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Long-term meditators self-induce high-amplitude
gamma synchrony during mental practice

Antoine Lutz**, Lawrence L. Greischar*, Nancy B. Rawlings*, Matthieu Ricard*, and Richard J. Davidson**

*W. M. Keck Laboratory for Functional Brain Imaging and Behavior, Waisman Center, and Laboratory for Affective Neuroscience, Department of
Psychology, University of Wisconsin, 1500 Highland Avenue, Madison, WI 53705; and *Shechen Monasjery, P.O. Box 136, Kathmandu, Nepal

Communicated by Burton H. Singer, Princeton University, Princeton, NJ, October 6, 2004 (received for review August 26, 2004)

Practitioners understand “meditation,”” or mental training, to be a
process of familiarization with one’s own mental life leading to
long-lasting changes in cognition and emotion. Little is known
about this process and its impact on the brain. Here we find that
long-term Buddhist practitioners self-induce sustained electroen-
cephalographic  high-amplitude gamma-band oscillations and

hase-svn(fﬂrgny durina meditation. These electroencephaloaram

Meditative Instruction. The state of unconditional loving-kindness

and compassion is described as an “unrestricted readiness and
availability to help living beings.” This practice does not require
concentration on particular objects, memories, or images, al-

though in other meditations that are also part of their long-term

training, practitioners focus on particular persons or groups of
heinos  Recanse “henevolence and comnassion pervades Irhe

e
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Fig. 1.
electroencephalographic signals. At t = 45 s, practitioner 54 started generat-
ing a state of nonreferential compassion, block 1. (b) Time course of gamma

High-amplitude gamma activity during mental training. (a) Raw
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Alterations in Brain and Immune Function Produced by Mindfulness
Meditation

RicHArRD J. Davipson, PHD, Jon KaBaT-ZiNN, PHD, JessicA ScHUMACHER, MS, MELISSA ROSENKRANZ, BA,
DanieL MuLLer, MD, PuD, Saki F. SantoreLri, EpD, Ferris UrBanowski, MA, ANNE HArRrRINGTON, PHD,
KATHERINE Bonus, MA, anp JouN F. SHErIDAN, PHD

Objective: The underlying changes in biological processes that are associated with reported changes in me111tal and physical health
in response to meditation have not been systematically explored. We performed a randomized, controlled study on the effects on
brain and immune function of a well-known and widely used 8-week clinical training program in mindfulness meditation applied
in a work environment with healthy employees. Methods: We measured brain electrical activity before and immediately after, and
then 4 months after an 8-week training program in mindfulness meditation. Twenty-five subjects were tested in the meditation
group. A wait-list control group (N = 16) was tested at the same points in time as the meditators. At the end of the 8-week period,
subjects in both groups were vaccinated with influenza vaccine. Results: We report for the first time significant increases in
left-sided anterior activation, a pattern previously associated with positive affect, in the meditators compared with the nonmedi-
tators. We also found significant increases in antibody titers to influenza vaccine among subjects in the meditation compared with
those in the wait-list control group. Finally, the magnitude of increase in left-sided activation predicted the magnitude of antibody
titer rise to the vaccine. Conclusions: These findings demonstrate that a short program in mindfulness meditation produces
demonstrable effects on brain and immune function. These findings suggest that meditation may change brain and immune function
in positive ways and underscore the need for additional research. Key words: meditation, mindfulness, EEG, immune function,
brain asymmetry, influenza vaccine
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Historical Physical Threats Contemporary Social Threats

| |
&
Conserved Transcriptional Response to Adversity (CTRA)
Pro-inflammatory
Immune Response Genes
{combat wound-elated bacterial infection)
B Short-Term Benefits Tr Long-Term Costs i

(Responding to Actual Physical Threat)

Slavich, Irwin Psychological Bulletin
Enhanced Wound Healing Greater Inflammation-Related Disease Risk
Improved Physical Recovery

Increased Vulnerability for Viral Infection 2014’ Vol. 140’ No. 3’ 7741 815
Greater Likelihood of Survival

" 3 ks Lower Likelihood of Survival

Q\?yayzé/&éa;oﬁ)o Yt 8) by 008Ybs¢gOLoyO |t 8K E

(Responding to Perceived Social Threat)

Qu
<
Qu

<
O
<
Qu
Qu



Annual Reviewof Clinical Psychology, 2020
Social Safety Theory: A Biologically Based
Evolutionary Perspectiveon Life Stress
Health, and Behavior

George M. Slavich
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8-week Mindfulness Based Stress Reduction induces brain changes @CmssMark
similar to traditional long-term meditation practice — A systematic
review

Rinske A. Gotink "¢, Rozanna Meijboom °, Meike W. Vernooij *”, Marion Smits ”, M.G. Myriam Hunink *"*

? Department of Epidemiology, Erasmus MC, 3000CA Rotterdam, The Netherlands

b Department of Radiology, Erasmus MC, 3000CA Rotterdam, The Netherlands

“Department of Medical Psychology and Psychotherapy, Erasmus MC, 3000CA Rotterdam, The Netherlands

4 Department of Health Policy and Management, Harvard T.H. Chan School of Public Health, Boston, 02115 MA, USA

ABSTRACT

The objective of the current study was to systematically review the evidence of the effect of secular
mindfulness techniques on function and structure of the brain. Based on areas known from traditional
meditation neuroimaging results, we aimed to explore a neuronal explanation of the stress-reducing
L D 'F D 'F /\ ciferts of the R-week Mirdfulress Based Stress Reduction (MBSR) and Mindfulness Based Cognitive

q q q y “helapy (VBC!) program..

. Methods: We assessed the effect of MBSR and MBCT (N =11, all MBSR), components of the programs
0 'F D j‘ /\ e 'F D g (N=15), and dispositional mindfulness (N=4) on brain function andfor structure as assessed by
(functional) magnetic resonance imaging. 21 fMRI studies and seven MRI studies were included (two

O b ¢ g 3" q D 'F q /\ studies perfcriaec toth).

Results: The prefrontal cortex, the cingulate cortex, the insula and the hippocampus showed increased
O G q e G b D d /\ 'e g octivivy, connectivitv ara vclume} n stre§s?d, :anxious and h?a]thy partici_p.?nts. ‘Additional]y, the
amygdala showed cecreased tunct:cnal activity, improved functional connectivity with the prefrontal
cortex, and earlier deactivation after exposure to emotional stimuli.
Conclusion: Demonstrable functional and structural changes in the prefrontal cortex, cingulate cortex,
insula and hippocampus are similar to changes described in studies on traditional meditation practice.
In addition, MBSR led to changes in the amygdala consistent with improved emotion regulation. These
findings indicate that MBSR-induced emotional and behavioral changes are related to functional and
structural changes in the brain.

© 2016 Elsevier Inc. All rights reserved.
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Blazk & Slavich

Inflammation
J NF-xB transcription activity
J CRP levels

Cell-mediated immunity
™ CD4* T cell count/activity

Biological aging
™ Telomerase activity

Figure 1. Mindfulness meditation and immune system biomarkers. This systematic review of 20 randomized controlled trials,
comprising more than 1600 participants, revealed replicated, yet tentative, evidence that mindfulness meditation is associated with
changes in select immune system processes involved in inflammation, immunity, and biological aging. NF-k B, nuclear factor-kB;
CRP, C-reactive protein.
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Psychologic Intervention Improves Survival
for Breast Cancer Patients

A Randoemized Clinical Trial

i
AHA SCIENTIFIC STATEMENT ! LT
S American  American

Yy

i Heart | Stroke

Association | Association.
Embargoed until 1 pm ET/2 pm CT, Thursday, September 28, 2017

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

Glenn M. Levine, MD, FAHA, Chair; Richard A. Lange, MD, MBA, FAHA, Vice Chair; C. Noel Bairey-Merz, MD, FAHA; Richard J. Davidson, PhD;
Kenneth Jamerson, MD, FAHA; Puja K. Mehta, MD, FAHA; Erin D. Michos, MD, MHS, FAHA; Keith Norris, MD; Indranill Basu Ray, MD;
Karen L. Saban, PhD, RN, APRN, CNRN, FAHA; Tina Shah, MD; Richard Stein, MD; Sidney C. Smith, Jr, MD, FAHA; on behalf of the

American Heart Association Council on Clinical Cardiology; Council on Cardiovascular and Stroke Nursing; and Council on Hypertension

Abstract—Despite numerous advances in the prevention and treatment of atherosclerosis, cardiovascular disease remains a leading
cause of morbidity and mortality. Novel and inexpensive interventions that can contribute to the primary and secondary prevention of
cardiovascular disease are of interest. Numerous studies have reported on the benefits of meditation. Meditationinstructionand practice
is widely accessible and inexpensive and may thus be a potential attractive cost-effective adjunct to more traditional medical therapies.
Accordingly, this American Heart Association scientific statement systematically reviewed the data on the potential benefits of
meditation on cardiovascular risk. Neurophysiological and neuroanatomical studies demonstrate that meditation can have long-standing
effects on the brain, which provide some biological plausibility for beneficial consequences on the physiological basal state and on
cardiovascular risk. Studies of the effects of meditation on cardiovascular risk have included those investigating physiological response to
stress, smoking cessation, blood pressure reduction, insulin resistance and metabolic syndrome, endothelial function, inducible
myocardial ischemia, and primary and secondary prevention of cardiovascular disease. Overall, studies of meditation suggest a possible
benefit on cardiovascular risk, although the overall quality and, in some cases, quantity of study data are modest. Given the low costs and
low risks of this intervention, meditation may be considered as an adjunct to guideline-directed cardiovascular risk reduction by those
interested in this lifestyle modification, with the understanding that the benefits of such intervention remain to be better established.
Furtherresearch on meditation and cardiovascular risk is warranted. Such studies, to the degree possible, should utilize randomized study
design, be adequately powered to meet the primary study outcome, strive to achieve low drop-out rates, include long-term follow-up, and

abe E]erfirm%d bﬂ:h%se \rwfhﬁut iaheg:ntgasin %Jtcvn% [,;]Améfe]?ﬂfaoscic. 2017(5)6:&60%1%0%:%3. Bﬁﬂ/]%HAf 160022EB.L 6 A y

BACKGROUND. The question of whether stress poses a risk for cancer progression
has been difficult to answer. A randomized clinical tral tested the hypothesis
that cancer patients coping with their recent diagnosis but receiving a psycho-
logic intervention would have improved survival compared with patients who
were only assessed.

METHODS. A total of 227 patients who were surgically treated for regional breast
cancer participated. Before beginning adjuvant cancer therapies, patients were
assessed with psychologic and behavioral measures and had a health evaluation,
and a 60-mL blood sample was drawn. Patients were randomized to Psychologic
Intervention plus assessment or Assessment only study arms. The intervention
was psychologist led; conducted in small groups; and included strategies to
reduce stress, improve mood, alter health behaviors, and maintain adherence o
cancer treatment and care. Earlier articles demonstrated that, compared with the
Assessment arm, the Intervention arm improved across all of the latter secondary
outcomes. Immunity was also enhanced.

RESULTS. After a median of 11 years of follow-up, disease recurrence was
reported to occur in 62 of 212 (29%) women and death was reported for 54 of
227 (24%) women. Using Cox proportional hazards analysis, multivariate compar-
ison of survival was conducted. As predicted, patients in the Intervention arm
were found to have a reduced risk of breast cancer recurrence (hazards ratio
[HR] of 0.55; P = .034) and death from breast cancer (HR of 0.44; P = 016) com-
pared with patients in the Assessment only arm. Follow-up analyses also demon-
strated that Intervention patients had a reduced risk of death from all causes (HR
of 0.51; P =.028).

CONCLUSIONS. Psychologic interventions as delivered and studied here can
improve survival. Cancer 2008;113:3450-8. © 2008 Amierican Cancer Society.

KEYWORDS: breast, cancer, recurrence, survival, psychologic, intervention, bio-
behavioral.
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History of Psycho -Oncology: Overcoming Attitudinal

and Conceptual Barriers, (Holland, 2002)
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Metastasis Extravasation Arrest in organs Embolism/circulation
into organ
parenchyma

Primary tumor Angiogenesis/proliferation Migration/invasion

Future Oncol. ® Future Science Group (2010)
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Mindfulness Based Cancer Recovery

MINDFULNESS-BASED
CANCER RECOVERY

———
A
Step-by-Step
MBSR Approach
to Help You
Cope with
Treatment &
Reclaim Your
Life

ARLSON, PH.D
L SPECA, PSY.D
LD BY ZINDEL SEGA




Mindfulness Based Cancer Recovery
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ALoving-Kindness Meditation
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Loving Kindness And Compassion
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eSelf-Compassioné
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