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“Claude Bernard also repeatedly insists, and this deserves
especial notice, that when the heart is affected it reacts on
the brain; and the state of the brain again reacts through
the pneumo-gastric (vagus) nerve on the heart; so that under
any excitement there will be much mutual action and reaction
between these, the two most important organs of the body”

(Darwin, 1872)
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Autonomic Balance

Predictor of Mortality and Morbidity
Underlies a broad range of responses linked
to allostatic load

Associated with central nervous system
may explain how psychosocial factors are
instantiated 1n physiology and disease

may explain known health disparities
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Neurovisceral Integration Model

 This neural network can be indexed by heart rate
variability

« Higher HRV associated with greater prefrontal
inhibitory tone

» Lack of inhibition leads to undifferentiated threat
response to environmental challenges (less
flexibility)



Cortical Components
Medical Prefrontal Cortex
Anterior Cingulate Cortex
Insular Cortex

Pavaventricular Necleus

Central Nucleus of the Amygdala
Lateral Hypothalamic Area

Mid Brain

Periaqqueductal Gray Matter

Pons
Parabrachial Region

Medullary Level
Nucleus of the Solitarius
Nucleus Ambiguus
Ventrolateral Medulla

Primary Outputs
Stellate Ganglion Vagus Nerve




Prefrontal Cortex

mPFC Orbitofrontal

Insula
Anterior. Division

/

Amygdala
Central Nucleus

A 4 A 4

Hypothalamus (PVN/LHA)
Periaqueductal Gray
Parabrachial - Pontine Nuclei

®
Baroafferen l l

Cingulate Cortex
pACC ;dACC +pCC

Input NIS — CVLM RVLM
DVN/NA IML Column

Parasympathetic Sympathetic
Supression =~ Activation

Heart Rate






10 sec

» /‘% ,W’J"vvﬁk“@

Vagus -
S theti
: J’M\/W\M : M\‘%\/m\\ ympathetics

Adrenergic

Pathway
Low f roll-off with

i b V Hea.l't Rate

a delay
Acetylcholine e B iy '\'\ AN \ r
FdSt Witb 770 khy W
(but inverted)

Saul, 1990



SYMPATHETIC
GANGLIA

SINOATRIAL
MODE




PNS influences:
“what happens in vagus ...’

b

« PNS influences dominate: “vagal tone”!
— 1ntrinsic firing rate of S-A cells: 105 bpm
— normal resting heart rate: 60—80 bpm 2

* PNS mediation faster than SNS §
— PNS mediation (ACh): milliseconds }
* rapid action and hydrolysis

— SNS mediation (NE): seconds

2, 22 secon

Heart rate (beats/minute) .

Warner & Cox, 1962
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Regression Analysis Between Heart Rate Variability
and Baroreflex-Related Vagus Nerve Activity in Rats

TERRY B. J. KUO, M.D.. PH.D..*.7.1 CHING J. LAL PH.D..*.7 YU-TING HUANG, M.S..*
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HRYV and organism health

An index of physiological health®

— | HRV . assoc. with 1 levels of: hypertension,
diabetes, cholesterol, obesity, arthritis, cancers

— Independent predictor of all-cause mortality
An index of emotional health’

~ | HRV,
An index of attentional processes®’-®

— HRYV | as attentional demands 1
An index of cognitive health®

— 7 HRV, linked with 1 accuracy and faster RTs during working
memory task

. associated with 1 depression, anxiety



Figure 1 schematic illustration of the
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medial prefrontal-brainstem “axis’




Meuroscience and Biobehavioral Reviews 36 (2012)747-756
Contents lists available at SciVerse ScienceDirect
Neuroscience and Biobehavioral Reviews

journal homepage: www.elsevier.com/locate/neubiorev

Review

A meta-analysis of heart rate variability and neuroimaging studies: Implications
for heart rate variability as a marker of stress and health

Julian F. Thayer?:P-#, Fredrik Ahs¢, Mats Fredrikson€, John ]. Sollers 1119, Tor D. Wager®




Heart-rate variability (HRV) meta-analysis: Overview
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THE DEFENSE REACTION: A COMMON DENOMINATOR OF CORONARY
RISK AND BLOOD PRESSURE IN NEUROGENIC HYPERTENSION?

Stevo Julius, M.D,, Sc.D.
Department of Internal Medicine, Division of Hypertension

University of Michigan Medical School
Ann Arbor, Michigan 48109-0356

CLIN. AND EXPER. HYPERTENSION, 17(1&2), 375-386 (1995)




observed dyslipidemia in hypertension. The sympathetic overactivity in
hypertension reflects a chronic activation of defense/vigilance reaction. The

The defense reaction may have been useful in evolution and may have
offered survival advantage. In modern times with prolonged life expectancy the
previously useful response (in evolutionary terms) contributes to a faster and
deleterious wear and tear of the cardiovascular system.




If these anticipatory reactions have offered a survival advantage, in the
course of evolution they may have become a selection factor. A proportion of
individuals with an efficient and prompt defense reaction could have selectively
survived to pass on their genes to the next generation. In evolutionary terms these
mechanisms are geared (o preserve the organism until the times of sexual maturity.
What could have provided a relatively short term advantage for the passage of genes
across generations may have under the contemporary conditions of a prolonged life
become deleterious to the organism [37]. If we wish to further extend the life under

modern circumstances, it may be necessary to dampen the defense response. A




The “Default” Stress Response

* When 1n doubt prepare for the
worst

» Adaptive response
 Fast, automatic?

* The negativity bias



HR and HRV Response to Pharmacological
Blockade of the Prefrontal Cortex

» Approximately 80 patients undergoing pre-
operative evaluation for epilepsy surgery

» Approximately half male and half female

» Approximately half left sided loc1 and half
right sided loci

* Prediction: Inactivation of PFC associated
with increase in HR and decrease in HRV
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Cortical thickness and resting-state cardiac function across the
lifespan: A cross-sectional pooled mega-analysis

Psychophysiology. 2020:00:1-16.
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FIGURE 2 Association between heart rate variability and cortical
thickness in pre-specified ROI accounting for research group, BMI,

age, sex, and sex X age. Grey dots represent the FDR corrected
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RESEARCH ARTICLE

Self-domestication in Homo sapiens: Insights
from comparative genomics

Constantina Theofanopoulou'?¥, Simone Gastaldon'>*, Thomas O'Rourke’, Bridget
D. Samuels?, Angela Messner', Pedro Tiago Martins', Francesco Delogu®, Saleh Alamri’,
Cedric Boeckx"2%*

PLOS ONME | https://doi.org/10.1371/joumal . pone.0 185306 October 18, 2017




of self-domestication. As has been well documented elsewhere [1, 2], the idea that anatomically
modern humans (AMH) are a domesticated species has long been entertained by preeminent
scholars in biological and human sciences (in passing by Charles Darwin [3] and more seri-

ously by Franz Boas [4]). We argue that such characterizations are accurate, not merely as




which humans share. The domesticated traits exhibited by AMH plausibly emerged tollow-
ing similar intraspecific selective pressures for prosocial behaviors: in other words, tameness
towards fellow humans. Similarly, it has been claimed that reduced emotional reactivity and

increased prosociality among humans were keys to our self-domestication [34]. So, what, it



The selt-domestication hypothesis is, then, a strong contender to account for key aspects of

modern human cognition. The central claim of the present paper is that (paleo-)genomic data



Intriguingly, there is evidence that domestication can enable the development of complex
behaviors beyond those discussed so far for the domestication syndrome. For example, both
dogs and domesticated foxes outperform all non-human primates in tests of cooperative com-
munication [34]. The Bengalese finch, domesticated from its wild ancestor, the white-rumped
munia |35, 36, has developed a complex song that is preferred by both female finches and
munias over the stereotyped song of the male munia |37]. There are tempting parallels to be

The selt-domestication hypothesis is, then, a strong contender to account for key aspects of

modern human cognition. The central claim of the present paper is that (paleo- )genomic data
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Changes in brain architecture are consistent with
altered fear processing in domestic rabbits

Irene Brusini®', Miguel Carneiro™“", Chunliang Wang®-', Car-Johan Rubin®, Henrik Ring®, Sandra Afonso®,
José A. Blanco-Aguiar®', Nuno Ferrand®™“9, Nima Rafati?, Rafael Villafuerte", Orjan Smedby?®, Peter Damberg’,
Finn Hallb6&k®, Mats Fredrikson'*', and Leif Andersson®"™1-2

7380-7385 PMNAS July 10, 2018 vol. 115 no. 28



The most characteristic feature of domestic animals is their change
in behavior associated with selection for tameness. Here we show,
using high-resolution brain magnetic resonance imaging in wild and
domestic rabbits, that domestication reduced amygdala volume and
enlarged medial prefrontal cortex volume, supporting that areas
driving fear have lost volume while areas modulating negative
affect have gained volume during domestication. In contrast to the
localized gray matter alterations, white matter anisotropy was
reduced in the corona radiata, corpus callosum, and the subcortical
white matter. This suggests a compromised white matter structural
integrity in projection and association fibers affecting both afferent
and efferent neural flow, consistent with reduced neural process-
ing. We propose that compared with their wild ancestors, domestic
rabbits are less fearful and have an attenuated flight response
because of these changes in brain architecture.
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Heart rate variability is associated with amygdala functional connectivity
with MPFC across younger and older adults

Michiko Sakaki *”*, Hyun Joo Yoo €, Lin Nga €, Tae-Ho Lee ¢, Julian F. Thayer ¢, & Mara Mather €

Neurolmage 139 (2016) 44-52




connectivity

L
®
]
2
>
£
©
whd
=
lg
e
O
L
o
=

20.00 40.00 60.00
Baseline RMSSD




Medial prefrontal cortex damage affects physiological
and psychological stress responses differently in men
and women

Tony W. Buchanan ®*, David Driscoll ®, Samantha M. Mowrer €,
John J. Sollers I, Julian F. Thayer <9, Clemens Kirschbaum €, Daniel Tranel

Psychoneuroendocrinology (2010) 35, 56—66
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Table 1 Demographics. Mean age and education in years + standard deviation.

Participant Mean age Mean education

mPFC group (N=18) 53.6 £ 13.9 13.8 1.9
Brain damaged comparison (N=12) 56.3 £ 10.4 13.9 £ 3.1

Healthy comparison participants (N =54) 50.2 £ 10.7 16.0 £ 2.5

Sex

9M/9F
6M/6F
27M/27F

Side of lesion

11B/3L/4R
2B/7L/3R
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Table 4 Affective responses to TSST. Entries show mean + S.E.M.

Sex

Group

Change in
positive affect

Change in

Threat

Challenge

Self-
concept

Control

expectancy

negative affect

Female

mPFC
BDC

Healthy

comparison

mPFC
BDC
Healthy

comparison

47 (2.3)
0.3 (2.2)
~0.4 (1.2)

~4.1 (1.9)°
0.7 (3.5)
0.4 (1.1)

13.4 (2.2)
4.0 (2.3)
4.0 (0.8)

10.7 (2.4)
6.5 (4.2)
2.4 (0.7)

3.4 (0.3)°

2.7 (0.4)
2.1 (0.2)

2.6 (0.4)°

1.0 (0.4)
2.2 (0.2)

3.6 (0.2)
4.0 (0.2)
3.6 (0.2)

3.3 (0.4)
3.3 (0.7)
3.7 (0.2)

3.4 (0.3)°

3.5 (0.4)
4.0 (0.2)

3.7 (0.2)°

3.9 (0.4)
4.1 (0.2)

4.2 (0.3)
4.3 (0.3)
4.2 (0.2)

4.4 (0.2)
3.8 (0.3)
4.3 (0.2)

" Significant difference from comparison participants using Bonferroni corrected multiple comparison procedure.




Stress Regulation
IS
Emotion Regulation



Emotion regulation moderates the association
between chronic stress and cardiovascular disease
risk in humans: a cross-sectional study

Brita Roy, Carley Riley & Rajita Sinha

STRESS
2018, VOL. 21, NO. 6, 548-555
https://doi.org/10.1080/10253890.2018.1490724




Table 4. Association between stress scores and composite CV risk score,
stratified by median emotion regulation score, Yale Stress Center cohort
2007-2012, N=528.

High Low
emotion emotion
Full sample regulation regulation

3 p Value p Value p Value

Cumulative life events
Unadjusted 0.054 <001 0.056 002 0.049 003
Adjusted® 0.034 005 0.033 064 0.033 052
Chronic Stress Score
Unadjusted 0.034 009 0.036 083 0.033 064
Adjusted® 0.028 029 0.018 .38 0.042
Perceived Stress Scale
Unadjusted 0.020 027 —0.004 .80 0.038 .004
Adjusted® 0.020 021 0.007 67 0.032 014
Composite Stress Score
Unadjusted 0.145 <001 0.081 36 0.185 006
Adjusted® 0.116 003 0.048 59 0.206 005

“Adjusted model includes age, sex, race, educational attainment, and smoking.




In the full sample, all stress measures were significantly
associated with our composite CV risk score (Table 4). The
interaction term between DERS and our composite chronic
stress score was significant in predicting the composite and

modified CV risk scores (p=.007), and marginal effects of
DERS ranged from —0.017 (95% Cl: —0.027, —0.006) to 0.012
(95% Cl: 0.004, 0.20), signifying the DERS modifies the associ
ation between chronic stress and CV risk. Stratified analyses




Resting heart rate variability predicts
self-reported difficulties in emotion
regulation: a focus on different facets
of emotion regulation

DeWayne P. Williams ™, Claudia Cash'?, Cameron Rankin’, Anthony Bernardi’', Julian
Koenig' and Julian F. Thayer

:' frontiers
in Psychology
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Heart rate variability as a transdiagnostic biomarker
of psychopathology>*

Theodore P. Beauchaine *, Julian F. Thayer

Contents lists available at ScienceDirect

International Journal of Psychophysiology

journal homepage: www.elsevier.com/locate/ijpsycho




Meta-Analyses on HRV in Psychiatric Disorders
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Investigating the Associations of Self-Rated 37
Health: Heart Rate Variability Is More 35- {
Strongly Associated than Inflammatory and 334 | |
Other Frequently Used Biomarkersin a Cross § _ -
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7}
7}
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Lower values of a novel index

of Vagal-Neuroimmunomodulation
are associated to higher all-cause
mortality in two large general
population samples with 18 year
follow up

Marc M. Jarczok ', Julian Koenig®** & Julian F. Thayer

Scientific Reports | (2021) 11:2554 _
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The p Factor: One General Psychopathology
Factor in the Structure of Psychiatric
Disorders?

1,2,3,4

, Renate M. Houts', .a.mel W. Belsky’,
Sidra J Goldman-Mellor HonaLee Harrlngton Salomon
Israel', Madeline H. Mmer Sandhya Ramrakha’,

Idan Shalev , Richie Poulton , and Terrie E. M(:-ff'itt1 ,2,3,4

Avshalom Caspi

Psychological Science

2014, Vol. 2(2) 119-137
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Fig. 1. The general latent structure of psychopathology.
Adapted from Krueger ( 1999).
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ing, shows that adults with higher levels of p fared less
well on tests requiring attention, concentration, mental
control, visual-perceptual speed, and visual-motor coor-

dination. Attesting to the ecological validity of these detfi-
cits, people who knew them well said that individuals
with high levels of p experienced cognitive problems in

their everyday lives.
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Abstract navigation simulation. Finally, we review our studies in
Background In the present paper, we describe a model of  anxiety patients, as well as studies examining psychopathy.
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esting cardiac vagal tone predicts intraindividual reaction time
ariability during an attention task in a sample of young and
healthy adults
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Psychophysiology, 53 (2016), 1843—1851.



1,000 ms




Table 2. Correlations of All Variables by Trial Type

(A) Congruent 2

. InHF-HRV
2. Accuracy

3. RT

4. SD-RT

(B) Incongruent

. InHF-HRV
. Accuracy _

]

5

3.RT _

4. SD-RT L SsE 68

(C) Combined

. ImHF-HRV
2. Accuracy
3. RT

4. SD-RT
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Registered Reports

Resting heart rate variability is associated with ex-Gaussian metrics of intra-

H. W

individual reaction time variability

Derek P. Spangler™™ ", DeWayne P. Williams", Lassiter F. SpEllEl Justin R. Brooks™
Julian F. Thayer”




Table 2. Zero-order Correlations Among vimHRYV and Performance Metrics Combined Across Stroop Conditions
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. RMSSD
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. Mean RT
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Resting RMSSD

Figure 2. Relationship between resting RMSSD and tau.
Scatter points represent individual subjects. Line represents the relationship between tau and

RMSSD adjusted for gender, BMI, ethnicity, HF peak, depletion condition, and mu. RMSSD= root
mean square of successive differences (metric or resting vimHRYV in ms units).




Resting Heart Rate Variability
Predicts Inhibitory Control Above
and Beyond Impulsivity

Cristina Ottaviani,"? Pietro Zingaretti,® Anna Maria Petta,” Gabriella Antonucci, '+
Julian F. Thayer,* and Grazia Fernanda Spitoni'*?

Journal of Psychophysiology (2018)
https://doi.org/10.1027/0269-8803/a000222
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\ Figure 2. Scatterplots of Heart Rate Variability (In) and response
latencies o© e second section of the Hayling ence Completion
= log transformation of root mean square of

/e beat-to-beat interval differences.

Figure 1. Scatterplots of Heart Rate Variability and time
second section of the Rule Shift Cards. InHRV = log transformation of
root mean square of successive beat-to-beat interval differences.




The association between individual differences in executive functioning and
resting high-frequency heart rate variability

Paula G. Williams™*, Matthew R. Cribbet”, Ruben Tinajero”, Holly K. Rau‘, Julian F. Thayer,
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Zero-Order Correlations Among Study Variables,

Variable 1 2 3 =

EF residual
Hesting HE-HRV 9T

Hesting PEP : 11

DEEFS-Mon-EF : 12 — .04
WALS-WM : Jd4 05 19

ACS : 05 — .04 —.02 —.19
DERS total : A0 —.03 .16 A8 —.30**

Daily SR ratings : 16 —.05 .04 — .09 —.16 a6

1.
2,
3.
3.
5.
B
7.
8.

Note: DEEFS = Delis-Kaplan Executive Function Scales; EF = Executive
Functioning; HF-HERV = high frequency-heart rate variability; PEP = pre-ejec-
tion period; WAIS = Wechsler Adult Intelligence 5Scale; WM = working

memory; ACS = Attentional Control Scale; DERS = Difficulties in Emotion
Regulation Scale; SR = self-regulation




[V: Baceline HE-HRV
D'V: Executive Functioning

—0.04
—0.06
Years of Education —0.21
Physical Activity —0.05
BRI — .06
Baseline HE-HRV 0.21
Total R* = 0.21; Adj R* - 0.13

p = 0.5
p = 0.5
p = 0.04
p = 0.5
p = 0.5
p — 0.01

.04




Resting heart rate variability 1s associated with inhibition

of conditioned fear

JULIA WENDT.,* JORG NEUBERT.* JULIAN KOENIG.>® JULIAN F. THAYER.? axp ALFONS O. HAMM?®
“Department of Psychology, University of Greitswald, Greifswald, Germany

PDepartment of Psychology, The Ohio State University, Columbus, Ohio, USA

“Department of Child and Adolescent Psychiatry, Centre for Psychosocial Medicine, University of Heidelberg, Heidelberg, Germany




A  Trial Structure

AX+ BX-, AB, AC, AX-
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Pretreatment Cardiac Vagal Tone Predicts
Dropout from and Residual Symptoms after

Exposure Therapy in Patients with Panic
Disorder and Agoraphobia
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Julian F. Thayer® Alexander Gerlach® Andrew T. Gloster®
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Effects of slow
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rate variability: A
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METHODS RESULTS DISCUSSION CONCLUSION REFERENCES

INTRODUCTION

The importance of breathing techniques

B
D

Benefits Vagus nerve Slow paced breathing

Voluntary slow breathing is
Several papers propose a model

that involves the vagus nerve to performed at a pace of -G cpm;
centuries as part of meditation J benefits found at many levels of

and relaxation techniques explain the therapheutic effects

Breathing has been used for

health and stress-related

of slow paced breathing physiology

03 Gerritsen & Band, 2018; Russo et al., 2017a; Zaccaro et al., 2018a; Brodal, 2016; Lehrer et al., 2020;
Lehrer & Gevirtz, 2014; Mather & Thayer, 2018; Noble & Hochman. 2019a




INTRODUCTION

[ ] O O O O O
SLOW VS SPONTANEOUS BREATHING

METHODS RESULTS DISCUSSION CONCLUSION REFERENCES

Voluntary slow
breathing

!

~ 6 cycles per minute

Spontaneous
breathing

12-20 cycles per minute

04 Sherwood, 2006




INTRODUCTION METHODS RESULTS DISCUSSION CONCLUSION REFERENCES

EFFECTS OF SPB

e Optimizing_the functioning
of the autonomic nervous
system
Optimizing_the functioning
of cardiopulmonary and
neuroendocrine functions

¢ Increasing.relaxation
e Modest reductions in
blood pressure

Decreasing anxiety and
arousal

Chaddha et al., 2019; Herbell & Zauszniewski, 2019; Kennedy & Parker, 2019; Landman et al., 2014; Mahtani et al., 2012, 2016;
05 Noble & Hochman, 2019b; Pinter et al., 2019; Russo et al., 2017b; Yu et al., 2018; Zaccaro et al., 2018b; Shaffer & Meehan 2020




INTRODUCTION METHODS RESULTS DISCUSSION CONCLUSION REFERENCES
[] O O 0

DURING

while one is performing
the slow breathing technique
- o . o @\

)
G

EFFECTS DURING TR s e

RMSSD LF-HRV

Effect size of 0.52 Effect size of 1.49
95% C1 0.43 - 0.62 95% Cl1.28 -1.69
= 81% 1’=93%
12 studies missing (Egger's test not 0 studies missing (Egger's test
significant) significant)
1outlier 2 outliers




INTRODUCTION METHODS RESULTS DISCUSSION CONCLUSION REFERENCES

O O L O O O
DURING
EFFECTS IM-AFTERI AT ] st
RMSSD

Effect size of 0.14
95% C1 0.03 -0.24
1”=0%

0 studies missing

1 outlier




DURING

RESULTS ==
EFFECTS AFTER-INT : ii';!].::-‘:!ﬂn'iilml rramie oI
RMSSD
Effect size 0f 0.32
95% C10.08 - 0.56
1>=79%

1study missing (Egger's test not significant)

0 outliers




Biofeedback training : Increase group

Increase group: attempt increase HRV by
paced breathing
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Increasing coordination and responsivity of emotion-related brain
regions with a heart rate variability biofeedback randomized trial
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Resting-State TMRI Seed Regions

mPFC Amygdala

Kaoru Nashiro

MPFC was defined based on a previous The right and left amygdala
meta-analysis (i.e., a sphere of 5mm around were defined using the

the peak voxel [x=2, y=46, z=6] in Thayer et al., Harvard-Oxford atlas.
2012).
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Heart-rate variability (HRV) meta-analysis: Overview
Sagittal Coronal
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[Resting State] The increase group showed greater left amygdala-mPFC functional
connectivity in post-training compared with pre-training

group x time (p =.037)
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Structural
brain changes

Hyun Joo Yoo




Heart rate variability (HRV) changes and cortical volume changes in a
randomized trial of five weeks of daily HRV biofeedback in younger and
older adults

Hyun Joo Yoo “, Kaoru Nashiro “, Jungwon Min “, Christine Cho “, Shelby L. Bachman *,

Padideh Nasseri “, Shai Porat “, Shubir Dutt , Vardui Grigoryan ® Paul Choi %, Julian F. Thayer ©,
Paul M. Lehrer ¢, Catie Chang , Mara Mather

International Journal of Psychophysiology 181 (2022) 50-63
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Effects of a Randomised Trial of 5-Week Heart Rate Variability
Biofeedback Intervention on Cognitive Function: Possible Benefits

for Inhibitory Control

Kaoru Nashiro'® . Hyun Joo Yoo' - Christine Cho' - Jungwon Min' - Tiantian Feng' - Padideh Nasseri' -

Shelby L. Bachman' - Paul Lehrer? - Julian F. Thayer® - Mara Mather’

Applied Psychophysiology and Biofeedback
https://doi.org/10.1007/s10484-022-09558-y
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Vagal Mediation of Low-Frequency Heart Rate
Variability During Slow Yogic Breathing

Bryan W. Kromenacker, MA, RN, Anna A. Sanova, BS, Frank I. Marcus, MD,
John ).B. Allen, PhD, and Richard D. Lane, MD, PhD

Psychosomatic Medicine, ¥V 80 « 3¥1-5%) July/August 2018




Spectral power at breathing frequency
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HRV Spectral Power by Breathing Rate [Saline]

60 65 70 75 80 B85 Q.IO BPM

4.0
4.9
8.0
5.5

\J’ -
Q
&
=
.
C;.
=
C.
(o]}
>
X
o

008 0.08 0.1 011 012 013 0.14
HAV trequency (Hz)

4.8 5.4 8.0 6.6 7.2 7.8 8.4
Breatns per minute (BPM)




HRV Spectral Power by Breathing Rate [Esmolol]
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HRV Spectral Power by Breathing Rate [Glycopyrrolate]
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Conclusions

The brain and the heart are intimately
connected

The prefrontal cortex 1s needed to feel
safety

HRYV biofeedback influences the brain

This effect 1s almost exclusively vagally
mediated



%fo St 1 telhgent

but the one most

responsive to
change.”

~Charles Darwin, 1809
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