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ABSTRACT

A broad range of mind-body therapies (MBTs) are used by the public today, and a growing body of clinical
and basic sciences research has resulted in evidence-based integration of many MBTs into clinical practice.
Basic sciences research has identified some of the physiological correlates of MBT practices, leading to a
better understanding of the processes by which emotional, cognitive and psychosocial factors can influ-
ence health outcomes and well-being. In particular, results from functional genomics and neuroimaging
describe some of the processes involved in the mind-body connection and how these can influence health
outcomes. Functional genomic and neurophysiological correlates of MBTs are reviewed, detailing stud-
ies showing changes in sympathetic nervous system activation of gene transcription factors involved in
immune function and inflammation, electroencephalographic and neuroimaging studies on MBT prac-
tices, and persistent changes in neural function and morphology associated with these practices. While
the broad diversity of study designs and MBTs studied presents a patchwork of results requiring further
validation through replication and longitudinal studies, clear themes emerge for MBTs as immunomodu-
latory, with effects on leukocyte transcription and function related to inflammatory and innate immune
responses, and neuromodulatory, with effects on brain function and morphology relevant for attention,
learning, and emotion regulation. By detailing the potential mechanisms of action by which MBTs may
influence health outcomes, the data generated by these studies have contributed significantly towards a
better understanding of the biological mechanisms underlying MBTs.

© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction—physiological correlates of mind-Body
therapies

The scope of mind-body therapies (MBTs) used by the public
today is broad, and generally includes meditation, yoga, guided
imagery, breathing exercises, progressive relaxation, Tai Chi Chuan,
etc. (National Institutes of Health, 2007). Over the past several
decades, substantial evidence has emerged that MBTs can enhance
health outcomes, act as effective adjuncts to conventional medi-
cal treatment (Astin et al., 2003) and be effectively integrated into
an evolving mainstream medical paradigm, referred to as “Integra-
tive Medicine” (Giordano et al., 2002). In the most recent decade, a
marked increase in clinical data has permitted literature reviews
and meta-analyses of clinical trials, resulting in evidence-based
integration of MBTs into clinical practice for the treatment of spe-
cific pathologies and recommendation of MBTs as preventative
strategies for maintaining wellness (Ernst et al., 2007; Jonas et al.,
2013).

Emotional, cognitive and psychosocial factors have been shown
to significantly affect health outcomes (Cacioppo and Cacioppo,
2014; Cohen et al., 2007; Umberson and Montez, 2010), and
the physiological correlates are becoming more clearly elucidated
(Swaab et al., 2005). A cross-sectional study showed that high vs.
low mindfulness was associated with improvements in markers of
cardiovascular health, including smoking, body mass index, fasting
glucose and physical activity (Loucks et al., 2015). Other stud-
ies using data from large-scale US health surveys have reported
that psychosocial factors are correlated with multiple inflamma-
tory markers in the blood (Loucks et al., 2006; Yang et al., 2013),
including C-reactive protein, interleukin-6, fibrinogen, E-selectin,
and intercellular adhesion molecule-1 (Yang et al., 2014). Notably,
these studies used data from large databases of n=3267 individu-
als (Loucks et al., 2015), n=6729 (Yang et al., 2013), n=647 (Yang
et al., 2014) and n=382 (Loucks et al., 2015), suggesting that psy-
chosocial factors are linked with these inflammatory markers in the
population at large.

While a broad range of data from diverse scientific disciplines
has led to substantial progress in elucidating some of the general
themes for biological substrates of MBT practices (Kuntsevich et al.,
2010), here we provide a summary of studies reporting functional
genomic and neurophysiological correlates of MBTs. Functional
genomics and neurophysiology have provided key data on changes
in gene expression and central nervous system function associ-
ated with MBT practices. These data provide clear indications for
several biological substrates that may underlie MBTs, and con-
tribute important foundations for a developing theory of MBTs and
its applications to clinical pathology and preventative health. One
challenge for interpreting these results is the large variety of MBT
practices employed in different studies, which may be unfamiliar
to some readers. For reference, the reader is referred to reviews
on the scope of MBTs (National Institutes of Health, 2007) and the
varieties of meditation practices (Travis and Shear, 2010).

Of central importance to interpreting results from functional
genomics, developments in psychosocial genomics have demon-
strated the relevance of psychosocial factors in gene expression

(Cole 2014; Slavich and Irwin 2014), and identified some underly-
ing processes, such as sympathetic nervous system activation of
gene transcription factors (Cole, 2010; Cole et al., 2015; Slavich
and Irwin, 2014). This growing body of data showing functional
genomic correlates of stress and subjective emotional states has
contributed to elucidating the mechanisms underlying many MBTs.
Below, these functional genomic links with MBT practices are
reviewed, and some of the mechanisms by which these techniques
function (illustrated in Fig. 1), with particular emphasis on their
role in alleviating the effects of psychological stress.

The data demonstrating neurophysiological correlates of MBTs
is also surveyed, including the brain’s response to different styles of
practice and observations of persistent changes in neural function
and morphology associated with these practices. In recent years,
advances in neuroimaging and methods of neurophysiology have
led to a clearer understanding of neuroanatomy and functions asso-
ciated with higher-level brain functions such as emotional affect,
attention, and diverse forms of cognition. Of particular relevance to
MBTs, neuroimaging data has shed light on the influence of emo-
tion on cognition, and vice versa, leading to a conception of mind
wherein this interrelationship is of primary functional importance
(Dolcos et al., 2011). Relatedly, because brain networks involved
in attention, learning, cognition and emotional regulation are sus-
ceptible to neuromodulation, these may be important mechanisms
by which cognitive and stress-reducing interventions influence
behavioral development over the lifespan (Li 2013). These findings
from the neurosciences, coupled with results from psychosocial
genomics, have produced a much clearer conception of some of
the specific means by which emotional, cognitive and psychosocial
factors can influence central nervous system structure and function
(Garland and Howard 2009).

2. Stress and gene expression
2.1. Social stress and inflammation

Alarge and growing body of research has elucidated some of the
mechanisms involved in cellular responses to psychosocial stress
and emotional factors. Human and animal studies have shown
that noradrenaline-dependent adrenergic stimulation due to psy-
chosocial stress results in activation of the nuclear factor kappa
light chain enhancer of activated B cells (NF-kB) protein complex,
which controls genes expressed during inflammation (Bierhaus
et al., 2003; Slavich and Irwin, 2014; Wolf et al., 2009). Similar
results have been observed for social stressors also: DNA microar-
ray analysis of circulating leukocytes (white blood cells involved in
immune response) from high-loneliness vs. low-loneliness individ-
uals showed genome-wide differences in gene expression activity,
including over-expression of genes responsive to NF-kB tran-
scription factors and reduced expression of transcripts bearing
anti-inflammatory response elements for glucocorticoids (steroid
hormones involved in innate immunity) (Cole et al., 2007). Several
other gene expression control pathways were also affected in this
study, including the inflammation-related glucocorticoid recep-
tor, JAK-STAT signaling pathway (transmits extracellular chemical
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Fig. 1. Biological Mechanisms of Mind-Body Therapies. MBTs are believed to exert effects on biological function through Top Down or Bottom Up routes. MBTs that intervene
with an individual’s cognitive/affective state (e.g., contemplative practice) have been shown to influence activity in brain regions including orbitofrontal cortex, anterior cin-
gulate cortex, amygdala, hippocampus, and somatosensory cortex. Concurrent with changes in brain activity, MBT practitioners often experience reductions in psychological
stress and arousal, changes linked to increased parasympathetic and decreased sympathetic autonomic nervous system (ANS) tone, reduced production of inflammatory
cytokines in circulating leukocytes, and enhanced sensitivity to glucocorticoid hormones such cortisol, produced via hypothalamic pituitary adrenal (HPA) axis signalling.
Reductions in HPA and ANS sympathetic output have downstream effects including enhanced heart rate variability, modulation of immune function and inflammation in
secondary lymphoid organs, and alterations in gut motility and microbiome activity. Importantly, the immune system and the gut microbiome both feed back to the brain
and can potently influence mood and behavior. MBTs may also evoke meaningful biological changes via Bottom Up mechanisms related to controlled breathwork and phys-
ical practices such as yoga, qi gong, and tai chi. These practices can directly influence physiology via musculoskeletal exertion and increased cardiovascular output, which
similarly have downstream effects on HPA activity, sympathetic/parasympathetic balance, immune function, and mood. These pathways together provide a framework for
understanding how MBT interventions can positively impact long-term health outcomes.

signals to the cell nucleus resulting in DNA transcription and
expression of genes involved in immunity, proliferation, differenti-
ation, apoptosis and oncogenesis), CREB-binding protein interferon
response factor (a protein that activates DNA transcription), and the
GATA, and Oct families of transcription factors, (which also medi-
ate inflammatory effects) (Cole et al., 2007), confirming that social
isolation is correlated with genome-wide changes in transcription.
Similarly, studies on a population living with stress, familial care-
givers of cancer patients, found increased expression of transcripts
with response elements for NF-kB (a gene transcription factor
with key roles in innate immunity) in peripheral blood monocytes,
decreased expression of transcripts bearing response elements for
glucocorticoids (Miller et al., 2008, 2014), an increase in the sys-
temic inflammatory marker, C-reactive protein (CRP), a decline in
mRNA for anti-inflammatory signaling molecules and reduced glu-
cocorticoid sensitivity (Rohleder et al., 2009).

Other studies have reported that exposure to a threatening
stressful experience was associated with decreased sensitivity of
immune cells to glucocorticoid hormones after exposure to a rhi-
novirus (L. Cohen et al., 2012; S. Cohen et al., 2012), familial
caregivers of children with autism or attention deficit hyperac-
tivity disorder displayed increased systemic CRP concentrations
(Rohleder et al., 2009), chronic interpersonal stress was associ-
ated with increased NF-«kB inflammatory signaling and leukocyte
inflammatory response (Miller et al., 2009), and social rejection
in adolescents was also associated with increased NF-kB activ-

ity (Murphy et al., 2013). Relatedly, increases in pro-inflammatory
cytokines associated with social threat and adversity have been
linked to depressive symptoms (Slavich and Irwin, 2014). For exam-
ple, depressive symptoms in renal cell cancer patients were found
to be predictive of survival, and positively correlated with increased
expression of pro-inflammatory and pro-metastatic genes in circu-
lating leukocytes (L. Cohen et al., 2012; S. Cohen et al., 2012).
Additional studies have reported that social isolation was asso-
ciated with reduced immune cell sensitivity to regulation via the
hypothalamic pituitary adrenal (HPA) axis (regulator of a variety
of functions, including reactions to stress and immune response)
(Cole, 2008), and macaques subjected to unstable socialization
have shown impaired physiologic regulation of leukocyte sensitiv-
ity to glucocorticoid regulation (Cole et al., 2009). Also, depression
and rumination have been shown to affect leukocyte functional
sensitivity to HPA over-activation and increased cortisol produc-
tion (Compare et al., 2014; Swaab et al., 2005). In addition to the
HPA axis, beta-adrenergic signaling (mediates sympathetic ner-
vous system-induced fight-or-flight stress responses) associated
with psychosocial stress also appears to be linked to differential
gene expression. For example, a DNA microarray study of human
ovarian carcinomas compared tumors from patients with high psy-
chological risk (high depressive symptoms and low social support)
and those from low-risk patients, and identified 266 transcripts
that were differentially expressed, including several 3-adrenergic-
linked control pathways (Lutgendorf et al., 2009). The results of
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this study suggest increased activity of the sympathetic nervous
system as a primary mechanism by which factors such as psycho-
logical stress impact gene expression in solid epithelial tumors,
consistent with earlier observations that beta-adrenergic signaling
can regulate tumor cell gene expression (Lutgendorf et al., 2003).
Similarly, results of computational modeling of molecular interac-
tions, in vitro biochemical analyses, in vivo animal modeling, and
human molecular epidemiologic analyses, identified increased 3-
adrenergic activation of GATA1 target genes as one pathway by
which psychosocial stressors may alter human health risk (Cole,
2010). A review of these and related results suggests directions
for future research based on high throughput genomics methods
for identification of multiple-gene signaling “themes” (Cole, 2014;
Cole et al., 2010). Collectively, these data form a foundation for a
genomics-based understanding of some of the ways in which mind,
emotions and the cellular responses in the body are fundamentally
intertwined.

Vagal regulation of inflammation (Thayer and Sternberg, 2006)
may be one of the neurophysiological mechanisms underlying
these results. This neural pathway forms a bi-directional connec-
tion between the immune and nervous systems (Tracey, 2002,
2007) that regulates inflammation and innate immune responses
during tissue injury and pathogen invasion (Borovikova et al.,
2000; Pavlov and Tracey, 2012). Vagal function is associated with
glucose regulation, HPA axis function, and expression of inflam-
matory markers such as tumor necrosis factor, interleuken- 1 and
-6, and CRP (Thayer and Sternberg, 2006). Depressed vagus nerve
activity is associated with increased morbidity and mortality in sep-
sis, rheumatoid arthritis, lupus, sarcoidosis, inflammatory bowel
diseases, trauma (Tracey, 2007) and stress (Porges, 1995). Low
vagally-mediated heart rate variability, a risk factor for a vari-
ety of physiological and psychological pathologies, is linked to
depression, generalized anxiety disorder, and post-traumatic stress
disorder (Park and Thayer, 2014; Thayer and Sternberg, 2006),
panic disorder, bipolar disorder, schizophrenia, and impaired
emotion regulation (Park and Thayer, 2014). Vagal regulation of
inflammation has been suggested as a pathway linking psychoso-
cial factors to disease (Marsland et al., 2007; Thayer and Sternberg,
2006; Tonhajzerova et al., 2013), and increased vagal tone has been
linked to increased social and psychological well-being (Kok and
Fredrickson 2010).

2.2. Stress, positive psychological states and gene expression

A variety of stressors, including low socioeconomic status,
chronic stress, bereavement, post-traumatic stress disorder and
being informed of a cancer diagnosis have been documented to
produce similar leukocyte transcriptome shifts (Cole, 2014). This
conserved transcriptional response to adversity (CTRA) gene profile
(Slavich and Cole, 2013), activated in response to extended periods
of stress, threat, or uncertainty, including diverse forms of social
adversity, consists of increased expression of pro-inflammatory
genes and decreased expression of genes involved in Type I inter-
feron innate antiviral responses and IgG antibody synthesis (Cole,
2014). While the CTRA profile is likely to have evolved to enhance
short-term immune responses to changes in microbial threat
due to changing socio-environmental conditions, chronic CTRA
activation may promote inflammation-mediated cardiovascular,
autoimmune, neurodegenerative and neoplastic diseases (Irwin
and Cole, 2011). Relatedly, a recent cross-sectional analysis found
differences at the transcriptional level in subjects grouped (n=84)
according to the tendency towards one of two forms of well-being
associated with similar subjective feelings of happiness: eudai-
monic well-being (derived from meaning and a noble purpose
beyond simple self-gratification), and hedonic well-being (derived
from simple pleasure-seeking) (Fredrickson et al., 2013). In this

study, subjects evincing eudaimonic well-being showed signifi-
cantly lower levels of CTRA-related gene expression, while those
who showed higher levels of hedonic well-being showed signif-
icantly elevated CTRA gene expression. Thus, subjects showing
greater eudaimonic well-being demonstrated a less threatened
molecular profile corresponding to a more favorable long-term
health outlook (Fredrickson et al., 2013).

While the authors noted that replication and longitudinal
studies are needed to judge the generalizability of these effects
(Fredrickson et al., 2013), the results suggest that different forms of
subjective experience can be associated with different patterns of
gene expression with functional implications for immune response
and inflammation. Building upon this foundation in psychosocial
genomics towards the possible clinical relevance of these results,
changes in mental state and emotional affect have also been shown
to produce specific changes in gene expression. For example, a
review noted that several types of therapeutically beneficial bio-
logical changes resulting from successful psychotherapy have been
shown to be dependent on shifts in gene expression (Feinstein,
2010). These included changes in gene expression resulting in ame-
lioration of impaired immune function and reduction in elevated
levels of cortisol and other stress hormones associated with some
psychiatric conditions (Feinstein, 2010).

3. Functional genomic correlates of mind-body therapies

Interest in transcriptional changes driven by MBTs has grown
in recent years, and is summarized in Table 1. Several studies
have reported physiological responses to MBT practices sugges-
tive of reductions in stress. A recent review surveyed reports
of changes in gene expression with several yoga and meditative
practices (Saatcioglu, 2013), concluding that these practices can
positively affect gene expression profiles in circulating immune
cells, an effect consistent with reductions in stress (Cole et al.,
2010). This review also concluded that more detailed studies are
required to evaluate the validity of these findings and identify the
precise molecular networks involved. Another review concluded
that, while further studies are needed to corroborate the find-
ings, the Relaxation Response (RR), a counterpart to the stress
response which is evoked by various forms of meditation, prayer,
yoga, tai chi, deep breathing, etc. (Benson et al., 1975), altered
the expression of genes associated with cellular metabolism and
oxidative stress, suggesting the inhibition of cell injury due to
chronic stress (Takimoto-Ohnishi et al., 2012). Several controlled
studies have shed light on gene expression profiles resulting from
MBT interventions. For example, a controlled study (n=19) pro-
filing polymorphonuclear leukocyte transcription in short-term
and long-term practitioners of deep relaxation showed signifi-
cant changes, compared with non-practitioners, in expression of
genes involved in cellular metabolism, and key cellular processes
such as oxidative phosphorylation, generation of reactive oxygen
species, and response to oxidative stress (Dusek et al., 2008). While
changes in gene expression occurred globally across the leukocyte
genome, this study found that RR evoked gene-specific changes
in the opposite direction from those associated with the stress
response. Similar results were observed in a controlled trial (n=14)
examining gene expression in peripheral blood lymphocytes for
healthy people practicing Sudarshan Kriya (SK), a yogic technique
combining postures, breathing and meditation, compared with a
control regimen of nature of walking and listening to relaxing music
(Qu et al., 2013). In this study SK practice was also associated with
a genome-wide increase number of genes expressed in peripheral
blood lymphocytes within 2h of start of practice, however, the
functional roles of the full gamut of genes expressed were unclear
(Qu et al,, 2013). Another controlled trial (n=42) on SK found an



Table 1
Functional Genomic Correlates of Mind-Body Practices.

Study MBT Comments Findings Study Design Subjects in
Active
Group
Li et al. (2005) Qigong (Falun Whole blood neutrophil transcripts Changes characteristic of enhanced Controlled Trial 6
Gong) immune response and resolution of
inflammation, downregulation of
cellular metabolism
Dusek et al. (2008) Relaxation Polymorphonuclear whole blood leukocytes Gene-specific changes in direction Controlled Trial 19
Response Training opposite from those associated with
the stress response
Sharma et al. (2008) Sudarshan Kriya Whole blood leukocytes Upregulation of anti-apoptotic genes Controlled Trial 42
and genes related to survival from
oxidative stress
Qu et al. (2013) Sudarshan Kriya Peripheral blood mononuclear cells; changes observed within 2 h of Rapid global changes in gene Controlled Trial 10
MBT practice expression
Antoni et al. (2012) Cognitive Whole blood leukocytes; early stage breast cancer patients; Reversal of anxiety-related Randomized Controlled Trial 34
behavioral stress randomized controlled trial transcriptional dynamics: decreased
management GATA transcription factors and
NF-kB/Rel activity; increased
interferon response glucocorticoid
receptor activity
Black et al. (2013) Kirtan Kriya yogic Whole blood leukocytes of family dementia caregivers; randomized Reversal of stress-related NF-«kB and Randomized Controlled Trial 23
meditation controlled trial interferon response factor
transcriptome dynamics
Creswell et al. (2012) Mindfulness-Based Whole blood leukocytes; randomized controlled trial Decrease in pro-inflammatory Randomized Controlled Trial 40
Stress Reduction NF-kB-related gene expression
Kaliman et al. (2014) Mindfulness Peripheral blood mononuclear cells Reduced expression of histone Controlled 19
Meditation deacetylase genes, alterations in global Trial
modification of histones, and
decreased expression of
pro-inflammatory genes
Bower et al. (2014) Yoga (lyengar) Whole blood and plasma; breast cancer survivors Reduced NF-kB activity, and increased Randomized Controlled Trial 16
activity of the anti-inflammatory
glucocorticoid receptor
Carlson et al. (2014) Mindfulness Whole blood leukocytes; Improved maintenance of telomere Longitudinal Randomized 34
Meditation breast cancer survivors length Controlled Trial
Lavretsky et al. (2013) Kirtan Kriya Peripheral blood mononuclear cells; dementia caregivers Increased telomerase activity Longitudinal Randomized 23
Meditation Controlled Trial
Jacobs et al. (2011) Buddhist Peripheral blood mononuclear cells; 3 month residential retreat Increased telomerase activity Controlled Trial 30
meditation
Ornish et al., 2008 Comprehensive Peripheral blood mononuclear cells; low-risk prostate Increased telomerase activity; Longitudinal Study 3 mos. 24
Lifestyle Cancer; aerobic exercise, yoga-based stretching, breathing, meditation, decreased low-density lipoprotein
Intervention imagery, relaxation techniques, lowfat, whole foods, plant-based diet cholesterol and psychological distress
Ornish et al., 2013 Comprehensive Peripheral blood mononuclear cells; low-risk prostate Increased telomerase length Controlled 10
Lifestyle Cancer; aerobic exercise, yoga-based stretching, breathing, meditation, 5year Follow-on
Intervention; imagery, relaxation techniques, lowfat, whole foods, plant-based diet
Prostate Cancer
Patients

181-S91 (210Z) £/ SMa1AY [DLOIADYIGOLG PUD dIUIIISOINAN / ID 1 WDSYan *d

691



170 D. Muehsam et al. / Neuroscience and Biobehavioral Reviews 73 (2017) 165-181

enhanced expression of anti-apoptotic genes and genes related to
survival from oxidative stress in leukocytes isolated from whole
blood in SK practitioners with at least 1 year of practice, compared
with non-practitioners (Sharma et al., 2008). Similarly, a controlled
study (n=6) examining genomic profiles of whole blood neutrophil
transcripts in Falun Gong Qigong practitioners, compared with non-
practitioners, showed changes characteristic of enhanced immune
response, downregulation of cellular metabolism, and changes in
apoptotic gene expression favoring resolution of inflammation (Li
et al.,, 2005). Relatedly, a controlled study (n=19) of the effects
of a single day of mindfulness meditation in experts vs. subjects
with no meditation experience who engaged in leisure activities
in the same environment found reduced expression of histone
deacetylase genes, alterations in global modification of histones,
and decreased expression of pro-inflammatory genes in peripheral
blood mononuclear cells (Kaliman et al., 2014). The authors con-
cluded that the results support the notion that NF-kB inhibition
is a reproducible molecular outcome in blood cells in response to
meditation-based practices, and that mindfulness meditation influ-
ences mechanisms similar to those targeted by anti-inflammatory
drugs such as HDACi or cyclooxygenase inhibitors (Kaliman et al.,
2014). While these controlled studies outline a common theme of
reduction in stress markers with these MBT practices, the different
protocols and MBT modalities employed, and small sample sizes in
some of the studies, beg caution in reaching firm conclusions from
these results.

The results above are paralleled by randomized controlled tri-
als reporting that MBT practices reduced inflammatory NF-kB
activity and/or increased activity of interferon response factors
and the glucocorticoid receptor. A 10-week randomized controlled
clinical trial (n=45) of women with early stage breast cancer
reported that a cognitive behavioral stress management (CBSM)
intervention produced a reversal of anxiety-related transcriptional
dynamics in peripheral blood leukocytes (Antoni et al., 2012).
This study reported decreased expression of pro-inflammatory
and metastasis-related genes, up-regulation of type I interferon
response genes in peripheral blood leukocytes, with bioinformatics
analyses suggesting that these transcriptional changes were medi-
ated by decreased GATA transcription factors, decreased NF-kB/Rel
activity, and increased activity of interferon response factors and
glucocorticoid receptors. Notably, this study also reported that at a
12-month follow-up, CBSM subjects showed reduced expression
of genes for pro-inflammatory cytokines and increased expres-
sion of genes for type I and Il interferons, and is the first study to
report an MBT-induced reversal of stress-induced gene expression
(Antoni et al., 2012). Similarly, another recent randomized clini-
cal trial (n=23) reported that 8 weeks of structured daily yogic
meditation produced a reversal of stress-related NF-kB and inter-
feron response factor transcriptome dynamics in peripheral blood
leukocytes of dementia caregivers (Black et al., 2013). Also, a ran-
domized controlled trial (n =40) found areduced sense of loneliness
and a decrease in pro-inflammatory NF-kB-related gene expres-
sion in older adults practicing mindfulness-based stress reduction
for insomnia (Creswell et al., 2012). These latter three randomized
clinical trials, from well-established research groups, provide per-
haps the clearest evidence of the efficacy of CBSM interventions
for stress, and make notable steps towards delineating the under-
lying mechanisms of action (Antoni et al., 2012; Creswell et al.,
2012; Black et al., 2013). Further, a randomized controlled trial
(n=16) of a 12-week Iyengar yoga intervention for breast can-
cer survivors also reported reduced NF-kB activity, and increased
activity of the anti-inflammatory glucocorticoid receptor in whole
blood. However, the control group used was a health education
program, rather than comparing Iyengar yoga, which emphasizes
physical postures, to more physically-oriented control conditions
(Bower et al., 2014). Again, while the diversity of protocols and

MBTs employed in these studies calls for replication and further
longitudinal studies, a common theme emerges for MBT-induced
reductions in stress and concomitant reductions in inflammatory
activity and enhanced innate immune response.

3.1. Stress, mind-body therapies and cellular aging

A recent review summarized evidence that traumatic stress,
depression, and post-traumatic stress disorder are associated with
reduced telomere length, a measure of cellular aging at the chromo-
somal level (Zhang et al., 2014), suggesting a link between cellular
aging and various forms of stress. In a similar vein, a study on stress
in maternal caregivers reported that the magnitude and duration
of subjective stress are significantly associated with higher oxida-
tive stress, lower telomerase activity, and shorter peripheral blood
mononuclear cell (PBMC) telomere length (Epel et al., 2009). Relat-
edly, several studies reported associations between stress, MBT
practices, and cellular aging. This review also reported that mind-
fulness meditation was associated with decreased stress arousal,
which has been shown to produce reduced age-related telomeric
shortening, and upregulation of hormonal factors that may pro-
mote telomere maintenance (Epel et al.,, 2009). Supporting this
result, alongitudinal randomized controlled study (n=34) with dis-
tressed breast cancer survivors recently reported that mindfulness
meditation combined with gentle Hatha yoga and group therapy
(promoting emotional expression and group support) resulted in
improved maintenance of PBMC telomere length (Carlson et al.,
2014). This longitudinal study consisted of 8 weekly group coun-
seling sessions of 90min, a six-hour retreat, and blood sample
collection before and after the intervention. Another longitudinal
randomized controlled trial (n=23), conducted over eight weeks,
reported enhanced PBMC telomerase activity in dementia care-
givers practicing yogic Kirtan Kriya meditation, and also found
lower levels of depressive symptoms and greater improvement in
mental health and cognitive functioning, as compared to a control
group listening to relaxing music (Lavretsky et al., 2013). Also, a
controlled trial using participants in a 3-month residential Bud-
dhist meditation retreat reported that increased PBMC telomerase
activity in meditators (n=30) was significantly correlated with psy-
chological scales measuring perceived control, neuroticism, and
purpose in life (Jacobs et al., 2011). This study suggests a cor-
relation between psychological affect and physiological changes
relevant to cellular aging, and may also shed light on the thera-
peutic possibilities presented by intensive meditation practice in a
structured retreat setting. An uncontrolled longitudinal study with
biopsy-diagnosed low-risk prostate cancer patients (n=24)investi-
gated the impact of a comprehensive lifestyle program (comprised
of moderate aerobic exercise, stress management through gentle
yoga-based stretching, breathing, meditation, imagery, progres-
sive relaxation techniques, and a lowfat, whole foods, plant-based
diet) and found increased PBMC telomerase activity, decreased
low-density lipoprotein cholesterol, and decreased psychological
distress (Barrows and Jacobs, 2002). A follow-up study reported
that patients enrolled in this comprehensive lifestyle change pro-
gram had increased relative PBMC telomere length after 5 years,
and suggested that larger randomized controlled trials are war-
ranted to confirm this finding (Ornish et al., 2013). While these
last two studies support the use of a comprehensive lifestyle inter-
vention, because several interventions were used, it is difficult to
determine the degree to which specific intervention factors or the
combination of these were responsible for the results.

Again, further studies, including replications and longitudinal
studies, are needed to confirm these findings, and to more fully
understand the underlying biological mechanisms. Also, most of
the studies described here investigated the gene expression and
cell biology of leukocytes, which are critical for health and homeo-
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stasis, but may not capture the impact of MBTs on other cell types
or organelles such as mitochondria, which are important determi-
nants of long term health. To address this challenge, researchers
may consider sampling other accessible tissues (e.g., biopsy of skin
or muscle) for the purposes of comparing gene expression profiles
to what is observed in leukocytes. Also, due the diversity of bulk
PBMC cell types, further work aimed at parsing transcriptional and
functional changes in immune cells subsets may yield important
information regarding the underlying mechanisms of MBTs. This
may start to compose a more holistic understanding of the variety
of ways that MBTs influence cellular biology, systems biology, and
ultimately health outcomes.

4. Neurological correlates of mind-Body therapies
4.1. Electroencephalography

While studies on the effects of MBTs on gene expression have
focused largely on inflammation and immune function, a diverse
picture has emerged from research on the neurological results of
these practices. In recent years, advances in EEG and neuroimaging
techniques have produced detailed maps of the interrelationships
between neural activity and cognitive/emotional content. This has
enabled reviews of the growing literature on EEG profiles associ-
ated with MBT practice, summarized here in Table 2, with various
forms of meditation being the most commonly studied practices. A
review of studies dating back to the 1960s on EEG measurements
taken during or after many types of meditation reported a wide
variety of effects across the entire range of frequencies captured
by EEG (Fell et al., 2010). Another review concluded that different
meditative techniques have been reported to produce different EEG
effects, negating the usefulness of averaging results from different
practices (Travis and Shear, 2010). Of relevance to stress reduc-
tion, a review on EEG and imaging studies of meditation reported
an overall slowing in EEG rhythm, with increases in low-frequency
theta (4-7 Hz) and alpha (8-15 Hz) activation correlating with pro-
ficiency of practice, suggesting an overall relaxation response (Cahn
and Polich 2006). Relatedly, controlled studies (Travis et al., 2002),
(n=50) (Travis et al., 2004, 2002), (n=17), with long-term prac-
titioners of Transcendental Meditation (TM) showed broadband
EEG coherence during contingent negative variation (CNV) tasks,
and increased alpha power and decreased gamma (>32 Hz) power,
as compared to non-meditators and less experienced TM practi-
tioners. While the authors pointed out the need for further work,
including longitudinal studies to assess the veracity of the results,
these studies are suggestive of a learning effect with higher levels
of practice. Also, a review by the lead author reported that medita-
tors’ descriptions of subjective inner state as “inner self-awareness”
or “Cosmic Consciousness,” persisting continuously during wak-
ing, sleeping, and dreaming, corresponded with coexistence of
increased alpha frontal coherence with delta EEG during deep sleep
(Travis, 2014). A controlled trial (n=10) with proficient Tantric
Yoga (Ananda Marga) meditators comparing experienced medi-
tators with novices and naive controls reported that experienced
meditators showed increased autonomic activation during med-
itation, whereas, inexperienced meditators exhibited decreased
autonomic tone (Corby et al., 1978). While the age and small sample
size of this early study reflect the need for further more comprehen-
sive trials, these results suggest that EEG correlates in experienced
meditators can be substantially different from those of novices, and
do not necessarily occur via a relaxation response (Cahn and Polich,
2006).

Studies with advanced meditators have reported enhanced
activity normally associated with attention and wakefulness,
rather than relaxation or resting. For example, synchronized high-

amplitude, high-frequency gamma band activity (gamma activity
is normally considered to representative of cognition, learning
and memory) has been reported in an advanced Tibetan Buddhist
meditator (n=1) (Lehmann et al., 2001; Lutz et al., 2004), and
a controlled trial (n=8) with advanced Tibetan practitioners of
loving-kindness meditation reported increased gamma amplitude
and inter-hemispheric gamma synchrony. These results suggested
that the compassion-based practice involved cultivation of atten-
tion and affective processes (Lutz et al., 2004), a result that contrast
with studies that found an increase in slow alpha or theta rhythms
during meditation (Cahn and Polich, 2006). Notably, in this study,
high-amplitude gamma synchrony was observed to persist out-
side of the formal meditative practice, and the authors note that
such amplitudes were, to their knowledge, “the highest reported
in the literature in a nonpathological context” (Lutz et al., 2004).
While the generalizability of these studies is limited by the small
numbers of subjects, they were selected for their high degree
of experience and expertise in traditional practice. Other studies
with advanced practitioners reported that long-term Vipassana
meditators (n=16) showed increased frontal theta and parieto-
occipital gamma activity during meditation, (Cahn et al., 2010),
and decreased early-evoked delta activity coupled with increased
event-related alpha desynchronization, as compared to resting
and mind-wandering, interpreted as a decrease in reactivity to
distraction and enhanced perceptual clarity (Cahn et al., 2013).
A recent comparison of two forms of Buddhist meditation in
long-term practitioners reported that a practice typical of the Ther-
avada school (Kasina Meditation) was associated with enhanced
parasympathetic activation indicative of a relaxation response
(n=10), whereas a different practice typical of the Vajrayana school
(Kyerim Deity Meditation) was associated with sympathetic acti-
vation (n=14), indicative of arousal (Amihai and Kozhevnikov,
2014). While these studies are suggestive of the diversity of cor-
relates in highly experienced meditators, they lacked comparison
to naive controls. However, EEG studies enable a real-time view
of brain activity during meditative practice, which allows compar-
ison to resting baselines to assess meditation-specific changes in
activity. The diversity of the above results runs contrary to the
notion that meditative states are characterized by a single type
of response. While one might attempt to rationalize the differ-
ent results reported for various types of meditation through a
classification scheme based upon focused attention vs. open mon-
itoring (Lutz et al., 2008; Travis and Shear, 2010), the small sample
sizes and diverse experimental designs render this classification
secondary to further replication with larger numbers of subjects
and direct comparisons between meditation techniques. However,
these data do indicate that while individual response may vary
widely, particular forms of meditation in experts vs. novices have
been associated with distinct patterns of EEG activity, including
increases in activity in specific brain regions, supporting the sug-
gestion that some forms of meditation involve active brain states
that may stimulate cortical plasticity and involve changes in neu-
ral structures associated with cognitive restructuring and learning
(Fell et al., 2010).

4.2. Neuroimaging

Neuroimaging technologies such as positron emission tomogra-
phy (PET) and functional magnetic resonance imaging (fMRI) have
provided insights into which brain regions are more/less active
during particular cognitive states. Of relevance to MBTs, patterns
of brain activity typically related to the sense of self and mind-
wandering (Northoff et al., 2006), imagery, and sustained attention
have been identified (Cabeza and Nyberg, 2000; Nebel et al., 2005).
Also, neuroimaging has led to a clearer view of the inter-relatedness
of emotion and cognition (Dolcos et al., 2011), demonstrating that



Table 2
EEG Correlates of Mind-Body Practices.

LY

Study MBT Comments Findings Study Design Subjects in
Active Group
Fell et al. (2010), Travis et al. Several styles of meditation Review articles Wide variety of EEG changes across Review -
(2010), Cahn et al. (2006) range of frequencies; correlations
with meditative proficiency
Travis (2014) Transcendental Meditation Long-term Vipassana meditators Increased alpha frontal coherence; Review -

Corby et al. (1978)

Lehmann et al. (2001)
Lutz et al. (2004)

Cahn et al. (2010)

Cahn et al. (2013)

Travis et al. (2002)

Travis et al. (2004)

Ornish et al., 2013

Amihai and Kozhevnikov
(2014)

Tantric Yoga (Ananda
Marga)

Traditional Tibetan
Traditional Tibetan
compassion meditation

Vipassana meditation

Vipassana meditation

Transcendental Meditation

Transcendental Meditation

Comprehensive Lifestyle
Intervention

Theravada and Vajrayana
Buddhist Meditations

Long-term meditators

Senior Tibetan meditator
Senior Tibetan meditators;
controlled trial

Long-term Vipassana meditators

Long-term Vipassana meditators

Long-term Vipassana meditators

Long-term Vipassana meditators

Low-risk prostate cancer patients

Long-term meditators

coexistence of alpha with delta
EEG during deep sleep

Increased alpha and theta activity
in experienced vs inexperienced
meditators

Increased gamma activity
Increased gamma activity;
inter-hemispheric gamma
synchrony

Increased frontal theta and
parieto-occipital gamma activity
Decreased early-evoked delta
activity; increased event-related
alpha desynchronization
Broadband EEG coherence;
increased alpha activity; decreased
gamma activity

Broadband EEG coherence;
increased alpha activity; decreased
gamma activity

Increased telomerase activity

Enhanced parasympathetic
activation — Theravada;
sympathetic activation —
Vajrayana

Controlled Trial

Single Subject
Controlled Trial

Single group control
meditation vs. resting
Single group control
meditation vs. resting

Controlled Trial

Controlled Trial

Retrospective follow-up

Single group control
meditation vs. resting

10

16

16

50

17

10

10; 14
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emotional affect has both short and long-lasting effects on many
forms of cognitive processing, for example, the experience of bet-
ter memory for events having emotional significance (Dolcos et al.,
2011). These results are of particular significance to MBT prac-
tices such as compassion (loving-kindness) meditation, wherein
the practitioner consciously cultivates positive emotions.

Meditation is the most commonly employed MBT in neu-
roimaging studies (data summarized here in Table 3), and the
substantial data has permitted several reviews. Key findings from
these studies include: a meta-analysis of 21 imaging studies (~300
meditation practitioners) found eight brain regions that were con-
sistently structurally altered in meditators, including areas key to
meta-awareness, such as body awareness, memory, and emotion
regulation (Fox et al., 2014); a review of functional and structural
neuroimaging studies reported that mindfulness meditation typ-
ically involves the medial cortex and its associated default mode
network, and also the insula, amygdala, lateral frontal regions,
basal ganglia, and hippocampus (Marchand, 2014); a review of EEG,
evoked potential and imaging studies concluded that increased
regional cerebral blood flow occurs during meditation, and that
generalized changes in activity occurred in the anterior cingulate
cortex and dorsolateral prefrontal areas (Cahn and Polich, 2006).
Relatedly, a fMRI study on mantra meditation (n=5)showed group-
averaged changes in neural structures involved in attention and
control of the autonomic nervous system, including the dorsolat-
eral prefrontal and parietal cortices, hippocampus, temporal lobe,
pregenual anterior cingulate cortex, striatum, and pre- and post-
central gyri (Lazar et al,, 2000). As with EEG studies, although
the diversity of meditation styles and experience levels make the
development of clear conclusions difficult, several common themes
emerge including the association of MBTs with changes in structure
oractivation of orbitofrontal and anterior cingulate cortex (emotion
regulation), insula (body awareness and emotion), amygdala and
hippocampus (learning and memory), and somatosensory cortex
(sensory reception).

4.3. MRI neuroimaging in diverse styles of meditation; experts vs.
novices

While the general themes described above have been noted by
reviews, studies comparing different practices have produced a
clearer view on how different forms of meditation produce a diver-
sity of effects on brain activity. One review detailed differences in
brain activity for studies comparing different meditative practices
or experienced vs. novice meditators, and concluded that while
some styles of meditation are associated with passive relaxation
states, other styles involve active states of cognitive restructuring
and learning (Fell et al., 2010). For example, a study using fMRI
blood oxygen-level-dependent imaging showed task-specific dif-
ferences in neural activity for focused-attention meditation (FAM)
as compared to loving-kindness meditation (LKM) (n=11) (Lee
etal., 2012). While performing a cognitive number recognition task,
FAM experts showed reduced activity in the right thalamus as com-
pared to novices, whereas LKM experts showed no task-specific
changes in any neural regions. Affective processing also differed,
with FAM practitioners showing increased activity in the left ante-
rior insula (related to the interaction between arousal and valence),
with LKM showing increased left ventral anterior cingulate cor-
tex activity (related to emotional identification and production of
affective states). This result is consistent with the notion that FAM
activated regions involve attention-related processing, whereas
LKM involves regions associated with emotion regulation processes
(Lee etal.,2012). Similarly, one of the first fMRI studies to report on
individuals performing two different types of meditation practices
found that focused-based (FB) and breath-based (BB) meditations
(n=10) were both associated with changes in cerebral blood flow

(CBF) in brain frontal regions, anterior cingulate, limbic system
and parietal lobes during meditation with different patterns of
CBF for each of the two practices. (Wang et al.,, 2011). FB medi-
tation practice produced significantly increased CBF in the medial
prefrontal cortex (associated with the intense focus) while BB pro-
duced less prefrontal cortex activation and significant activation
of limbic structures including hippocampus, amygdala and insula,
which were attributed by the authors to the more strenuous nature
of breathing exercises (Wang et al., 2011). Also, a study using fMRI
with experienced Japanese monks (n=38) reported that two dif-
ferent types of Buddhist recitation meditation showed different
regions of brain activation: mantra recitation was associated with
increased prefrontal cortex activity (suggesting increased atten-
tion regulation), whereas recitation of memorized scriptures was
associated with left dorsolateral prefrontal cortex and right pari-
etal cortex activation, interpreted by the authors as suggestive of
increased visuospatial attention (Shimomura et al., 2008).

Neuroimaging studies comparing expert vs. novice meditators
have shed light on long-term changes in brain activity reflective of
attention, learning and affective processing. For example, a com-
parison of the response of expert meditators vs. novices (n=16) to
emotion-conveying sounds (during meditation) showed increased
activation in the amygdala, right temporoparietal junction, and
right posterior superior temporal sulcus and left middle insula in
experts (n=16)(Lutzetal.,2008),suggestive of increased activation
of neuronal circuitries associated with empathy and responsive-
ness to emotional stimuli (Lutz et al., 2008, 2009). An fMRI study
on loving-kindness meditation (n=20) reported stronger cou-
pling in experts vs. novices between brain regions involved in
self-monitoring and cognitive control (posterior cingulate, dor-
sal anterior cingulate, and dorsolateral prefrontal cortices), both
at baseline and during meditation (Garrison et al., 2014). Also, a
study with Theravada Buddhist monks (n=8) reported that expert
meditators vs. novices were able to engage in self-regulation of
frontoparietal (attention) and insula (body awareness and emotion)
in the left hemisphere, and thus limit engagement in awareness of
sensory-related thought and emotion contents (Manna etal.,2010).
This study also concluded that meditation-related neuroplastic-
ity enables a functional reorganization of patterns of activity in
the left-hemispheric prefrontal cortex and in the insula, suggestive
of modulation of executive function and internal state awareness
(Manna et al., 2010).

Such studies comparing experts vs. novice meditators suggest
that some practices involve directed skills acquisition through
long-term practice. For example, a randomized, controlled lon-
gitudinal study using fMRI reported that practitioners of a
cognitive-based compassion training (CBCT) had, after 8 weeks
of practice, increased scores on an empathic accuracy test, which
were correlated with increased activity in the inferior frontal
gyrus and dorsomedial prefrontal cortex (n=16). These data were
interpreted as indicative of enhanced processing of affective cues
and enhancement of neural activity related to increased mental
state attribution and processing of visual stimuli (Mascaro et al.,
2013). And a single-blind randomized controlled trial using fMRI
in stressed unemployed adults (n=35) reported that a 3-day inten-
sive mindfulness meditation training intervention reduced right
amygdala-subgenual anterior cingulate cortex resting state func-
tional connectivity (associated with stress reactivity), as compared
with a similar 3-day relaxation training intervention that did not
include mindfulness meditation (Taren et al., 2015). The authors
note that further studies with a non-intervention usual care group
are needed to determine the effect in the control group of attend-
ing a 3-day relaxation retreat. Also, supporting the notion of skills
acquisition through meditation, a study using subjects with less
than 2 years of meditation practice in the Kundalini yoga or Acem
traditions (n=8) reported activations in the bilateral hippocam-



Table 3

Functional Neuroimaging (fMRI) Correlates of Mind-Body Practices.

Study MBT Comments Findings Study Design Subjects in
Active
Group
Cahn et al. (2006) Several styles of meditation Broad review on EEG, event-related Changes in activity in anterior cingulate cortex and Review -
potential, and neuroimaging correlates dorsolateral prefrontal areas
Marchand (2014) Mindfulness meditation Review Changes in function of medial cortex and its associated Review -
default mode network, and also the insula, amygdala,
lateral frontal regions, basal ganglia, hippocampus
Fox et al. (2014) Several styles of meditation Meta-analysis of 21 imaging studies Changes in structure of frontopolar cortex, sensory Review -
cortices, insula, hippocampus, anterior and mid cingulate,
orbitofrontal cortex,
superior longitudinal fasciculus, corpus callosum
Fell et al. (2010) Several styles of meditation Diversity of correlates for different Significant differences in brain activity for different Review -
meditation styles and novice vs. practices and for novices vs. experienced meditators
experienced meditators
Lee et al., 2012 Focused-attention vs. loving novice vs. experienced meditators Significant differences in brain activity for different Imaging during meditation vs. 11
kindness practices and for novices vs. experienced meditators resting baseline
Lazar et al. (2000) Mantra meditation (Kundalini Long-term meditators Increased activity in dorsolateral prefrontal and parietal Imaging during meditation vs. 5
school) cortices, hippocampus/ resting baseline
parahippocampus, temporal lobe, pregenual anterior
cingulate
cortex, striatum, and pre- and post-central gyri.
Wang et al. (2011) Focus-based and breath-based Cerebral blood flow (CBF); Different meditation practices resulted in different CBF Imaging during meditation vs. 10
meditations Long-term meditators patterns; results correlated with practitioners’ subjective resting and control task
sense depth of meditation
Shimomura et al. Two forms of Buddhist Long-term meditators: Japanese Activation of prefrontal cortex for repetitive mantra Imaging during meditation vs. 8
(2008) recitation monks recitation; activation of left dorsolateral prefrontal cortex resting baseline
and right parietal cortex for recitation of memorized
scriptures.
Garrison et al. (2014) Loving-kindness meditation Comparison of novices to experienced Reduction in posterior cingulate cortex/precuneus activity; Imaging during meditation vs. 20
meditators increased functional connectivity in experienced resting baseline
meditators
Lutz et al. (2008) Loving-kindness meditation Comparison of novices to experienced Increased activation in amygdala, right temporoparietal Imaging while subjects 16
(Tibetan) meditators’ response to junction, right posterior superior temporal sulcus, left listened to emotional sounds
emotion-conveying sounds middle insula
Manna et al. (2010) Theravada Buddhist meditation Comparison of focused attention and Self-regulation of left frontoparietal and insular Imaging during meditation vs. 8
open monitoring meditation in expert areas;reorganization of patterns of activity in the resting baseline
monKks vs. novices left-hemispheric prefrontal cortex and in the insula
Brewer et al. (2011) Mindfulness meditation Comparison of novices to experienced Stronger coupling between brain regions involved in Imaging during meditation vs. 12
meditators self-monitoring and cognitive control (posterior cingulate, resting baseline
dorsal anterior cingulate, and dorsolateral prefrontal
cortices)
Engstrom et al., 2010 Kundalini and Acem Meditators with 2 yrs experience vs. Activation in bilateral hippocampus/parahippocampal Imaging during meditation vs. 8
meditation control group regions resting baseline
Cognitive-based compassion 8 weeks practice vs. control group Increased activity in inferior frontal gyrus and dorsomedial Randomized controlled 16

training

prefrontal cortex

longitudinal study; Imaging
during empathic accuracy test
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pus/parahippocampal, regions involved in memory consolidation
(Engstrom et al.,2010). While these results are suggestive that skills
involving attention and learning may be acquired through medita-
tion, further longitudinal studies are needed to more clearly assess
the nature of possible long-term changes in brain activity through
meditation and other MBTs. Again, the diversity of these practices
and variability in study design and number of subjects begs caution
in grouping them for analysis, however the reports consistently
suggest a demonstrable difference in brain activity between expe-
rienced and novice practitioners. These imaging markers may be
valuable in understanding the neurological impact of MBTs and
also may be harnessed for optimizing intervention development
and training.

4.4. MBT practices, default mode activity and brain morphology

The association between change in brain activity and level of
practitioner experience suggests learning effects that could lead
to alterations in brain function and structure. A number of studies
have reported persistent changes in brain default mode network
(DMN) activity and morphology. The DMN consists of a distributed
network of brain regions characterized by a high degree of func-
tional connectivity that is more active during rest than during
attention-demanding tasks (Whitfield-Gabrieli and Ford, 2012).
In addition to the above functional changes, MBT practices have
been shown to be associated with several aspects of DMN activity
and underlying anatomy, summarized here in Table 4. Support-
ing this, a review of mindfulness-based interventions reported
increased DMN activity associated with the medial cortex, a broad
region that in part underlies attention, awareness, and emotion
(Marchand, 2014). Such differences in DMN resting state activity
relative to that of control subjects are reminiscent of persistent
changesinresting EEG reported for MBT practitioners. For example,
higher baseline (non-meditating) ratios of gamma/slow activity
have been observed for advanced, as compared to inexperienced
meditators (n=8) (Lutz et al., 2004). Similarly, experienced mind-
fulness meditators (n=29) exhibited increased parietal-occipital
EEG gamma power during non-rapid eye movement sleep relative
to non-meditators, positively correlated with total lifetime daily
meditation practice (Ferrarelli et al., 2013). Also, Qigong meditators
(n=10) have been reported to show increased delta EEG activ-
ity compared with non-practicing control subjects in brain areas
involved in detection and integration of sensory information (por-
tions of the prefrontal cortex and anterior cingulate cortex) and
decreased delta activity in areas involved in appraisal including
motor, somatosensory and visual association cortices (Tei et al.,
2009). The authors interpreted higher delta activity as an indicator
of cortical inhibition in this study, although no significant changes
were found in other frequency bands.

Further information about MBT-associated changes in DMN
activity has been provided by other MRI neuroimaging studies
(see Table 4). One such study of DMN connectivity during resting
states reported that subjects experienced in mindfulness medi-
tation (n=13), compared with beginning meditators, had weaker
functional connectivity between the ventro-medial prefrontal cor-
tex and dorso-medial prefrontal cortex (involved in self-referential
processing and emotional appraisal), and showed increased con-
nectivity between the dorso-medial prefrontal cortex and right
inferior parietal lobule (associated with attention, reorienting and
motor preparation), with the authors concluding that long-term
practice of meditation may be associated with long-lasting changes
reflecting strengthened present-moment awareness (Taylor et al.,
2013). Another study of experienced practitioners of mindful-
ness/insight meditation (n=12), compared with compared with
non-meditators, found reduced activity in the main nodes of the
DMN, associated with the medial prefrontal and posterior cingulate

cortices, with the authors suggesting that resting-state experience
may be transformed into one resembling a meditative state, i.e.
a new “default mode,” observable during both the resting state
and during meditation (Brewer et al., 2011). Also, fMRI imaging
performed while resting, rather than during meditation practice,
showed that subjects experienced in a contemporary form of
moving meditation (n=33) showed greater DMN functional con-
nectivity within the medial prefrontal cortex area, but not posterior
cingulate cortices, compared to inexperienced subjects, with the
authors suggesting that long-term practice can produce persistent
functional changes in DMN regions related to internalized atten-
tion (Jang et al., 2011). It should be noted that two of these studies
(Taylor et al., 2013; Brewer et al., 2011) involved subjects seated
in a meditation posture, and reported increased MPC connectivity,
whereas decreased MPC connectivity was seen for a form of mov-
ing meditation (Jangetal.,2011), suggesting that further studies are
needed to more clearly delineate effects due to internalized aspects
of the meditative practices (i.e., focused attention, silent repetition
of mantras, use of visualizations, etc) from those due to move-
ment. A possible limitation intrinsic to DMN activity as a measure
of the effects of MBT practices is that DMN activity itself has been
shown to involve a variety of forms of spontaneous and directed
mentation, including self reflection and mind wandering (Brewer
et al., 2011; Andrews-Hanna, 2012) that are themselves likely to
be involved in some MBTs (and certainly, there are many anec-
dotal reports from meditators of minds wandering). Also, while
MRI imaging studies report intriguing associations between MBTs
and DMN activity in the prefrontal cortex, these results are correl-
ative rather than causative, and controlled longitudinal studies are
needed to determine if DMN activity changes over long-term prac-
tice. However, these reports of alterations in DMN activity are not
altogether surprising in meditators with years of practice, which in
many cases involves training and focusing of attention on an object
such as the breath or a mantra. Supporting this, the EEG studies
summarized above show changes in activity occurring during med-
itation in brain regions associated with attention, learning, memory
and emotion regulation, which could be expected to influence DMN
activity over the course of many months or years of training. The
proposition that regular MBT practice could over time change the
distribution and activity of the DMN is provocative, and could be
more clearly addressed by longitudinal studies of novice meditators
as they advance their practice.

MRI imaging studies have also reported persistent differences
in brain morphology of MBT practitioners when compared with
controls. For example, a study using voxel-based morphometry
(VBM), a neuroimaging technique for assessing morphology, of
MRI data (n=20) reported increased gray matter concentration
in regions typically activated during Vipassana meditation: left
inferior temporal gyrus and right hippocampus and right ante-
rior insula (involved in interoceptive awareness) (Holzel et al.,
2008). In this study the mean gray matter concentration in the
left inferior temporal gyrus was positively correlated with the
total amount of meditation training, suggesting a causal link with
meditation (Holzel et al., 2008). MRI imaging of meditators vs.
non-meditators showed that experienced Dzogchen Tibetan Bud-
dhist meditators (n=10) exhibited increased gray matter density
in the prefrontal cortex (attention direction), anterior lobe of
the cerebellum and brainstem, regions involved with cardiores-
piratory control (Vestergaard-Poulsen et al., 2009). Also a study
in pain sensitivity in experienced Zen meditators (n=17), com-
pared with non-meditators, reported that numbers of years of
practice was correlated with increased thickness in the dorsal
anterior cingulate cortex and bilaterally in secondary somatosen-
sory cortex, regions linked to pain processing (Grant et al., 2010).
Another recent study (Fayed et al., 2013), using MRI techniques
to evaluate brain metabolite patterns in long-term Zen Buddhist



Table 4

Persistent Changes in Brain Function and Morphology Associated with MBTs. 3
=)
Study MBT Comments Findings Study Design Subjects in
Active
Group
Lutz et al. (2004) Traditional Tibetan EEG; Increased ratio of gamma/slow activity Imaging during meditation vs. 8
compassion Senior Tibetan meditators resting baseline
meditation
Tei et al. (2009) Qigong meditation Long-term meditators vs. novices Increased delta activity in portions of the prefrontal cortex EEG during resting 10
and anterior cingulate cortex; decreased delta activity in
motor, somatosensory and visual association cortices, left
superior temporal gyrus, left precuneus, left
temporo-parietal junction, and
bilateral fusiform gyrus)
Ferrarelli et al. (2013) Mindfulness EEG; Increased parietal-occipital EEG gamma power during EEG gamma power during 29
meditation meditators with >3y practice non-rapid eye movement sleep, positively correlated with non-rapid eye movement sleep
length of lifetime daily meditation -
Taylor et al. (2013) Mindfulness fMRI default mode network connectivity Weaker connectivity between ventro-medial prefrontal Imaging during resting 13 E
meditation cortex and dorso-medial prefrontal cortex; increased £
connectivity between dorso-medial prefrontal cortex and g‘
right inferior parietal lobule. 3
Brewer et al. (2011) Mindfulness Comparison of novices to experienced Stronger coupling between brain regions involved in Imaging during meditation vs. 12 S
meditation meditators. fMRI default mode network self-monitoring and cognitive control (posterior cingulate, resting baseline 2
connectivity dorsal anterior cingulate, and dorsolateral prefrontal E
cortices) g
Jang et al. (2011) Brain-wave fMRI — default mode network connectivity Increased connectivity in medial prefrontal cortex Imaging during resting 35 §
vibration §
meditation IS
Holzel et al. (2008) Mindfulness MRI comparison of experts with Increased gray matter concentration in left inferior MRI —cerebral morphology 20 g
meditation non-meditators temporal gyrus positively correlated with total amount of ;‘
meditation training g
Vestergaard-Poulsen Tibetan meditation MRI comparison of experts with Increased gray matter density in prefrontal cortex, anterior MRI —cerebral morphology 10 <)
et al. (2009) non-meditators lobe of the cerebellum and brainstem regions involved §,
with cardiorespiratory control (portions of the medulla g
oblongata, i.e. solitary tract nucleus) =
Grant et al. (2010) Zen meditation MRI comparison of experts with Increased thickness in the dorsal anterior cingulate and MRI —cerebral morphology 17 %
non-meditators; correlated with number of bilaterally in secondary somatosensory cortex %
years practice g.)
Pagnoni and Cekic, Zen meditation MRI comparison of experts with Meditators did not exhibit typical age-related decline in MRI —cerebral morphology 13 N
2007 non-meditators gray matter volume =
Kang et al. (2013) Moving meditation MRI comparison of experts with greater cortical thickness in anterior brain areas; reduced MRI —cerebral morphology 46 J
non-meditators cortical thickness in posterior regions; higher fractional é
anisotropy and greater cortical thickness adjacent to the N
medial prefrontal cortex x
Fayed et al. (2013) Zen meditation MRI comparison of experts with alterations in glutamate, N-acetyl-aspartate, ratio of MRI metabolite assessment; 10
non-meditators; N-acetyl-aspartate/creatine in posterior cingulate gyrus diffusion coefficient
Buddhist monks and left thalamus; reduced apparent diffusion coefficient
in left posterior parietal white matter
Luders et al. (2009) Various styles of MRI comparison of experts with increased gray matter volume in right orbito-frontal cortex MRI —cerebral morphology 44
meditation non-meditators and right hippocampus
Luders et al. (2013a) Various styles of MRI comparison of experts with increased gray matter volume in hippocampus MRI —cerebral morphology 50
meditation non-meditators
Luders et al. (2013b) Various styles of MRI comparison of experts with increased gray matter volume in hippocampus and MRI —cerebral morphology 30
meditation non-meditators hippocampal subiculum
Luders et al., 2015 Various styles of MRI comparison of experts with Reduced age-related gray matter loss MRI —cerebral morphology 50
meditation non-meditators
Leung et al. (2013) Theravada loving MRI comparison of experts with increased gray matter volume in right angular and MRI —cerebral morphology 10
kindness non-meditators posterior parahippocampal gyri and left temporal lobe
meditation
Holzel et al. (2008) Vipassana MRI — morphology; Increased gray matter volume in left temporal lobe MRI —cerebral morphology 20

meditation
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meditators recruited from a monastery (n=10), compared with
non-meditators, reported significant alterations in the metabolites
glutamate, N-acetyl-aspartate, and the N-acetyl-aspartate/creatine
ratio in the posterior cingulate gyrus (internally-directed cogni-
tion) and left thalamus (control for a variety of cognitive functions),
indicative of altered metabolism in these regions. This study (Fayed
etal.,2013)also found areduced diffusion coefficient in the left pos-
terior parietal white matter (suggestive of increased local neuronal
structure and connectivity) (Le Bihan et al., 2001) for meditators,
which was significantly negatively correlated with years of medita-
tion. Again, the relatively small number of subjects and diversity of
MBTs employed begs caution in generalizing from these results, and
replications with larger numbers of subjects are likely to shed more
light on the functional significance of the brain regions involved.

Some progress towards these ends has been made in larger stud-
ies comparing experienced meditators with non-practicing control
groups. For example, a study using practitioners of a moving-
meditation technique (n=46) reported greater cortical thickness
in anterior brain areas, and reduced cortical thickness in poste-
rior regions, with higher fractional anisotropy and greater cortical
thickness in the region adjacent to the medial prefrontal cortex
(Kang et al., 2013). The authors suggested that changes occurring
in the frontal cortex may be associated with repeated practice of
attentional and emotional regulations, but concluded that further
study is needed to understand why both increases and decreases
in local cortical thickness were observed. Also, a study comparing
experienced meditators (n=44 combined from several medita-
tive traditions) using VBM showed increased gray matter volumes
in the right orbito-frontal cortex and right hippocampus, areas
involved in emotional regulation and response control (Luders
et al., 2009). These results were confirmed specifically in the hip-
pocampus and hippocampal subiculum in a subsequent study and
analysis of previous data with experienced meditators compared
with non-meditators (n=50; n=30 combined, from several medi-
tative traditions) (Luders et al., 2013a,b). Interestingly a principal
activity of the subiculum is to inhibit the HPA axis, thus limiting
the response of the HPA axis to stressors, and perhaps providing
insight into findings that social stress can affect gene expression
act via HPA activation (Cole, 2008; Cole et al., 2009). While the
latter three morphological studies (Luders et al., 2009, 2013a,b)
each employed several styles of meditation, limiting the ability
to attribute the results to particular practices, the relatively large
sample sizes in these studies strengthens the general association
between MBT practitioners and brain morphology and supports
the need for longitudinal studies to determine if meditation per
se can cause the changes of the type reported, or if other factors are
relevant.

Although no studies have yet systematically compared the
effects of different MBT practices on cerebral morphology, one VBM
analysis of MRI data reported increased GM volume in the right
angular and posterior parahippocampal gyri and left temporal lobe
in subjects with 5 years or more practice in the Theravada tradition
of Loving Kindness Meditation (n=10), as compared with novices
(Leungetal.,2013). While increased GM volume in the left temporal
lobe had previously been observed in Vipassana meditators (Holzel
et al., 2008), the right angular gyrus, which had not been previ-
ously reported to be involved with meditation (Decety and Lamm,
2007), is an important region within the temporoparietal junction
involved in social cognition and empathy (Decety and Lamm, 2007).
Again, while longitudinal studies comparing practices with con-
trols are needed, these results support the notion that different
types of MBTs employing different cognitive/emotional techniques
could be chosen to preferentially activate different brain areas, a
finding which could significantly inform the clinical use of MBTs by
providing a rationale for recommending particular interventions in
a patient- and pathology-matched manner.

Lastly, akin to results found for telomere activity as a measure
of stress and aging, age-related gray matter loss is one neurological
correlate of aging (Good et al., 2001). A study using VBM found that,
while control subjects showed decreases with age in gray matter
volume and attentional performance, this did not occur for experi-
enced practitioners of Zen meditation (n=13) (Pagnoni and Cekic,
2007). Similarly, a recent study using VBM with practitioners of a
variety of meditation techniques (n=50) reported that age-related
gray matter loss was less pronounced in long-term meditators than
in controls (Luders etal.,2014). Also, a systematic review concluded
that meditation can offset age-related cognitive decline (Gard et al.,
2014), suggesting the possibility of neuroprotective effects. If sup-
ported by longitudinal studies, these results would underscore the
potential clinical and preventative value of MBTs in mitigating the
well-documented loss of cortical volume associated with aging and
could represent a low-cost methodology for reducing or delaying
the onset of neuronal loss associated with some neurodegenerative
diseases.

5. Discussion and conclusions

The studies reviewed here report a variety of functional genomic
and neurological correlates of MBT practices. These build upon
a background of studies investigating the physiology of men-
tal/emotional stress and the neurological substrates of cognition
and emotion, which have therein provided tools for developing a
deeper understanding of MBT practices. These studies have signif-
icantly advanced our understanding of transcriptional pathways
and neurological mechanisms relevant to MBTs, as well as the
potential mechanisms of action by which MBTs influence health
outcomes. Fig. 1 illustrates the most prominent mechanisms of
action arising from the literature reviewed here.

Our subjective experience of self is reflected in a variety
cognitive-affective processes for which correlates have been iden-
tified at multiple levels in the physiology of the nervous system.
As shown in Fig. 1, the impact of MBTs can be categorized as
“top/down,” i.e., stimulated by focused attention, intention, and
cognitive practices, or “bottom/up,” i.e., driven by practices such
as meditation, breathing, and physical yoga, that produce direct
effects on physiology and the nervous system (Taylor et al., 2010).
These categories provide a foundation for an integrative psy-
chophysiological framework that can be probed to further our
understanding of the underlying substrates of MBTs (Taylor et al.,
2010). In considering MBTs as a collection of approaches that unite
the mind and the innate ability of the body to heal (Spencer and
Jacobs, 2003), a broad theme emerges from the literature in which
MBTs act as both neuromodulatory and immunomodulatory inter-
ventions, lending support to their implementation as potential
wellness tools.

Enhanced salutogenesis via MBT practices is supported by the
large proportion of studies surveyed here reporting reductions
in stress. The biological foundations for using MBT practices for
stress reduction and wellness are becoming more well-understood
(Chiesa and Serretti, 2009; Praissman 2008; Sharma et al., 2008).
Studies suggest that MBTs may impact health outcomes through a
few interrelated pathways including HPA axis production of gluco-
corticoids and ANS balance of sympathetic and parasympathetic
activity (see Fig. 1) which are key upstream mediators of gene
expression, cellular aging, immune function, and healthy CNS func-
tion. The importance of HPA and ANS activity during periods of
stress and rest is corroborated by the large literature on the effects
of acute and chronic stress on immune function in states of both
health and disease (Morey et al., 2015). A growing body of work
has demonstrated the existence of stress-related gene expression
markers (Cole, 2010), and identified HPA axis stress responses
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as an underlying substrate. A primary means of HPA axis stress
modulation is via glucocorticoid receptor-meditated production
of the stress-response protein corticotropin-releasing hormone
(CRH) and adrenocorticotropic hormone (ACTH), both of which are
produced in response to biological stress and mediate the produc-
tion of cortisol (Fig. 1). Stress-induced cortisol production is also
associated with neuronal loss (Bao et al., 2008), changes in neu-
ral network activity (vanCampen et al., 2015), over-expression of
genes responsive to pro-inflammatory NF-kB transcription factors
and reduced expression of transcripts bearing anti-inflammatory
response elements for glucocorticoids (Cole, 2010). Chronic cortisol
elevations due to psychological and psychosocial stress can cause
the immune system to become less sensitive to cortisol, result-
ing in compromised immune responses (Morey et al., 2015; Cole
et al., 2009). Stress reduction through MBT practices may improve
health outcomes by lessening allostatic load and the associated
neuroendocrine signaling that results in downstream immuno-
logic and nervous system consequences. More plainly put, MBTs
can act by removing or ameliorating the harmful effects of chronic
stressors, thus allowing the body’s innate healing responses to be
fully expressed. Given these insights, it may be useful for future
studies of MBT interventions to prioritize sensitive and frequent
measurement of HPA and ANS activity for greater mechanistic
understanding and also potential optimization or refinement of
interventions.

Arelated mechanism by which MBTs may modulate the immune
system is via the cholinergic anti-inflammatory pathway (Tracey,
2007). The vagus nerve complex forms a bi-directional neural
connection between the immune and nervous systems (Tracey,
2002, 2007) which acts to regulate inflammation and innate
immune responses during tissue injury and pathogen invasion
(Fig. 1). Efferent vagal signaling from prefrontal cortex and amyg-
dala (Thayer and Sternberg, 2006) can inhibit cytokine production
via acetylcholine receptor signaling in the spleen (Tracey, 2007).
Conversely, afferent vagal signaling is reflected in instantaneous
heart rate variability (Tracey, 2007). Depressed vagus nerve activ-
ity is associated with increased morbidity and mortality in sepsis,
rheumatoid arthritis, lupus, sarcoidosis, inflammatory bowel dis-
eases, trauma (Tracey, 2007), depression and stress (Porges, 1995).
Enhanced vagal tone is associated with a variety of benefits,
including increased social and psychological well-being (Kok and
Fredrickson, 2010), and has been suggested as a neurological basis
for the effects of acupuncture and meditation (Oke and Tracey,
2009) and yoga (Field, 2011). While these results are in accord
with data indicating positive relationships between stress, adver-
sity, and inflammation, further research is required to empirically
establish vagus nerve activity as a focal substrate for improved
health related to MBTs.

Another means by which MBTs impact the body is through influ-
encing the activity of the nervous system, or neuromodulation.
Neuromodulation via MBTs is supported by studies demonstrat-
ing that particular MBTs can elicit characteristic patterns of brain
activity, including increased activity in specific brain regions and
specific changes in connectivity (Fig. 1). Such a viewpoint is in
accord with the notion that meditation can stimulate cortical plas-
ticity and produce changes in neural structures associated with
cognitive restructuring and learning (Fell et al., 2010), and is sup-
ported by the broader view that cognitive interventions can exert
their effects on brain and behavioral development through neu-
romodulatory mechanisms involving plasticity (Li, 2013). Further
studies aimed at elucidating the roles of MBTs in changing structure
and/or function of brain areas associated with attention, learning,
and emotional regulation may help to develop a set of guidelines
for using MBTs for specific neurobehavioral goals.

A promising direction for future research is the study of the
microbiome. The bi-directional gut-brain axis, composed of hor-

monal and neuronal signaling pathways, enables changes in the
gut microbiota to influence brain activity, including mood (Con-
lon, 2015) (Fig. 1). From the “top/down,” stress can alter colonic
motor activity, in turn affecting gut microbiota profiles, for exam-
ple by reducing the numbers of potentially beneficial Lactobacillus
(Lutgendorff et al., 2008). Microbiota profiles are dependent upon
stress and other lifestyle factors such as exercise (Conlon, 2015),
suggesting that stress reduction via MBT practices could favorably
impact the microbiome, in turn facilitating enhanced physical and
mental well-being. Further research is needed to more clearly eluci-
date the degree to which microbiota are sensitive to MBTs, however
the emerging research indicates that the microbiome is sensitive to
stress and dramatically influences the immune system, brain, and
behavior.

The diversity of practices and physiological correlates reviewed
here also suggests that it is important for researchers to under-
stand the fundamentals of therapies they are studying (Lutz et al.,
2008). Such an integrative and immersive approach requires that
researchers work closely with experts in MBTSs to better understand
the non-Western systems from which many therapies originate
(Loizzo 2014), a process that is likely to benefit both scientists and
practitioners (Rapgay et al., 2000). Also, it may be important to con-
sider personal and cultural factors such as, “place,” “person,” and
“practice,” in order to more clearly delineate the effects of MBT
techniques themselves (Thomas and Cohen, 2014).

While clear progress has been made in elucidating the phys-
iological correlates of MBT practices, significant questions and
limitations remain. A large proportion of the studies surveyed here
report correlations rather than causal relationships with MBT prac-
tices, indicating the need for replications and longitudinal studies to
assess veracity and causality with MBT practices. This is especially
important in light of the broad range of MBTs studied, the diver-
sity of experimental designs employed, and other factors such as
significant lifestyle differences that may exist between control sub-
jects and dedicated MBT practitioners. Controlled studies on gene
expression and psychosocial stress emerge in large part from one
research group (Cole, 2014; Slavich and Cole, 2013), and a broader
research effort is now needed to answer many of the questions
raised by these studies. And while much has been learned about the
physiology of psychosocial stress, only a small number of studies
have directly addressed the effects of MBT practices on gene expres-
sion. While the results surveyed suggest that different practices
may yield different gene expression profiles, raising the possibility
of choosing particular practices to treat inflammation, depression,
hyperactivity, etc., further work on gene profiling and associated
proteomics is needed to support this hypothesis. The results of
EEG and neuroimaging studies present a broad patchwork of cor-
relations and effects of MBT practices, yet clear, replicated data is
lacking on clinically important questions regarding the interpre-
tation and relevance of the results, variability across populations,
targeting of specific brain functions, and the possible use of spe-
cific techniques for treating particular brain pathologies such as
neurodegenerative diseases. Controlled longitudinal studies are
needed to determine the efficacy and potential therapeutic speci-
ficity of particular practices. Finally, almost no studies have been
done to address possible contraindications for using MBT tech-
niques in patient populations with, for example, mental illness or
other conditions.

The results of many of the studies reviewed here show that
the physiological data cannot be meaningfully understood without
equally considering the role of subjective experience. For example,
a study on the functional genomic correlates of subjective social
isolation found that the results were independent of the objective
size of an individual’s social network; the significant factor was the
subjective sense of loneliness (Cole et al., 2007). For this study, an
objective measure of social support would have failed to uncover
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the relationship between perceived loneliness and inflammatory
gene response. Similarly, results from neuroimaging have rele-
vance beyond merely knowing which brain regions are involved
in particular tasks. Neuroimaging has led to a clearer view of the
neural patterning involved in many high-level tasks, and the inter-
relatedness of emotion with various types of cognition, including
perception, attention, memory, and decision making (Dolcos et al.,
2011). Further, the data reviewed here supports the hypothesis
that MBTs using particular emotive/cognitive processes are able
to modulate brain function and alter morphology. This suggests a
need for study designs that clearly account for subjects’ subjective
internal states; qualitative analyses derived from interviews with
study participants may be helpful in further interpretation of the
psychospiritual factors involved in MBTs (Moritz et al., 2011).

The body of research reviewed here illustrates the existence of
a number of clinically relevant physiological correlates of MBTs.
Results from functional genomics and neuroimaging have begun to
elucidate some of the pathways by which emotional, cognitive and
psychosocial factors can influence health outcomes and well-being,
and this knowledge has significantly contributed to a developing
psychophysiological theory of MBTs (Taylor et al., 2010). These
results have already contributed to a clearer notion of the role of
stress in health and well-being, a better understanding of the use
of MBTs for stress reduction (Chiesa and Serretti, 2009; Praissman,
2008; Sharma et al., 2008) and to advances in understanding the
means by which MBT practices may act as neuromodulators via
activation of neural structures associated with cognitive restruc-
turing and learning (Fell et al., 2010).

In recent years, basic sciences and clinical data have fostered
the evidence-based integration of MBTs into clinical care (Ernst
et al., 2007; Jonas et al., 2013). While further studies are needed
to clarify the clinical efficacy of many MBTs (Jonas et al., 2013),
to assess safety and possible contraindications, and to determine
which aspects of specific MBTs are principally responsible for ben-
efits (Creswell et al., 2012), integration into clinical practice of
MBTs and other Integrative Medicine modalities holds significant
promise for reducing the burden of chronic diseases and lowering
the overall cost of healthcare (Herman et al., 2014).
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