
Heart Rate Variability Overview 

Introduction 

1. Heart-brain Communication

2. Heart Rate Variability: An Indicator of Self-Regulatory Capacity, Autonomic Function

and Health

3. Coherence

4. Establishing a New Baseline

5. Bibliography

Introduction 

The HeartMath® Institute Research Center has explored the physiological mechanisms by which 

the heart and brain communicate and how the activity of the heart influences our perceptions, 

emotions, intuition and health. In the early 1990s, we were among the first to conduct research 

that not only looked at how stressful emotions affect the activity in the autonomic nervous 

system and the hormonal and immune systems, but also at the effects of emotions such as 

appreciation, compassion and care. Over the years, we have conducted many studies that have 

utilized many different physiological measures such as EEG (brain waves), SCL (skin 

conductance), ECG (heart), BP (blood pressure) and hormone levels, etc. Consistently, however, 

it was heart rate variability, or heart rhythms that stood out as the most dynamic and reflective 

indicator of one's emotional states and autonomic nervous system dynamics. It became clear 

that stressful or depleting emotions such as frustration and overwhelm lead to increased 

disorder in the higher-level brain centers which is reflected in heart rhythms and adversely 

affects the functioning of virtually all bodily systems. This eventually led to a much deeper 

understanding of the neural and other communication pathways between the heart and brain. 

Numerous studies have since shown that heart coherence is an optimal state-specific 

physiological pattern associated with increased cognitive function, self-regulatory capacity, 

emotional stability and resilience, and that people can learn to shift into the coherent state in 

the heat of the moment. 

Our research and that of others indicates the heart is far more than a simple pump. The heart 

is, in fact, a highly complex information processing center with its own functional "brain," 

commonly called the heart-brain that communicates with and influences the cranial brain via the 

nervous system, hormonal system and other pathways. These influences profoundly affect brain 

function and most of the body's major organs and play an important role in mental and 

emotional experience and the quality of our lives. Healthy, optimal function is a result of 

continuous, dynamic, bi-directional interactions among multiple neural, hormonal and 

mechanical control systems at both local and central levels. In concert, these dynamic 

interconnected physiological and psychological regulatory systems are never truly at rest and 

are certainly never static. For example, we now know that the normal resting rhythm of the 

heart is highly variable rather than monotonously regular, which was the widespread notion for 

many years. This will be discussed further in the section on heart rate variability (HRV). 
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Heart-Brain Communication 

Traditionally, the study of communication pathways between the "head" and heart has been 

approached from a rather one-sided perspective, with the focus being primarily on the heart's 

responses to the brain's commands. However, the communication between the heart and brain 

actually is a dynamic, ongoing, two-way dialogue, with each organ continuously influencing the 

other's function. Research has shown that the heart communicates to the brain in four major 

ways: neurologically (through the transmission of nerve impulses), biochemically (via hormones 

and neurotransmitters), biophysically (through pressure waves) and energetically (through 

electromagnetic field interactions). Communication along all these conduits significantly affects 

the brain's activity and our performance. 

Neurocardiology: The Heart Brain 

The anatomy and functions of the intrinsic cardiac nervous system and its connections with the 

brain have been explored extensively in the field of neurocardiology.[1, 2] In terms of heart

brain communication, it is generally well-known that the efferent (descending) pathways in the 

autonomic nervous system (ANS) are involved in the regulation of the heart. However, it is less 

appreciated that the majority of fibers in the vagus nerves are afferent (ascending) in nature. 

Furthermore, more of these ascending neural pathways are related to the heart (and 

cardiovascular system) than to any other organ.[3] This means the heart sends more 

information to the brain than the brain sends to the heart. More recent research shows that the 

neural interactions between the heart and brain are more complex than previously thought. In 

addition, the intrinsic cardiac nervous system has both short-term and long-term memory 

functions and can operate independently of central neuronal command. 

Once information has been processed by the heart's intrinsic nervous system, the appropriate 

signals are sent to the heart's sinoatrial node and to other tissues in the heart. Thus, under 

normal physiological conditions, the heart's intrinsic nervous system plays an important role in 

much of the routine control of cardiac function, independent of the central nervous system. The 

heart's intrinsic nervous system is vital for the maintenance of cardiovascular stability and 

efficiency and without it, the heart cannot function properly. The neural output or "messages" 

from the intrinsic cardiac nervous system travels to the brain via ascending pathways in the 

both the spinal column and vagus nerves, where it travels to the medulla, hypothalamus, 

thalamus and amygdala and then to the cerebral cortex. [ 4-6] The nervous system pathways 

between the heart and brain are shown in Figure 1 and the primary afferent pathways in the 

brain are shown in Figure 2. 
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Figure 1. The neural communication pathways interacting between the heart and the 

brain are responsible for the generation of HRV. The intrinsic cardiac nervous 

system integrates information from the extrinsic nervous system and from the 

sensory neurites within the heart. The extrinsic cardiac ganglia located in the 

thoracic cavity have connections to the lungs and esophagus and are indirectly 

connected via the spinal cord to many other organs, including the skin and arteries. 

The vagus nerve (parasympathetic) primarily consists of afferent (flowing to the 

brain) fibers that connect to the medulla. The extrinsic cardiac ganglia, located in 

the thoracic cavity, have direct connections to organs such as the lungs and 

esophagus and also are indirectly connected via the spinal cord to many other 

organs, including the skin and arteries. The sympathetic afferent nerves first 

connect to the extrinsic cardiac ganglia (also a processing center), then to the dorsal 

root ganglion and the spinal cord. Once afferent signals reach the medulla, they 

travel to the subcortical areas (thalamus, amygdala, etc.) and then to the higher 

cortical areas. 
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Figure 2. Diagram of the currently known afferent pathways by which information 

from the heart and cardiovascular system modulates brain activity. Note the direct 

connections from the NTS to the amygdala, hypothalamus and thalamus. Although 

not shown, there also is evidence emerging that there is a pathway from the dorsal 

vagal complex that travels directly to the frontal cortex 

Heart Rate Variability: An Indicator of Self-Regulatory Capacity, Autonomic 
Function and Health 

The autonomic nervous system (ANS) (Figure 3) is the part of the nervous system that controls 

the body's internal functions, including heart rate, gastrointestinal tract and secretions of many 

glands. The ANS also controls many other vital activities such as respiration and it interacts with 

immune and hormonal system functions. It is well known that mental and emotional states 

directly affect activity in the ANS. 
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Figure 3. Innervation of the major organs by the autonomic nervous system (ANS). 

Parasympathetic fibers are primarily in the vagus nerves, but some that regulate subdiaphragmatic 

organs travel through the spinal cord. The sympathetic fibers also travel through the spinal cord. A 

number of health problems can arise in part because of improper function of the ANS. Emotions can 

affect activity in both branches of the ANS. For example, anger causes increased sympathetic 

activity while many relaxation techniques increase parasympathetic activity. 

The autonomic nervous system must be considered as a complex system in which both efferent 

(descending) and afferent (ascending) neurons regulate adaptive responses. Considerable evidence 

suggests evolution of the ANS, specifically the vagus nerves, was central to development of 

emotional experience, the ability to self-regulate emotional processes and social behavior and that it 

underlies the social engagement system. As human beings, we are not limited to fight, flight, or 

freeze responses. We can self-regulate and initiate pro-social behaviors when we encounter 

challenges, disagreements and stressors. The healthy function of the social engagement system 

depends upon the proper functioning of the vagus nerves, which act as a "vagal brake." This system 

underlies one's ability to self-regulate and calm oneself by inhibiting sympathetic outflow to targets 

like the heart and adrenal glands. This implies that measurements of vagal activity could serve as a 

marker for one's ability to self-regulate. This also suggests that the evolution and healthy function of 

the ANS determines the boundaries for the range of one's emotional expression, quality of 

communication and the ability to selfregulate emotions and behaviors. [7] 

The investigation of the heart's complex rhythms, or HRV began with the emergence of modern 

signal processing in the 1960s and 1970s and has rapidly expanded in more recent times.[8] The 

irregular behavior of the heartbeat is readily apparent when heart rate is examined on a beatto-beat 

basis, but is overlooked when a mean value over time is calculated. These fluctuations 
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in heart rate result from complex, nonlinear interactions among a number of different 

physiological systems. 
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Figure 4. Heart rate variability is a measure of the normally occurring beat-to-beat 

changes in heart rate. The electrocardiogram (ECG) is shown on the bottom and the 

instantaneous heart rate is shown by the blue line. The time between each of the 

heartbeats (blue line) between O and approximately 13 seconds becomes 

progressively shorter and heart rate accelerates and then starts to decelerate 

around 13 seconds. This pattern of heart-rate accelerations and decelerations is the 

basis of the heart's rhythms. 

An optimal level of HRV within an organism reflects healthy function and an inherent selfregulatory 

capacity, adaptability, and resilience.[5, 9-14] While too much instability, such as arrhythmias or 

nervous system chaos, is detrimental to efficient physiological functioning and energy utilization, too 

little variation indicates age-related system depletion, chronic stress, pathology or inadequate 

functioning in various levels of self-regulatory control systems. [8, 15, 16] 

The importance of HRV as an index of the functional status of physiological control systems was noted 

as far back as 1965, when it was found that fetal distress was preceded by reductions in HRV before 

any changes occur in heart rate itself.[17] In the 1970s, reduced HRV was shown to predict autonomic 

neuropathy in diabetic patients before the onset of symptoms.[18-20] Reduced HRV also was found to 

be a higher risk factor of death post-myocardial infarction than other known risk factors. [21] It has 

been shown that HRV declines with age and that ageadjusted values should be used in the context of 

risk prediction.[22] Age-adjusted HRV that is low has been confirmed as a strong, independent 

predictor of future health problems in both healthy people and in patients with known coronary artery 

disease and correlates with all-cause mortality.[23, 24] 
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Based on indirect evidence, reduced HRV may correlate with disease and mortality because it 

reflects reduced regulatory capacity and ability to adapt/respond to physiological challenges 

such as exercise. For example, in the Chicago Health, Aging and Social Relations Study, 

separate metrics for the assessment of autonomic balance and overall cardiac autonomic 

regulation were developed and tested in a sample of 229 participants. In this study, overall 

regulatory capacity was a significant predictor of overall health status, but autonomic balance 

was not. In addition, cardiac regulatory capacity was negatively associated with the prior 

incidence of myocardial infarctions. The authors suggest that cardiac regulatory capacity reflects 

a physiological state that is more relevant to health than the independent sympathetic or 

parasympathetic controls, or the autonomic balance between these controls as indexed by 

different measures of HRV. [25] 

Heart rate variability also indicates psychological resiliency and behavioral flexibility, reflecting 

an individual's capacity to self-regulate and effectively adapt to changing social or 

environmental demands. [25, 26] A growing number of studies have specifically linked vagally 

mediated HRV to self-regulatory capacity,[13, 14, 27] emotional regulation,[28, 29] social 

interactions,[11, 30] one's sense of coherence[31] and the personality character traits of self

directedness[32] and coping styles.[33] More recently, several studies have shown an 

association between higher levels of resting HRV and performance on cognitive performance 

tasks requiring the use of executive functions. [15] HRV coherence (described later) can be 

increased in order to improve cognitive function[5, 34-36] as well as a wide range of clinical 

outcomes, including reduced health-care costs.[9, 37-42] 

Self-Regulation: Cortical Systems 

Considerable evidence from clinical, physiological and anatomical research has identified 

cortical, subcortical and medulla oblongata structures involved in cardiac regulation. 

Oppenheimer and Hopkins mapped a detailed hierarchy of cardiac control structures among the 

cortex, amygdala and other subcortical structures, all of which can modify cardiovascular

related neurons in the lower levels of the neuraxis (Figure 5).[43] They suggest that the 

amygdala is involved with refined integration of emotional content in higher centers to produce 

cardiovascular responses that are appropriate for the emotional aspects of the current 

circumstances. The insular cortex and other centers such as the orbitofrontal cortex and 

cingulate gyrus can overcome (self-regulate) emotionally entrained responses by inhibiting or 

enhancing them. They also point out that imbalances between the neurons in the insula, 

amygdala and hypothalamus may initiate cardiac rhythm disturbances and arrhythmias. The 

data suggests that the insular and medial prefrontal cortexes are key sites involved in 

modulating the heart's rhythm, particularly during emotionally charged circumstances. 
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Figure 5. Schematic diagram showing the relationship of the principal descending 

neural pathways from the insular and prefrontal cortex to subcortical structures and 

the medulla oblongata as outlined by Oppenheimer and Hopkins.[43] The insular and 

prefrontal cortexes are key sites involved in modulating the heart's rhythm, 

particularly during emotionally charged circumstances. These structures alone with 

other centers such as the orbitofrontal cortex and cingulate gyrus can inhibit or 

enhance emotional responses. The amygdala is involved with refined integration of 

emotional content in higher centers to produce cardiovascular responses that are 

appropriate for the emotional aspects of "current" circumstances. Imbalances 

between the neurons in the insula, amygdala and hypothalamus may initiate cardiac 

rhythm disturbances and arrhythmias. The structures in the medulla represent an 

interface between incoming afferent information from the heart, lungs and other 

bodily systems and outgoing efferent neuronal activity. [ 43] 

Thayer and Lane also have described the same set of neural structures outlined by Oppenheimer 

and Hopkins, which they call the central autonomic network (CAN). The CAN is involved in 

cognitive, emotional and autonomic regulation, which they linked directly to HRV and cognitive 

performance. In their model, the CAN links the nucleus of tracus solitarius in the medulla with 

the insula, prefrontal cortex, amygdala and hypothalamus through a series of feedback and 

feed-forward loops. They also propose that this network is an integrated system for internal 

self-regulation by which the brain controls the heart and other internal organs, neuroendocrine 

and behavioral responses that are critical for goal-directed behavior, adaptability and sustained 

health. They suggest that these dynamic connections explain why parasympathetically (vagal) 

mediated HRV is linked to higher-level executive functions and reflects the functional capacity of 
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