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Common types of meditation (Do 10.1161/)

Meditation

Description

Origins and WelkKnown Teachers in the West

Samatha meditation

Samatha is translated to mean “calm” and samatha meditation is
often referred to as calm, abiding meditation. Samatha meditation
is the practice of calming the mind by practicing single-pointed
meditation through mindful concentration focusing on the breath,
image, or object.

Buddhist practice, dating to the time of the Buddha or even
before

Vipassana meditation
(insight meditation)

Vipassana is translated to mean, “to see things as they really are.”
Vipassana emphasizes awareness of the breath, tuning into the
air passing in and out through the nose. Vipassana teaches one to
label thoughts and experiences as they arise, taking mental notes
as one identifies objects that grab one’s attention. Vipassana
meditation is often taught at 10-day retreats.

Traditional Buddhist and Indian meditation. Well-known
teachers include Mahasi Sayadaw, S.MN. Goenka, Sharon
Salzberg, Joseph Goldestein, Jack Kornfield, and Michael
Stone

Mindful meditation

An umbrella term for the category of technigues used to create
awareness and insight by practicing focused attention, observing,
and accepting all that arises without judgment. This type of
meditation is also referred o as “open monitoring,” in which one
allows one's attention to flow freely without judgment or
attachment.

Origins come from Buddhist teaching. Well-known Western
teachers include Jon-Kabat Zinn, Tara Brach, Sharon
Salzberg, Joseph Goldestein, Jack Kornfield, and Pema
Chodron

Zen meditation
(zazen)

A type of meditation where one focuses one'’s awareness on one’s
breath and observes thoughts and experiences as they pass
through the mind and environment. In some senses similar to
Vipassana meditation, but with an emphasis on a focus of the
breath at the level of the belly and on posture while sitting.

Buddhist meditation from Japan. Well-known teachers
include Thich Nhat Hanh and Joan Halifax Roshi

Raja yoga meditation

Referred to also as “mental yoga,” “yoga of the mind,” or Kriya
yoga. A practice of concentration to calm the mind and bring it to
one point of focus. Includes a combination of mantra, breathing
techniques, and meditation on the chakras/spinal cord focus
points.

Hindu practice dating back thousands of years. Introduced
to the West in 1893 by Swami Vivekananda. Further
clarified and taught by Paramhansa Yogananda for the
Western audience

Loving-kindness Loving-kindness meditation involves sending loving kindness to Originates from Buddhist teachings, mainly Tibetan
(metta) meditation oneself, then continuing to send it to a friend or loved one, to Buddhism. Well-known instructors include Sharon
someone who is neutral in your life, to a difficult person, and then Saltzberg and Pema Chodron
out to the universe. Through this practice, the meditator cultivates
a feeling of benevolence toward oneself and others.
Transcendental Mantra-based meditation technique in which each practitioner is Origins in ancient Vedic traditions of India. Popularized in
meditation given a personal mantra that is used to help settle the mind the West by the Maharishi Mahesh Yogi and now taught

inward. Transcendental meditation is taught by certified teachers
through a standard 4-day course of instruction. Transcendental
meditation is practiced for 20 minutes twice daily.

in the United States by the Maharishi Foundation

Relaxation response

A multifaceted practice that can involve awareness and tracking of
breaths or repetition of a word, short phase, or prayer

A term and practice pioneered by Dr Herbert Benson in the
1970s, based in part of the practice of transcendental
meditation




Meditation, Default Mode Network

and Age-Associated Brain Changes
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FiGure 2: Model of meditation effects to promote optimal aging. The constant practice of attentional family meditation develops the
metacognitive self-regulatory capacity of the mind. This consists in the voluntary control of attentional focus and keeping the attention in
the present experience, without self-referential thinking and mind wandering. This metacognitive ability can modulate cognitive,
emotional, behavioral, and autonomic output. The question is: Can these skills promote a healthy aging? ANS: autonomic nervous system,
HPA: hypothalamic-pituitary-adrenal axis.

Neural Plasticity, 2019, Article ID:7067592
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The same principle with a voltmeter that
measures electric potential difference between
two points in an electric circuit

Complicated oscillation

Minute electrical potential signal in uV level
Spontaneous and continuous generation while alivi



Default Mode Network
Intrinsic oscillation in the eye-closed resting EEG

« sinusoidal 5-13 Hz waveform
- modulated by thalamo-cortical and cortico-cortical interactions.
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Intrinsic oscillation with same patterns in all

MDF: median frequency (5-13Hz) PF: maximum peak frequency

the frequency at which the
power is largest

« the frequency at which the
cumulative power first
exceeded a half of total
power
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Clin EEG Neurosci. 2020

The characteristics of this intrinsic oscillation can be quantified by some EEG markers such as
MDF or PF.



Accuracy and reproducibility of prefront
by comparing with those of other
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The prefrontal EEG markers such as MDF, PF were reliable with good consistency and good
reproducibility.



Negative correlations
between intrinsic median frequency

(A) healthy females and healthy males  (g)
12 s 1 e . 12 sttt — 12
1 1 - 1n = = 1 e S
1 >o-* -o ‘i 1 &. e _‘: 10 = ® % =, 5 * e 3
O P K > . P> 4R S a5 . - = -2 ° .
) B oo 3= 3 "‘* &y 2, e ,‘;:;:‘3&.-_‘ 2 L ,‘.:?7"35‘__,.
L ] ] A 2 : = 2 a uc S
o &0 v «©w N & 0 3 < o 0 » 40 (2] ¢ 1 40 2] €0 &
Age (Fermade, ) ~ male. Age (M | Ay L]
12 12
! 5] 11 - °
F : -. o-t-2-ia z 10 ® a2 -te ? 10 > e e £ 10 - = y
= > < - z ¥ - = vei Vayp z AL S Y 7 > i % -
2 R e 5 I, 30 W g o vyt
2 A = oql are vl = St = = S SRl
8 . s L &
“wow e owow o« o= o« INthe 8 brain.regions,’ such.as. the.left/right. . « « « o « &
Age Wemuale, K52 Age (Fomale NS Age (Nsle, Py . = Agre (Nude, N6
prefrontal, frontal, temporal and occipital lobes
1 1t . L . - -
: ¥ -l £, Lol i Ll e P e
ot - | = ¢ § P —nil g
z . :ﬁ - & N B o 5 =3 ;-':r,‘; :;:é_. s = }*a;."’?:-:-& X
- - = - a. : s o ~
" N
10 0 50 & o 0 0 % w N = w 58 & o 20 1 0 30 w0 N « 0
age se. N Ige Gem NeS2 . Age (M
12
31 = = - » 5
i I%e 3 Sl Y Fo—Cem g 5 Y
» ol $ s > < - 2 — ‘ha® & 4 T = -
3 RS B g° . YR 50 b :‘:‘.-}_'"t;-‘,;- g v o ."3"‘-; '
! 3 24 : -2 . -
10 ° 30 30 a e e by i &0 0 “w b > z o oo 0 > 0 3 : c 0 O .
Age (Ve Age =l e 22 Ag . g0 (NUe, o

Intrinsic median frequency for young adults is around 10 Hz. In older adults, it is lower, about 9 Hz.
These correlations with brain aging were significant in all brain regions.  Clin EEG Neurosci. 2020



Cognitive decline,

explained by the prefrontal intrinsic o

In the elderly population, the global cognitive
function by Mini-Mental State Examination
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Amyloid load, which is the main pathology of Alzheimer’s

PSD (uV2/Hz)

PSD (uV2/Hz)

explained by the prefrontal intrinsic

divided the subjects into four groups, according to the combination of their amyloid and cognitive status
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Brain cells in the default mode network,
highlighted in blue on the left, communicate
with each other more often than other brain
areas. This may help explain why these same
areas are often hit first by Alzheimer's
plaques, which are highlighted in red in the
brain images on the right. . ..
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This preclinical AD’s EEG change would be non-invasive and cost-effective screening tools
and could help to predict the future progression to clinical AD.



Negative effect of Methyl Bromide fumigatio
on central |

Methyl bromide(MB) is a fumigant that has been widely used for killing pests on plants in
trade, soils, and structures worldwide.
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Also, the urinary bromide ion levels were negatively correlated with prefrontal median frequency.
It suggested that occupational exposure to MB negatively affected the health of workers.

PLOS ONE, 2020



Coherent DMN activity under condition of Se
anesthesia (Greicius et al., 2008; Vincent et al., 2007)
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Electroencephalographic Approximate Entropy Changes in
Healthy Volunteers during Remifentanil Infusion

Gyu-Jeong Noh, M.D.,* Kye-Min Kim, M.D.,1 Yong-Bo Jeong, M.D,t Seong-Wook Jeong, M.D.,§ Hee-Suk Yoon, M.D., |l
Sung-Moon Jeong, M.D.,t Sung-Hong Kang, Ph.D.,# Olinto Linares, M.S.,** Steven E. Kern, Ph.D.tt



Vulnerable Brain : Low Frontal Alpha Power

High Alpha Power Without Burst Suppression

30-year-old patient

81-year-old patient
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Brain networks of meditation
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Figure 1. Grand average of the imaginary part of coherence (ICoh) as a function of frequency pooled for all
investigated electrode combinations during resting state (REST), focused attention meditation (FAM), open
monitoring meditation (OMM), and loving kindness meditation (LKM).
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Figure 5. Topography maps of grand average integrated connectivity (IC) presented as a difference between
REST and the respective meditation condition (FAM, OMM, and LKM) for three frequency ranges (theta, alpha . . .
2, and beta), which showed systematic differences. Blue colour indicates meditation-related increase; red colour Scientific R eports, 2020, 10:7431

indicates meditation-related decrease.



Neuronal activation during meditation

FA, OM, TM, and LK meditation are associated with global increases in oscillatory activity
in meditators compared to meditation-naive adults, with larger changes occurring as the
length of meditation training increases.

Alpha activity increases in posterior brain regions during both FA and OM. In anterior
regions, FA shows a bilateral increase in alpha power, while OM shows a decrease only in
left-sided power.

Gamma activity in these meditation practices is similar in frontal regions, but increases
are variable in parietal and occipital regions.
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FIGURE 1 | EEG oscillation contrasts between focused attention and open monitoring meditation practices. Font. Neurosci. 2018, 12:178




Transcendental Meditation (TM] : EEG Coherer
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G-Tummo Meditation

BFB : BGBE ; MFB ;

= Forceful Breath (FB) and Gentle Breath (GB).
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Figure 3. CBT increases for Study 1 participants #1, #3, and #4 during BFB, BGB, MFB, and MGEB performed in a continuous
sequence. Since the duration of each of the four practices wvaried from participant to participant, to simplify the figure presentation, the duration of
each practice is rescaled from 0 to 1, with tO the starting point of each practice, and t1 the ending point.
doi:10.137 1 journal pone 0058244 . g003
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Figure 7. CBT increases during FB as performed by a Western
non-meditator and a Western g-tummeo practitioner. The vertical
dashed lines indicate the beginning/end of different phases of the
practice; (A, Western non-meditator): rest, BFB, rest, BFB, rest, and (B,
Western g-tummo pract itioner): rest, BFB, rest, MFB, rest.
doi:10.1371/journal. pone.0058244.9007

Figure 5. CBT increases during FB meditation in Study 1as a function of alpha power increases during MFB over BFB (solid line

represents regression).
PLoS ONE. 2013, 8(3)

doi:10.1371/journal.pone.0058244.9005



Buddhas Brain : Long-term Buddhist practit

High amplitude gamma synchronizations may play a crucial role in the constitution of
transient networks that integrate distributed neural processes into highly ordered
cognitive and affective functions.
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Coherent Gamma Mechanism: Cognitive Binding
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Gamma: Higher Order Cognitive Function
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Gamma Entrainment

Binds Higher Order Brain Regions and Offers Neuropr

Reduction of amyloid load across cortex
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Figure 1. 40 Hz auditory stimulation modulates spiking activity in AC, CAl, and mPFC
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Buddhist Jhana Meditation

Buddhist meditation comprises two strands, Samatha anc

Vipassana; the

translated as tranquility or serenity, and the latter as insight or wisdom.
Jhana meditation falls within the samatha division. “absorption,’

First ripa jhana factors

Sustained attention or thought ( = vicara)
Energized interest, or “joy” ( = piti)
Happiness, contentment or bliss ( = sukha)
One-pointedness of mind ( = ekaggatacitta)

. & & 8 @

Second riipa jhana factors

e Energized interest, or “joy” ( = piti)
e Happiness, contentment or bliss ( = sukha)
* One-pointedness of mind ( = ekaggatdacitta)

Third rapa jhana factors

e Happiness, contentment or bliss ( = sukha)
e One-pointedness of mind ( = ekaggatdcitta)

Fourth riipa jhana factors

e One-pointedness of mind ( = ekaggatdcitta)
e Equanimity( = wupekkha)

Applied attention, or initial thought ( = vitakka)

1. Spindles
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FIGURE 2 | Meditation spindles compared to those in stage-2 nREM sleep for 27 independent recordings. The bar charts (Left) show spindle frequencies from an
independent component (IC) spectral analysis in source space of 60-s segments from each recording. The data are split into two cohorts of meditation experience,
4-30 years and 30-44 years; the former yielding 16 spectral peaks and the latter 22 peaks, normalized to 20 for each cohort in the plot. At right are spindle density,
duration and amplitude in sensor space from visual inspection of N = 30 consecutive spindles in each record (spindes at least 3x the inter-spindie background
amplitude; total N = 810 spindles), compared to values typical of sleep. American Academy of Sleep Medicine guidelines (American Academy of Sleep Medicine
[AASM], 2017) were followed for visual inspection.

Frontiers in Human Neuroscience, 2019, 13:178



Buddhist Jhana Meditation

Infraslow—Wave (ISW) Activity
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3. Spike-Wave Activity

Slow waves (SWs)
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FIGURE 6 | Infraslow-wave and spike-wave statistics in sensor space
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n, 2012, and for spike waves from

from Sutter and Kaplan, 2012 and Libensor

Sadleir et al., 2009.
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Main Features of Meditative EEG
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High-level consciousness € Changed [

High-level consciousness: fast brain wave rhythm

Awakened consciousness

The frontal lobe works in the frequency of 8Hz or above in
order to maintain concentration and perceive an integrated
experience. In order to perceive the experience of being one
with the universe and all things under the sun, the frontal
lobe needs to be in the gamma wave band, which is as high
as 40 Hz.

Spiritual experience of being awakened mainly activates the
frontal lobe and engages the right hemisphere in addition.
When the frontal lobe activities increase while it is well
integrated with the active right hemisphere, one feels that all
the people are inter-connected while feeling to be one with
the universe as well as all things under the sun.

The real world becomes more real. The fast gamma wave in
40 Hz is engaged in combining all the sensory information
input transforming it into a perfect experience. The sensory
information processed at a very fast speed allows the person
to experience the world in high definition (HD).

- - e

M 'f,l’r’rrhW«&\rh?:‘r Wittt AR

Areas of unconscious and subconsciousness

Induces the passive, calm, empty or semi-awakened state
where alpha wave or theta wave appears.

The deep-seated brain structures such as the limbic
system engages the right hemisphere. The frontal lobe
and the entire left hemisphere are not active and rather
suppressed.

One experiences something mysterious as the right
hemisphere is activated. An illusion or strange spectacle
that the subconsciousness presents is often taken as a
signal or mental awakening.

Staying in such a low-level consciousness allows one to
face the subconsciousness and experience the reality as if
it were a dream

New Brain, New World, Eric Hoffmann, 2012



ERP: Sensory function evaluation
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ERP: Attention P300 Evaluation
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In oddball task, brain’s electrical response of rare stimuli
has the positive peak at 300ms, sometimes called by P3.
The amplitude and the latency of P3 reflect the brain’s
attention function. Generally, dementia shows the longer
latency and the smaller amplitude.
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Prefrontal EEG/ERP biomarkers and the MMS
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Peak-MEF
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According to the severity of cognitive decline, as estimated by
the MMSE, we classified subjects into the four cognitive stages
of M4 (prodromal, MMSE 26-30), M3 (mild, MMSE 21-25),
M2 (moderate, MMSE 16-20), and M1 (severe, MMSE 0-15).
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Some EEG biomarkers decrease monotonically as the cognitive decline.



Focused attention meditation (FAM, 8 wee

: longitudinal ERP study

 significantly higher P3 amplitude during the oddball task
« shorter reaction time (RT) for target stimuli
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Fig. 1. Behavioral and event-related potential (ERP) results during three-stimulus oddball task. (A) indicates hit rate in each condition. (B) indicates reaction time to
target stimuli in each condition. (C) indicates ERP waveform at Pz at the time that participants responded to target stimuli. (D) indicates P3 amplitude at Pz at the time
that participants responded to target stimuli. pre_T1_M, pre-training, T1 condition, meditation group; pre_T1_C, pre-training, T1 condition, control group; pre_T2_M,
pre-training, T2 condition, meditation group; pre_T2_C, pre-training, T2 condition, control group; post_T1_M, post-training, T1 condition, meditation group; post_T1_C,
post-training, T1 condition, control group; post_T2_M, post-training, T2 condition, meditation group and post_T2_C, post-training, T2 condition, control group. *P < 0.05;

**P <0.01. Error bars indicate standard error.

Social Cognitive and Affective Neuroscience, 2020, 215-223



Enhanced response inhibition : Vipassana me

Emotional Go/Nogo task

: Meditation may improve response inhibition and control over emotional reactivity.
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Figure 1. Valence (left) and arousal (right) ratings of the emotional pictures used in the emotional Go/Nogo
task. The meditators subjectively evaluated the emotional pictures lower in valence and arousal than the athlete
control participants.

ar Fs Megative

Pasial (1 V)

] o (L] =0 m =m =0 a0 ™ ) -va ] ] 2:

Torra (rm)

Neutral

-= Controls

- Meditators ool

500 0.27 -~ Meditators
i 2
e 8
: 450+ g 0.14
[+ 4 o o

400 T T T 0.0 T T T

Negative Neutral Positive Negative Neutral Positive
Emotion Emotion

Figure 2. Reaction times for Go trials (left) and total error rates (right) for the emotional Go/Nogo task for
each emotional condition. Meditators made significantly fewer errors than controls, while being equally fast on
the task.
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Figure 3. This figure displays grand-average stimulus-locked ERP waveforms at electrode Fz, separately

for correct Go and Nogo trials and for negative (left), neutral (central) and positive (right) pictures, for the
meditator and control group. Meditation experience was not associated with differences in ERP indices of
response inhibition. That is, the difference in N2 and P3 amplitude in NoGo vs. Go trials did not differ between

groups.

Scientific Reports, 2019, 9:13215



ERP: Effects of mindfulness
on neural indices of response inhibition.

Go/NoGo task
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Fig 3. Effects of mindfulness on neural indices of response inhibition. Shown are grand-average stimulus-locked
ERP waveforms for neutral (left) and smoking pictures (right) at Fz (Panel A) and Cz (Panel B), separately for correct
Go and NoGo trials and the mindfulness and control group. Scalp voltage maps are shown in Panel C for mean

amplitude for 300-450 ms. As can be seen, the mindfulness group displayed a reduced NoGo P3 compared to the
control group.

PLoS ONE, 2018, 13(1)



No Detectable EEG Activity in Tukdam
(Tibetan Buddhist Meditators]

ERP responses .
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FIGURE 2 | Comparison of averaged ABR wave forms for all Living Subjects (HB) and Postmortem Subjects (PM).
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Autonomic Nervous System: Heart Rate
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FIGURE 1 | Signals measured by the PPG davice (ubpulse T1). Photoplethysmogram (PPG), second derivative PPG (SDPPG), and pulse signals were measwred
simuitaneously. PPG is expressed as a waveform datected the blood volume at the fingertip. SOPPG is ilustrated by the second derivation of the PPG. The pulse
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ANS function: Heart Rate Variability Indic
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Meditation Induced Coherence: Brain, H

Physiological entrainment during coherence.

https://www.heartmath.com/science/
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FIGURE 4 | HRV time series of Yoga meditator (Y1), at the top, and the Chi
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Declining Trends of Heart Rate Variabilit
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ANS function: Heart rate variability analysis i
exposed to methyl bromide
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FIGURE 1. HRVindices and Br~ concentrations before and after fumigation work for fumigators and inspectors. A paired t test was
performed to determine whether the HRV indices and Br~ were dlfferent before and after fumigation work within each of the
groups. TP, VLF, LF, and HF were expressed as the log-scaled power (ms?) of each frequency range; HR as beats per minute (bpm);
SDNN as standard deviation (ms) of heart rate variability; pNN50 as the proportion (%) derived by dividing NN50 by the total
number of NN intervals; HRV-index is unitless; and Br™ as bromide ion concentration in urine (p.g/mg CRE). *P < 0.05, **P < 0.01

and """P<0.001.
Journal of Occupational and Environmental Medicine, 2021



HRV is enhanced during Mindfulness Practic

a fully randomized 10-day longitudinal trial

. Pre
. Post

Daytime
! e Nighttime

s 0
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000

g

Average RMSSD (ms)

mm

1000

" Mindfulness Music Control Mindfuness Music Control
Fig 1. Group means of RMSSD (ms.) during daytime (left panel) and nighttime (right panel) for the chronic phase (i.e. pre and post measurement). The
mindfulness-group showed at pre a mean RMSSD during daytime of 30.16ms. (SD = 12.2) and of 36.35ms. (SD = 15.6) during nighttime. At post-measurement
the group showed a RMSSD mean of 40.65ms. (SD = 13.8) during daytime and 54.76ms. (SD = 19.0) during nighttime. The music group showed at pre a RMSSD-
mean of 31.64ms. (SD = 10.7) during daytime and of 37.82ms. (SD = 12.7) during sleep. At post measurement the group showed a RMSSD-mean of 32.64ms.
(SD» = 10.2) during daytime and 37.0ms. (SD = 11.8) during nighttime. The control-group had a mean RMSSD at pre-measurement of 31.40ms. (SD = 8.2) during
daytime and 35.61ms. (SD = 8.8) during nighttime. The control group showed a mean RMSSD at post measurement of 27.62ms. (SD = 8.8) at daytime and of
35.14ms. (SD = 9.2) during nighttime._ Error bars are 95% CI.

Table2. Chranic and acute frequency-domsain HRY data for the three groups, shown 25 mean and standard desiaton collctedpre and postintervention.

Mindfulness group Music roup Contrel group
Chronic HRY variables:
Dy
HP bl 34125 14125 21
HE pot 3128 3141l 35417
LEHF ratio baslne 12426 13116 Uil
LFHF rato s 15214 16222 2913
Nihttme:
HPbuele 4211 it 30U
HF post 19411 131U 15415
LEHE rato beive W14 1.0 18113
LEHE ato pst 1218 JAEIIN 2612
Acte HRV varabls:
HEHRY: 44119 3115
LH/HE nto’ 14¢13 16430

* Firstly, for the acute phase we found increased HRV during the daily practice sessions in both the mindfulness and

active-control group indicating that both interventions were effective in decreasing acute physiological stress.

» Secondly, for the chronic phase we found increased HRV in both the day- and nighttime indicating increased sleep

quality, specifically in the mindfulness group.

PLoS ONE, 2020, 15(12): e0243488



Meditation and Cardiovascular Risk Reduc
A Scientific Statement From the American Heart ASSC

Table Z. Summary of Findings on Studies of Meditations and Cardiovascular Risk Reduction*

Topic

Findings

Meurophysiology and
neuroanatomy

= Neurophysiological and neuroanatomical studies suggest that meditation can have long-standing effects on brain
physiology and anatomy

= Studies generally are nonrandomized and involve modest numbers of participants, sometimes performed under the
direction of extremely experienced (=10 000 hours) meditators

= Different forms of meditation have different psychological and neurological effects, and thus the neurophysiological
and neuroanatomic findings of 1 type of meditation cannot be extrapolated to other forms of meditation

Psychological, psychosocial,
and physiological response
to stress

= Many, although not all, studies report that meditation is associated with improved psychological and psychosocial
indices

= Differences in populations, control of potential confounders, and type and length of meditation evaluated may
account for discrepant findings. Small sample sizes and lack of randomization are common study limitations

= Further study is needed on how meditation influences physiological processes associated with the stress response

Blood pressure

= Magnitude of reductions of systolic blood pressure varies widely

= Study limitations including the methods of blood pressure measurements and bias in data ascertainment, high
dropout rates, and different populations studied

Smoking and tobacco use

= Some randomized data show that mindful meditation instruction improves smoking cessation rates

Insulin resistance and
metabolic syndrome

« Limited data on the effects of meditation on insulin resistance and metabolic syndrome

Subclinical atherosclerosis

= A few suboptimal studies of meditation and lifestyle intervention suggest the potential for benefit on atherosclerosis
regression

« Studies limited by multimodality approach, attrition, and incomplete follow-up

= Mo firm conclusions can be drawn on the effects of meditation on atherosclerosis

Endothelial function

= Three studies showed no benefit of meditation on brachial reactivity in the overall cohorts, although 1 study
suggested a benefit in a subgroup of patients with coronary artery disease
= Mo conclusions can be drawn on the effects of meditation on endothelial function

Inducible myocardial ischemia

= Limited older studies suggest that meditation can lead to improvement in exercise durafion and decreased
myocardial ischemia

= Mo contemporary studies have evaluated effects of meditation on myocardial blood flow or ischemia with advanced
imaging technigues

Primary prevention of CVD

= Two studies of short-term intervention report surprising mortality reductions, and thus these findings need to be
reproduced in larger, multicenter studies

= (Overall, because of the limited evidence to date, no conclusions can be drawn as fo the effectiveness of meditation
for the primary prevention of CVD




Effects of Deep breathing
on Central & Autonomic Nervous System
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Figure 1. Changes in content percentages of theta, alpha 2, and beta waves over the time Figure 2. Changes in the LF/HF ratio over the time-course of Okinaga.
course of Okinaga.

+ Theta and alpha waves increased and h
beta waves decreased. o) I -------------- I

« Parasympathetic dominance was n\
observed. "

 The deep breathing is relaxing and Ty S
rel ieVGS a nXi ety. Figure 3. Changes in HF value over the time course of Okinaga.
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Mindfulness Practice
: increase the coordination between mind and heart a

8 weeks in total (8 weeks standard MBSR) Deita 1-4 Hz (Rest) muummom Alpha 8-12 Hz (Rest) Beta 1230 Hz (Rest) Gamma 30-80 Hz (Rest)

I
DI

+ Home assignment of formal mindfulness practice such as body scanning and mindfulness of
breath

o 45 min, daily

o Body scanning: a practice of focusing and relaxing every part of the hody

o Mindfulness of breath: a practice of focusing attention on the breath

+ Home assignment of informal mindfulness practice = 38
> 15 min, daily .
o Deliberate awareness about daily tasks. For example, paying attention while brushing 20 %2
teeth g
¢ Educational class on mindfulness 15 0
o 3, weekly Dolta 1-4 Hz (MBSR-Rest)  Theta 48 Hz (MBSR-Rest)  Alpha 8-12Hz (MBSR.Rest)  Bota 12:30 Hz (MBSR-Rest) Gamma 30-80 Hz (MBSR-Rest

5 i 5 T T T T4 .08 (T-
" Tuchlngon mindfulness prlctlce Grayscale dot p<005 (Test) Grayocale dot p<0.05 (Ttest) Grayscale dot p<0.0S (T-test) Grayscale dot p<0.05 (T-test) Grayscale dot p<0.05 (T-test)

o Discussions on issues and reflections about home assignments. For example, discuss the / 2 : 50
experience of mindfulness practice such as wandering thoughts during practice ﬂ 5 X s

o Afull day retreat of silence and mindfulness practice . /
o 6th week of training " 5 i

o This also includes assessment and evaluation

Table 1. MBSR Course Overview. The 8-week MBSR training course taken by the participants. - Figure 1. Spectrum Analysis of MBSR Mindful Breathing and Normal Rest Conditions. !

Correlation between heart and brain activity in two mind states

group

i: « The wavelet entropy of the brain EEG decreased
during the MBSR mindful breathing state as

e e compared to that during the closed-eye resting
state.

« Similarly, a lower wavelet entropy of heartrate was
found during MBSR mindful breathing.

Wavelet entropy of heart rate

Wavelet entropy of EEG (cantral brainregion) Journal of Visualized Experiments, 2017, e55455

Figure 5. Correlation between the Wavelet Entropies of Electronic Activities of the Heart and Brain.



Arousal vs. Relaxation response

Theravada tradition : Relaxation Vajrayana tradition : Arousal

Focused attention (Deity]
Distributed attention [Rig—pal

Focused attention (Samatha)
Distributed attention [Vipassanal

—r
.
—r
.

parasympathetic activation sympathetic activation

2. (Calm and relax the mind 2. an awake quality of the mind

3. an immediate dramatic increase in
cognitive performance

HF (Meditation — Rest) LF/HF (Meditation — Rest)
0.4 e 0.4
T
= 0 T 0.2
- (2
S -04
b 0
= -0.8
=)
. -0.2
g 1.2
=
(=)
16 . * -0.4 o L 3
2 -0.6
K \ D R K v D R
Theravada Vajrayana [l

Figure 4. EKG differences between Meditation and Rest (K - Kasina, V - Vipassana, D - Deity, and R - Rig-pa).

doi:10.1371/journal.pone.0102990.g004 PLOS ONE 20]4, \9(7)
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Brain—care welfare project by the prefrontal EEC
in some ultra-aging communities (since 2017, south

In aging society, the increasing prevalence of dementia has become a major issue in public welfare.
So, there are many challenges in the field of prediction, preventlon and early care of dementia.

Proper hospitals
Various preventive
programs

As well, they are continuously managed by tracking whether their brain functions are
effectively improved.




Neurophysiological benefits
of two forest therapy programs to pre

The prefrontal EEG markers can be quickly applied to investigate positive or negative effects on the central nervous system.

F

-

- Sl
.

Breathing Program (BP), Walking Program (WP)
11 sessions over 11 weeks.

(a) MEF
EEG Control Breathing Program Walking Program = ] se
Variable Xy 5(95%CDH vy Xg 505%CDH y Xg 6(95%CH oy — = S i
=[.45** =(.02 =0.40* oy I —— + ________ S— SR |——
MEF[Hz] 847 e g1y 057 8B40 pagpay 002 BAD om0y 040 + + +‘ +
ey 271, 20 o am M7 gmoaes B g 7] e
(-033,013) T (-042008) 77 (-042,011) N !
2 =010 =116 0.13 FROGRAM = BC: = a4 ’
PRIVA] 186 om0 017 231 guigie 024209 o0ty 007 | — — — — ———
=0.06 0.00 =0.15*** (c) Beta band power
AR 12 o300 8 M8 oos00 O 12 (o2,-00m O ve —
Compared with the control, both programs resulted in .. +
benefits for neural activity. —'L*__ - 1 +_
Specially, the breathing group showed more increased - +
intrinsic median frequency than the walking group. -3

Int. . Environ. Res. Public Health. 2019 = == == =  —



the individuals

Cloud based sever platform

for the data-based precision preventiv

If the measured EEG data is transmitted to the cloud-based server platform,
can review or track their results anytime, anywhere.
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Digital drug therapy for improving the brain

The prefrontal EEG markers are also preferred
in the field of digital drug therapy
for improving the brain function.
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*The digital drug therapy is an area of increasing interest in these days because it has fewer.side effects than
conventional drugs.



EEG and Cognitive performance

progress within session

A M
1.6+ l
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progress over time

Fig. 1. (A) Experimental design within each of the five sessions, BR1, BR2: base rates; B1-B5: training blocks. (B) Average UA amplitudes across all responders according to the
temporal course of the study, normalized with respect to the first base rate of the first session. The straight line results from a linear regression and indicates a linear long-term
increase, Note, that the second base rate within each session usually lies above the first one (both in grey), and that the first base rate in the last session is significantly higher than in
the first session, both reflecting trainability, The bars indicate standard errors of the mean, depicted one-tailed due to the directional hypothesis of a temporal increase of UA

1430 B. Zoefel et al. | Neurolmage 54 (2011) 1427-1431
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Fig. 3. Reflection of the UA enhancement in the raw EEG data. In the left column parts of the EEG of a selected responder are shown, recorded within the first (top) and last (bottom)
session. Only within the last session, the pronounced alpha rhythm is visible. In the right column the topographical maps of the UA are shown as averaged across all responders.

Cognitive performance

On average, 184+ 2.8 items were presented in the control group
with an average presentation time for a single item of 56.64:33.7. In
the NFT group, 167435 items were presented, each for approxi-
mately 66.9 + 23.1 (difference to control group n.s.). The performance
measures of the control group for the two mental rotation tests were
108.84+11.38 and 114,74 19.08. The performance measures of the
NFT group were 1169+ 11.50 and 129.7 4 11.63.

The mean increase of mental rotation test performance in the
control group was 5.9+ 11.48. In the NFT group the mean increase
was 12.8 4 7.98. The performance was significantly increased for the
NFT group (£(16)=2.21, p=1029), but not the control group (ns.).

For the control group, the UA before the second cognitive test was
not significantly different from the UA before the first cognitive test. For
the NFT group, as it was already mentioned, there was a significantly
higher UA amplitude in the first base rate of the last session (before the
second cognitive test) than in the first base rate of the first session
(before the first cognitive test). Thus, the NFT group, who did show UA
enhancement, also showed better cognitive performance, while the
control group lacked both UAenhancement and pronounced differences
in cognitive performance.

Neurolmage, 2011, Vol. 54



Realtime human emotion monitoring engin
based on the prefrontal

In the era of the fourth industrial revolution,
the wearable EEG, HRV applications are expanding very much.
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Covie-19 and EEG abnormalities : Impaire
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Fig. 1a. EEG recording on day 6 after admission. Transverse bipolar montage. Bandpass: 0.53-70 Hz. 50-Hz notch filter. Sensitivity 10 :V/mm. Note the repetitive
epileptiform discharges mostly in the bilateral frontal areas, over a slowing of the background activity.
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Fig. 1b. EEG recording on day 21 after admission. Transverse bipolar montage. Bandpass: 0.53-70 Hz. 50-Hz notch filter. Sensitivity 10 sV/mm. Note the periodic triphasic
waves with short periods (1-1.5 s) over 2 worsened background activity.
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