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Heart rate variability (HRV) is a known measure of beat-to-beat intervals of the heart rate in specif-
ic domains. Simultaneously, it has been observed that people with high HRV have better emotional
health than people with low HRV and are better at regulating their emotions. Two mechanisms
have been proposed to explain this phenomenon. The first is related to the connection of the heart
through the autonomic nervous system with brain networks of emotion regulation, including the
prefrontal cortex and amygdala. The second mechanism involves the connection of the heart with
a definite pattern of blood supply to the brain at a particular frequency. Notably, the connection
between the heart and brain is bidirectional. The heart influences the nervous system, and in turn,
the central nervous system affects the heart, leading to changes in heart rate. Previous studies
have shown that high-amplitude oscillations in HRV modulate oscillatory brain activity, particu-
larly in brain regions associated with emotion-regulation networks. Recent studies using resonant
breathing patterns or daily biofeedback sessions to increase the amplitude of HRV have shown that
high-amplitude physiological fluctuations significantly affect emotional health, primarily through
the vagus nerve. Consequently, the health of the heart’s pacing activity appears closely related to

the optimal functioning of brain networks that regulate emotions.

Extended Abstract

Introduction

Emotion is a field in cognitive neuroscience. Emotion structures to regulate emotion (2). Previous research has
regulation refers to implementing a conscious or un- shown that different areas of the brain can be effective in
conscious goal of starting, stopping, or modulating the regulating emotions, including the amygdala, hippocam-
course of an emotion (1). The brain uses its networks and pus, limbic cortex, hypothalamus, periaqueductal gray
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matter, striatum, cingulate cortex, insular cortex, orbitof-
rontal cortex, and different areas of the prefrontal cor-
tex (3-7). These areas seem to be effective in controlling
emotions and feelings by stimulating or inhibiting each
other based on the type of circuitry between them. These
connections are brain networks involved in emotion reg-
ulation (6, 8, 9).

Simultaneously, different body areas affect the brain and
network-controlling emotions by creating connections
and interfering with their settings. In addition, from the
point of view of the philosophy of the functioning of the
nervous system, the question arises as to whether the cen-
tral nervous system is absolute and alone in processing
emotions and feelings or whether other areas of the body

play a special role in this process.

Methods

Based on previous research, the two-way relationship
between the functioning of the nervous system and the
heart and the effects of heart rate variability on the brain
network regulating emotions will be discussed to answer

the aforementioned question.

Results

Bidirectional connection between the function of the
nervous system and heart

The heart sustains life by continuously pumping blood
into different parts of the body, and this action is more
important for the brain, which is moment-by-moment de-
pendent on the blood pumped from the heart. In contrast,
the brain can affect the heart function by sending mo-
mentary adjustments. As a result, the brain-heart axis is a
two-way relationship formed through a complex network
of the autonomic nervous system (ANS), hormones, and
cytokines, and plays an important role in health and dis-
ease (10, 11).

Several studies have shown the effects of brain-mental

diseases on heart function (12-15). Disorders such as ep-
ilepsy, stroke, subarachnoid hemorrhage, bacterial men-
ingitis, and head injuries are brain disorders that cause
cardiovascular problems (16). In addition, psychological
stress, anxiety, depression, and cognitive disorders as al-
tered mental conditions can lead to cardiovascular failure
(13,17, 18). Seemingly, the mental conditions mentioned
by involving areas such as the prefrontal cortex, hippo-
campus, amygdala, hypothalamus, pituitary, and centers
of the ANS can cause hemodynamic changes in heart rate
and blood pressure, vascular contractions and disorders,
inflammatory responses, and increased cortisol, resulting
in total cardiovascular problems (19). Conversely, car-
diovascular diseases can cause brain and mental disor-
ders (20). Conditions such as heart failure, heart attack,
and cardiovascular diseases can lead to depression, anxi-
ety, stress, long-term memory loss, neuroticism, negative
emotions, and Alzheimer’s (17, 21-26).

Although the effects mentioned are far-reaching and each
needs more research from a particular perspective, inves-
tigating the two-way physiological conditions between
the brain and the heart, as well as the mutual control of
the two on each other, requires holistic views and meth-
ods. One holistic view that evaluates the human body
through heartbeats is heart rate variability (HRV).

HRV is a phenomenon that scientists realized in previous
centuries, meaning beat-to-beat changes in the physio-
logical intervals between heartbeats. The range of these
changes includes values that can change under patholog-
ical conditions (27, 28). The amount of fluctuations in
HRYV without external factors is small, and when evaluat-
ed in the body, various factors affect it (29). Three main
methods are used to investigate HRV: time domain, fre-
quency domain, and nonlinear methods (30, 31).

HRV is generally influenced by various factors, includ-
ing physiological and pathological conditions, environ-

mental factors, unmodifiable factors, lifestyle, and neu-
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ro-psychological factors (32). One important point is the
bidirectional relationship between HRV and other body
areas, specifically the central nervous system. Therefore,
in many cases, HRV is considered a symbol of ANS (33).
The effects of heart rate variability on the brain net-
work of emotion regulation

Previous studies have shown that increased HRV is as-
sociated with improved emotions (34-36). This improve-
ment in emotion is associated with increased vagus nerve
activity and decreased sympathetic nerve function (37,
38). Simultaneously, this process seems to occur under
the influence of changes in the ANS and fluctuations in
blood supply to the brain.

In the research conducted, connections between the heart
and the control centers of the ANS have been identified,
which are called the central autonomic network (CAN)
(39). This network is composed of different areas manag-
ing the ANS, which mainly include the prefrontal cortex,
anterior cingulate cortex, insular cortex, hippocampus,
amygdala, hypothalamus, thalamus, pre-aqueductal gray
matter around the Sylvian canal, parabrachial nucleus,
dorsal motor nucleus of the vagus, nucleus tractus soli-
taries, and nucleus ambiguus (40, 41). An essential fea-
ture of this network is the two-way connections between
the heart and the nuclei in the medulla, includingthe dor-
sal motor nucleus of the vagus, nucleus tractus solitari-
us, and nucleus ambiguus. This communication is estab-
lished through the pathways of autonomic afferent and
efferent nerves, especially the vagus nerve (40).

Since many of the centers mentioned in the regulation of
emotions overlap with the regulation centers of the ANS
that are responsible for controlling HRYV, there is a possi-
bility of the effectiveness of the brain network that regu-
lates emotions with HRV, which has also been confirmed
in previous studies (35, 42, 43).

Another aspect is the relationship between the heart rate

and the process of emotional control based on the con-

stant and intermittent pumping of blood by the heart to

all areas of the body, including the brain. Previous studies
have shown that HRV, especially high-frequency chang-
es in resting conditions, is directly related to brain blood
flow and cognitive processes (44, 45). Therefore, a de-
crease in HRV is associated with a decrease in cerebral
blood flow (46). Moreover, mental activities that reduce
vagus function are aligned with the simultaneous increase
or decrease of local blood flow in some cortical and sub-
cortical areas of the brain, including the ventromedial
prefrontal cortex, anterior cingulate cortex, insula, amyg-

dala-hippocampus complex, and cerebellum (47).

Conclusion

Evidence suggests that, beyond the usual pathway where
the nervous system influences heart activity, specifical-
ly its pacing, HRV can also impact the central nervous
system. The mediators of this communication are the
ANS and the blood supply management to the nervous
system, establishing two-way communication. Stimuli,
such as specific breathing patterns and using biofeed-
back methods that increase the range of HRV through the
ANS and/or the blood supply of the brain network that
controls emotions, are considered well-known cases in
this direction. The reciprocal effects of HRV and emotion
regulation in the brain network can be beneficial in a neu-
rovisceral integration model.

The above documents seem to suggest a way forward
to showing the effects of HRV on the brain network of
emotion regulation so that these mechanisms can be used
in the physiology, pathology, diagnosis, and treatment of
diseases.

Finally, the answer to the question raised at the end of the
introduction was determined so that the central nervous
system is not the only organization involved in processing
emotions and feelings. Other functions of the body, in-

cluding pacing the heart, are also essential in this process.
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Future research in this field will clarify the components of

this relationship, as well as the factors affecting it.
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