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Common types of meditation  (DOI: 10.1161/JAHA.117.002218)



Meditation, Default Mode Network 
and Age-Associated Brain Changes

Neural Plasticity, 2019, Article ID:7067592



Complicated oscillation

Minute electrical potential signal in uV level

Spontaneous and continuous generation while alive

The same principle with a voltmeter that 
measures electric potential difference between 
two points in an electric circuit

Central Nervous System : Non-Invasive EEG
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Default Mode Network
Intrinsic oscillation in the eye-closed resting EEG

Frequency(Hz)

• sinusoidal 5-13 Hz waveform 
• modulated by thalamo-cortical and cortico-cortical interactions. 



Intrinsic oscillation with same patterns in all brain regions

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

Clin EEG Neurosci. 2020

• the frequency at which the 
cumulative power first 
exceeded a half of total 
power

• the frequency at which the 
power is largest

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



Accuracy and reproducibility of prefrontal EEG markers

Clin EEG Neurosci. 2020

by comparing with those of other sites and other time zones

no difference between prefrontal lobes and other areas

remained stable over time

The prefrontal EEG markers such as MDF, PF were reliable with good consistency and good 
reproducibility.



Negative correlations 
between intrinsic median frequency and  brain aging

healthy females and healthy males

in the 8 brain regions, such as the left/right 
prefrontal, frontal, temporal and occipital lobes

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 oscillations

MMSE:30

MMSE:26

MMSE:22

MMSE:18

Scientific Reports, 2019

In the elderly population, the global cognitive 
function by Mini-Mental State Examination 

According to the severity of 
cognitive decline, the subjects 
were classified as three groups, 
from T3 to T1. 

In result, 
prefrontal EEG markers (MDF, PF)

decreased monotonically 
as MMSE-scores decreased!



Amyloid load, which is the main pathology of Alzheimer’s disease

explained by the prefrontal intrinsic oscillations

[NC] Healthy control 
• Cognitively normal
• Amyloid PET negative

[pAD] Prodromal AD
• Cognitively mild impaired
• Amyloid PET positive

[aAD] Asymptomatic AD
• Cognitively normal
• Amyloid PET positive

[MCI(-)] suspected non-Alzheimer’s 
pathphysiology
• Cognitively mild impaired
• Amyloid PET negative

amyloid positive groups showed more 
decreased median frequency than negative 
groups

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. 

divided the subjects into four groups, according to the combination of their amyloid and cognitive status 

(stage 1 of preclinical AD)

(stage 2 of preclinical AD)



Negative effect of Methyl Bromide fumigation work  
on central nervous system

PLOS ONE, 2020

Methyl bromide(MB) is a fumigant that has been widely used for killing pests on plants in 
trade, soils, and structures worldwide. 

The fumigator post-work median frequencies were significantly decreased compared to the pre-work.
In contrast, there were no differences in control group (inspector).

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.



Coherent DMN activity under condition of sedation and general 
anesthesia (Greicius et al., 2008; Vincent et al., 2007)



Vulnerable Brain : Low Frontal Alpha Power

Anesthesia & Analgesia, 2020, 131(5)



Brain networks of meditation

Scientific Reports, 2020, 10:7431



Neuronal activation during meditation

• FA, OM, TM, and LK meditation are associated with global increases in oscillatory activity
in meditators compared to meditation-naïve 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.

Font. Neurosci. 2018, 12:178



Transcendental Meditation (TM] : EEG Coherence

Frontiers in Psychology, 2020 (vol.11:728)



G-Tummo Meditation

PLoS ONE. 2013, 8(3)

Forceful Breath (FB) and Gentle Breath (GB).

1) Baseline FB (BFB) 
2) Baseline GB (BGB) 
3) Meditation FB (MFB)
4) Meditation GB (MGB)
*Participants’ eyes remained opened during all the conditions.



Buddha’s Brain : Long-term Buddhist practitioners

PNAS, 2004, vol.101, no.46

IEEE Signal Process Mag. 2008, 25(1)

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.



Coherent Gamma Mechanism: Cognitive Binding

PNAS 1993, Vol.90 PNAS 2002, Vol.99



Gamma: Higher Order Cognitive Function

Cognitive Discrimination Task

Cognition Task that requires effective binding of Higher

Cognitive Processes such as perception, attention, recognition

memory match with LTM, short term memory(STM), reasoning,

and comparison

International journal of Psychophysiology, 1996, Vol.24.
Frontal gamma-band enhancement during multistable visual perception



Gamma Entrainment 
: Binds Higher Order Brain Regions and Offers Neuroprotection

Martorell AJ, et al. Cell. 2019.

Adaikkan C, et al. Neuron. 2019.



Buddhist Jhana Meditation

Frontiers in Human Neuroscience, 2019, 13:178

Buddhist meditation comprises two strands, Samatha and Vipassana; the former often
translated as tranquility or serenity, and the latter as insight or wisdom.
Jhana meditation falls within the samatha division. “absorption,”

1. Spindles



2. Infraslow-Wave (ISW) Activity

Frontiers in Human Neuroscience, 2019, 13:178

Buddhist Jhana Meditation

3. Spike-Wave Activity



1. alpha peak stability (centrality)

2. alpha peak amplification (increased alpha coherence,

alpha peak achieved even with eyes open)

3. alpha peak modulation

4. theta peak appearance

5. delta peak appearance

6. Nirvana wave

7. gamma peak appearance

8. Free upward/downward modulation

Main Features of Meditative EEG

Zen Brain Reflections by James H. Austin, 2006



High-level consciousness ◆ Changed (Low-level) consciousness

Changed consciousness: slow brain wave rhythm

• 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

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).

New Brain, New World, Eric Hoffmann, 2012



• Sensory-Event Related Potential(ERP) means
the brain's electrical responses to various 
sound stimuli in the audible frequency range. 

• Brain’s perception function can be evaluated 
by the amplitude and the latency of Sensory-
ERP peak.

ERP: Sensory function evaluation



• 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.

ERP: Attention P300 Evaluation



Prefrontal EEG/ERP biomarkers and the MMSE socres

Some EEG biomarkers decrease monotonically as the cognitive decline.

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). 



Focused attention meditation (FAM, 8 weeks)
: longitudinal ERP study

Social Cognitive and Affective Neuroscience, 2020, 215–223

• significantly higher P3 amplitude during the oddball task
• shorter reaction time (RT) for target stimuli



Enhanced response inhibition : Vipassana meditators

: Meditation may improve response inhibition and control over emotional reactivity.

Emotional Go/Nogo task

Scientific Reports, 2019, 9:13215



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

8-week MBRP program
Go/NoGo task

PLoS ONE, 2018, 13(1)



No Detectable EEG Activity in Tukdam
(Tibetan Buddhist Meditators]

Frontiers in Psychology, 2021, 11:599190

Auditory Brainstem
Response (ABR)

ERP responses
for MMN 
in HB(healthy Baseline)
and PM(postmortem) subjects.



Autonomic Nervous System: Heart Rate Variability



ANS function: Heart Rate Variability Indices

Frontiers in Aging Neuroscience, 2020

시간

심장박동

심장박동 시간격

상대 교감활성

상대 부교감활성



Meditation Induced Coherence: Brain, Heart, Body Coupling

https://www.heartmath.com/science/

Frontiers in Physiology, 2018, 9(626)



Declining Trends of Heart Rate Variability According to Aging

Frontiers in Aging Neuroscience, 2020



Journal of Occupational and Environmental Medicine, 2021

ANS function: Heart rate variability analysis in workers
exposed to methyl bromide



HRV is enhanced during Mindfulness Practice

PLoS ONE, 2020, 15(12): e0243488

• 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.

a fully randomized 10-day longitudinal trial



Meditation and Cardiovascular Risk Reduction
A Scientific Statement From the American Heart Association (2017)



Effects of Deep breathing 
on Central & Autonomic Nervous System

Mental illness 2018 (vol.10:7881)

• Theta and alpha waves increased and 
beta waves decreased. 

• Parasympathetic dominance was
observed. 

• The deep breathing is relaxing and 
relieves anxiety.



Mindfulness Practice 
: increase the coordination between mind and heart activities.

Journal of Visualized Experiments, 2017, e55455

• The wavelet entropy of the brain EEG decreased
during the MBSR mindful breathing state as
compared to that during the closed-eye resting
state. 

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

(8 weeks standard MBSR)



Arousal vs. Relaxation response

Theravada tradition : Relaxation

• Focused attention (Samatha) 
• Distributed attention [Vipassana]

1. parasympathetic activation 
2. Calm and relax the mind

Vajrayana tradition : Arousal

• Focused attention (Deity) 
• Distributed attention [Rig-pa]

1. sympathetic activation
2. an awake quality of the mind 
3. an immediate dramatic increase in 

cognitive performance 

PLoS ONE. 2014, 9(7)



Wearable EEG, PPG devices of headset or hair-band type



Screened risk-group

• Proper hospitals
• Various preventive 

programs

Brain-care welfare project by the prefrontal EEG biomarkers 
in some ultra-aging communities (since 2017, south korea)

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

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, prevention and early care of dementia. 

community health centers 



Neurophysiological benefits
of two forest therapy programs to prevent the dementia 

Int. J. Environ. Res. Public Health. 2019

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

Compared with the control, both programs resulted in 
benefits for neural activity. 
Specially, the breathing group showed more increased 
intrinsic median frequency than the walking group.

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



Cloud based sever platform 
for the data-based precision preventive medicine

If the measured EEG data is transmitted to the cloud-based server platform, 
the individuals can review or track their results anytime, anywhere. 

Furthermore the valuable statistical information can be provided 
in terms of the data-based precision preventive medicine.



Digital drug therapy for improving the brain function

Neurofeedback training 

The prefrontal EEG markers are also preferred 
in the field of digital drug therapy 
for improving the brain function. 

*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

NeuroImage, 2011, Vol.54



Realtime human emotion monitoring engine
based on the prefrontal EEG and HRV-markers

In the era of the fourth industrial revolution, 
the wearable EEG, HRV applications are expanding very much.

Journal of the Science of Emotion & Sensibility, 1998



Covie-19 and  EEG abnormalities : Impaired Consciousness

Clinical Neurophysiology, 2020 (vol.131)Seizure: European Journal of Epilepsy, 2020 (vol.81)




