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Approaching practicality: Laptops?

- Install Kubios (hittp://kubios.uef.fi/) and R + RStudio
(instruction video)

« If you have time and are eager to learn data analysis:
http://bit.do/embodiedmind

 Data repository (so far: mem1,2,4,5) on dropbox.



http://kubios.uef.fi/
https://www.youtube.com/watch?v=eD07NznguA4
http://bit.do/embodiedmind
https://www.dropbox.com/sh/91zi0hlcqwint5u/AABAGGIusYi4aNhvVkNeoWFxa?dl=0

Organizational

Absent on July 1t (and potentially July 14th)

Alternatives:
- One or two extra sessions (doodle dates)

- Prolong remaining sessions by -15 min each
— practical sessions
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How can we minimize prediction error?

Do dopamine neurons report an error
in the prediction of reward?

No prediction
Reward occurs

Reward predicted
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Interoceptive inference
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http://www.fil.ion.ucl.ac.uk/~karl/Interoceptive inference emotion and the embodied self..pdf




The
nervous

systems
(Wikipedia)

= Structure
B = Function

Key: Central Nervous System (CNS) _
Brain and spinal cord Nl > AN
m Integrative and control centers
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Peripheral Nervous System (PNS) R o
Cranial nerves and spinal nerves
m Communication lines between the CNS
and the rest of the body
Sensory (afferent) division Motor (efferent) division
m Somatic and visceral sensory nerve fibers m Motor nerve fibers
Conducts impulses from receptors Conducts impulses from the CNS
to the CNS to effectors (muscles and glands)
Sympathetic division Autonomic nervous Somatic nervous
m Mobilizes body systems during system (ANS) system
activity (“fight or tlight”) m Visceral motor (involuntary) ®m Somatic motor (voluntary)
Conducts impulses from the Conducts impulses from the
CNS to cardiac muscles, CNS to skeletal muscles

Parasympathetic division smooth muscles, and glands

m Conserves energy

m Promotes "housekeeping”
functions during rest


http://en.wikipedia.org/wiki/Nervous_system

Fun facts

« Evolution:; a function
of first “brains” (500
Mio. years ago) was to
control heartbeat

« Heart 1s about the size
of a clenched fist

« 4 000/hour,
100,000/day,
>2,000,000,000 per
lifetime (cf. chicken)

Lifetime Heartbeats and Animal Size

Weight Heart Rate Longevity | Product  Lifetime Heartbeats
Creature (grams) (/minute) (years) (billions)
Human 90000 60 70 4200 221
Cat 2000 150 15 2250 1.18
Smalldog 2000 | 100 10 1000 | 0.53
Medium dog | 5000 90 15 1350 A0.71
Large dogs | 8000 75 17 1275 0.67
Hamster | 60 450 3 1350 | 0.71
Chicken 1500 275 15 4125 2.17
Monkey 5000 190 15 2850 1.50
Horse 1200000 |44 40 1760 0.93
Cow 800000 65 22 1430 0.75
Pig 150000 70 25 1750 0.92
Rabbit 1000 205 9 1845 0.97 N
elephant 5000000 30 70 2100 1.1 i~
giraffe 900000 | 65 120 1300 | 0.68 @ "
large whale | 120000000 | 20 80 1600 | 084 |


http://kottke.org/13/02/does-every-species-get-a-billion-heartbeats-per-lifetime
http://kottke.org/13/02/does-every-species-get-a-billion-heartbeats-per-lifetime

Heart rate and its variability (HRV)

- Heart rate (HR): Number of heart beats per minute (bpm)
— cf. pulse of the body

- Resting heart rate (HR_Rest): subject at rest and awake
(typically 60-80 bpm)

» HR Variability (HRV): variation in beat-to-beat or
interbeat interval (IBI/RR/NN)

e “oscillation in the interval between consecutive heart
beats” (Task Force, 1996)



Heart anatomy

e Unidirectional blood flow:
right — left
atrium — ventricle

 Pacemakers:
« Sino-atrial (SA) node (100
bpm)
 Atrial-ventricular (AV) node

(gateway, pauses signal,
40-60 bpm)

« Bundle of His and Purkinje
(25-45 bpm)




Physiology of the heart (electric pump) 1
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Physiology of the heart (electric pump) 2

Aorta (to body)

Pulmonary
artery

Superior vena cava
(from upper body)

Left pulmonary

Right pulmonary arteries (to left lung)

arteries (to right lung) —<

Aortic valve Left pulmonary

veins (from left lung)
Right pulmonary

veins (from right lung) g
Right atrium Mitral valve
Left ventricle
Tricuspid valve
Inferior vena cava

(from lower body)
Pulmonary valve
Direction of blood flow
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Wigger's diagram
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http://en.wikipedia.org/wiki/Wiggers_diagram
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Physiology of HRV - intluences

1) reflex-related changes in
blood pressure, oxygen,
carbon dioxide levels detected
by baroreceptors and
chemoreceptors, resp.

2) Mechanical changes in
respiration (inspiration and
expiration)

3) Tonic and reflexive changes
in CNS activity (mainly
brainstem but also cortex)




Physiology of HRV

dual innervation of the heart by the ANS:

increase in sympathetic
activity (slow, seconds,
nor/epinephrine)

— HR increase (shorter IBIS)

increase in parasympathetic
activity (primarily vagal,

fast, ms, acetylcholine)

— HR decrease (longer IBIS)




Physiology of HRV - remarks

« At rest, HR is balanced by both sympathetic (SNS) and
parasympathetic nervous system (PSNS) — cf. car
metaphor

e Intrinsic HR is higher than HR_Rest — Heart is under
tonic inhibitory control by PSNS (vagus)

« SNS influences are slow — high-frequency HRV (above
0.15 Hz) represents PSNS influences



Heart & Brain: Cortical cardioregulation 1

MPFC/ACC (& AMY) connected to (task-related) HRV

- Meta-analysis w/ 5 fMRT (n=61) and 3 PET (n=133)
studies (Thayer et al., 2012)

Heart-rate variability (HRV) meta-analysis: Overview
A Sagittal Coronal

R

L

vMPEFC subregions
rMPFC

PEACC
sgACC

/ Amygdala

. Consistent across types
I Emotion > Cognitive/Motor

I Cognitive/Motor > Emotion

Putamen
L amygdala



http://wagerlab.colorado.edu/files/papers/thayer.meta.analysis.heart.rate.variability.pfc.nbr.12.pdf

Heart-brain interactions (Garfinkel et al., 2014)
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4012313/

Heart-brain interactions (Garfinkel et al., 2014)

C Emotional Intensity Paradigm
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4012313/

Heart & Brain: Cortical cardioregulation 2

Chang et al., 2013: Resting-state fMRI and (resting) HRV
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3746190/

Heart & Brain: Cortical cardioregulation 2

Chang et al., 2013: Resting-state fMRI and (resting) HRV

connectivity
dACC

amygdala

activation

LF-HRV HF-HRV



http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3746190/
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Less scientific HRV
.
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Heart Rate Variability Training
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HRVtraining

As the title implies, this is the third installment to a series I started several months ago
that discusses the various factors that can help improve our HRV. The first two posts can
be read by clicking on the respective links below.

How to increase HRV Part 1: Inflamy

How to increase HRV Part 2: Nutriti
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How to increase HRV Part 3: Aerobic Exercise
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HRV device

STRESSERASER.

Learn to relax with clinically-proven StressEraser biofeedback.
Mo medication. No computers. Mo straps or wires. It's as natural as breathing.

STRESSERASER SCIENCE PRESS ORDER NOW

Stresskrasers for the Military

' DAN
U.S. Military
—
s

slresseras

> 00:00 00:00  skunl| 33
Video: 5GT Dan Bauer USAF describes how his Predator team relies on the
StressEraser before and after combar situartions (1:16). [Note: Phone number in video is

no longer active ]

To help support our troops, we are providing StressEraser personal biofeedback devices to
military units where the need is greatest. In 2008, we shipped more than 300 StressErasers to
Baghdad and other military bases in Irag; various Army, Navy and Marine stations through the
Middle East; and Air Force bases around the world. To apply on behalf of your military

organization, please submit your contact information in the form below.

CUSTOMER CARE

BLOG: STRESS IS KILLING YOU

Order Your StressEraser Today!

& Addtocart |

The StressEraser personal biofeedback
device costs 5179 plus shipping. The price
includes a 30-day stress-free guarantee and a
1-year warranty. | Order now - U.S. only

Certified Refurbished StressErasers -
Certified refurbs are now available for 5119
plus shipping. Limited quantity available! | Learn
more | Order now - U.S. only

The StressEraser is now available
outside of the U.5_ | List of international
distributors

Learn more about special StressEraser pricing
for the U.S. armed forces, V.A. hospitals, and
veterans. | StressErasers for the Military



How to acquire HR(V)?

» Continuous recording of 500 - ~x—Total
[BIs (HR) over time ¥ 700 | ~=—LF

- Normal breathing (rapid + £ 2 [ o VLF
shallow breaths decrease § .., [ —hE
HRV) — respiration belt? € 300 |

- Sampling rate: min. 100, & 2 [ e~
rather 250-500 Hz (Task = 7§

Force) — Polar H6/7: 1000 "0 3 4 6 8 10 12 14

Hz Respiratory rate (breaths/minute)



Measures of HR/V- time-domain

NN/RR/IB intervals; time domain = best for long-term (24h) recordings

Mean NN, mean HR, difference between shortest and

Derived RR intervals longeSt NN
RR, RR RR RR RR _ .
L e e I « Sqrt(var) = SD of NN intervals (SDNN) — estimate of overall
HRV
A A A I i - Sgrt of mean squared difference of successive NN
n‘lllfj T ’“-y/ T ’ju/ : intervals (RMSSD) — short-term components of HRV
RR interval tachogram « Number (NN50) and propor’[ion (pNNSO) of pairS of
1 RR, oR AR adjacent NN intervals with diff > 50ms
RR 3 RR, 5
[ { RMSSD, (p)NN50 = PSNS-mediated HRV
1 2 4

NB: total variance of HRV increases with recording length



Measures of HR/V- time-domain

Discrete event series (DES)

Derived RR intervals
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Beat #



Number of normal

RR intervals

Geometrical and nonlinear measures

- Geometrical measures: on
NN interval histogram - HRV
triangular index and
triangular interpolation of
NN interval histogram —
recordings of at least 20 min
(preferably 24h)

- Nonlinear measures: e.g,,
Poincaré plots and approx.
entropy (ApEn) — difficult to
interpret (physiologically)




Fourier Transform: time » {requency

Source: Wikipedia/Wikimedia (also cf. youtube)


https://www.youtube.com/watch?v=zKKGA30bHG0

Fourier Transform: time » {requency

p

Power spectral (density; PSD) analysis of heart rate fluctuations
(Akselrod, 1981)

FFT spectrum estimation results
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Measures of HR/V- frequency-domain

power in frq. bands (FFT or AR):

« Very low Frq (VLF): 0-0.04 Hz (NB: not for
short-term recordings of 5 min or less)

« Low Frq (LF): 0.04-0.15 Hz (-3-9 times /
minute) — PSNS + SNS

 High Frg (HF): 0.15-0.4 Hz (9-24 times /
minute) — PSNS (vagal)

« LF/HF ratio (careful!)

— absolute values (ms?) or normalized
units (n.u.) - Normalization emphasizes
balancing of SNS and PSNS (but always
also report absolute values)

0.01 f

PSD (s°/Hz)

0

0.005 |

w/\wmm

0 0.1 0.2 0.3
Frequency (Hz)

0.4

0.5



Physiological evidence

 Total autonomic blockade nearly eliminates all HRV

« HF-HRV modulated by PSNS antagonists or vagotomy
(abolished) and electrical vagal stimulation (increased)

« LF-HRV reduced with either SNS or PSNS antagonists

— HF-HRV (PSNS) more clearly understood
physiologically; central and peripheral contributions



Tips (from Task Force, 1996)

 “It 1s inappropriate to compare time-domain measures
obtained from recordings of different duration” (Task
Force) — 5-min and 24-h

- “frequency-domain methods should be preferred to the
tfime-domain methods when investigating short-term
recordings.” (Task Force)

« Recording at least 10 times the wavelength of lower frq
bound of investigated component — 1 min for HF-HRYV,
2 min for LF-HRV



HRYV as a marker (psychology?) 1

1)

HRV as individual trait marker (i.e., at rest — usually 5 min):

mental & physical health

Low HRV as risk-factor for psychopathology and all-cause mortality (Liao et al. 2002);
e.g., HF-HRV predicts survival in post-myocardial infarction patients (e.g., Kleiger et al.
1987)

HRV as response variable in task settings — behavioural

flexibility or attentional engagement with the environment

HRV (HRV_Rest and task-related) as marker of emotional experience and emotion
regulation (e.g., Appelhans & Luecken 2006); e.g., breathing exercise w/ HRV
biofeedback decreases anxiety (Wells et al. 2012)

(cf. Thayer & Lane 2000, 2009; for review)



HRYV as a marker (psychology?) 2

individuals with higher HF-
HRV at rest

- perform better on a test of
social cognition and
emotion recognition 2
(Quintana et al. 2012)

- and inhibit unnecessary
processing of affective
information more
efficiently (Park et al.
2012).



http://dx.doi.org/10.1016/j.ijpsycho.2012.08.012
http://dx.doi.org/10.1037/a0028528

HRYV as a marker (psychology?) 3

« Reduced HRV in several cardiological and non-
cardiological diseases: diabetic neuropathy, cardiac
transplantation, myocardial dysfunction, tetraplegia,
but also in depression, anxiety disorders, etc.

 Intuitive/simplistic interpretation for mental disorders:
less flexibility in the face of changing environments
leads to increased stress and fear (or vice versa)



How to influence your HRV?

Interventions to augmen’[ HRV: STRESSERASER

Learn to relax with clinically-proven StressEraser biofeedback.
. No medication. No computers. No straps or wires. It's as natural as breathing.
« Drugs (beta-adrenergic
STRESSERASER SCIENCE PRESS ORDER NOW CUSTOMER CARE BLOG: STRESS IS KILLING YOU
L] L]
blo Ckade, antlarrhythml.(:) StressErasers for the Military e S

- Physical exercise

" DAN

- Biofeedback and meditation - s

& Addtocart |

B 00:00 memm—— 0000 sl 52 The StressEraser personal biofeedback
= = = ) device costs 3179 plus shipping. The price
Video: SGT Dan Bauer USAF describes how his Predator team relies on the includes a 30-day stress-free guarantee and a

B . t k
StressEraser before and after combat situations (1:16). [Mote: Phone number in video is 1-year warranty. | Order now - U.5. only
. no langer active.] Certified Refurbished StressErasers -
Certified refurbs are now available for 3119

plus shipping. Limited quantity available! | Learn
o -5 ‘

To help support our troops, we are providing StressEraser personal biofeedback devices to e i =S ety
military units where the need is greatest. In 2008, we shipped more than 500 StressErasers to The StressEraser is now available

. . . outside of the U.5. | List of international
Baghdad and other military bases in Iraq; various Army, Navy and Marine stations through the distributors
Middle East; and Air Force bases around the world. To apply on behalf of your military
Learn more about special StressEraser pricing
for the U.5. armed forces, V.A. hospitals, and
veterans. | StressErasers for the Military

organization, please submit your contact information in the form below.



