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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)



Overview of the autonomic nervous 

system











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)
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PNS influences: 

“what happens in vagus …”

• PNS influences dominate: “vagal tone”1

– intrinsic 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

Warner & Cox, 1962
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QEKG Methods





HRV and organism health

• An index of physiological health4

– ↓ HRVrest assoc. with ↑ levels of: hypertension, 
diabetes, cholesterol, obesity, arthritis, cancers

– Independent predictor of all-cause mortality

• An index of emotional health5

– ↓ HRVrest associated with ↑ depression, anxiety

• An index of attentional processes6,7,8

– HRV ↓ as attentional demands ↑

• An index of cognitive health6

– ↑ HRVrest linked with ↑ accuracy and faster RTs during working 
memory task

















The “Default” Stress Response

• When in 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 loci and half 

right sided loci

• Prediction: Inactivation of PFC associated 

with increase in HR and decrease in HRV

















































Stress Regulation

is

Emotion Regulation
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Introduction
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Biofeedback training : Increase group

Increase group: attempt increase HRV by 
paced breathing





Resting-State fMRI Seed Regions

AmygdalamPFC

MPFC was defined based on a previous 
meta-analysis (i.e., a sphere of 5mm around 
the peak voxel [x=2, y=46, z=6] in Thayer et al., 
2012).

The right and left amygdala 
were defined using the 
Harvard-Oxford atlas.

Kaoru Nashiro





[Resting State] The increase group showed greater left amygdala-mPFC functional 
connectivity in post-training compared with pre-training

0

0.02

0.04

0.06

0.08

0.1

Increase Decrease

m
P

FC
 -

Le
ft

 A
m

yg
d

al
a

Fu
n

ct
io

n
al

 C
o

n
n

ec
ti

vi
ty Pre-training

group x time (p = .037) 

p = .002 

time (p = .022) 

(n = 51) (n = 47)



Structural 
brain changes

Hyun Joo Yoo





















Conclusions

• The brain and the heart are intimately 

connected

• The prefrontal cortex is needed to feel 

safety

• HRV biofeedback influences the brain

• This effect is almost exclusively vagally 

mediated





Thank You!


