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REVIEW ARTICLE

How Does the Body Affect the Mind? Role of
Cardiorespiratory Coherence in the Spectrum of
Emotions
Ravinder Jerath, MD; Molly W. Crawford, BS

ABSTRACT
The brain is considered to be the primary generator and
regulator of emotions; however, afferent signals originating
throughout the body are detected by the autonomic
nervous system (ANS) and brainstem, and, in turn, can
modulate emotional processes. During stress and negative
emotional states, levels of cardiorespiratory coherence
(CRC) decrease, and a shift occurs toward sympathetic
dominance. In contrast, CRC levels increase during more
positive emotional states, and a shift occurs toward
parasympathetic dominance. The dynamic changes in
CRC that accompany different emotions can provide
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M

any years ago, James and Lange1 independently
proposed the idea that emotions occur as a result
of physiological reactions. Their complex theory
has been “oversimplified to the point of caricature,”2 and,
although some aspects have been disproven,1 many tenets of
the hypothesis have been difficult to disprove, and substantial
evidence has accumulated in the theory’s favor.3 Currently,
most studies on emotions focus on the brain and
neurotransmitters and examine the generation and
processing of emotions as a linear process,2 with singular
causality, when in fact emotions are the result of the
processing of efferent and afferent feedback in loops between
the brain and body.3 The current, mainstream scientific
consensus is that the widespread homeodynamic changes
that occur during various emotional states are the result of
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insights into how the activity of the limbic system and
afferent feedback manifest as emotions. The authors
propose that the brainstem and CRC are involved in
important feedback mechanisms that modulate emotions
and higher cortical areas. That mechanism may be one of
many mechanisms that underlie the physiological and
neurological changes that are experienced during
pranayama and meditation and may support the use of
those techniques to treat various mood disorders and
reduce stress. (Adv Mind Body Med. 2015;29(4):4-16.)

top-down signaling from the brain, but, in fact, those
changes involve dynamic feedback between the body and
brain. Differentiating between emotion generation and
emotion processing may help to further elucidate those
processes.4 Critchley5 has shown that internal feedback from
physiological changes influences emotions, but those effects
have been largely overlooked.
The authors propose that cardiorespiratory coherence
(CRC) modulates the autonomic nervous system (ANS) and
brainstem, leading to inhibition of the amygdala and
thalamus6 via hyperpolarization.7,8 That process leads to
increased cognition and focus because the brain is not
distracted by chaotic neuronal signaling and feedback from
the body. The current article offers color-coded images of
dynamic changes in physiology and neuronal activity during
different emotional states to demonstrate the possible
synchronizing mechanisms that involve the cardiorespiratory
modulation of the brainstem, limbic system, and cortex.
The authors also suggest that the differential activation
and inactivation of the limbic system and cortex during
different emotions corresponds, in part, to the underlying
physiological input that is channeled through various
conductive tissues to the brainstem. That basic feedback
mechanism needs to be taken into account when considering
treatments for many medical conditions.
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Cardiorespiratory rhythms and hemodynamic changes
have been associated with corresponding changes in the
brainstem; however, those events are not clearly linked to the
ascending reticular activating system, serotonin, and other
monoamine activity. Far less clear is the association of
cardiorespiratory-coherence rhythms with the limbic system,
amygdala, and cortex. Many studies have shown that
cognitive changes occur during emotional states such as
those present in states of anxiety and in meditation; however,
those studies do not demonstrate a cohesive link between
CRC, emotions, and homeodynamic changes.
The authors propose a model in which physiological
changes modulate cortical activity via the brainstem and
influence executive functions. Investigating that potential
homeodynamic mechanism would allow the development of
clinical interventions and treatments that can intercept the
cascade of feedback events that lead, when repeated, to anxiety
disorders, stress-related disorders, and emotional disorders.
Based on recent data, stress-related disorders now include
heart disease, high blood pressure, and gastrointestinal (GI)
problems, among many others. A better understanding of the
inhibitory and neurophysiologic, synchronizing input of
synchronized cardiorespiratory oscillations could help medical
practitioners to understand and treat many disorders better.
Emotions and associated physiological changes involve
both feedforward and feedback signaling. Emotions are
influenced by neurotransmitter activity. Therefore, it is
widely accepted that emotions arise within the brain, which
provides feedforward signaling, whereas the influence of
physiological signaling originating throughout the body has
been overlooked. The feedforward mechanisms have been
well studied and are considered to be the main drivers of
both emotions and the physiological changes associated with
those emotions. Although that efferent neural signaling is
vital to those processes, the authors propose that feedback
from throughout the body, such as cardiorespiratory
oscillatory activity, can also modulate them.
The modulatory effects of that afferent feedback can be
seen in the physiological and neurological changes that
occur during meditation and pranayama. Slow, deep
breathing increases the CRC levels, which likely modulates
the ANS and underlies the widespread neurological and
physiological changes that occur during meditation and
pranayama.7,8 The authors propose that CRC during the
mind-body response can lead to hyperpolarization and to
decreases in the intrinsic excitability of cells. Those changes
likely underlie the modulation of the ANS and neural activity
that occurs during those practices8 and can influence
emotional states. The emotional and neurological changes
that arise during pranayama and meditation illustrate the
effects that feedback from the body can have on emotions,
the ANS, and neurological activity.
In the current article, the authors discuss how meditation
and other slow, deep-breathing techniques, which increase
CRC, can be used to treat anxiety, stress, and emotional
disorders, as well as increase well-being and positive affect.9
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The mechanisms underlying the positive health benefits of
meditation and the physiological and neurological changes
that occur during and after meditation are not well
understood. The authors propose that increased levels of
CRC modulate the ANS, the limbic system, and other areas
of the brain and may be one of the mechanisms that underlie
the mind-body response of meditation. Further study of that
possible mechanism can help elucidate the underlying
mechanisms of meditation and increase its use as a treatment
for many disorders.
Inherent difficulties exist in monitoring cardiorespiratory,
brainstem, and amygdala activity, as well as in finding direct
evidence of the cause-and-effect mechanisms that occur as a
result of physiological feedback. Research on feedforward
mechanisms can establish more direct cause-and-effect
relationships due to the origin of signaling from neural control
centers. However, when examining feedback mechanisms,
researchers must decipher how those control centers adjust
their output due to modulation from feedback signals
originating throughout the body, the existence of which makes
direct cause-and-effect relationships difficult to establish.
In this article, the authors discuss relevant clinical
studies to establish the possible modulatory effect of CRC on
emotions, and they have proposed a hypothesis that may
explain one of the many mechanisms at play during the
homeodynamic processes that occur during various
emotional states. Further studies are needed to elucidate that
mechanism and to determine the possible direct effects of
CRC on emotions so that researchers can obtain a more
complete picture of the homeodynamic mechanisms involved
in those processes.
INFLUENCES ON EMOTIONS
Autonomic Nervous System
Both sympathetic and parasympathetic efferents
originate in the brainstem. Sympathetic neurons project
from the brainstem through the spinal cord to sympathetic
neurons in spinal segments T1–L2, whereas the
parasympathetic nervous system innervates most peripheral
organs via the vagus nerve from the brainstem.5 Terminal
sympathetic synapses are typically noradrenergic, while
parasympathetic synapses are typically cholinergic. The
hypothalamus, pons, and medulla are involved in homeostatic
autonomic control. Brainstem areas, such as the locus
coeruleus, are involved in sympathetic control, whereas the
nucleus ambiguous is involved in parasympathetic control.
The brainstem innervates the release of neurotransmitters to
the hypothalamic-pituitary adrenal axis and limbic system,10
suggesting that autonomic signals from the brainstem, such
as CRC, may modulate emotions.
Another area of the brain involved in modulation of
both the ANS and emotions is the periaqueductal gray
(PAG) located in the midbrain. The PAG is involved in pain
modulation, autonomic control of the cardiovascular
system11 and the expression of emotions.12 The ascending
activity from the vagus and other afferent signaling affects
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the PAG matter on the lateral and ventrolateral axis differently
during various emotional states, such as during states of
anger and sadness, suggesting that the circuitry of emotions
involves both the brain and peripheral input.13
Buhle et al14 found that physical pain and negative-image
viewing, which are conditions known to cause strong emotional
responses, led to increased activity in the PAG, suggesting that
the PAG is highly involved in affective and emotional responses.
Two studies, one by Miranda-Paiva et al15 and a second by
Bartels and Zeki,16 found that the PAG was also associated
with maternal bonding and behavior and the related positive
emotions. In their study, Bartels and Zeki16 found that the
PAG, reticular formation, locus coeruleus, and raphe nucleus
were all activated during the experience of maternal love,
whereas the amygdaloid region was deactivated. That study
and one by Rizvi et al17 found that the brainstem activity likely
originated in the PAG, which has strong afferent and efferent
connections to the amygdala and limbic system.
Bartels and Zeki16 also found that the PAG contains a dense
population of vasopressin and oxytocin receptors.
In addition, another study found that oxytocin-receptor
activity in the ventrocaudal PAG modulates and reduces
anxiety-related behaviors in postpartum rats.15 Huber et al16
found that oxytocin and vasopressin modulate autonomic fear
responses, likely via an inhibitory network. The research team
found that oxytocin can directly modulate amygdala activity
by binding with receptors in the central nucleus, thereby
enhancing the activity of γ-aminobutyric acid (GABA),which
leads to the inhibition of signaling from the amygdala to the
hypothalamus and brainstem. The studies discussed above on
the role of PAG demonstrate the role of the brainstem in
emotions and in modulation of higher brain areas.
Cardiorespiratory System
Respiration is one of the many physiological processes
that are affected by emotions.17-19 In addition, respiratory
feedback has been shown to influence the induction of
emotions.20 Distinct respiratory, cardiac, and other peripheral
activities are associated with different emotions,21 and those
specific respiratory22 and cardiorespiratory21 patterns can be
used to distinguish basic emotions. For example, arousal
states are associated with more rapid breathing.23 Those
respiratory rhythms are generated in respiratory centers in
the medulla and pons in the brainstem,24 which have been
shown to have both efferent and afferent connections with
the limbic system,19,25-27 further illustrating the communication
and feedback loops between the respiratory and emotional
centers of the brain.
The cardiovascular system has also been shown to
modulate emotions and even emotional-appraisal processing.
Gray et al28 found that images of disgusted facial expressions
were judged as more intense when presented at systole. They
also found that activity within the prefrontal cortex (PFC)
was correlated with emotionality ratings and increases in
heart rate, whereas activity in the orbitofrontal cortex and
PAG matter was correlated with both increases in heart rate
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and cardiac timing. Overall, they found that processing of
emotional stimuli was altered by cardiac afferent information,
such as baroreceptor activation, and that cardiovascular
signaling can influence the evoked autonomic responses.28
Cardiorespiratory Coherence
Cardiac and respiratory rhythms are known to exhibit
both synchronized and desynchronized dynamics. Healthy
individuals experience higher ratios and higher levels of
4:1 CRC when compared with patients with diseases.29 CRC
refers to the results of various methods of assessing the phase
synchronization between the heartbeat and respiration,
including the use of synchograms,30 algorithms,31 and various
data-analysis techniques.32
Some researchers have proposed that cardiorespiratory
synchronization may be an artifact rather than a true
interaction within the cardiorespiratory system, but
Toledo et al31 found that the phenomenon was real. The direct
effects of emotional stimuli on CRC and the effects of CRC on
emotions have not been extensively investigated. However,
different emotions can be identified using CRC levels33 and
distinct cardiorespiratory activity.21 In addition, high levels of
CRC are associated with parasympathetic dominance and low
levels with sympathetic dominance, so much so that CRC
levels can actually be used to assess the state of the ANS.34
Sympathetic blockade leads to increases in the duration
of synchronized epochs and the percentage of synchronization
within all ratios, whereas parasympathetic blockade leads to
decreases in those measures.35 In addition, bilateral vagotomy
eliminates coupling between the systolic blood pressure and
respiration, suggesting that the coupling is mediated by the
central nervous system (CNS).36 In a study by
Dudnik and Glazachev,34 simulating emotional tension in
participants caused significant desynchronization of the
heart and respiratory rates that was likely due to sympathetic
activation, and a study by Zhang et al37 showed that stress
during mental tasks decreased CRC.
Those studies have demonstrated the role of CRC as a
possible indicator and modulator of ANS activity. However,
although CRC can be used to assess sympathovagal activity,
heart-rate variability remains an accurate and better established
measure of that activity. Peupelmann et al38 found that
schizophrenic patients experienced decreased CRC levels,
indicating decreased vagal modulation of the brainstem, and,
possibly, a lack of inhibition and control over the brainstem.
Berger et al39 found that autonomic dysfunction was also
present in healthy relatives of schizophrenic patients, therefore
indicating a genetic predisposition for reduced CRC and vagal
modulation of the brainstem. Those studies illustrate the
interactions between the brainstem and CRC and their
possible implications; however, the possible role of CRC
feedback in modulating activity in the brainstem, brain, and
the ANS has not been addressed and has not been well studied.
During states that are more sympathetically dominant,
such as those seen during stress, levels of vagal activity are
reduced and CRC levels are lower.37,40 Patients with coronary
Jerath—Cardiorespiratory Coherence and Emotions
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artery disease experience more 2:1 CRC, as compared with
the 4:1 synchronizations of healthy patients.29 In addition,
patients with obstructive sleep apnea,41 diabetes, and breast
cancer experience lower CRC levels, with a loss of
coordination ability in patients with metastasized breast
cancer.42 CRC levels can also be used for development of a
prognosis after myocardial infarction,43,44 with lower levels of
CRC indicating an increased mortality rate.43
CRC AND NEUROPHYSIOLOGIC COHERENCE
Synchronization and coherence is likely an important
organizing principle and may be important for health and
optimal functioning of body systems.45 Stapp has proposed a
quantum-based theory in which consciousness exercises toplevel control of neural excitation in the brain rather than of
neural events occurring at the synaptic level. Each conscious
event is experienced as a feel of an event, relating the
psychological to the quantum. That view of consciousness
may be supported by the properties of gamma synchrony
and other neural synchronizations.
The principles of synaptic-level transmission likely do
not apply to more complex neural activity that involves
networks and dynamic coordination of large areas of the
brain.46 The properties of synaptic transmission do not apply
to large-scale dynamics within the brain, and that fact may
support more homeodynamic models of consciousness that
involve neural synchrony and connectivity.
In addition, Hameroff and Penrose47 have proposed
that electroencephalogram (EEG) rhythms arise from
microtubule vibrations within neurons. The recent
discovery of warm-temperature conductive resonances in
microtubules has provided the much-needed evidence to
support that model48 and suggests the involvement of
massive global synchronization in consciousness.49 Those
models emphasize the importance of synchronization at the
neuronal level in conscious experience, such as during the
experience of feelings and emotions, as well as of quantum
coherence at the microtubule level. The authors have
examined oscillations and oscillatory coherence on a more
global scale but recognize that higher-scale coherence may
also be modulated and affected by processes on the quantum
level as well.
Some researchers have proposed that negative emotions
are felt as a result of chaotic and unsynchronized,
neurophysiologic interactions, whereas positive emotions
facilitate or emerge when efficient and synchronized
physiological, cognitive, and emotional interactions exist.50,51
That state of synchronization is referred to as a state of
psychophysiological coherence.50 Sustained states of positive
emotions can lead to psychophysiological coherence, in
which synchronization of the heart, respiratory, and brain
rhythms occurs.50 A study in which high-school students
were trained to regulate their emotions better by using
psychophysiological coherence found that the students had
less test anxiety and improved test performance after training.
In addition, students with high test anxiety exhibited
Jerath—Cardiorespiratory Coherence and Emotions

increased heart rate variability (HRV) and heart-rhythm
coherence, even during a resting condition.52
Many studies have examined static, functional
connectivity, but more recent studies have begun to examine
temporal, large-scale, functional organization. Changes in
functional connectivity occur during various mental states,
such as during learning,53 sleep,54 and meditation.55 Some
researchers have proposed that dynamic functional
connectivity may actually be noise rather than neural
activity, but a study by Hutchison et al56 that simultaneously
examined electrophysiological data and behavior, in
addition to fMRI, showed that functional connectivity
likely has neural origins and may be involved in changes in
cognitive and vigilance states.
Positive emotions may also benefit psychological and
physiological health.57 Some studies have shown that positive
emotions, such as amusement and contentment, broaden the
scope of attention, whereas negative emotions, such as anger
and anxiety, narrow thoughts and actions.58 Positive emotions
have been shown to enhance perception and cognition,58-62
yet very few theories exist regarding how that welldocumented phenomenon occurs.60
A study by Alabdulgader63 has shown that emotional
self-regulation techniques, together with heart-rhythmcoherence training, can be used to lower blood pressure in
hypertensive patients. Positive emotions, such as appreciation,
have been found to elicit more high-frequency HRV and
parasympathetic dominance.64 Onorati et al65 found a strong
correlation between respiration, high-frequency HRV, and
positive emotions. Another study, on EEG-wavelet coherence,
found that synchronization increased in the left frontaltemporal lobe during pleasant melodies, whereas
desynchronization occurred in the temporal lobe and the
occipital lobe during unpleasant melodies and melodies with
no emotional responses, respectively.66 An EEG study found
that greater coherence in the beta, delta, theta, and gamma
frequencies existed during induction of positive emotions,
whereas desynchronization also occurred between the
anterior and posterior areas of the cortex.67
Those studies have shown that positive emotions can
correlate with increased synchrony throughout the body and
brain. The authors propose that synchrony during positive
emotions is the result of high CRC levels and parasympathetic
dominance, whereas asynchrony during negative emotions is
the result of desynchronized cardiorespiratory oscillations
and sympathetic dominance. During positive emotions, an
increased coupling between the limbic system, brainstem,
and other areas of the brain likely occurs. Likewise, during
negative emotions, a decrease in functional coupling and
connectivity between the limbic system, brainstem, and
other areas of the brain likely takes place.
For example, Song et al68 found that a significant decrease
in the white matter of the solitary tract, which connects the
brainstem and amygdala, occurred in patients with a major
depressive disorder. In addition, Anticevic et al69 found that
schizophrenic patients showed decreased connectivity between
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the amygdala and orbitofrontal cortex, and Yoo et al70 found
that sleep deprivation led to inappropriate modulation of
emotional responses to negative stimuli due to lack of
connectivity between the amygdala and PFC.
However, results have not always been consistent. For
example, Kirsch et al71 found that oxytocin-mediated
reductions in amygdala activity were accompanied by a
decreased coupling of the brainstem and amygdala. In
addition, Gross et al72 found that some emotions, such as
crying, were associated with a mixture of sympathetic and
parasympathetic activation.72
Positive Emotions: Parasympathetic Dominance
HRV parameters, which are indicative of an autonomic
state, can be used to estimate mood states73,74 and to
discriminate between psychiatric and healthy patients
because levels of high frequency HRV are reduced in
schizophrenic, bipolar, and posttraumatic stress disorder
(PTSD) patients.75 Happiness is associated with highfrequency HRV, whereas frustration is associated with lowfrequency HRV.76
Stimulation of the vagus nerve, which is involved in
parasympathetic control, has been shown to alter electrical
activity in the brain and inhibit neural processes.77 For
example, one study78 has shown that the amygdala-evoked
responses of cortical neurons can be inhibited by vagal nerve
stimulation (VNS), suggesting that negative emotions can be
inhibited by a shift toward parasympathetic dominance. A
study by Zagon and Kemeny79 showed that low-intensity
VNS can cause slow hyperpolarization of cortical neurons,
which may suggest that the GABAergic cortical inhibition
that occurs during meditation83 may be due in part to a vagal
shift toward parasympathetic dominance. In addition,
Zagon and Kemeny79 proposed that repeated low-intensity
VNS would likely result in sustained inhibition.
Epileptic patients treated with VNS have experienced
significant mood improvements. That result could be
attributed, in part, to a reduction in seizures; however, patients
who experienced little to no improvement in seizure frequency
also have experienced mood improvements,80,81 suggesting
that stimulation of the vagus nerve and parasympathetic
nervous system can lead to improvements in mood.
VNS has also been used to treat treatment-resistant
depression82-84 and has been shown to have long-term
efficacy.82,84 Studies on VNS in epileptic patients have shown a
decreased blood flow to the amygdala, hippocampus, and
cingulated gyri,85 which suggests that VNS may treat depression
by modulating limbic and cortical activity.86 CRC may be
involved in the modulation of the limbic and cortical activity,
but further research is needed to examine the phenomenon.
Negative Emotions: Sympathetic Dominance
During negative emotions such as anger, anxiety,
frustration, and worry, sympathetic dominance, a lack of
coherence, and erratic and unsynchronized oscillations
occur.64,87 For example, studies on depression have found
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reduced levels of respiratory sinus arrhythmia (RSA), a form
of cardiorespiratory synchronization, indicating reduced
vagal modulation.88,89 Similarly, one study found that
nondepressed participants experienced increases in RSA and
vagal rebound at the resolution of crying, whereas depressed
participants did not.90 Another study found that participants
with anxiety disorders exhibited lower levels of metaboliccardiorespiratory coupling,91 whereas another study found a
decreased HRV in participants experiencing anger and
sadness,65 which is indicative of decreased parasympathetic
activation. Those studies suggest that negative emotions can
lead to a shift toward sympathetic dominance.
High levels of circulating stress hormones impair working
memory and retrieval.92 Exaggerated amygdala responses are
associated with stressed states, such as in anxiety,93 PTSD,94
and depression.95 Anxiety has also been shown to impair
cognition.96 Neuroimaging studies on patients with mood
disorders have shown an increased activation of limbic and
other emotion-related areas of the brain and decreased
activation in areas involved in emotional regulation and
higher cognition, such as the frontal lobe. That finding
suggests that mood disorders may involve a decreased
inhibition of emotional areas of the brain by the frontal
regions of the brain.97 In addition, although amygdala activity
varies depending on the mood state of patients with bipolar
disorder, the consistently decreased activity of the PFC suggests
that the emotional dysregulation and depression seen in mood
disorders may be due to the frontal-limbic dysfunction.98
The authors propose that slow, deep breathing and
meditation can lead to a shift toward parasympathetic
dominance,6 due in part to increased CRC levels. That
increase in CRC may lead to increased synchronization and
connectivity within the brain via inhibitory mechanisms and
brainstem activity.
MEDITATION
The authors propose a spectrum of corresponding
autonomic and emotional states, ranging from a
parasympathetic state with high CRC levels during meditation
and positive emotional states to a sympathetic state with low
CRC levels during stressed and negative emotional states.
Increased CRC levels have been consistently observed in
many studies on meditation.99-101 In one study, higher levels
of 4:1 and 5:1 CRC were measured in participants practicing
meditation as compared with resting controls as were an
increase in the number of synchronous epochs and an
increase in the total length of synchronizations.100 In addition,
another study showed that advanced practitioners had
continuously high CRC levels, even during rapid breathing.101
CRC has many potential health benefits, and when
coherence deteriorates, the condition may lead to autonomic
dysautonomia.102 In fact, CRC may have restorative effects.101,103
However, synchronization can occur in different ratios of n:m
(ie, heart rate to respiration rate). Therefore, in some studies
the synchronization ratios need to be taken into account when
examining data regarding increases and decreases in CRC. For
Jerath—Cardiorespiratory Coherence and Emotions
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Figure 1. Representations of mind-body response during stress and meditation. The figure illustrates the spectrum of emotional
states and the corresponding physiological states. In all states, the largest encompassing oval sphere represents the entire body
and a homeostatic state, whereas the large oval inside it represents afferent signaling from the body. At the left end of the
spectrum in the parasympathetic meditative state, the heart is smaller to depict a decreased heart rate and increased CRC. The
heart and brain are depicted as connected to illustrate the increased synchronization and coherence that occurs in more calm
states. The brain is large to show the increased cognitive abilities during the state and the oval representing the afferent signals
from the body is smaller in size to depict less-chaotic and more-synchronized signaling. At the far right end of the spectrum in
the stressed sympathetic state, the afferent signaling from the body in the interior oval is larger to depict how the brain is
dominated and distracted by powerful and chaotic afferent signaling throughout the body. The heart is also larger to show the
increased heart rate during the state and the decreased CRC. The brain is smaller to illustrate the decreased cognitive abilities
during states of anxiety and stress. In addition, the brain and heart are depicted as separate because many neural and
physiological oscillations are desynchronized during the state. Overall, a relaxed mind is associated with decreased excitation
and CRC, whereas a stressed or anxious mental state, with highly activated emotional centers in the brain, is associated with
more-desynchronized cardiorespiratory rhythms and high excitation throughout the body.

Abbreviation: CRC, cardiorespiratory coherence.
example, a previously mentioned study had found that patients
with coronary-artery disease experienced more 2:1 CRC, but
that type of CRC is indicative of poorer health than the higher
4:1 ratio seen in healthy patients.29
Some studies have shown that individuals can cultivate
positive emotions through the practice of compassionate
meditation and that their practice can alter the activation of
networks associated with empathy and the mind.104 Well-being
and a positive affect are associated with left-prefrontal
activation, modulation of activation in the amygdala, and fast
recovery when faced with stressful events.9 In addition, those
patterns of well-being are associated with lower levels of basal
cortisol and higher immune responses. Practice of meditation
and similar techniques may shift practitioners toward a more
positive affect and a state of well-being, accompanied by the
associated neurological changes and health benefits.9
The authors propose that CRC may be one of the
mechanisms that underlie those changes and that meditation
Jerath—Cardiorespiratory Coherence and Emotions

and similar techniques could be used to increase well-being and
treat stress and anxiety disorders. In comparison, stress leads to
neurological and physiological changes, such as activation of the
PFC, changes in its glucose metabolism, and increases in
salivary cortisol105 as well as numerous other effects.106
Studies on meditation have shown that practitioners
show increased memory,107 enhanced cognitive function and
brain plasticity,108 and sustained attention.109 Even brief
meditation training has been shown to improve working
memory, visuospatial processing, and executive
functioning.110 A study on loving-kindness meditation has
shown that it can induce increases in positive emotions,
increase mindfulness, and decrease illness symptoms.111
During dhyana meditation, changes in autonomic variables
and breathing, including decreases in low-frequency and
increases in high-frequency HRV, have suggested increased
parasympathetic and decreased sympathetic activity.112
Another study found that transcendental meditation (TM)
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can modify the activity of the ascending, reticular activating
system and influence autonomic centers in the brainstem,
thus affecting cardiorespiratory activity.113
Increased alpha-phase synchrony has been shown during
TM.114 Palva and Palva’s115 study has suggested that alpha
synchrony can contribute to cognitive functions, whereas
Dubovik et al116 found that decreases in alpha synchrony
correlated with declines in cognitive function. Cover et al117
found that such decreases correlated with neurological
disorders such as multiple sclerosis. Another study found that
parietal peak alpha power and alpha power lagged coherence
(ie, volume conduction corrected coherence) but that both
increased with heart coherence during autogenic meditation,
when compared with baseline.118
Kim et al118 found that the strong correlation of heart
coherence with EEG alpha activity and increased
synchronization between the heart and brain can help to
restore physiological synchrony. That activity also suggested
to those researchers the possibility that harmonic oscillatory
activity existed between the 10-Hz alpha oscillations and
0.1-Hz cardiorespiratory oscillations.
Lutz et al119 found that gamma synchrony was associated
with cognitive processing, and long-term Buddhist
practitioners showed increases in high-amplitude gamma
synchrony during meditation. That finding suggested to the
researchers that neural synchrony is a temporal integrative
mechanism that underlies meditation and that meditation
can lead to both short- and long-term neural changes. In
addition, they proposed that the increase in gamma
synchrony could reflect a change in moment-to-moment
awareness and consciousness in those practitioners.
Transient coupling between low-frequency theta
oscillations and high-frequency gamma oscillations has been
shown to coordinate activity during cognitive processing,120
and coupling between theta and gamma oscillations is a welldocumented phenomenon.120,125 Gamma synchrony has been
associated with attention, learning, and conscious perception,121
and theta and alpha oscillations have been associated with
cognitive and memory processes.122 Gamma oscillations tend
to arise from coordinated excitation and inhibition, and those
rhythms can be modulated by slower oscillations.123
EEG-neurofeedback training that raises the theta/alphawave ratio has been shown to reduce anxiety, depression, and
PTSD as well as increase creativity.124 Alpha and theta waves
increase connectivity between the frontal lobe and other
areas throughout the cortex and are likely involved in the
increased focus, memory, and plasticity and the decreased
anxiety and sympathetic activation experienced during
meditation.124 Studies on meditation have shown increased
alpha-wave125,126 and decreased beta-wave activity.127
In addition, the improved cognition and emotional
regulation seen in meditators is likely due to the
GABA-modulated cortical inhibition that occurs during
meditation.128 Decreased amygdala activity has also been
found during meditation,129 and in individuals trained in
meditation, that decrease occurs even when they are in
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nonmeditative states.130 One study found that after 8 weeks of
mindfulness-based, stress-intervention training, participants
had an increase in brainstem grey matter that correlated with
enhanced psychological well-being.131 That increase occurred
in brainstem areas involved in mood and arousal, such as the
pons, nucleus raphe pontis, and locus coeruleus. Last,
chronic obstructive pulmonary disease has been associated
with high levels of anxiety and depressive symptoms, and
those symptoms are greatly reduced with rehabilitation
programs that include various forms of respiratory therapy
and exercise with oxygen supplementation.132
Although direct evidence is lacking on the effects of
CRC on emotions and widespread synchronization, the
many available studies provide a wealth of indirect evidence.
For example, anxiety states, which are associated with rapid
breathing, can be diminished by techniques using slow, deep
breathing, such as meditation. That fact may demonstrate
that feedback from CRC can modulate the ANS and
emotions; however, direct studies are needed to confirm that
possible mechanism.
In a recently published paper, the authors discussed how
CRC may modulate the ANS via changes in the cellular
membrane,8 and they propose that the cardiorespiratory
system’s modulatory effects on emotions may work via a
similar mechanism. The authors emphasize that efferent
signaling is also highly involved in those processes, but it is
likely that the afferent signaling from slow, deep breathing
and the subsequent increase in CRC levels are involved in the
modulation of the ANS and the neuronal signaling that leads
to the changes seen during various meditative and relaxation
techniques.
NEURAL CORRELATES AND NEUROTRANSMITTERS
The brainstem contains nuclei that control respiration
and cardiovascular physiology as well as nuclei that release
neurotransmitters that modulate brain activity, yet the
brainstem is not readily associated with modulating
emotions. It has also been difficult to identify and distinguish
the direct effects of cardiorespiratory signals on the brainstem
and the subsequent effects on emotions. The modulating
effect of emotions on the respiratory and cardiovascular
systems is well-established,19 but the effects of cardiorespiratory
signals on emotions via afferent signaling from the brainstem
remain poorly researched. However, cortical and limbic areas
have been shown to communicate efferent and afferent
directions to respiratory centers of the brainstem.19,26,27
The authors propose that CRC feedback to the brainstem
modulates brainstem activity via neurotransmitter release,
which modulates the activity of the limbic system and other
emotional areas of the brain. In addition, slow, deep breathing
and increased CRC may enhance changes to the global
inhibitory membrane that can occur during inspiration.133
That inhibitory mechanism may underlie the possible
inhibition of emotional areas of the brain by CRC.
Jerath et al134 provides a more detailed review of that related
mechanism.
Jerath—Cardiorespiratory Coherence and Emotions

This article is protected by copyright. To share or copy this article, please visit copyright.com. Use ISSN#1470-3556. To subscribe, visit advancesjournal.com

Figure 2. Modulation of emotions by ascending CRC during the anxiety state. The figure illustrates the widespread activation
of the emotion-related areas of the brain when low CRC levels exist (ie, the levels are not strong enough to cause inhibition).
Decreases in the activity in the rostral raphe nucleus and caudal raphe nucleus occur that result in lower levels of serotonin
and decreases in activity in the ventral tegmental area, substantia nigra, and nucleus accumbens. That decreased activity
results in lower levels of dopamine. Increases in the activity in the locus coeruleus also result in higher levels of norepinephrine
being released. Decreases also occur in the inhibitory neurotransmitter GABA. Alpha waves, which are associated with
relaxed mental states, decrease, and beta waves, which are associated with anxiety, increase. Also, the functional connectivity
of the PFC and other cortical areas decreases, and activity throughout the limbic system increases. The available evidence
lends support to the hypothesis that low CRC levels are unable to inhibit the activity of the emotion-related areas of the brain;
rather, an increased heart rate and respiration rate and increased desynchronization result in a feedback loop that leads to
increased activation of the emotion-related areas.

Abbreviations: CRC, cardiorespiratory coherence; GABA, γ-aminobutyric acid; PFC, prefrontal cortex.
Discussing the involvement of specific neurotransmitters
with various states of emotion requires first identifying the
relevant brainstem nuclei and their associated
neurotransmitters. The rostral and caudal raphe nuclei, in
the midline of the brainstem, are the main components of the
serotonergic system.135 The ventral tegmental area136 and the
substantia nigra in the midbrain,137 together with the nucleus
accumbens in the basal forebrain,138 are the main brainstem
areas involved in the dopaminergic system. The nucleus
basalis139,140 is involved in the cholinergic system, whereas the
pedunculopontine nucleus is involved in the cholinergic and
GABAergic systems.141
The direct modulation of brain activity by respiration
has not been well studied, but the association of specific
neurotransmitters with emotional states has. The authors
propose that varying CRC levels during different autonomic
and emotional states may modulate brainstem and brain
activity, although CRC would make up only a portion of the
many mechanisms that influence brain activity and emotions.
Jerath—Cardiorespiratory Coherence and Emotions

A study using EEG dipole tracing found that 350 to 400 ms
after the onset of inspiration, respiration-related anxiety
potentials (RAPs) were detected in limbic areas of the
brain.142 In addition, as respiration increased in the study, so
did the RAPs. The study illustrates the direct modulating
effect that respiration can have on limbic areas and emotion.
In addition, in another study,143 aggressive behavior has
been associated with decreases in serotonin, and decreases in
serotonin leads to dysregulation and hyperfunction of the
dopamine system.146 Such behavior has also been linked to
increases in acetylcholine and decreases in GABA.144 That
imbalance in the regulatory systems in the PFC, as well as the
hypersensitivity of the amygdala and other limbic areas,
results in aggressive acts resulting from provoked anger.144
Decreased levels of serotonin145 and dopamine146 have
been associated with depression and with increased levels of
acetylcholine in the hippocampus, whereas dysregulation of
the cholinergic system has been shown to induce depressionlike and anxiety-like symptoms.147 Low levels of serotonin148
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Figure 3. Modulation of emotions by ascending CRC during the meditative state. The figure illustrates the widespread
inhibition of the emotion-related areas of the brain, due in part to high CRC levels during meditation. Increases in activity
in the rostral raphe nucleus and caudal raphe nucleus occur, resulting in increases in serotonin and in activity in the ventral
tegmental area, substantia nigra, and nucleus accubens. That increased activity results in increases in dopamine. Activity in
the locus coeruleus decreases, resulting in decreased release of norepinephrine. Increases in the inhibitory neurotransmitter
GABA also occur. Alpha waves, which are associated with relaxed mental states, increase, and beta waves, which are
associated with anxiety, decrease. The functional connectivity of the PFC and other cortical areas increases and activity
throughout the limbic system decreases. Evidence supports the hypothesis that high CRC levels can modulate the activity of
the emotion-related areas of the brain via the ascending projections of the reticular activating system as well as the release of
neurotransmitters from the many nuclei of the brainstem.

Abbreviations: CRC, cardiorespiratory coherence; GABA, γ-aminobutyric acid; PFC, prefrontal cortex.
and decreased levels of dopamine have been associated with
stress and anxiety.149 Dopamine likely plays a role in coping
with stress,150 and it has been found that a greater dopaminestorage capacity in the amygdala can contribute to a person’s
tendencies toward experiencing events as less stressful or less
anxiety inducing.151 Decreased levels of the inhibitory
neurotransmitter GABA are also associated with stress and
anxiety,152 and stress has been shown to have short- and longterm effects on GABA receptors.153 In addition, during
transient sadness, widespread activation of the limbic system
and paralimbic structures such as the cingulated cortex
occurs, and activity in the thalamus and brainstem increases.
In contrast, during transient happiness, a widespread
decrease in activity occurs throughout the cortex.154
Happiness activates the ventral striatum,155 which
contains the nucleus accubens of the dopaminergic reward
system.156 Anger activates the ventral pallidum, a component
of the limbic loop.155 During meditation, feelings of
contentment are associated with deactivation of the posterior
cingulated cortex, whereas feelings of discontent and
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distraction are associated with activation of the posterior
cingulate cortex.157 Happiness is associated with increased
levels of serotonin158 and levels of serotonin in the amygdala
and orbitofrontal cortex modulate positive emotions.159 In
addition, serotonin-reuptake inhibitors (SSRIs), which
increase serotonin functioning by inhibiting the reuptake of
serotonin in the brain, are widely used to treat depression.160
In addition, dopaminergic signaling is involved in
reward-and-pleasure pathways161,162 in the brain.
TM has been shown to increase levels of serotonin and
decrease levels of epinephrine and norepinephrine.163 A
study on SSRIs found that prolonged SSRI treatment
enhanced serotonin’s tonic inhibition of locus coeruleus (LC)
norepinephrine neurons, suggesting that increases in
serotonin from treatments other than SSRIs, such as
meditation, may decrease norepinephrine neuronal activity
as well.164 In addition, respiration has been shown to modulate
the membrane potentials of LC neurons, suggesting that
respiration may affect the release of norepinephrine and
modulate limbic-system activity.165 Studies on the modulation
Jerath—Cardiorespiratory Coherence and Emotions
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of brainstem activity by respiration have occurred,166,167 but
not in terms of affecting emotions. Meditation has also been
shown to increase dopamine tone,168 increase GABA cortical
inhibition,128 and lower levels of the stress hormone
cortisol.169,170
CONCLUSIONS
At present, the pathophysiology of stress, anxiety, and
various psychiatric disorders are considered to be limited to
the brain and have implicated dysfunctions of various
neurotransmitters and receptors. Current primary treatments
consist of potent medications, which may have harsh side
effects, as well as time-consuming and expensive cognitive
therapies. Recently, clinical studies have revealed a vital link
between low CRC levels and anxiety, depression, and other
psychiatric disorders. Based on our review of CRC during
anxiety, various other emotional states, psychiatric disorders,
and different forms of meditation, ascending visceral
impulses to the brainstem, may play a significant role in
modulating mental states.
The current authors present a spectrum of associated
autonomic and emotional states, ranging from
parasympathetic states with high CRC levels and with
positive emotions that are seen during meditation and
sympathetic states with low CRC levels that are seen during
stressed and negative emotional states. The current article
illustrates the vital link between the mind and body during
health and diseased states. Brain activity is subject to visceral
and peripheral input via the brainstem, and, as a result, the
brain and body act as 1 unit.
During the experience of emotions, modulation of the
ANS
involves
widespread
sympathetic
and
parasympathetic homeostatic changes. The authors propose
that modulation of the limbic system and emotions by
afferent signaling from the body via the brainstem is carried
out, in part, by synchronized cardiorespiratory oscillations.
Future research and treatment of anxiety, depression, and
other mental disorders may benefit from applying an
alternative approach.
The use of techniques such as pranayama, meditation,
and present-moment stress-reduction programs as tools for
the successful treatment of anxiety, depression, and other
mental disorders has been supported by a wealth of studies;
however, the underlying mechanisms by which these
techniques work are not well understood. The authors
propose that those deep breathing and relaxation techniques
work by modulating visceral afferent signaling, such as
cardiorespiratory oscillations, which subsequently modify
the ANS, brainstem, limbic, and cortical areas of the brain.
Future research on that mechanism, which addresses the
pathophysiology of the entire body and brain, rather than
one that uses an approach based solely on neurotransmitters,
may help in the development of improved treatments for
chronic stress, anxiety, and emotional disorders.

Jerath—Cardiorespiratory Coherence and Emotions

ACKNOWLEDGEMENTS

The authors would like to thank Mike Jensen, MSMI, CMI, of Georgia Regents University,
for creating the medical illustrations used in the article.

REFERENCES

1. Cannon WB. The James-Lange theory of emotions: a critical examination and an
alternative theory. By Walter B. Cannon, 1927. Am J Psychol. 1987;100(3-4):567-586.
2. Ellsworth PC. William James and emotion: is a century of fame worth a century
of misunderstanding? Psychol Rev. 1994;101(2):222-229.
3. George MS, Nahas Z, Bohning DE, et al. Vagus nerve stimulation therapy: a
research update. Neurology. 2002;59(Suppl 4):S56-S61.
4. Gross JJ, Barrett LF. Emotion generation and emotion regulation: one or two
depends on your point of view. Emot Rev. 2011;3(1):8-16.
5. Critchley HD. Neural mechanisms of autonomic, affective, and cognitive
integration. J Comp Neurol. 2005;493(1):154-166.
6. Jerath R, Barnes VA, Dillard-Wright D, Jerath S, Hamilton B. Dynamic change of
awareness during meditation techniques: neural and physiological correlates.
Frontiers Hum Neurosci. 2012;6:131.
7. Jerath R, Edry JW, Barnes VA, Jerath V. Physiology of long pranayamic
breathing: neural respiratory elements may provide a mechanism that explains
how slow deep breathing shifts the autonomic nervous system. Med Hypotheses.
2006;67(3):566-571.
8. Jerath R , Barnes VA, Crawford MW. Mind-body response and
neurophysiological changes during stress and meditation: central role of
homeostasis. J Biol Regul Homeost Agents. 2014;28(4):545-554.
9. Davidson RJ. Well-being and affective style: neural substrates and biobehavioural
correlates. Philos Trans R Soc Lond B Biol Sci. 2004;359(1449):1395-1411.
10. Watson S, Mackin P. HPA axis function in mood disorders. Psychiatry.
2006;5(5):166-170.
11. Pereira EA, Lu G, Wang S, et al. Ventral periaqueductal grey stimulation alters heart
rate variability in humans with chronic pain. Exp Neurol. 2010;223(2):574-581.
12. Bandler R, Shipley MT. Columnar organization in the midbrain periaqueductal
gray: modules for emotional expression? Trends Neurosci. 1994;17(9):379-389.
13. Satpute AB, Wager TD, Cohen-Adad J, et al. Identification of discrete functional
subregions of the human periaqueductal gray. Proc Natl Acad Sci U S A.
2013;110(42):17101-17106.
14. Buhle JT, Kober H, Ochsner KN, et al. Common representation of pain and
negative emotion in the midbrain periaqueductal gray. Soc Cogn Affect Neurosci.
2013;8(6):609-616.
15. Figueira RJ, Peabody MF, Lonstein JS. Oxytocin receptor activity in the
ventrocaudal periaqueductal gray modulates anxiety-related behavior in
postpartum rats. Behav Neurosci. 2008;122(3):618-628.
16. Huber D, Veinante P, Stoop R. Vasopressin and oxytocin excite distinct neuronal
populations in the central amygdala. Science. 2005;308(5719):245-248.
17. Boiten FA, Frijda NH, Wientjes CJ. Emotions and respiratory patterns: review
and critical analysis. Int J Psychophysiol. 1994;17(2):103-128.
18. Boiten FA. The effects of emotional behaviour on components of the respiratory
cycle. Biol Psychol. 1998;49(1-2):29-51.
19. Homma I, Masaoka Y. Breathing rhythms and emotions. Exp Physiol.
2008;93(9):1011-1021.
20. Philippot P, Chapelle G, Blairy S. Respiratory feedback in the generation of
emotion. Cognition & Emotion. 2002;16(5):605-627.
21. Rainville P, Bechara A, Naqvi N, Damasio AR. Basic emotions are associated
with distinct patterns of cardiorespiratory activity. Int J Psychophysiol.
2006;61(1):5-18.
22. Bloch S, Lemeignan M, Aguilera N. Specific respiratory patterns distinguish
among human basic emotions. Int J Psychophysiol. 1991;11(2):141-154.
23. Nyklíček I, Thayer JF, Van Doornen LJP. Cardiorespiratory differentiation of
musically-induced emotions. J Psychophysiology. 1997;11(4):304-321.
24. Feldman JL, Del Negro CA. Looking for inspiration: new perspectives on
respiratory rhythm. Nat Rev Neurosci. 2006;7(3):232-242.
25. Orem J, Trotter R. Behavioral control in breathing. Physiology. 1994;9(5):228-232.
26. Evans KC, Banzett RB, Adams L, McKay L, Frackowiak RS, Corfield DR. BOLD
fMRI identifies limbic, paralimbic, and cerebellar activation during air hunger. J
Neurophysiol. 2002;88(3):1500-1511.
27. Evans KC. Cortico-limbic circuitry and the airways: insights from functional
neuroimaging of respiratory afferents and efferents. Biol Psychol. 2010;84(1):13-25.
28. Gray MA, Beacher FD, Minati L, et al. Emotional appraisal is influenced by
cardiac afferent information. Emotion. 2012;12(1):180-191.
29. Ahn S, Solfest J, Rubchinsky LL. Fine temporal structure of cardiorespiratory
synchronization. Am J Physiol Heart Circ Physiol. 2014;306(5):H755-H763.
30. Lo PC, Chang CH. Effects of long-term dharma-chan meditation on
cardiorespiratory synchronization and hrv behavior. Rejuvenation Res.
2013;16(2):115-123.
31. Toledo E, Akselrod S, Pinhas I, Aravot D. Does synchronization reflect a true
interaction in the cardiorespiratory system? Med Eng Phys. 2002;24(1):45-52.
32. Schafer C, Rosenblum MG, Abel HH, Kurths J. Synchronization in the human
cardiorespiratory system. Phys Rev. 1999;60(1):857-870.
33. Valenza G, Lanata A, Scilingo EP. Improving emotion recognition systems by
embedding cardiorespiratory coupling. Physiol Meas. 2013;34(4):449-464.
34. Dudnik EN, Glazachev OS. A formalized criterion of cardiorespiratory
synchronization for assessment of dynamic changes in autonomic homeostasis.
Hum Physiol. 2006;32(4):416-422.

ADVANCES, FALL 2015, VOL. 29. NO. 4

13

This article is protected by copyright. To share or copy this article, please visit copyright.com. Use ISSN#1470-3556. To subscribe, visit advancesjournal.com

35. Kabir MM, Beig MI, Nalivaiko E, Abbott D, Baumert M. Cardiorespiratory
coordination in rats is influenced by autonomic blockade. In: Lim C, Goh JH,
eds. 13th International Conference on Biomedical Engineering. Vol 23: Springer
Berlin Heidelberg; 2009:456-459.
36. Topchiy I, Radulovacki M, Waxman J, Carley DW. Impact of the vagal feedback
on cardiorespiratory coupling in anesthetized rats. Respir Physiol Neurobiol.
2011;175(3):375-382.
37. Zhang J, Yu X, Xie D. Effects of mental tasks on the cardiorespiratory
synchronization. Respir Physiol Neurobiol. 2010;170(1):91-95.
38. Peupelmann J, Boettger MK, Ruhland C, et al. Cardio-respiratory coupling
indicates suppression of vagal activity in acute schizophrenia. Schizophr Res.
2009;112(1-3):153-157.
39. Berger S, Boettger MK, Tancer M, Guinjoan SM, Yeragani VK, Bar KJ. Reduced
cardio-respiratory coupling indicates suppression of vagal activity in healthy
relatives of patients with schizophrenia. Prog Neuropsychopharmacol Biol
Psychiatry. 2010;34(2):406-411.
40. Widjaja D, Orini M, Vlemincx E, Van Huffel S. Cardiorespiratory dynamic
response to mental stress: a multivariate time-frequency analysis. Comp Math
Methods Med. 2013;2013:451857.
41. Kabir MM, Dimitri H, Sanders P, et al. Cardiorespiratory phase-coupling is
reduced in patients with obstructive sleep apnea. PLoS ONE. 2010;5(5):e10602.
42. Bettermann H, Kroz M, Girke M, Heckmann C. Heart rate dynamics and
cardiorespiratory coordination in diabetic and breast cancer patients. Clin
Physiol. 2001;21(4):411-420.
43. Schumann AY, Kuhnhold A, Bartsch R, et al. Reconstructed respiration and
cardio-respiratory phase synchronization in post-infarction patients.
ResearchGate Web site. http://www.researchgate.net/publication/233416537_
Reconstructed_respiration_and_cardio-respiratory_phase_synchronization_in_
post-infarction_patients. Accessed September 25, 2015.
44. Leder U, Hoyer D, Sommer M, et al. Cardiorespiratory desynchronization after
acute myocardial infarct. Z Kardiol. 2000;89(7):630-637.
45. Bischof M. Synchronization and coherence as an organizing principle in the
organism, social interaction, and consciousness. Neuroquantology.
2008;6(4):440-451.
46. Tognoli E, Kelso JA. Enlarging the scope: grasping brain complexity. Front Sys
Neurosci. 2014;8:122.
47. Hameroff S, Penrose R. Consciousness in the universe: a review of the ‘Orch OR’
theory. Phys Life Rev. 2014;11(1):39-78.
48. Sahu S, Ghosh S, Ghosh B, et al. Atomic water channel controlling remarkable
properties of a single brain microtubule: correlating single protein to its
supramolecular assembly. Biosens Bioelectron. 2013;47:141-148.
49. Ghosh S, Sahu S, Bandyopadhyay A. Evidence of massive global synchronization
and the consciousness: comment on “Consciousness in the universe: a review of
the ‘Orch OR’ theory” by Hameroff and Penrose. Phys Life Rev. 2014;11(1):83-84.
50. McCraty R. The Coherent Heart: Heart–Brain Interactions, Psychophysiological
Coherence, and the Emergence of System-Wide Order. Amazon Digital
Services; 2012.
51. Bosse T, Jonker CM, Treur J. Formalization of Damasio’s theory of emotion,
feeling and core consciousness. Conscious Cogn. 2008;17(1):94-113.
52. Bradley RT, McCraty R, Atkinson M, Tomasino D, Daugherty A, Arguelles L.
Emotion self-regulation, psychophysiological coherence, and test anxiety: results
from an experiment using electrophysiological measures. Appl Psychophysiol
Biofeedback. 2010;35(4):261-283.
53. Bassett DS, Wymbs NF, Porter MA, Mucha PJ, Carlson JM, Grafton ST. Dynamic
reconfiguration of human brain networks during learning. Proceed Natl Acad Sci.
2011;108(18):7641-7646.
54. Tagliazucchi E, von Wegner F, Morzelewski A, Borisov S, Jahnke K, Laufs H.
Automatic sleep staging using fMRI functional connectivity data. Neuroimage.
2012;63(1):63-72.
55. Brewer JA, Worhunsky PD, Gray JR, Tang YY, Weber J, Kober H. Meditation
experience is associated with differences in default mode network activity and
connectivity. Proc Natl Acad Sci U S A. 2011;108(50):20254-20259.
56. Hutchison RM, Womelsdorf T, Allen EA, et al. Dynamic functional connectivity:
promise, issues, and interpretations. Neuroimage. 2013;80:360-378.
57. Tugade MM, Fredrickson BL, Barrett LF. Psychological resilience and positive
emotional granularity: examining the benefits of positive emotions on coping
and health. J Pers. 2004;72(6):1161-1190.
58. Fredrickson BL, Branigan C. Positive emotions broaden the scope of attention
and thought-action repertoires. Cogn Emot. 2005;19(3):313-332.
59. Fredrickson BL. The role of positive emotions in positive psychology. The
broaden-and-build theory of positive emotions. Am Psychol. 2001;56(3):218-226.
60. Ashby FG, Isen AM, Turken AU. A neuropsychological theory of positive affect
and its influence on cognition. Psychol Rev. 1999;106(3):529-550.
61. Estrada C, Isen A, Young M. Positive affect improves creative problem solving
and influences reported source of practice satisfaction in physicians. Motivat
Emot. 1994;18(4):285-299.
62. Isen AM, Rosenzweig AS, Young MJ. The influence of positive affect on clinical
problem solving. Med Decis Making. 1991;11(3):221-227.
63. Alabdulgader AA. Coherence: a novel nonpharmacological modality for
lowering blood pressure in hypertensive patients. Glob Adv Health Med.
2012;1(2):56-64.
64. McCraty R, Atkinson M, Tiller WA, Rein G, Watkins AD. The effects of emotions
on short-term power spectrum analysis of heart rate variability. Am J Cardiol.
1995;76(14):1089-1093.

14

ADVANCES, FALL 2015, VOL. 29, NO. 4

65. Onorati F, Barbieri R, Mauri M, Russo V, Mainardi L. Characterization of
affective states by pupillary dynamics and autonomic correlates. Front Neuroeng.
2013;6:9.
66. Oknina LB, Kuptsova SV, Romanov AS, Masherov EL, Kuznetsova OA, Sharova
EV. The comparative analysis of changes of short pieces of EEG at perception of
music on the basis of the event-related synchronization/desynchronization and
wavelet-synchrony. Fiziol Cheloveka. 2012;38(4):11-17.
67. Aftanas LI, Reva NV, Varlamov AA, Pavlov SV, Makhnev VP. Analysis of evoked
EEG synchronization and desynchronization in conditions of emotional
activation in humans: temporal and topographic characteristics. Neurosci Behav
Physiol. 2004;34(8):859-867.
68. Song YJ, Korgaonkar MS, Armstrong LV, Eagles S, Williams LM, Grieve SM.
Tractography of the brainstem in major depressive disorder using diffusion
tensor imaging. PLoS ONE. 2014;9(1):e84825.
69. Anticevic A, Tang Y, Cho YT, et al. Amygdala connectivity differs among
chronic, early course, and individuals at risk for developing schizophrenia.
Schizophr Bull. 2014;40(5):1105-1116.
70. Yoo S-S, Gujar N, Hu P, Jolesz FA, Walker MP. The human emotional brain
w it hout sl e e p — a pre f ront a l amy gd a l a d i s c on ne c t . Cur r Bi ol .
2007;17(20):R877-R878.
71. Kirsch P, Esslinger C, Chen Q, et al. Oxytocin modulates neural circuitry for
social cognition and fear in humans. J. Neurosci. 2005;25(49):11489-11493.
72. Gross JJ, Frederickson BL, Levenson RW. The psychophysiology of crying.
Psychophysiology. 1994;31(5):460-468.
73. Park CK, Lee S, Park HJ, Baik YS, Park YB, Park YJ. Autonomic function, voice,
and mood states. Clin Auton Res. 2011;21(2):103-110.
74. Park YB, Park YJ, Ko YI. Relationships of pulse waveform parameters to mood
states and chronic fatigue. J Altern Complement Med. 2012;18(11):1050-1060.
75. Moon E, Lee SH, Kim DH, Hwang B. Comparative Study of heart rate variability
in patients with schizophrenia, bipolar disorder, post-traumatic stress disorder, or
major depressive disorder. Clin Psychopharmacol Neurosci. 2013;11(3):137-143.
76. Kop WJ, Synowski SJ, Newell ME, Schmidt LA, Waldstein SR, Fox NA.
Autonomic nervous system reactivity to positive and negative mood induction:
the role of acute psychological responses and frontal electrocortical activity. Biol
Psychol. 2011;86(3):230-238.
77. George MS, Sackeim HA, Rush AJ, et al. Vagus nerve stimulation: a new tool for
brain research and therapy. Biol Psychiatry. 2000;47(4):287-295.
78. Lyubashina O, Panteleev S. Effects of cervical vagus nerve stimulation on
amygdala-evoked responses of the medial prefrontal cortex neurons in rat.
Neurosci Res. 2009;65(1):122-125.
79. Zagon A, Kemeny AA. Slow hyperpolarization in cortical neurons: a possible
mechanism behind vagus nerve simulation therapy for refractory epilepsy?
Epilepsia. 2000;41(11):1382-1389.
80. Ben-Menachem E, Manon-Espaillat R, Ristanovic R, et al. Vagus nerve
stimulation for treatment of partial seizures: 1. A controlled study of effect on
seizures. First International Vagus Nerve Stimulation Study Group. Epilepsia.
1994;35(3):616-626.
81. Handforth A, DeGiorgio CM, Schachter SC, et al. Vagus nerve stimulation
therapy for partial-onset seizures: a randomized active-control trial. Neurology.
1998;51(1):48-55.
82. Marangell LB, Rush AJ, George MS, et al. Vagus nerve stimulation (VNS) for major
depressive episodes: one year outcomes. Biol Psychiatry. 2002;51(4):280-287.
83. Rush AJ, George MS, Sackeim HA, et al. Vagus nerve stimulation (VNS) for
treatment-resistant depressions: a multicenter study. Biol Psychiatry.
2000;47(4):276-286.
84. Nahas Z, Marangell LB, Husain MM, et al. Two-year outcome of vagus nerve
stimulation (VNS) for treatment of major depressive episodes. J Clin Psychiatry.
2005;66(9):1097-1104.
85. Henry TR, Bakay RA, Votaw JR, et al. Brain blood flow alterations induced by
therapeutic vagus nerve stimulation in partial epilepsy: I. Acute effects at high
and low levels of stimulation. Epilepsia. 1998;39(9):983-990.
86. Matthews K, Eljamel MS. Vagus nerve stimulation and refractory depression:
Please can you switch me on doctor? Brit J Psych. 2003;183(3):181-183.
87. Tiller WA, McCraty R, Atkinson M. Cardiac coherence: a new, noninvasive
measure of autonomic nervous system order. Altern Ther Health Med.
1996;2(1):52-65.
88. Berger S, Kliem A, Yeragani V, Bar KJ. Cardio-respiratory coupling in untreated
patients with major depression. J Affect Disord. 2012;139(2):166-171.
89. Rottenberg J, Clift A, Bolden S, Salomon K. RSA fluctuation in major depressive
disorder. Psychophysiology. 2007;44(3):450-458.
90. Rottenberg J, Wilhelm FH, Gross JJ, Gotlib IH. Vagal rebound during resolution
of tearful crying among depressed and nondepressed individuals.
Psychophysiology. 2003;40(1):1-6.
91. Wilhelm FH, Pfaltz MC, Michael T, et al. Attenuated metabolic-cardiorespiratory
coupling during daily life in patients with anxiety disorders. Psychophysiology.
2007;44(S12).
92. Roozendaal B, Barsegyan A, Lee S. Adrenal stress hormones, amygdala
activation, and memory for emotionally arousing experiences. Prog Brain Res.
2008;167:79-97.
93. Stein MB, Simmons AN, Feinstein JS, Paulus MP. Increased amygdala and insula
activation during emotion processing in anxiety-prone subjects. Am J Psychiatry.
2007;164(2):318-327.

Jerath—Cardiorespiratory Coherence and Emotions

This article is protected by copyright. To share or copy this article, please visit copyright.com. Use ISSN#1470-3556. To subscribe, visit advancesjournal.com

94. Rauch SL, Whalen PJ, Shin LM, et al. Exaggerated amygdala response to masked
facial stimuli in posttraumatic stress disorder: a functional MRI study. Biol
Psychiatry. 2000;47(9):769-776.
95. Siegle GJ, Steinhauer SR, Thase ME, Stenger VA, Carter CS. Can’t shake that
feeling: event-related fMRI assessment of sustained amygdala activity in
response to emotional information in depressed individuals. Biol Psychiatry.
2002;51(9):693-707.
96. Vytal KE, Cornwell BR, Letkiewicz AM, Arkin NE, Grillon C. The complex
interaction between anxiety and cognition: insight from spatial and verbal
working memory. Front Hum Neurosci. 2013;7:93.
97. Cusi AM, Nazarov A, Holshausen K, Macqueen GM, McKinnon MC. Systematic
review of the neural basis of social cognition in patients with mood disorders. J
Psychiatry Neurosci. 2012;37(3):154-169.
98. Townsend J, Altshuler LL. Emotion processing and regulation in bipolar
disorder: a review. Bipolar Disord. 2012;14(4):326-339.
99. Cysarz D, Bussing A. Cardiorespiratory synchronization during Zen meditation.
Eur J Appl Physiol. 2005;95(1):88-95.
100. Wu, Lo. Cardiorespiratory phase synchronization during normal rest and
inward-attention meditation. Internatl J Cardiol. 2010;141(3):325-328.
101. Chang CH, Lo PC. Effects of long-term dharma-chan meditation on
cardiorespiratory synchronization and heart rate variability behavior.
Rejuvenation Res. 2013;16(2):115-123.
102. Garcia AJ, Koschnitzky JE, Dashevskiy T, Ramirez JM. Cardiorespiratory
coupling in health and disease. Auton Neurosci. 2013;175(1-2):26-37.
103. Jerath R, Harden K, Crawford M, Barnes VA, Jensen M. Role of
cardiorespiratory synchronization and sleep physiology: effects on membrane
potential in the restorative functions of sleep. Sleep Med. 2014;15(3):279-288.
104. Lutz A, Brefczynski-Lewis J, Johnstone T, Davidson RJ. Regulation of the neural
circuitry of emotion by compassion meditation: effects of meditative expertise.
PLoS ONE. 2008;3(3):e1897.
105. Kern S, Oakes TR, Stone CK, McAuliff EM, Kirschbaum C, Davidson RJ. Glucose
metabolic changes in the prefrontal cortex are associated with HPA axis response
to a psychosocial stressor. Psychoneuroendocrinology. 2008;33(4):517-529.
106. Joels M, Baram TZ. The neuro-symphony of stress. Nat Rev Neurosci.
2009;10(6):459-466.
107. Newberg AB, Wintering N, Khalsa DS, Roggenkamp H, Waldman MR.
Meditation effects on cognitive function and cerebral blood flow in subjects with
memory loss: a preliminary study. J Alzheimers Dis. 2010;20(2):517-526.
108. Xiong GL, Doraiswamy PM. Does Meditation enhance cognition and brain
plasticity? Ann N Y Acad Sci. 2009;1172(1):63-69.
109. MacLean KA, Ferrer E, Aichele SR, et al. Intensive meditation training improves
perceptual discrimination and sustained attention. Psychol Sci. 2010;21(6):829-839.
110. Zeidan F, Johnson SK, Diamond BJ, David Z, Goolkasian P. Mindfulness
meditation improves cognition: evidence of brief mental training. Conscious
Cogn. 2010;19(2):597-605.
111. Fredrickson BL, Cohn MA, Coffey KA, Pek J, Finkel SM. Open hearts build
lives: positive emotions, induced through loving-kindness meditation, build
consequential personal resources. J Pers Soc Psychol. 2008;95(5):1045-1062.
112. Telles S, Raghavendra BR, Naveen KV, Manjunath NK, Kumar S, Subramanya P.
Changes in autonomic variables following two meditative states described in
yoga texts. J Altern Complement Med. 2013;19(1):35-42.
113. Wallace RK, Benson H, Wilson AF. A wakeful hypometabolic physiologic state.
Am J Physiol. 1971;221(3):795-799.
114. Hebert R, Lehmann D, Tan G, Travis F, Arenander A. Enhanced EEG alpha
time-domain phase synchrony during transcendental meditation: implications
for cortical integration theory. Signal Processing. 2005;85(11):2213-2232.
115. Palva S, Palva JM. The functional roles of alpha-band phase synchronization in
local and large-scale cortical networks. Front Psychol. Sep 2011;2:204.
116. Dubovik S, Ptak R, Aboulafia T, et al. EEG alpha band synchrony predicts
cognitive and motor performance in patients with ischemic stroke. Behavioural
Neuro. 2013;26(3):187-189.
117. Cover KS, Vrenken H, Geurts JJ, et al. Multiple sclerosis patients show a highly
significant decrease in alpha band interhemispheric synchronization measured
using MEG. Neuroimage. 2006;29(3):783-788.
118. Kim DK, Lee KM, Kim J, Whang MC, Kang SW. Dynamic correlations between
heart and brain rhythm during autogenic meditation. Fron Hum Neurosci.
2013;7:414.
119. Lutz A, Greischar LL, Rawlings NB, Ricard M, Davidson RJ. Long-term
meditators self-induce high-amplitude gamma synchrony during mental
practice. Proc Natl Acad Sci U S A. 2004;101(46):16369-16373.
120. Canolty RT, Edwards E, Dalal SS, et al. High gamma power is phase-locked to
theta oscillations in human neocortex. Science. 2006;313(5793):1626-1628.
121. Fries P, Reynolds JH, Rorie AE, Desimone R. Modulation of oscillatory neuronal
synchronization by selective visual attention. Science. 2001;291(5508):1560-1563.
122. Klimesch W. EEG alpha and theta oscillations reflect cognitive and memory
performance: a review and analysis. Brain Res Rev. 1999;29(2-3):169-195.
123. Buzsaki G, Wang XJ. Mechanisms of gamma oscillations. Annu Rev Neurosci.
2012;35:203-225.
124. Gruzelier J. A theory of alpha/theta neurofeedback, creative performance
enhancement, long distance functional connectivity and psychological
integration. Cogn Process. 2009;10(suppl 1):S101-S109.
125. Travis F, Shear J. Focused attention, open monitoring and automatic selftranscending: Categories to organize meditations from Vedic, Buddhist and
Chinese traditions. Conscious Cogn. 2010;19(4):1110-1118.

Jerath—Cardiorespiratory Coherence and Emotions

126. Yamamoto S, Kitamura Y, Yamada N, Nakashima Y, Kuroda S. Medial profrontal
cortex and anterior cingulate cortex in the generation of alpha activity induced
by transcendental meditation: a magnetoencephalographic study. Acta Med
Okayama. 2006;60(1):51-58.
127. Saggar M, King BG, Zanesco AP, et al. Intensive training induces longitudinal
changes in meditation state-related EEG oscillatory activity. Front Hum Neurosci.
Sept 2012;6:256.
128. Guglietti CL, Daskalakis ZJ, Radhu N, Fitzgerald PB, Ritvo P. Meditation-Related
Increases in GABAB Modulated Cortical Inhibition. Brain Stimulat.
2013;6(3):397-402.
129. Creswell JD, Way BM, Eisenberger NI, Lieberman MD. Neural correlates of
dispositional mindfulness during affect labeling. Psychosom Med.
2007;69(6):560-565.
130. Desbordes G, Negi LT, Pace TW, Wallace BA, Raison CL, Schwartz E. Effects of
mindful-attention and compassion meditation training on amygdala response to
emotional stimuli in an ordinary, non-meditative state. Front Hum Neurosci.
2012;1(6):292.
131. Singleton O, Holzel BK, Vangel M, Brach N, Carmody J, Lazar SW. Change in
Brainstem gray matter concentration following a mindfulness-based
intervention is correlated with improvement in psychological well-being. Front
Hum Neurosci. 2014;8:33.
132. Tselebis A, Bratis D, Pachi A, et al. A pulmonary rehabilitation program reduces
levels of anxiety and depression in COPD patients. Multidiscip Respir Med.
2013;8(1):41.
133. Jerath R, Crawford MW, Barnes VA, Harden K. Widespread depolarization
during expiration: A source of respiratory drive? Med Hypotheses.
2015;84(1):31-37.
134. Jerath R, Crawford MW, Barnes VA, Harden K. Self-regulation of breathing as
a primar y treatment for anxiety. Appl Psychophysiol Biofeedback.
2015;40(2):107-115.
135. Hornung JP. The human raphe nuclei and the serotonergic system. J Chem
Neuroanat. 2003;26(4):331-343.
136. Saunders BT, Richard JM. Shedding light on the role of ventral tegmental area
dopamine in reward. J Neurosci. 2011;31(50):18195-18197.
137. Ilango A, Kesner AJ, Keller KL, Stuber GD, Bonci A, Ikemoto S. Similar roles of
substantia nigra and ventral tegmental dopamine neurons in reward and
aversion. J Neurosci. 2014;34(3):817-822.
138. Ikemoto S, Panksepp J. The role of nucleus accumbens dopamine in motivated
behavior: a unifying interpretation with special reference to reward-seeking.
Brain Res Rev. 1999;31(1):6-41.
139. Kurosawa M, Sato A, Sato Y. Stimulation of the nucleus basalis of Meynert
increases acetylcholine release in the cerebral cortex in rats. Neurosci Lett.
1989;98(1):45-50.
140. Casamenti F, Deffenu G, Abbamondi AL, Pepeu G. Changes in cortical
acetylcholine output induced by modulation of the nucleus basalis. Brain Res
Bull. 1986;16(5):689-695.
141. Benarroch EE. Pedunculopontine nucleus: functional organization and clinical
implications. Neurology. 2013;80(12):1148-1155.
142. Masaoka Y, Homma I. The source generator of respiratory-related anxiety
potential in the human brain. Neurosci Lett. 2000;283(1):21-24.
143. Seo D, Patrick CJ, Kennealy PJ. Role of serotonin and dopamine system
interactions in the neurobiology of impulsive aggression and its comorbidity
with other clinical disorders. Aggress Violent Behav. 2008;13(5):383-395.
144. Siever LJ. Neurobiology of aggression and violence. Am J Psychiatry.
2008;165(4):429-442.
145. Neumeister A, Young T, Stastny J. Implications of genetic research on the role of
the serotonin in depression: emphasis on the serotonin type 1A receptor and the
serotonin transporter. Psychopharmacology (Berl). 2004;174(4):512-524.
146. Brown AS, Gershon S. Dopamine and depression. J Neural Transm Gen Sect.
1993;91(2-3):75-109.
147. Mineur YS, Obayemi A, Wigestrand MB, et al. Cholinergic signaling in the
hippocampus regulates social stress resilience and anxiety- and depression-like
behavior. Proc Natl Acad Sci. 2013;110(9):3573-3578.
148. Baldwin D, Rudge S. The role of serotonin in depression and anxiety. Int Clin
Psychopharmacol. 1995;9(suppl 4):41-45.
149. Gambarana C, Masi F, Tagliamonte A, Scheggi S, Ghiglieri O, De Montis MG. A
chronic stress that impairs reactivity in rats also decreases dopaminergic
transmission in the nucleus accumbens: a microdialysis study. J Neurochem.
1999;72(5):2039-2046.
150. Rasheed N, Alghasham A. Central dopaminergic system and its implications in
stress-mediated neurological disorders and gastric ulcers: short review. Adv
Pharmacol Sci. 2012;2012:182671.
151. Kienast T, Hariri AR, Schlagenhauf F, et al. Dopamine in amygdala gates limbic
processing of aversive stimuli in humans. Nat Neurosci. 2008;11(12):1381-1382.
152. Lydiard RB. The role of GABA in anxiety disorders. J Clin Psychiatry.
2003;64(suppl 3):21-27.
153. Skilbeck KJ, Johnston GA, Hinton T. Stress and GABA receptors. J Neurochem.
2010;112(5):1115-1130.
154. George MS, Ketter TA, Parekh PI, Horwitz B, Herscovitch P, Post RM. Brain
activity during transient sadness and happiness in healthy women. Am J
Psychiatry. 1995;152(3):341-351.
155. Schaefer A, Collette F, Philippot P, et al. Neural correlates of “hot” and “cold”
emotional processing: a multilevel approach to the functional anatomy of
emotion. Neuroimage. 2003;18(4):938-949.

ADVANCES, FALL 2015, VOL. 29. NO. 4

15

This article is protected by copyright. To share or copy this article, please visit copyright.com. Use ISSN#1470-3556. To subscribe, visit advancesjournal.com

156. Wise RA. Addictive drugs and brain stimulation reward. Annu Rev Neurosci.
1996;19:319-340.
157. Garrison KA, Santoyo JF, Davis JH, Thornhill TAt, Kerr CE, Brewer JA. Effortless
awareness: using real time neurofeedback to investigate correlates of posterior
cingulate cortex activity in meditators’ self-report. Front Hum Neurosci.
2013;7:440.
158. Young SN. How to increase serotonin in the human brain without drugs. J
Psychiatry Neurosci. 2007;32(6):394-399.
159. Man MS, Mikheenko Y, Braesicke K, Cockcroft G, Roberts AC. Serotonin at the
level of the amygdala and orbitofrontal cortex modulates distinct aspects of
positive emotion in primates. Int J Neuropsychopharmacol. 2012;15(1):91-105.
160. Blier P, de Montigny C. Current advances and trends in the treatment of
depression. Trends Pharmacol Sci. 1994;15(7):220-226.
161. Esch T, Stefano GB. The neurobiology of pleasure, reward processes, addiction
and their health implications. Neuro Endocrinol Lett. 2004;25(4):235-251.
162. Baik JH. Dopamine signaling in food addiction: role of dopamine D2 receptors.
BMB Rep. 2013;46(11):519-526.
163. Bujatti M, Riederer P. Serotonin, noradrenaline, dopamine metabolites in
transcendental meditation-technique. J Neural Transm.1976;39(3):257-267.
164. Szabo ST, Blier P. Functional and pharmacological characterization of the
modulatory role of serotonin on the firing activity of locus coeruleus
norepinephrine neurons. Brain Res. 2001;922(1):9-20.
165. Oyamada Y, Ballantyne D, Muckenhoff K, Scheid P. Respiration-modulated
membrane potential and chemosensitivity of locus coeruleus neurones in the in
vitro brainstem-spinal cord of the neonatal rat. J Physiol. 1998;513(Pt 2):381-398.
166. Dergacheva O, Griffioen KJ, Neff RA, Mendelowitz D. Respiratory modulation of
premotor cardiac vagal neurons in the brainstem. Respir Physiol Neurobiol.
2010;174(1-2):102-110.
167. Neff RA, Wang J, Baxi S, Evans C, Mendelowitz D. Respiratory sinus
arrhythmia: endogenous activation of nicotinic receptors mediates respiratory
modulation of brainstem cardioinhibitory parasympathetic neurons. Circ Res.
2003;93(6):565-572.
168. Kjaer TW, Bertelsen C, Piccini P, Brooks D, Alving J, Lou HC. Increased
dopamine tone during meditation-induced change of consciousness. Brain Res
Cogn Brain Res. 2002;13(2):255-259.
169. Iglesias SL, Azzara S, Argibay JC, et al. Psychological and physiological response
of students to different types of stress management programs. Am J Health
Promot. 2012;26(6):e149-158.
170. Kim SH, Schneider SM, Bevans M, et al. PTSD symptom reduction with
mindfulness-based stretching and deep breathing exercise: randomized
controlled clinical trial of efficacy. J Clin Endocrinol Metab. 2013;98(7):29842992.

16

ADVANCES, FALL 2015, VOL. 29, NO. 4

Jerath—Cardiorespiratory Coherence and Emotions

