i.e., hypertension, depression, dementia) or acute state (i.e., massive hemorrhage, panic attic) of medical conditions. However, additional rigorous biomedical research is needed to evaluate the physiological mechanisms of various forms of meditation (i.e., breath-based, mantra, mindfulness) on human performance. These efforts will help to define how compensatory reserve mechanisms of cardiovascular and immune systems are modulated by breath-based meditation. While it has been suggested that breath-based meditation is easier for beginning practitioners when compared to other forms of meditation more research is needed to elucidate these observations. A breath-based meditation sequence such as Sudarshan Kriya has the potential to help develop an individual’s self-awareness and support better integration of brain (i.e., mind) with other organ systems (i.e., body) for enhanced human performance.
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Core tip: Breath-based Meditation has potential benefits from patients with chronic diseases and mental health disorders to otherwise healthy individuals interested in optimizing their physical and cognitive performance.
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INTRODUCTION

Stress can be associated with many physiological changes resulting in significant decrements in human performance. Recent innovations in medicine and wellness are currently rediscovering and validating numerous health practices such as yoga, meditation and breathing techniques from traditional cultures. While most often associated with Eastern cultures and traditions, the term “meditation” denotes emotional and reflective practices from cultural frameworks including Christianity, Judaism and Islam. More recently, breath-based meditation techniques that are a major component of routine Eastern practices, have been so called “Westernized” and routinely suggested for better health and well-being[1]. Furthermore, a growing number of Westerners are adopting Eastern spiritual practices and mind–body therapeutic interventions such as yogic breathing[2]. 
Breath-based meditation techniques generally utilize rhythmic breathing to guide practitioners to enter into a deeply meditative, relaxed mental state. We postulate that yogic breathing should not only be considered as a solution for health, but as a natural, technological solution for optimizing human performance. Human performance is generally categorized into cognitive function (i.e., mind, brain) and physical performance (i.e., cardiorespiratory, muscle metabolism) (Figure 1). Specifically, performance can be defined regarding activities and outcomes related to measurable goals and objectives that are measured in absolute or relative terms. 
As previously described, the concept of so-called “physiological reserve” is described as the compensatory mechanisms available to sustain physiological function before the clinical expression of a disease or disorder condition[3]. For example, we recently demonstrated that optimizing the respiratory pump (rhythmic breathing) contributed to increasing tolerance to decreases in central blood volume by extending the body’s compensatory reserve mechanisms[3]. Recently in a randomized control trial, breath-based meditation (i.e., Sudarshan Kriya) significantly reduced post-traumatic stress disorder (PTSD) symptoms, hyperarousal, re-experiencing symptoms, anxiety, and respiration rate in United States military combat veterans[4], suggesting the rhythmic breathing has the potential to restore cognitive functional reserve mechanisms. Reductions in PTSD symptoms and hyperarousal have been shown to have a positive impact on quality of life, which also may be an important component of optimized human performance. We hypothesize that yogic breathing plays a significant role in restoring the compensatory mechanisms, as it relates to cognitive reserves to mitigate PTSD and associated life stressors. 
The purpose of this editorial is to introduce the notion that breath-based meditation (i.e., pranayama, Sudarshan Kriya, alternate nostril, Ujjayi) may play a significant role in preserving and “restoring” both physiological and cognitive functional reserve. We discuss the proposed underlying mechanisms of yogic breathing in optimizing human performance and well-being.
THE PHYSIOLOGICAL MECHANISMS OF YOGIC BREATHING
Yogic breathing, when practiced together with traditional meditation has been shown reduce physiological stress that have been previously described in detail by Brown et al[1] and reviewed by Sharma et al[5]. A detailed description of the fundamental breathing techniques that comprise of the Sudarshan Kriya sequence has been previously outlined by Brown et al[1] and others[6]. Briefly, Sudarshan Kriya is a form of breath-based meditation which follows four breathing exercises: (1) victory breath or Ujjayi; (2) bellows breath or Bhastrika; (3) “Om” chanted three times; and (4) concluded with a series of three distinct rhythmic, circular breathing patterns[5].
A growing body of evidence suggests that yogic breathing contributes to improved cognitive performance, better tissue perfusion, lower blood pressure[7], glucose metabolism[8] and increased immune system[9]. It is well documented that these physiological changes are associated with individuals with optimal human performance.
Similar to routine physical activity, the daily practice of pranayama and breath-based meditation can provide moderate stimulation to the autonomic nervous system[1]. Therefore, the compensatory reserve mechanisms to defend against routine insults may be preserved by appropriate activation of the sympathetic nervous system and balancing the components of the autonomic nervous system[3].
The physiological responses to physical stress (i.e., exercise, hemorrhage) or cognitive stress consist of adjustments in metabolism, cardiovascular function, and autonomic nervous system. Each of these mechanisms contributes to the physiological function reserve of an individual and is specific to genetic make-up, non-genetic factors, and event dependent (i.e., the level of stress). In nature, the breathing patterns of animals reflect the presence of environmental stressors (i.e., predators, drought) and the level of physical activity. While, humans are presented with numerous internal and external stressors on a daily basis, the consequences of these on short and long term human performance, health and well-being are not always considered.
Brown et al[1] introduced the neurophysiological mechanisms underlying yogic breathing. They suggested that a concomitant temporary state of alertness and calmness are spontaneously produced by activation of the autonomic nervous system. Breath-based meditation seems to modulate the appears to modulate metabolism and cardiovascular function through neural pathways and structures within the brain[6]. However, specifically how these physiological responses contribute to potential acute and long-term improvements in human performance and well-being are unknown. However, we postulate based on existing evidence that dSudarshan Kriya the unique sequence of breathing patterns and durations likely simulate various peripheral and central sensory pathways related compensatory mechanisms that govern balancing metabolism, cardiovascular and nerve function. 

MODULATING FACTORS ON COGNITIVE FUNCTIONAL RESERVES
The concept of functional cognitive reserves is the postulated capacity of a mature adult brain to sustain the effects of chronic stress, disease or injury (traumatic or non-traumatic) without manifesting clinically. Generally, it is hypothesized that the variability in functional reserve is related to individual differences in cognitive processes and brain neural networks which allow some individuals to cope better than others[10]. A growing body of literature suggests that the reserve capacity is not only active and functional but modifiable with time, experience, and training[11]. This is a significant derivation from the previous concept of “brain reserve” which suggested that brain size governed the capacity of cognitive processes and reserves. Thus suggesting that individuals with similar brain neural network and baseline cognitive processes may have different functional reserves and that cognitive functional reserves may be modifiable with techniques such as breath-based meditation. 
Recently, enriched environment (EE), cognitively stimulating activities, cognitive training, and physical training were identified as factors for enhanced psychological resilience[12] and sustained functional cognitive reserves. It is likely that these factors may contribute to more resistance to cognitive decline, optimized human performance and improved quality of life. 
Enriched environment 
There is emerging evidence that stressful environmental conditions may have a negative impact on human performance and lead to significant decrements in cognition[13]. 
Cognitive stimulating activities
Stimulating cognition activities and training have been shown to improve neural function and lessen age-related decline in memory loss. Breath-based meditation could be considered as a cognitively stimulating activity to help promotion better brain health.
Physical training
A study showed that physical training combined with yoga may have more benefits than exercise alone[9]. Stress may negatively affect cognition, mood, and mental status during physical training. Given that yogic breathing has been shown to reduce stress, this may be a plausible mechanism to improve physical training and human performance. Furthermore, there is emerging evidence that the ability to sustain exercise performance comes from a conscious effort and meditation may have a positive impact on this relationship.
Recently, it was demonstrated that training in meditation has significant advantages over exercise for reducing cold and flu illness, and was associated with improved immune system and quality of life[11]. While the scientific community may not fully understand the impact of mental status and perception on health and human performance, it is apparent that the compensatory reserve of each organ systems responds to preserve functionality. 
CONCLUSION
Daily stress is associated with many physiological changes resulting in significant decrements in human performance. The mechanisms by which yogic breathing may positively impact our compensatory mechanisms to restore functional cognitive reserves and other physiological systems are not completely understood. It is very likely that meditation and intentional rhythmic breathing may, in part, reduce the overall physiological strain and mental workload on the human systems. By reducing the physical and cognitive workloads on the organ systems, optimal human performance is accomplishable. Physical activity training, enriched environments and cognitive reserve preserving activities such as meditation may have a positive impact on sustaining human performance during periods of acute or prolonged physical or cognitive stress. 
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Figure 1 Proposed model of the relationship between yogic breathing meditation and human performance.
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