
4/27/22, 9:57 AM Frontiers | What Is the Molecular Signature of Mind–Body Interventions? A Systematic Review of Gene Expression Changes Indu…

https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/full 1/24

(https://www.frontiersin.org/about/impact?utm_source=fweb&utm_medium=�our&utm_campaign=impact-2021-jour-hp-top)

 

(https://spotlight.frontiersin.org/submit?utm_source=fweb&utm_medium=�our&utm_campaign=rtlg_2020_gen)

Suggest a Research Topic > (https://spotlight.frontiersin.org/submit?

utm_source=fweb&utm_medium=�our&utm_campaign=rtlg_2020_gen)

in Immunology (https://www.frontiersin.org/journ

(https://w


TABLE OF CONTENTS

Abstract

Introduction

Methods

Summary of Studies on MBIs

Using Gene Expression

Analysis

Discussion

Conclusion

Author Contributions

Con�ict of Interest Statement

Funding

References

Appendix

Impact Factor 7.561 | CiteScore 8.1 
More on impact ›

(https://www.frontiersin.org)

LOGIN (HTTPS://WWW.FRONTIERSIN.ORG/PEOPLE/LOGIN) / REGISTER (HTTPS://WWW.FRONTIERSIN.ORG/REGISTER) ABOUT(HTTPS://WWW.FRONTIERSIN.ORG/ABOUT/

https://www.frontiersin.org/about/impact?utm_source=fweb&utm_medium=fjour&utm_campaign=impact-2021-jour-hp-top
https://spotlight.frontiersin.org/submit?utm_source=fweb&utm_medium=fjour&utm_campaign=rtlg_2020_gen
https://spotlight.frontiersin.org/submit?utm_source=fweb&utm_medium=fjour&utm_campaign=rtlg_2020_gen
https://www.frontiersin.org/journals/276
https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/pdf
https://www.frontiersin.org/
https://www.frontiersin.org/people/login
https://www.frontiersin.org/register
https://www.frontiersin.org/about/about-frontiers
https://www.frontiersin.org/about/about-frontiers


4/27/22, 9:57 AM Frontiers | What Is the Molecular Signature of Mind–Body Interventions? A Systematic Review of Gene Expression Changes Indu…

https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/full 2/24

SHARE ON

74 14 9 142

Download Article



Export citation



176,436
TOTAL VIEWS

REVIEW article

Front. Immunol., 16 June 2017 | https://doi.org/10.3389/�mmu.2017.00670 (https://doi.org/10.3389/�mmu.2017.00670)

What Is the Molecular Signature of Mind–Body
Interventions? A Systematic Review of Gene
Expression Changes Induced by Meditation and
Related Practices

Ivana Buric (https://www.frontiersin.org/people/u/413657) *, Miguel Farias

(https://www.frontiersin.org/people/u/445703) , Jonathan Jong

(https://www.frontiersin.org/people/u/55979) , Christopher Mee

(https://www.frontiersin.org/people/u/445821)  and Inti A. Brazil

(https://www.frontiersin.org/people/u/33202)

Brain, Belief, and Behaviour Lab, Centre for Psychology, Behaviour, and Achievement, Faculty of Health and Life Sciences, Coventry

University, Coventry, United Kingdom

Donders Institute for Brain, Cognition and Behaviour, Radboud University, Nijmegen, Netherlands

Centre for Applied Biological and Exercise Sciences, Faculty of Health and Life Sciences, Coventry University, Coventry, United Kingdom

Forensic Psychiatric Centre Pompestichting, Nijmegen, Netherlands

Collaborative Antwerp Psychiatric Research Institute, Antwerp University, Antwerp, Belgium

There is considerable evidence for the effectiveness of mind–body interventions (MBIs) in improving
mental and physical health, but the molecular mechanisms of these benefits remain poorly understood.
One hypothesis is that MBIs reverse expression of genes involved in inflammatory reactions that are
induced by stress. This systematic review was conducted to examine changes in gene expression that occur
after MBIs and to explore how these molecular changes are related to health. We searched PubMed
throughout September 2016 to look for studies that have used gene expression analysis in MBIs (i.e.,
mindfulness, yoga, Tai Chi, Qigong, relaxation response, and breath regulation). Due to the limited
quantity of studies, we included both clinical and non-clinical samples with any type of research design.
Eighteen relevant studies were retrieved and analyzed. Overall, the studies indicate that these practices
are associated with a downregulation of nuclear factor kappa B pathway; this is the opposite of the effects
of chronic stress on gene expression and suggests that MBI practices may lead to a reduced risk of
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inflammation-related diseases. However, it is unclear how the effects of MBIs compare to other healthy
interventions such as exercise or nutrition due to the small number of available studies. More research is
required to be able to understand the effects of MBIs at the molecular level.

Introduction

In the past two decades, mind–body interventions (MBIs; refer to Table A1 for a list of abbreviations frequently used
throughout this paper) have been gaining empirical support and recognition by mental health professionals. While
some MBIs, such as yoga, Tai Chi, and Qigong, have a strong physical component, others like meditation and
mindfulness, breath regulation techniques, and the relaxation response (RR) are mainly sedentary. Despite the
variability in these techniques, they all seem to produce various psychological benefits on healthy and clinical
populations, such as the reduction of perceived stress [e.g., Ref. (1)], the alleviation of depression [e.g., Ref. (2)],
decreases in anxiety [e.g., Ref. (3)], or to help in coping with a chronic medical disease [e.g., Ref. (4)]. However, it is
less clear what are the mechanisms underpinning the self-reported benefits of MBIs. Neuroimaging studies suggest
that MBIs increase gray matter in the brain regions related to emotion regulation, learning, memory, self-referential
processes, and perspective taking (5–7). However, a recent meta-analysis on structural and morphological brain
changes associated with one type of MBI (meditation) casts some doubt on the generalization of such results, as
different techniques and length of practice are associated with different neural patterns (8).

The search for potential mechanisms of MBIs should not stop at the neural level. The development of gene expression
analysis techniques in recent year makes this one important tool for psychologists to gain a deeper understanding of
biological mechanisms that underpin, or interact with, psychological variables. Over the past decade, studies that
implement gene expression analysis in MBIs research have begun to appear. In addition to being an objective measure
of evaluating and comparing the effectiveness of MBIs, the analysis of gene expression changes has considerably
theoretical value, as it reveals the underlying mechanisms of the psychological and physical effects of MBIs.

In this systematic review, we will explore (1) if MBIs can affect physical health by causing observable molecular
changes in the form of differential gene expression and (2) what are the molecular changes underpinning
psychological benefits in MBIs. By implementing a biological approach to the study of MBIs, there is an opportunity
to fill a crucial gap concerning the underlying mechanisms that give rise to their reported beneficial effects. We have
included a range of MBIs in our analysis, such as mindfulness and other forms of meditation, yoga, RR, Tai Chi, and
Qigong, all interventions for which there is evidence suggesting similar beneficial effects on mental and physical
health (9).

Below we start by outlining the principles of gene expression analyses and how they have been applied to MBIs; then
we move into a systematic review of the evidence for their effects on gene expression, and what changes in gene
expression underpin the psychological benefits of MBIs. Finally, we will discuss the implications of the reviewed
studies, their limitations, and offer guidance for future studies.

Gene Expression and Bioinformatics Analysis in MBIs

Gene expression detection techniques produce an enormous amount of quantitative data—a long list of genes. But
because genes are most often team players—they work together as a network to produce an observable trait or a
measurable biological function—a long list of genes is hard to contextualize and interpret. To make matters more
complicated, some genes regulate the activity of other genes. One way to deal with this is to start with statistical
analysis, followed by bioinformatics analyses; this one is used to identify which of the genes are in the same pathway
(i.e., network) and, therefore, have the same function.

The most common bioinformatics analysis in MBIs research is the Transcription Element Listening System (TELiS).
This analysis will assess which transcription factor is regulating gene expression amid a set of genes. It does so by
scanning the promoters for transcription factor binding motifs that are overrepresented, in relation to their usual
prevalence across the genome (10). In the context of research on MBIs, the most researched transcription factors are
those that have been associated with stress and inflammation. The key transcription factor is the nuclear factor kappa
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B (NF-κB), which is produced when stress activates the sympathetic nervous system (SNS) (11). NF-κB translates
stress into inflammation by changing the expression of genes which code for inflammatory cytokines (12). Lower
activity of NF-κB suggests reduced inflammation.

Understanding Stress and Conserved Transcriptional Response to Adversity
(CTRA)

Stress can be regarded as a bodily response to events that are perceived as a threat or a challenge. This response may
precipitate a health risk when stress is severe or it occurs over a long period of time without adequate coping
mechanisms. It has been found that exposure to severe stressors can have a profound influence on the body and can
lead to detrimental changes in its biology, such as reduced gray matter in several brain regions (13). The effects of
stress go beyond the brain and can be found in our genes in a form of a CTRA (14). CTRA is a common molecular
pattern that has been found in people exposed to different types of adversities, such bereavement (15), cancer
diagnosis (16), trauma (17), and low socioeconomic status (18). The primary characteristic of CTRA is the
upregulation of pro-inflammatory genes leading to major inflammation at the cellular level (19). While acute
inflammation is a short-lived adaptive response of our body, which increases the activity of the immune system to
fight injury or infections, chronic inflammation is maladaptive because it persists when there is no actual threat to the
body. Chronic inflammation is associated with increased risk for some types of cancer, neurodegenerative diseases,
asthma, arthritis, cardiovascular diseases, and psychiatric disorders (e.g., depression and posttraumatic stress
disorder) (20, 21). The secondary characteristic of CTRA is the downregulation of antiviral and antibody-related
genes, which is associated with susceptibility to viral infections, such as herpes simplex viruses (22), HIV-1 (23),
Epstein–Barr virus (24), cytomegalovirus (25), and the Kaposi’s sarcoma (26). Given this, the CTRA is considered to
be a molecular signature of chronic stress.

To understand the impact of environmental factors on the body’s immune system through CTRA, we first need to
unpack the underlying molecular mechanisms. Consider the path linking a stressful event to an observable
psychobiological change, such as the onset of depression. Slavich and Irwin (19) suggested that the environmental
stressor, which might be a physical or social threat, will first activate brain regions associated with pain; then, it will
project into lower regions that modulate inflammation via the hypothalamus–pituitary–adrenal (HPA) axis and the
SNS.

In the first stage of modulation, the SNS initiates the production of the neuromodulators epinephrine and
norepinephrine. These will, in turn, promote inflammation by activating the production of molecules called
transcription factors that then bind to and activate pro-inflammatory genes and translate them into proteins cytokines
that can inhibit or initiate inflammation. Cytokines will travel back to the brain and initiate symptoms of depression
[e.g., low mood, fatigue, and anhedonia (27)].

In the second stage of modulation, the HPA initiates the production of metabolic agents (glucocorticoids) and the
neurotransmitter acetylcholine that, in normal conditions, suppress inflammation. In the case of long-term stress, the
body adapts to their continuous secretion and becomes less sensitive to their anti-inflammatory effects. These
processes lead to CTRA and, if this condition is maintained for years, there is a high risk of inflammation-related
diseases, infection, accelerated biological aging, and early mortality. It is likely that CTRA played an important role in
our hunter-gatherer prehistory, as it linked fight-or-flight response with pro-inflammatory gene expression that
provided protection when there was a higher risk of bacterial infections from wounds (19). This immune response
might have been adaptive back then, but, in today’s modern societies where stress is primarily the result of
psychological threats, this response is maladaptive as it promotes inflammation-related diseases, both psychiatric and
medical (28).

Methods

Criteria for Considering Studies for this Review

(https://w


TABLE OF CONTENTS

Abstract

Introduction

Methods

Summary of Studies on MBIs

Using Gene Expression

Analysis

Discussion

Conclusion

Author Contributions

Con�ict of Interest Statement

Funding

References

Appendix

(https://www.frontiersin.org)

LOGIN (HTTPS://WWW.FRONTIERSIN.ORG/PEOPLE/LOGIN) / REGISTER (HTTPS://WWW.FRONTIERSIN.ORG/REGISTER) ABOUT(HTTPS://WWW.FRONTIERSIN.ORG/ABOUT/

https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/pdf
https://www.frontiersin.org/
https://www.frontiersin.org/people/login
https://www.frontiersin.org/register
https://www.frontiersin.org/about/about-frontiers
https://www.frontiersin.org/about/about-frontiers


4/27/22, 9:57 AM Frontiers | What Is the Molecular Signature of Mind–Body Interventions? A Systematic Review of Gene Expression Changes Indu…

https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/full 5/24

We will now review studies on MBIs (mindfulness, yoga, RR, Tai Chi, and Qigong) that include gene expression
analysis as an outcome measure, in order to assess the evidence for their effects on gene expression, and what changes
in gene expression underpin the psychological benefits of MBIs. Studies were identified by searching PubMed through
September 2016 using the following combination of keywords: (meditation OR mindfulness OR relaxation response
OR yoga OR tai chi OR Qigong) and (gene expression OR microarray OR transcriptome). A total of 716 articles were
returned and their titles and abstracts were screened (see Figure 1). We excluded studies that did not meet the
following eligibility criteria:

1. The population studied should only contain adults.

2. Both clinical and non-clinical samples were allowed (for example, students, cancer patients, and caregivers) and
studies with all sample sizes were included.

3. Studies with experienced practitioners or non-experienced practitioners were allowed, making both cross-sectional
and longitudinal studies eligible.

4. Gene expression changes had to be one of the outcome variables (any number of analyzed genes, cell type and any
gene expression technology were eligible).

5. The independent variables had to be any type of MBI.

6. Articles should be written in English.

7. Only research papers were included. Review papers, meta-analyses, commentaries, and conference proceedings
were excluded.

FIGURE 1

(https://www.frontiersin.org/files/Articles/259671/fimmu-08-00670-HTML/image_m/fimmu-08-00670-
g001.jpg)
Figure 1. PRISMA flow chart: the process of selecting relevant studies.

The screening narrowed the search results to 18 articles (Figure 1). The references of included articles were searched
to identify other relevant articles, but no additional studies were found. Therefore, a total of 18 studies with 846
participants were included in this review (Table 1). Three studies had cross-sectional designs: they compared
experienced practitioners to non-practitioners. Eight studies were longitudinal: they monitored changes over time
that happened as one learns an MBI. Two studies measured immediate effects of a meditation session in experts, and
the three remaining studies have elements of both cross-sectional and longitudinal designs. In the next section, we
will describe the rationale for each of the included studies, along with the procedures employed and their results. We
divided the studies across three sections, based on the research design, and taking into account their chronological
order to highlight how complexity increases as gene expression technologies advance.

TABLE 1

(https://www.frontiersin.org/files/Articles/259671/fimmu-08-00670-HTML/image_m/fimmu-08-00670-t001.jpg)
Table 1. A summary of the results of MBI and gene expression.
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Summary of Studies on MBIs Using Gene Expression Analysis

In Table 1, we summarize the biological and psychological outcomes for each study, including which genes were
upregulated or downregulated, as well as the type of MBI, control group, and gene expression technology used. Below,
we briefly describe the rationale and results for each study; for further details, please see Table 1.

Cross-sectional Studies

Genomic Pro�ling of Neutrophil Transcripts in Asian Qigong Practitioners: A Pilot Study in Gene
Regulation by MBI

The very first study of mind–body therapies that included gene expression compared gene profiles of six long-term
Falun Gong Qigong practitioners and six healthy controls (29). Falun Gong is a form of Qigong that requires an
intensive daily practice of 1–2 h, which includes reading spiritual Qigong books and a light physical activity in the
form of meditative movement. Qigong practitioners had been using this technique from 1 to 5 years, every day from 1
to 2 h, while controls had been physically inactive for at least 1 year and did not practice any mind–body technique. In
this study, gene expression analysis was carried out from neutrophils, which are the most prevalent type of white
blood cells and are crucial in fighting infection. Using a microarray of 12,000 genes, they found that Qigong
practitioners had 132 downregulated and 118 upregulated genes in comparison with controls. Some of the
differentially expressed genes have common functions, thus the results suggest that Qigong enhances immunity,
downregulates cellular metabolism, and delays cell death.

Gene Expression Pro�ling in Practitioners of Sudarshan Kriya (SK)

Sharma and colleagues (30) explored the effects of SK by comparing 42 long-term practitioners with controls who do
not practice any MBI. SK is commonly practiced for 1 h per day and it consists of several breathing techniques, some
of which are paired with movement. Controls were not only matched for age and sex but also for socioeconomic
status, body mass index (BMI), diet, smoking, and alcohol consumption. Their hypothesis was that regular SK practice
improves stress regulation, which should be reflected in gene expression. To test this, white blood cells were obtained
from participants, but only a relatively small number of genes were analyzed. The nine genes of interest were related
to oxidative stress, DNA damage, cell cycle control, aging, and cell death. Although psychological stress was not
measured, based on the gene expression results researchers suggested that SK attenuates the effects of stress on cells
due to an increase in expression of one gene, although four stress-related genes remained unchanged. Additionally,
they concluded that SK enhances the immune system because it upregulates genes that inhibit cell death.

To Study the E�ect of the Sequence of Seven Pranayama by Swami Ramdev on Gene Expression
in Leukemia Patients and Rapid Interpretation of Gene Expression

Kumar and Balkrishna (31) conducted a study on the effects of seven breathing patterns developed by a popular
Indian yoga teacher, Swami Ramdev. The sample consisted of eight patients with chronic lymphocytic leukemia, some
of whom practiced breathing techniques, while others served as control. The exact number of participants per group is
not reported, neither is the practice frequency. Surprisingly, the results showed that 4,428 genes (out of 28,000
analyzed) were upregulated up to twofold in leukemia patients who practiced breathing techniques. However, the
published report lacks further details about used methods and procedures and it was not externally peer reviewed. Of
4,428 differentially expressed genes, only a set of upregulated stress-related genes is reported, along with upregulated
pair of genes that delays cell death, which suggests improved immune regulation.

Longitudinal Designs

Mindfulness-Based Stress Reduction (MBSR) Training Reduces Loneliness and Pro-in�ammatory
Gene Expression in Older Adults: A Small Randomized Controlled Trial (https://w
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Creswell and colleagues (32) attempted to reduce loneliness in older adults as this is one of the leading risk factors for
morbidity and mortality. Forty healthy older adults (age 55–85) were randomly assigned either to an 8-week MBSR
course or to a wait-list control group. The MBSR course is a standardized program that consists of eight weekly 2-h
meetings and one day-long retreat. Additionally, participants are expected to practice mindfulness every day at home
for 30 min during the 8-week period. MBSR cannot be delivered effectively in large groups, so they formed three
groups, each with a different teacher.

They tested if increased inflammation is a mechanism by which loneliness promotes disease in older adults.
Inflammation was measured through changes in transcriptome and in protein markers of inflammation [C-reactive
protein (CRP) and IL-6]. Blood samples were taken at baseline and after completion of MBSR. There also were self-
report measures of loneliness and mindfulness. MBSR class attendances and minutes of daily home practice were
measured as control variables.

Genome-wide transcriptional profiling was done from peripheral blood mononuclear cells (PBMCs) controlling for
sex, age, ethnicity, BMI, as well as the contribution of sleep quality and exercise. Effect size cutoff of 25% was used in
statistical analysis, which was followed with bioinformatics analysis of differentially expressed genes to see how many
of them are targeted with NF-κB transcription factors (TELiS transcription factor search). They were interested in NF-
κB because previous studies found that genes targeted with this transcription factor are more expressed in people who
are lonely (46), which promotes inflammation.

At baseline, older adults who reported more loneliness showed higher expression of pro-inflammatory genes targeted
with NF-κB transcription factor. After MBSR participants reported reduced loneliness and gene analysis showed a
reversal of pro-inflammatory gene expression pattern. Further analysis showed that genes that changed expression
originated mostly from monocytes and B lymphocytes. Regarding protein biomarkers of inflammation, there were no
significant changes in CRP and IL-6 after MBSR.

Yogic Meditation Reverses NF-κB and IRF-Related Transcriptome Dynamics in Leukocytes of
Family Dementia Caregivers in a Randomized Controlled Trial

Black and colleagues (33) did a study on a sample of people who were caring for a frail or demented family member.
Caregivers tend to have worse mental and physical health than matched controls, probably due to stress-induced
upregulation of inflammation-related genes and downregulation of innate antiviral genes. Previous studies found that
interventions aimed at stress reduction improve immune functioning among caregivers, so Black and colleagues (33)
wanted to explore molecular mechanisms by which inflammation is reduced. Twenty-three caregivers did a 12-min
Kirtan Kriya Meditation (KKM) practice guided by an audio recording every day for 8 weeks. The practice starts with 1
min of mind and body awareness followed by chanting “birth, life, death, rebirth” in Sanskrit with accompanying hand
gestures, and it ends with breathing deeply and visualizing light. The effects of KKM were actively controlled: 20
caregivers were listening to relaxing music with eyes closed for 12 min, every day for 8 weeks. The levels of depression
and mental health were measured with questionnaires before and after the intervention and blood samples were taken
to obtain PBMCs for transcriptional profiling. Gender, illness burden, and BMI were controlled for.

There was a significantly greater reduction of depressive symptoms and an improvement in mental health in the
meditation group. Furthermore, 49 genes were downregulated and 19 upregulated in the KKM group in relation to the
relaxation group. These differentially expressed genes were further analyzed with TELiS, which confirmed the
hypothesis that there is a decrease in pro-inflammatory gene expression (related to NF-κB) and an increase in
antiviral gene expression (IRF-1). This suggests that KKM improved the immune system in terms of inflammation
reduction and creating better defense against viruses. Transcript origin analysis (TOA) found that most of the
observed gene expression changes stem from B lymphocytes and plasmacytoid dendritic cells.

Tai Chi, Cellular In�ammation, and Transcriptome Dynamics in Breast Cancer Survivors with
Insomnia: A Randomized Controlled Trial

Irwin and colleagues (34) explored the effects of Tai Chi, a Chinese practice that combines moderate exercise, deep
breathing, and meditation, on inflammation and sleep in breast cancer survivors in comparison with cognitive
behavioral therapy for insomnia [cognitive behavioral therapy (CBT)-I]. Both breast cancer and sleep deprivation are
associated with inflammation, thus this sample had high levels of inflammation at baseline. The study adopted a (https://w
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multi-level approach to measuring effects of Tai Chi on inflammation that included systemic (circulating levels of
CRP), cellular [toll-like receptor (TLR)-4-activated production of pro-inflammatory cytokines IL-6 and TNF], and
genome-wide gene expression followed by bioinformatics analyses. Both Tai Chi and CBT groups had 40 participants
who attended 2-h meetings once a week for 3 months. BMI and physical activity changes during interventions were
controlled for, as they usually are associated with inflammation.

While CRP did not change after either of the interventions, IL-6 was marginally reduced and TNF was significantly
reduced after Tai Chi, indicating that it can reduce cellular inflammatory responses. Similarly, gene expression
analysis found a 9% reduction in expression of 19 pro-inflammatory genes and a 3.3% increase in expression of 34
genes involved in the production of proteins that regulate anti-viral response and tumor activity in the Tai Chi group
relative to CBT-I. In total, 68 genes were downregulated and 19 upregulated after Tai Chi. The downregulated genes
are involved in the generation of white blood cells and inflammation. Similar to previous studies, TELiS
bioinformatics analysis found a significant reduction of activity of pro-inflammatory transcription factor NF-κB.

Yoga Reduces In�ammatory Signaling in Fatigued Breast Cancer Survivors: A Randomized
Controlled Trial

Bower et al. (35) explored the effects of 3 months of Iyengar yoga on inflammatory processes in breast cancer
survivors with fatigue. There were 16 people in the yoga group and 15 in the health education control group.
Inflammation is associated with cancer and previous studies have found that breast cancer survivors with fatigue have
higher levels of inflammation than non-fatigued breast cancer survivors (47). The hypothesis was that Iyengar yoga (a
form of Hatha yoga with emphasis on precise alignment and breath control in each posture) would reduce
inflammation-related gene expression, as well as decrease levels of circulating markers of inflammation.

Instead of measuring cytokines directly, Bower and colleagues chose downstream markers of pro-inflammatory
cytokine activity, which are easier to detect as they are produced in a greater amount. The downstream markers are
also considered a more accurate and stable measure of inflammation than the cytokines that produce them.
Downstream markers included were as follows: sTNF-RII (a marker of TNF activity), IL-1ra, and CRP (markers of IL
activity). These markers were measured from blood, while cortisol was measured from saliva (samples collected by
participants themselves) immediately after waking, 30 min and 8 h after waking, and before bedtime.

Genome-wide transcriptional profiling identified 282 genes that were upregulated and 153 downregulated genes after
3 months of yoga. A 15% gene expression change was considered statistically significant, unlike other studies that set
20% as a cutoff point. The majority of downregulated genes were related to type I interferon responses (i.e., cytokines
that are released when a virus infects a cell), which has previously been associated with fatigue in cancer patients.
Similarly, behavioral measures of fatigue were significantly reduced after months of yoga and remained reduced at a
3-month follow-up.

Transcription Element Listening System showed that yoga reduced the activity of NF-κB, which is suggestive of lower
inflammation, as this is a key regulator of pro-inflammatory gene expression. CREB is another transcription factor
whose activity was reduced with yoga, suggesting a downregulation of the SNS. Finally, TELiS found that yoga
increased the activity of anti-inflammatory glucocorticoid receptor (GR), which indicates a change in HPA axis in
terms of responding better to cortisol and stopping the stress response more quickly. However, such change in the
HPA axis should lead to reduced levels of cortisol, which was not verified with the cortisol analysis from saliva.
Regarding downstream markers of inflammation, sTNF-RII increased in the control group, but remained at the same
level in the yoga group. There were no significant changes for IL-1ra and CRP.

Mindfulness Meditation for Younger Breast Cancer Survivors: A Randomized Controlled Trial

Bower and colleagues (36) conducted another study, this time to assess cost-effectiveness of mindfulness intervention
for women who had been diagnosed with early-stage breast cancer (from stage 0 to stage 3) before the age of 50 and
had finished treatment from 3 months to 10 years ago. Mindful awareness practices (MAP) is a program similar to
MBSR, but tailored for cancer survivors. It consists of six weekly 2-h group meetings and daily practice increasing
from 5 to 20 min. Thirty-nine participants were assigned to MAP and 32 were assigned to a wait list. Unlike previous
studies, Bower and colleagues used several psychological measures (stress and depression as primary outcomes;
positive affect, intrusive thoughts, fear of recurrence, peace and meaning, and sleep quality as secondary outcomes)
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and measures of physical symptoms (fatigue, pain, and hot flashes). They examined gene expression changes in the
whole genome and measured proteins related to increased inflammation (IL-6, CRP) and one protein related to
cancer—soluble tumor necrosis factor receptor type 2 (sTNF-RII). Marital status, radiation treatment, smoking, and
depressive symptoms differed between groups at baseline and were included as covariates in the data analysis.
Additional covariates were minutes of meditation practice, time since diagnosis, chemotherapy, and endocrine
therapy.

Mindful awareness practices significantly reduced stress, fatigue, sleep disturbance, hot flashes, and marginally
reduced depressive symptoms. Conversely, it significantly increased positive affect and peace and meaning. A set of 19
pro-inflammatory genes was significantly downregulated with MAP when compared to the control condition. TELiS
analysis of significantly changed genes found that transcription factor NF-κB showed a significant decrease while anti-
inflammatory GR and interferon regulatory factors (IRF) increased and CREB remained the same. IL-6 was not
significantly changed in general, but those who practiced meditation more frequently had lower levels of IL-6, while
other proteins were non-significant even after the adjustment for the practice frequency. Downregulated genes mostly
originated from monocytes and dendritic cells, while upregulated genes mostly originated from B lymphocytes.

E�ects of Lifestyle Modi�cation on Telomerase Gene Expression in Hypertensive Patients: A Pilot
Trial of Stress Reduction and Health Education Programs in African Americans

Duraimani and colleagues (37) compared the effectiveness of a program that consisted of transcendental meditation
and health education with a program of extensive health education alone in hypertensive adults. Extensive health
education used lectures, videos, field trips, and social support to motivate participants to lose weight, adopt a healthy
diet, exercise, eat less sodium, and drink less alcohol. Forty-eight hypertensive adults were randomly assigned to each
group and attended weekly sessions for 4 months. Researchers only assessed the expression of two genes related to
telomeres (hTR and hTERT), which are nucleotides at the end of chromosomes that shorten every time a cell divides
and are associated with aging. They also measured blood pressure, lifestyle (diet and physical activity), and anger.

Both interventions equally increased the expression of telomerase-related genes. Telomeres themselves did not
change with either intervention, though this rarely happens over the course of just a few months. Extensive health
education proved to be better for hypertensive adults because it lowered diastolic blood pressure more than TM and
led to healthier lifestyle behaviors.

CBT and Tai Chi Reverse Cellular and Genomic Markers of In�ammation in Late Life Insomnia: A
Randomized Controlled Trial

Irwin and colleagues (34) conducted another study on the effects of Tai Chi, but this time on a sample of 120 older
adults with insomnia. CBT-I was another experimental condition that was compared to Tai Chi, while a sleep seminar
education was the control group. Each group consisted of 2-h weekly meetings over 4 months. As in the study
described above (34), they adopted a multi-level approach to inflammation and measured CRP, TLR-4 activation of
TNF and IL-6, and gene expression, while controlling for BMI and physical activity changes during interventions.

Behavioral outcomes regarding sleep are not reported in this paper. Four months after the intervention had finished,
CRP was significantly reduced in the CBT-I group and remained at the same level after 16 months. In the Tai Chi
group, CRP was only marginally reduced after 4 months and it became non-significant afterward. On the other hand,
pro-inflammatory cytokines were reduced in both groups 2 months after the intervention, but they remained reduced
for 16 months in the Tai Chi group alone. Gene expression profiling was carried out on a random subsample of 78
older adults at a 4-month follow-up. Relative to sleep education, CBT-I downregulated 347 genes and upregulated 191
genes, while Tai Chi downregulated 202 genes and upregulated 52 genes. The majority of downregulated genes after
CBT-I and Tai Chi are involved in inflammation. On the other hand, the majority of upregulated genes after CBT-I are
involved in interferon and antibody responses, while those upregulated after Tai Chi do not have a known common
function. TELiS found that both CBT-I and Tai Chi reduced activity of NF-κB relative to sleep education, though the
difference was only marginally significant in the Tai Chi group. Both interventions reduced activity of CREB as well,
while Tai Chi also reduced activity of activator protein 1 (AP-1, controls cellular differentiation, proliferation, and cell
death) and marginally increased GR activity. TOA found that the genes that are downregulated by CBT-I and Tai Chi
originated mostly from monocytes and dendritic cells. (https://w
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Genomic and Clinical E�ects Associated with a RR MBI in Patients with Irritable Bowel Syndrome
(IBS) and In�ammatory Bowel Disease (IBD)

Kuo et al. (38) undertook an uncontrolled trial with a mixed sample of 19 patients with IBS and 29 patients with IBD.
Both IBS and IBD are chronic diseases of the digestive system that are exacerbated with stress, though they have
different underlying physiology and symptoms. Previous studies found that psychological interventions such as
psychotherapy and stress management can reduce symptoms and improve quality of life in IBD (48) and even more
so in IBS (49). In this study, researchers explored if a relaxation response-based mind–body intervention (RR-MBI)
could affect quality of life, inflammatory markers, and gene expression in IBS and IBD patients. The RR-MBI
consisted of nine weekly meetings of 1.5 h and daily home practice of 15–20 min. The meetings included a variety of
practical skills that induce the RR (e.g., breath focus, imagery, mindful awareness, and yoga) and cognitive skills that
help to cope with stress. The theoretical part included lectures about the physiology of stress and digestion and
promotion of health behaviors. Participants completed a set of self-report measures of common symptoms to both IBS
and IBD (pain symptoms and catastrophizing, state and trait anxiety) and a set of disease-specific self-report
measures (quality of life, severity of symptoms). Inflammation was measured as rate of sedimentation of red blood
cells (erythrocyte sedimentation rate, ESR) and levels of CRP.

Immediately after RR-MBI and at a short-term follow-up 3 weeks later, both IBS and IBD patients showed greater
quality of life and a significant reduction of symptoms of their condition and of anxiety. They reported improved
coping with pain, but no change in how pain interferes with their functioning. Regarding biological measures, there
was no change in ESR and CRP. In the IBD group, a total of 1059 genes had changed. These were related to
improvements in inflammatory response, cell growth, proliferation, and oxidative stress-related pathways—kinases,
inflammation, cell cycle, and proliferation. In the IBD group, 119 genes that are related to cell cycle regulation and
DNA damage changed expression. Bioinformatics analysis of genes that changed expression (by using Interactive
network analysis) found that NF-κB is a key molecule for both IBS and IBD.

Biomarkers of Resilience in Stress Reduction for Caregivers of Alzheimer’s Patients

Ho and colleagues (39) chose a sample of caregivers, a chronically stressed population, to test the effects of MBSR.
The intervention was slightly modified by shortening the length of weekly classes from regular 2.5 to 1.5 h to meet the
demanding daily schedules of caregivers, but the content remained the same. There was no control group in this study
and the sample consisted of only 25 participants. Psychological outcomes were measured with a detailed Caregiver
Self-Assessment Questionnaire (CSAQ) that consists of items about depression, burden, stress, grief and represents
overall psychological distress. After MBSR, caregivers showed improvements on CSAQ that positively correlated with
mindfulness score, which means that benefits were more pronounced in those that increased their levels mindfulness.

Based on the variability in the CSAQ score, researchers classified all 25 participants into three MBSR responder
categories: poor responder, moderate responder, and good responder. This categorization was the basis for the gene
expression analysis. Researchers identified 194 differentially expressed genes that can be used to predict to which
responder category each caregiver belongs. These genes were related to inflammation, stress response, and
depression, which suggest that psychological benefits of MBSR might be emerging due to reduction in these variables.
Furthermore, researchers identified 91 genes that can be measured at baseline to predict with 94.7% accuracy the
likelihood that a caregiver will get psychological benefits from MBSR. These genes were related to immune system
functions, such as toll signaling and insulin, which suggests that the likelihood to benefit from MBSR depends on
immunological status.

Rapid Response

Genome-Wide Expression Changes in a Higher State of Consciousness

Ravnik-Glavač and colleagues (40) explored gene expression changes in two highly experienced practitioners (one
with 23 years of experience and the other with 25) who claimed to occasionally move into a higher state of
consciousness (a state of “pure awareness” without thoughts, feelings, or perceptions) that can last for several days
after a single meditation session. They both practiced similar forms of meditation that stems from Buddhist traditions (https://w
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and aim to extend awareness (Zen, Kriya yoga, Kundalini yoga, and pranayama). Researchers obtained blood samples
while meditators were in their “normal” state of consciousness, which was used as a control sample. When each of the
meditators felt he entered a “higher” state of consciousness, he was invited to the lab to record
electroencephalography (EEG) while he meditated. For this purpose, one participant practiced Zen and Kundalini
meditation and the other meditated on mental quietness and a Buddha visualization. Blood samples were collected
after meditation at the same time of the day (not more than 1.5 h apart) in order to control for circadian gene
expression changes.

Electroencephalography showed almost identical patterns in both meditators: increased theta and alpha frequency
range. Genes that changed expression for 30% or more after entering into higher consciousness were considered
significant. For one participant, 1,688 genes changed expression (1,559 downregulated and 109 upregulated) and 608
for the other (338 upregulated and 270 downregulated). Although the number of changed genes differed between
meditators, they shared 118 genes. The genes that changed in both meditators suggest a downregulation of
metabolism and cell cycle processes. Additionally, some of the genes involved in immune system, cell death, and the
stress response were downregulated. However, the two gene expression profiles were too different and thus difficult to
compare and make generalizable conclusions.

Rapid Gene Expression Changes in Peripheral Blood Lymphocytes upon Practice of a
Comprehensive Yoga Program

Qu et al. (41) were interested in rapid changes in gene expression that take place immediately after contemplative
practice. Intervention consisted of gentle yoga postures, breathing exercises, and meditation, which they termed
Sudarshan Kriya and related practices (SK&P). They had 10 participants, all of whom were recruited at a yoga retreat
and their experience in SK&P ranged from 1.5 months to 5 years. In the first 2 days, participants practiced SK&P led
by experienced teachers for 2 h. In the remaining 2 days, they had a walk in nature (to control for the physical aspect
of yoga in SK&P) followed by listening to relaxing music (to control for the relaxation aspect of meditation and
breathing exercise in SK&P), which lasted 2 h as well and was at the same time of the day. They were only interested
in gene expression and no other measures were taken besides daily blood samples to obtain PBMCs. Gene profiles
were compared for each participant before and after each day of practice. Hierarchical clustering showed that SK&P
changed expression of threefold more genes than the control program: 111 genes after SK&P (54 upregulated and 57
downregulated), 38 after the walk and relaxing music (15 upregulated and 23 downregulated), and 14 genes were
commonly affected by both interventions. Thirty-six percentage of the genes that were changed after walking and
relaxing music were also changed after SK&P, which suggests that a yoga program has more benefits in addition to
those provided by physical activity and relaxation. Although there were many significant gene expression changes,
bioinformatics analysis (by using different methods of gene ontology analysis) did not find a significant pathway (e.g.,
NF-κB as commonly found in other studies).

Mixed Designs

Genomic Counter-Stress Changes Induced by the RR

The RR has been defined as a physiological state that represents the opposite state of the stress response (50). It is
characterized by decreased oxygen consumption and carbon dioxide elimination, reduced blood pressure, and heart
and respiration rate. RR is elicited by focusing on a word, phrase, sound, or movement while attempting to disengage
from thoughts. Meditation is just one of the many methods to induce the RR, along with yoga, Tai Chi, Qi Gong,
breathing exercises, meditation, progressive muscle relaxation, and repetitive prayer. Beneficial clinical effects of the
RR have been amply reported [for a review see Ref. (51)], and in this cross-sectional study, researchers explored
differences in gene expression that occur with regular practice of this MBI (42). First, they compared long-term
practitioners (n = 19) with age- and gender-matched controls and found differences in the expression of 2,209 genes
(1,275 upregulated and 934 downregulated). Then the control group (n = 20) went through 8 weeks of RR training
and the analysis of differences in their gene profiles before and after training identified that 1,561 of genes had
changed expression (874 upregulated and 687 downregulated). However, there were significant overlaps of
differentially expressed genes among all three groups: only 595 of 2,209 genes that were changed in long-term (https://w
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practitioners were unique to this group. Bioinformatics analyses showed that long-term practitioners presented a
downregulation of ubiquitin, proteasome, and stress response, an upregulation of ribosomal protein, and mixed
directions of change in apoptosis and immune system. On the other hand, 418 of 1,561 genes were changed with short-
term practice only—when naïve participants went through 8 weeks of RR practice, there was a significant enrichment
of gene sets related to stress responses and metabolism. This means that short-term and long-term RR practice may
lead to distinct gene expression changes.

The results were validated in a separate independent analysis on a new set of samples derived from previous groups
(five controls, five short-term practitioners, and six long-term practitioners). Validation results were similar to the
original results from the full sample, which supports the assumption that these changes do not occur randomly.

RR Induces Temporal Transcriptome Changes in Energy Metabolism, Insulin Secretion, and
In�ammatory Pathways

Bhasin and colleagues (43) explored differences in gene expression changes after one RR session in expert meditators
and novices. They assessed both long- and short-term effects of the RR. Expert participants had between 4 and 20
years of experience in RR, while novices did not have any experience and undertook the RR training as a part of the
study intervention; this consisted of eight weekly private sessions with an experienced clinician and a 20-min audio
recording with an RR sequence for daily home practice. The RR sequence consisted of diaphragmatic breathing, body
scan, mantra repetition, and mindfulness meditation. Both experts and novices listened to the same audio recording
in a laboratory session. Prior to the RR training, novices listened to a health education audio of the same length that
served as a control intervention. In both cases, blood samples were obtained at three time points: before, immediately
after, and 15 min after listening to the audio recording. The only outcome measures were gene expression and the
amount of fractional exhaled nitric oxide (FeNO), which influences blood pressure. Results showed that more genes
were changed in experts than in short-term practitioners or novices and that the group difference was the most
pronounced 15 min after the RR. They then proceeded to undertake various analyses, including Molecular Functions
Enrichment Analysis and Gene Set Enrichment Analysis.

Results showed that experts and short-term practitioners had different gene expression profiles at baseline. Following
a RR session, experts showed more consistent and pronounced gene expression changes than short-term
practitioners. Both experts and short-term practitioners presented changes that have been linked to energy
metabolism, electron transport chain, biological oxidation, and insulin secretion—all these pathways are crucial for
mitochondrial energy mechanics, oxidative phosphorylation, and cell aging. Using systems biology analysis, it was
found that the most upregulated critical molecules were ATP synthase and insulin, which promote mitochondrial
energy production and utilization (resilience), and the most downregulated NF-κB pathway genes. Changes were
generally more pronounced in experts. Upregulated genes were related to energy metabolism, mitochondrial function,
insulin secretion, and telomere maintenance. Downregulated genes were related to inflammatory response and stress
pathways. Finally, FeNO was increased or showed a trend toward increase during RR in all practitioners regardless of
experience.

Rapid Changes in Histone Deacetylases and In�ammatory Gene Expression in Expert Meditators

Kaliman and colleagues (44) explored immediate effects of an intensive 8-h mindfulness meditation retreat in
experienced meditators on the expression of three sets of genes with common functions (7 circadian, 10 chromatin
modulatory, and 6 inflammatory genes) and on stress reactivity in a laboratory-induced stressful situation.
Experienced meditators were compared to a control group with no meditation experience who had engaged in leisure
activities of the same length. Against their hypotheses, they found no differences in the tested genes between expert
and naïve groups before the meditation, but after the intervention there was a significant silencing of two out of six
pro-inflammatory genes (RIPK2 and COX2) in experienced meditators only. Additionally, there were significant
changes in the global modification of histones (H4ac and H3K4me3) and silencing of several histone deacetylase
genes (HDAC 2, 3, and 9), all of which regulate the activity of other genes. The extent to which pro-inflammatory
genes were silenced was associated with faster cortisol recovery to social stress. On the other hand, the expression of
circadian genes was not affected with intensive mindfulness meditation.

Meditation and Vacation E�ects Have an Impact on Disease-Associate Molecular Phenotypes
(https://w
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Epel and colleagues (45) were primarily interested in the effects of a 6-day residential retreat on people who did not
have experience with meditation, but they wanted to control for what they called “the vacation effect.” They
considered that when people go on retreats, they are not only meditating but are also away from the demands of their
daily lives, which should significantly lower stress levels and change gene expression. They thus used an active control
group that resided at the same location for the same amount of time, but without participating in any meditation or
relaxing programs offered by the retreat center. The other group consisted of people who were new to meditation and
who attended a 4-day intensive program of mantra meditation (4 h/day), yoga (3 h/day), lectures, and self-reflective
exercises. Additionally, to be able to contrast the effects of a 4-day intensive meditation on novice meditators with
experienced meditators, a group of regular meditators attended the same retreat. Psychological outcomes were
depression, stress, vitality, and mindfulness—all of which improved for all groups after the intervention and remained
positively changed at a 1-month follow-up. After a 10-month follow-up, novice meditators had less depressive
symptoms than the vacation group, which suggests that learning meditation may have psychological benefits that last
longer than those of merely going on a holiday.

The central biological outcome of this study was gene expression. There were 390 genes that changed expression in all
three groups, most likely due to the relaxation component that was common to all groups. These gene expression
changes referred primarily to lower expression of genes related to stress response, wound healing, and injury. In
addition to these changes common across groups, regular meditators showed lower expression of genes involved in
protein synthesis, viral expression, and viral infectious cycle, while the novice meditators had no distinctive gene
expression changes.

They also assessed other biological outcomes, including telomerase (an enzyme that can stabilize or lengthen
telomeres), TNF alpha, and amyloid beta (Aβ) metabolism. Greater ratio of proteins Aβ42/Aβ40 is associated with
lower risk of dementia (52) depression (53), and mortality (54). The vacation group had significantly more TNF- than
regular meditators and marginally more than novice meditators, which suggests an acute inflammatory response,
possibly due to sun exposure or exercise. All groups in this study had a higher Aβ42/Aβ40 ratio after the retreat, most
likely due to relaxation. An unexpected finding was that regular meditators had shorter telomeres, which is associated
with aging, diabetes, cardiovascular disease, and some types of cancer.

Discussion

The 18 examined studies indicate that MBIs reverse skewing of the transcriptome that is related to adversity, which
counteracts the effects of stress on the immune system. Although most genes showed small or moderate effect sizes
individually, a general pattern emerges: pro-inflammatory genes and pathways get downregulated (see Table 1 for a
summary). Most studies (81%) that measured the activity of inflammation-related genes and/or NF-κB, a key
transcription factor that controls the expression of inflammation-related genes, found a significant downregulation.
The exceptions were two uncontrolled trials that measured the immediate effects of MBIs in experienced
practitioners, which is probably the consequence of the sample sizes of 10 and 2 (40, 41), the norm being that 15
participants per group are necessary to provide statistical power greater than 80% for the gene expression outcome
(32, 33). A further exception was one controlled trial that compared 19 long-term practitioners to 20 short-term
practitioners of RR and did not detect changes in inflammatory pathways (42). This could be due to the different
methods of gene expression detection and analysis, as all studies that employed genome-wide profiling followed by
TELiS bioinformatics analysis consistently found a downregulation of NF-κB. Therefore, the results of the reviewed
studies tentatively suggest that the various psychological and physiological benefits of MBIs may be mediated through
the downregulation of pro-inflammatory genes and pathways. However, for this research to be able to show with
greater confidence that the level of effectiveness of MBIs is predicated on these genetic expression changes, we need to
address the severe limitations of the reviewed studies.

A major shortcoming of the literature is the lack of active control groups that carefully mirror the MBIs (e.g., length of
time, meaningfulness of the practice). This should be a mandatory procedure in studies of gene expression analysis
with behavioral interventions to account for the many non-specific effects of MBIs, such as social support or teacher–
student relationship. An active control group was included in six out of the nine randomized controlled studies, but
control conditions ranged from relaxation—which produces similar effects to MBIs regarding stress reduction—to
education. Black and colleagues (33) probably achieved the most balanced solution, as both the meditation and the
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relaxation control group practiced at home with an audio CD of the same length of time and with eyes closed, thus
making both conditions very similar. The effects of MBIs depend to a great extent on the amount of regular practice,
but most studies did not measure practice frequency, simply assuming high adherence. Only two studies (32, 36)
controlled for the frequency of practice in their gene expression analysis and found that some biological results
became significant, when those individuals that practiced regularly were analyzed separately. It is important that
future studies measure practice frequency and report dosage-dependent effects in addition to overall effects of MBIs
on gene expression.

One other problem to consider are the various environmental and lifestyle factors that may change gene expression in
similar ways to MBIs. For example, similar differences can be observed when analyzing gene expression from
peripheral blood mononuclear cells (PBMCs) after exercise. Although at first there is an increase in the expression of
pro-inflammatory genes due to regeneration of muscles after exercise, the long-term effects show a decrease in the
expression of pro-inflammatory genes (55). In fact, 44% of interventions in this systematic review included a physical
component, thus making it very difficult, if not impossible, to discern between the effects of MBIs from the effects of
exercise. Similarly, food can contribute to inflammation. Diets rich in saturated fats are associated with pro-
inflammatory gene expression profile, which is commonly observed in obese people (56). On the other hand,
consuming some foods might reduce inflammatory gene expression, e.g., drinking 1 l of blueberry and grape juice
daily for 4 weeks changes the expression of the genes related to apoptosis, immune response, cell adhesion, and lipid
metabolism (57). Similarly, a diet rich in vegetables, fruits, fish, and unsaturated fats is associated with anti-
inflammatory gene profile, while the opposite has been found for Western diet consisting of saturated fats, sugars, and
refined food products (58). Similar changes have been observed in older adults after just one Mediterranean diet meal
(59) or in healthy adults after consuming 250 ml of red wine (60) or 50 ml of olive oil (61). However, in spite of this
literature, only two of the studies we reviewed tested if the MBIs had any influence on lifestyle (e.g., sleep, diet, and
exercise) that may have explained gene expression changes.

Another limitation is inherent to gene expression data. By themselves these do not provide much useful information
unless the relationship between gene expression and psychological variables is directly explored. Only two of the
reviewed studies (32, 44) attempted to find associations between gene expression changes and psychological
constructs, such as stress reactivity and loneliness. Four other studies (33, 36–38) included psychological measures,
but only to test the efficacy of their interventional programs, not to interpret observed gene expression differences.
The majority of studies (56%) only included biological outcomes, which reveal a dire need for interdisciplinary
collaborations in order to fully understand the interaction between molecular and psychological changes associated
with MBIs.

The studies presented considerable variation, both in their type of interventions and gene expression assessment.
MBIs varied from seated meditation at home to movement in groups, with lengths ranging from 4 days to 4 months:
half of them used healthy adults while the other half had clinical or highly stressed samples. One interesting
hypothesis to test is that the effects of MBIs will be easier to detect on populations with high levels of inflammatory
gene expression at baseline [such as older adults; (32)], though this remains to be tried out in future studies, as there
are no present data that allow us to compare the effect sizes of gene expression changes in different population.

Another source of heterogeneity in the reviewed studies is the cell type from which gene expression data are collected.
In 72% of reviewed studies, data were obtained from peripheral blood mononuclear cells (PBMCs). As PBMCs consist
of particular cell subtypes that have different gene expression patterns and functions, their variety could affect data
interpretation. The results of studies that analyzed from which cell types the observed gene expression emerged (TOA)
were mixed, thus all PBMCs will have to be included in future studies.

Another aspect to bear in mind is that the biological consequences of the observed gene expression changes were not
found directly, because the studies that employed circulating proteins (e.g., CRP, interleukins, or cortisol) generally
did not find significant results. In fact, 38% of the reviewed studies measured at least one inflammatory protein and
the results were non-significant in 76% of cases and those that were significantly changed (usually TNF, CRP, and IL-
6) are not consistently reduced across studies. Our systematic review indicates that circulating proteins rarely change
after a few months of practice, which is how long the studies usually last (46% of studies in this review lasted between
6 and 12 weeks). This suggests that as long as the study interventions consist of only a few months of practice, it will
be of limited value to measure proteins. Fortunately, gene expression is more sensitive to MBIs than circulating (https://w
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proteins. Gene expression changes are observed after a few weeks of meditation [e.g., Ref. (32, 33)], but they possibly
emerge even after just a few days of intervention. Therefore, the conclusion that MBI techniques improve immune
system function is made indirectly using bioinformatics analyses, which are based on previous studies from other
areas that found associations between genes and immune outcomes (62).

One final methodological concern has to do with the assessment of inflammation. Throughout this review we
encountered 11 different measures of inflammation. Thus, if a single inflammatory measure has decreased after an
intervention, we cannot confidently conclude that the immune system is enhanced. Future studies should attempt to
directly find functional consequences of observed gene expression changes. For instance, PMBC subtypes could be
isolated before and after MBIs to verify if they show different in vitro responses.

Before widely integrating MBIs in health care, more research must be done with the aim of constructing and
validating a comprehensive theory of MBIs with a multi-level approach that draws connections between genetic and
other data, particularly psychological and behavioral. This is the only way of advancing the literature on MBIs and
responding to recent criticisms about the theoretical incongruence and lack of consistent evidence for the benefits of
these techniques [e.g., Ref. (63)]. Although the studies reviewed here provide preliminary evidence that MBIs are
associated with a reduced risk of inflammation-related diseases, it is unclear whether they are more effective than a
range of lifestyle changes commonly recommended as a part of healthy lifestyle, such as regular exercise and a
Mediterranean diet.

Conclusion

The results of 18 studies that used gene expression analysis in research on meditation and related MBIs have overall
found downregulation of NF-κB-targeted genes, which can be understood as the reversal of the molecular signature of
the effects of chronic stress. Even though the study designs, the population, and the types of MBI used in the studies
included in this review vary, it indicates that some of the psychological and physical benefits of MBIs are underpinned
by biological changes in NF-κB genes. These results need to be replicated in larger samples and with stronger research
designs that control for non-specific effects of these practices and for as confounding lifestyle factors, such as sleep,
diet, and exercise. This research opens the doors to the development and testing of a multi-level theory of MBIs,
which integrates the biological, psychological, and environmental levels.

Author Contributions

IBu: database search, study design, data interpretation, drafting the paper, final approval, agreement to be
accountable. MF and IBr: study design, data interpretation, critical revision, final approval, agreement to be
accountable. JJ and CM: data interpretation, critical revision, final approval, agreement to be accountable.

Con�ict of Interest Statement

The authors declare that the research was conducted in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Funding

IBu was supported by a doctoral award from Coventry University. IBr was supported by a NWO VENI (451-15-014)
grant. MF was supported by Pump Prime Grant from Coventry University.

References

1. Chiesa A, Serretti A. Mindfulness-based stress reduction for stress management in healthy people: a review and meta-analysis. J Altern
Complement Med (2009) 15(5):593–600. doi:10.1089/acm.2008.0495

(https://w


TABLE OF CONTENTS

Abstract

Introduction

Methods

Summary of Studies on MBIs

Using Gene Expression

Analysis

Discussion

Conclusion

Author Contributions

Con�ict of Interest Statement

Funding

References

Appendix

(https://www.frontiersin.org)

LOGIN (HTTPS://WWW.FRONTIERSIN.ORG/PEOPLE/LOGIN) / REGISTER (HTTPS://WWW.FRONTIERSIN.ORG/REGISTER) ABOUT(HTTPS://WWW.FRONTIERSIN.ORG/ABOUT/

https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/pdf
https://www.frontiersin.org/
https://www.frontiersin.org/people/login
https://www.frontiersin.org/register
https://www.frontiersin.org/about/about-frontiers
https://www.frontiersin.org/about/about-frontiers


4/27/22, 9:57 AM Frontiers | What Is the Molecular Signature of Mind–Body Interventions? A Systematic Review of Gene Expression Changes Indu…

https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/full 16/24

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19432513) | CrossRef Full
Text (https://doi.org/10.1089/acm.2008.0495) | Google Scholar (http://scholar.google.com/scholar_lookup?title=Mindfulness-
based+stress+reduction+for+stress+management+in+healthy+people:+a+review+and+meta-
analysis&author=A.+Chiesa&author=A.+Serretti&journal=J+Altern+Complement+Med&publication_year=2009&volume=15&pages=593–
600&doi=10.1089/acm.2008.0495&pmid=19432513)

2. Piet J, Hougaard E. The effect of mindfulness-based cognitive therapy for prevention of relapse in recurrent major depressive disorder: a
systematic review and meta-analysis. Clin Psychol Rev (2011) 31(6):1032–40. doi:10.1016/j.cpr.2011.05.002

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21802618) | CrossRef Full
Text (https://doi.org/10.1016/j.cpr.2011.05.002) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=The+effect+of+mindfulness-
based+cognitive+therapy+for+prevention+of+relapse+in+recurrent+major+depressive+disorder:+a+systematic+review+and+meta-
analysis&author=J.+Piet&author=E.+Hougaard&journal=Clin+Psychol+Rev&publication_year=2011&volume=31&pages=1032–
40&doi=10.1016/j.cpr.2011.05.002&pmid=21802618)

3. Strauss C, Cavanagh K, Oliver A, Pettman D. Mindfulness-based interventions for people diagnosed with a current episode of an anxiety or
depressive disorder: a meta-analysis of randomised controlled trials. PLoS One (2014) 9(4):e96110. doi:10.1371/journal.pone.0096110

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24763812) | CrossRef Full
Text (https://doi.org/10.1371/journal.pone.0096110) | Google Scholar (http://scholar.google.com/scholar_lookup?title=Mindfulness-
based+interventions+for+people+diagnosed+with+a+current+episode+of+an+anxiety+or+depressive+disorder:+a+meta-
analysis+of+randomised+controlled+trials&author=C.+Strauss&author=K.+Cavanagh&author=A.+Oliver&author=D.+Pettman&journal=PLoS
+One&publication_year=2014&volume=9&pages=e96110&doi=10.1371/journal.pone.0096110&pmid=24763812)

4. Bohlmeijer E, Prenger R, Taal E, Cuijpers P. The effects of mindfulness-based stress reduction therapy on mental health of adults with a chronic
medical disease: a meta-analysis. J Psychosom Res (2010) 68(6):539–44. doi:10.1016/j.jpsychores.2009.10.005

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=20488270) | CrossRef Full
Text (https://doi.org/10.1016/j.jpsychores.2009.10.005) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=The+effects+of+mindfulness-
based+stress+reduction+therapy+on+mental+health+of+adults+with+a+chronic+medical+disease:+a+meta-
analysis&author=E.+Bohlmeijer&author=R.+Prenger&author=E.+Taal&author=P.+Cuijpers&journal=J+Psychosom+Res&publication_year=2
010&volume=68&pages=539–44&doi=10.1016/j.jpsychores.2009.10.005&pmid=20488270)

5. Lazar SW, Kerr CE, Wasserman RH, Gray JR, Greve DN, Treadway MT, et al. Meditation experience is associated with increased cortical
thickness. Neuroreport (2005) 16(17):1893–7. doi:10.1097/01.wnr.0000186598.66243.19

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=16272874) | CrossRef Full
Text (https://doi.org/10.1097/01.wnr.0000186598.66243.19) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Meditation+experience+is+associated+with+increased+cortical+thickness&author=S.+W.+Lazar&author=C.+E.+Kerr&author=R.+H.+W
asserman&author=J.+R.+Gray&author=D.+N.+Greve&author=M.+T.+Treadway&journal=Neuroreport&publication_year=2005&volume=16&
pages=1893–7&doi=10.1097/01.wnr.0000186598.66243.19&pmid=16272874)

6. Hölzel BK, Carmody J, Vangel M, Congleton C, Yerramsetti SM, Gard T, et al. Mindfulness practice leads to increases in regional brain gray
matter density. Psychiatry Res (2011) 191(1):36–43. doi:10.1016/j.pscychresns.2010.08.006

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21071182) | CrossRef Full
Text (https://doi.org/10.1016/j.pscychresns.2010.08.006) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Mindfulness+practice+leads+to+increases+in+regional+brain+gray+matter+density&author=B.+K.+Hölzel&author=J.+Carmody&author
=M.+Vangel&author=C.+Congleton&author=S.+M.+Yerramsetti&author=T.+Gard&journal=Psychiatry+Res&publication_year=2011&volume=
191&pages=36–43&doi=10.1016/j.pscychresns.2010.08.006&pmid=21071182)

7. Vestergaard-Poulsen P, van Beek M, Skewes J, Bjarkam CR, Stubberup M, Bertelsen J, et al. Long-term meditation is associated with increased
gray matter density in the brain stem. Neuroreport (2009) 20(2):170–4. doi:10.1097/WNR.0b013e328320012a

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19104459) | CrossRef Full
Text (https://doi.org/10.1097/WNR.0b013e328320012a) | Google Scholar (http://scholar.google.com/scholar_lookup?title=Long-
term+meditation+is+associated+with+increased+gray+matter+density+in+the+brain+stem&author=P.+Vestergaard-
Poulsen&author=M.+van+Beek&author=J.+Skewes&author=C.+R.+Bjarkam&author=M.+Stubberup&author=J.+Bertelsen&journal=Neurorep
ort&publication_year=2009&volume=20&pages=170–4&doi=10.1097/WNR.0b013e328320012a&pmid=19104459)

8. Fox KC, Nijeboer S, Dixon ML, Floman JL, Ellamil M, Rumak SP, et al. Is meditation associated with altered brain structure? A systematic review
and meta-analysis of morphometric neuroimaging in meditation practitioners. Neurosci Biobehav Rev (2014) 43:48–73.
doi:10.1016/j.neubiorev.2014.03.016

CrossRef Full Text (https://doi.org/10.1016/j.neubiorev.2014.03.016) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Is+meditation+associated+with+altered+brain+structure?+A+systematic+review+and+meta-
analysis+of+morphometric+neuroimaging+in+meditation+practitioners&author=K.+C.+Fox&author=S.+Nijeboer&author=M.+L.+Dixon&aut
hor=J.+L.+Floman&author=M.+Ellamil&author=S.+P.+Rumak&journal=Neurosci+Biobehav+Rev&publication_year=2014&volume=43&pages
=48–73&doi=10.1016/j.neubiorev.2014.03.016)

9. Bower JE, Irwin MR. Mind-body therapies and control of inflammatory biology: a descriptive review. Brain Behav Immun (2016) 51:1–11.
doi:10.1016/j.bbi.2015.06.012

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26116436) | CrossRef Full
Text (https://doi.org/10.1016/j.bbi.2015.06.012) | Google Scholar (http://scholar.google.com/scholar_lookup?title=Mind-
body+therapies+and+control+of+inflammatory+biology:+a+descriptive+review&author=J.+E.+Bower&author=M.+R.+Irwin&journal=Brain+
Behav+Immun&publication_year=2016&volume=51&pages=1–11&doi=10.1016/j.bbi.2015.06.012&pmid=26116436)

10. Cole SW, Yan W, Galic Z, Arevalo J, Zack JA. Expression-based monitoring of transcription factor activity: the TELiS database. Bioinformatics
(2005) 21(6):803–10. doi:10.1093/bioinformatics/bti038 (https://w



TABLE OF CONTENTS

Abstract

Introduction

Methods

Summary of Studies on MBIs

Using Gene Expression

Analysis

Discussion

Conclusion

Author Contributions

Con�ict of Interest Statement

Funding

References

Appendix

(https://www.frontiersin.org)

LOGIN (HTTPS://WWW.FRONTIERSIN.ORG/PEOPLE/LOGIN) / REGISTER (HTTPS://WWW.FRONTIERSIN.ORG/REGISTER) ABOUT(HTTPS://WWW.FRONTIERSIN.ORG/ABOUT/

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19432513
https://doi.org/10.1089/acm.2008.0495
http://scholar.google.com/scholar_lookup?title=Mindfulness-based+stress+reduction+for+stress+management+in+healthy+people:+a+review+and+meta-analysis&author=A.+Chiesa&author=A.+Serretti&journal=J+Altern+Complement+Med&publication_year=2009&volume=15&pages=593%E2%80%93600&doi=10.1089/acm.2008.0495&pmid=19432513
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21802618
https://doi.org/10.1016/j.cpr.2011.05.002
http://scholar.google.com/scholar_lookup?title=The+effect+of+mindfulness-based+cognitive+therapy+for+prevention+of+relapse+in+recurrent+major+depressive+disorder:+a+systematic+review+and+meta-analysis&author=J.+Piet&author=E.+Hougaard&journal=Clin+Psychol+Rev&publication_year=2011&volume=31&pages=1032%E2%80%9340&doi=10.1016/j.cpr.2011.05.002&pmid=21802618
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24763812
https://doi.org/10.1371/journal.pone.0096110
http://scholar.google.com/scholar_lookup?title=Mindfulness-based+interventions+for+people+diagnosed+with+a+current+episode+of+an+anxiety+or+depressive+disorder:+a+meta-analysis+of+randomised+controlled+trials&author=C.+Strauss&author=K.+Cavanagh&author=A.+Oliver&author=D.+Pettman&journal=PLoS+One&publication_year=2014&volume=9&pages=e96110&doi=10.1371/journal.pone.0096110&pmid=24763812
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=20488270
https://doi.org/10.1016/j.jpsychores.2009.10.005
http://scholar.google.com/scholar_lookup?title=The+effects+of+mindfulness-based+stress+reduction+therapy+on+mental+health+of+adults+with+a+chronic+medical+disease:+a+meta-analysis&author=E.+Bohlmeijer&author=R.+Prenger&author=E.+Taal&author=P.+Cuijpers&journal=J+Psychosom+Res&publication_year=2010&volume=68&pages=539%E2%80%9344&doi=10.1016/j.jpsychores.2009.10.005&pmid=20488270
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=16272874
https://doi.org/10.1097/01.wnr.0000186598.66243.19
http://scholar.google.com/scholar_lookup?title=Meditation+experience+is+associated+with+increased+cortical+thickness&author=S.+W.+Lazar&author=C.+E.+Kerr&author=R.+H.+Wasserman&author=J.+R.+Gray&author=D.+N.+Greve&author=M.+T.+Treadway&journal=Neuroreport&publication_year=2005&volume=16&pages=1893%E2%80%937&doi=10.1097/01.wnr.0000186598.66243.19&pmid=16272874
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21071182
https://doi.org/10.1016/j.pscychresns.2010.08.006
http://scholar.google.com/scholar_lookup?title=Mindfulness+practice+leads+to+increases+in+regional+brain+gray+matter+density&author=B.+K.+H%C3%B6lzel&author=J.+Carmody&author=M.+Vangel&author=C.+Congleton&author=S.+M.+Yerramsetti&author=T.+Gard&journal=Psychiatry+Res&publication_year=2011&volume=191&pages=36%E2%80%9343&doi=10.1016/j.pscychresns.2010.08.006&pmid=21071182
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19104459
https://doi.org/10.1097/WNR.0b013e328320012a
http://scholar.google.com/scholar_lookup?title=Long-term+meditation+is+associated+with+increased+gray+matter+density+in+the+brain+stem&author=P.+Vestergaard-Poulsen&author=M.+van+Beek&author=J.+Skewes&author=C.+R.+Bjarkam&author=M.+Stubberup&author=J.+Bertelsen&journal=Neuroreport&publication_year=2009&volume=20&pages=170%E2%80%934&doi=10.1097/WNR.0b013e328320012a&pmid=19104459
https://doi.org/10.1016/j.neubiorev.2014.03.016
http://scholar.google.com/scholar_lookup?title=Is+meditation+associated+with+altered+brain+structure?+A+systematic+review+and+meta-analysis+of+morphometric+neuroimaging+in+meditation+practitioners&author=K.+C.+Fox&author=S.+Nijeboer&author=M.+L.+Dixon&author=J.+L.+Floman&author=M.+Ellamil&author=S.+P.+Rumak&journal=Neurosci+Biobehav+Rev&publication_year=2014&volume=43&pages=48%E2%80%9373&doi=10.1016/j.neubiorev.2014.03.016
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26116436
https://doi.org/10.1016/j.bbi.2015.06.012
http://scholar.google.com/scholar_lookup?title=Mind-body+therapies+and+control+of+inflammatory+biology:+a+descriptive+review&author=J.+E.+Bower&author=M.+R.+Irwin&journal=Brain+Behav+Immun&publication_year=2016&volume=51&pages=1%E2%80%9311&doi=10.1016/j.bbi.2015.06.012&pmid=26116436
https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/pdf
https://www.frontiersin.org/
https://www.frontiersin.org/people/login
https://www.frontiersin.org/register
https://www.frontiersin.org/about/about-frontiers
https://www.frontiersin.org/about/about-frontiers


4/27/22, 9:57 AM Frontiers | What Is the Molecular Signature of Mind–Body Interventions? A Systematic Review of Gene Expression Changes Indu…

https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/full 17/24

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=15374858) | CrossRef Full
Text (https://doi.org/10.1093/bioinformatics/bti038) | Google Scholar (http://scholar.google.com/scholar_lookup?title=Expression-
based+monitoring+of+transcription+factor+activity:+the+TELiS+database&author=S.+W.+Cole&author=W.+Yan&author=Z.+Galic&author=J
.+Arevalo&author=J.+A.+Zack&journal=Bioinformatics&publication_year=2005&volume=21&pages=803–
10&doi=10.1093/bioinformatics/bti038&pmid=15374858)

11. Bierhaus A, Wolf J, Andrassy M, Rohleder N, Humpert PM, Petrov D, et al. A mechanism converting psychosocial stress into mononuclear cell
activation. Proc Natl Acad Sci U S A (2003) 100(4):1920–5. doi:10.1073/pnas.0438019100

CrossRef Full Text (https://doi.org/10.1073/pnas.0438019100) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=A+mechanism+converting+psychosocial+stress+into+mononuclear+cell+activation&author=A.+Bierhaus&author=J.+Wolf&author=M.+
Andrassy&author=N.+Rohleder&author=P.+M.+Humpert&author=D.+Petrov&journal=Proc+Natl+Acad+Sci+U+S+A&publication_year=2003
&volume=100&pages=1920–5&doi=10.1073/pnas.0438019100)

12. Liang Y, Zhou Y, Shen P. NF-kappa B and its regulation on the immune system. Cell Mol Immunol (2004) 1(5):343–50.

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=16285893) | Google
Scholar (http://scholar.google.com/scholar_lookup?title=NF-
kappa+B+and+its+regulation+on+the+immune+system&author=Y.+Liang&author=Y.+Zhou&author=P.+Shen&journal=Cell+Mol+Immunol&
publication_year=2004&volume=1&pages=343–50&pmid=16285893)

13. Gianaros PJ, Jennings JR, Sheu LK, Greer PJ, Kuller LH, Matthews KA. Prospective reports of chronic life stress predict decreased grey matter
volume in the hippocampus. Neuroimage (2007) 35(2):795–803. doi:10.1016/j.neuroimage.2006.10.045

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17275340) | CrossRef Full
Text (https://doi.org/10.1016/j.neuroimage.2006.10.045) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Prospective+reports+of+chronic+life+stress+predict+decreased+grey+matter+volume+in+the+hippocampus&author=P.+J.+Gianaros&a
uthor=J.+R.+Jennings&author=L.+K.+Sheu&author=P.+J.+Greer&author=L.+H.+Kuller&author=K.+A.+Matthews&journal=Neuroimage&pu
blication_year=2007&volume=35&pages=795–803&doi=10.1016/j.neuroimage.2006.10.045&pmid=17275340)

14. Cole SW. Human social genomics. PLoS Genet (2014) 10(8):e1004601. doi:10.1371/journal.pgen.1004601

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25166010) | CrossRef Full
Text (https://doi.org/10.1371/journal.pgen.1004601) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Human+social+genomics&author=S.+W.+Cole&journal=PLoS+Genet&publication_year=2014&volume=10&pages=e1004601&doi=10.137
1/journal.pgen.1004601&pmid=25166010)

15. O’Connor MF, Schultze-Florey CR, Irwin MR, Arevalo JM, Cole SW. Divergent gene expression responses to complicated grief and non-
complicated grief. Brain Behav Immun (2014) 37:78–83. doi:10.1016/j.bbi.2013.12.017

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24380850) | CrossRef Full
Text (https://doi.org/10.1016/j.bbi.2013.12.017) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Divergent+gene+expression+responses+to+complicated+grief+and+non-
complicated+grief&author=M.+F.+O’Connor&author=C.+R.+Schultze-
Florey&author=M.+R.+Irwin&author=J.+M.+Arevalo&author=S.+W.+Cole&journal=Brain+Behav+Immun&publication_year=2014&volume=
37&pages=78–83&doi=10.1016/j.bbi.2013.12.017&pmid=24380850)

16. Cohen L, Cole SW, Sood AK, Prinsloo S, Kirschbaum C, Arevalo JM, et al. Depressive symptoms and cortisol rhythmicity predict survival in
patients with renal cell carcinoma: role of inflammatory signalling. PLoS One (2012) 7:e42324. doi:10.1371/journal.pone.0042324

CrossRef Full Text (https://doi.org/10.1371/journal.pone.0042324) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Depressive+symptoms+and+cortisol+rhythmicity+predict+survival+in+patients+with+renal+cell+carcinoma:+role+of+inflammatory+sig
nalling&author=L.+Cohen&author=S.+W.+Cole&author=A.+K.+Sood&author=S.+Prinsloo&author=C.+Kirschbaum&author=J.+M.+Arevalo&j
ournal=PLoS+One&publication_year=2012&volume=7&pages=e42324&doi=10.1371/journal.pone.0042324)

17. O’Donovan A, Sun B, Cole S, Rempel H, Lenoci M, Pulliam L, et al. Transcriptional control of monocyte gene expression in post-traumatic stress
disorder. Dis Markers (2011) 30:123–32. doi:10.3233/DMA-2011-0768

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21508516) | CrossRef Full
Text (https://doi.org/10.3233/DMA-2011-0768) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Transcriptional+control+of+monocyte+gene+expression+in+post-
traumatic+stress+disorder&author=A.+O’Donovan&author=B.+Sun&author=S.+Cole&author=H.+Rempel&author=M.+Lenoci&author=L.+Pul
liam&journal=Dis+Markers&publication_year=2011&volume=30&pages=123–32&doi=10.3233/DMA-2011-0768&pmid=21508516)

18. Miller GE, Chen E, Fok AK, Walker H, Lim A, Nicholls EF, et al. Low early-life social class leaves a biological residue manifested by decreased
glucocorticoid and increased proinflammatory signaling. Proc Natl Acad Sci U S A (2009) 106:14716–21. doi:10.1073/pnas.0902971106

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19617551) | CrossRef Full
Text (https://doi.org/10.1073/pnas.0902971106) | Google Scholar (http://scholar.google.com/scholar_lookup?title=Low+early-
life+social+class+leaves+a+biological+residue+manifested+by+decreased+glucocorticoid+and+increased+proinflammatory+signaling&author
=G.+E.+Miller&author=E.+Chen&author=A.+K.+Fok&author=H.+Walker&author=A.+Lim&author=E.+F.+Nicholls&journal=Proc+Natl+Acad
+Sci+U+S+A&publication_year=2009&volume=106&pages=14716–21&doi=10.1073/pnas.0902971106&pmid=19617551)

19. Slavich GM, Irwin MR. From stress to inflammation and major depressive disorder: a social signal transduction theory of depression. Psychol Bull
(2014) 140(3):774–815. doi:10.1037/a0035302

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24417575) | CrossRef Full
Text (https://doi.org/10.1037/a0035302) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=From+stress+to+inflammation+and+major+depressive+disorder:+a+social+signal+transduction+theory+of+depression&author=G.+M.+
Slavich&author=M.+R.+Irwin&journal=Psychol+Bull&publication_year=2014&volume=140&pages=774–
815&doi=10.1037/a0035302&pmid=24417575)

20. Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflammation. Nature (2008) 454(7203):436–44. doi:10.1038/nature07205 (https://w


TABLE OF CONTENTS

Abstract

Introduction

Methods

Summary of Studies on MBIs

Using Gene Expression

Analysis

Discussion

Conclusion

Author Contributions

Con�ict of Interest Statement

Funding

References

Appendix

(https://www.frontiersin.org)

LOGIN (HTTPS://WWW.FRONTIERSIN.ORG/PEOPLE/LOGIN) / REGISTER (HTTPS://WWW.FRONTIERSIN.ORG/REGISTER) ABOUT(HTTPS://WWW.FRONTIERSIN.ORG/ABOUT/

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=15374858
https://doi.org/10.1093/bioinformatics/bti038
http://scholar.google.com/scholar_lookup?title=Expression-based+monitoring+of+transcription+factor+activity:+the+TELiS+database&author=S.+W.+Cole&author=W.+Yan&author=Z.+Galic&author=J.+Arevalo&author=J.+A.+Zack&journal=Bioinformatics&publication_year=2005&volume=21&pages=803%E2%80%9310&doi=10.1093/bioinformatics/bti038&pmid=15374858
https://doi.org/10.1073/pnas.0438019100
http://scholar.google.com/scholar_lookup?title=A+mechanism+converting+psychosocial+stress+into+mononuclear+cell+activation&author=A.+Bierhaus&author=J.+Wolf&author=M.+Andrassy&author=N.+Rohleder&author=P.+M.+Humpert&author=D.+Petrov&journal=Proc+Natl+Acad+Sci+U+S+A&publication_year=2003&volume=100&pages=1920%E2%80%935&doi=10.1073/pnas.0438019100
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=16285893
http://scholar.google.com/scholar_lookup?title=NF-kappa+B+and+its+regulation+on+the+immune+system&author=Y.+Liang&author=Y.+Zhou&author=P.+Shen&journal=Cell+Mol+Immunol&publication_year=2004&volume=1&pages=343%E2%80%9350&pmid=16285893
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17275340
https://doi.org/10.1016/j.neuroimage.2006.10.045
http://scholar.google.com/scholar_lookup?title=Prospective+reports+of+chronic+life+stress+predict+decreased+grey+matter+volume+in+the+hippocampus&author=P.+J.+Gianaros&author=J.+R.+Jennings&author=L.+K.+Sheu&author=P.+J.+Greer&author=L.+H.+Kuller&author=K.+A.+Matthews&journal=Neuroimage&publication_year=2007&volume=35&pages=795%E2%80%93803&doi=10.1016/j.neuroimage.2006.10.045&pmid=17275340
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25166010
https://doi.org/10.1371/journal.pgen.1004601
http://scholar.google.com/scholar_lookup?title=Human+social+genomics&author=S.+W.+Cole&journal=PLoS+Genet&publication_year=2014&volume=10&pages=e1004601&doi=10.1371/journal.pgen.1004601&pmid=25166010
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24380850
https://doi.org/10.1016/j.bbi.2013.12.017
http://scholar.google.com/scholar_lookup?title=Divergent+gene+expression+responses+to+complicated+grief+and+non-complicated+grief&author=M.+F.+O%E2%80%99Connor&author=C.+R.+Schultze-Florey&author=M.+R.+Irwin&author=J.+M.+Arevalo&author=S.+W.+Cole&journal=Brain+Behav+Immun&publication_year=2014&volume=37&pages=78%E2%80%9383&doi=10.1016/j.bbi.2013.12.017&pmid=24380850
https://doi.org/10.1371/journal.pone.0042324
http://scholar.google.com/scholar_lookup?title=Depressive+symptoms+and+cortisol+rhythmicity+predict+survival+in+patients+with+renal+cell+carcinoma:+role+of+inflammatory+signalling&author=L.+Cohen&author=S.+W.+Cole&author=A.+K.+Sood&author=S.+Prinsloo&author=C.+Kirschbaum&author=J.+M.+Arevalo&journal=PLoS+One&publication_year=2012&volume=7&pages=e42324&doi=10.1371/journal.pone.0042324
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21508516
https://doi.org/10.3233/DMA-2011-0768
http://scholar.google.com/scholar_lookup?title=Transcriptional+control+of+monocyte+gene+expression+in+post-traumatic+stress+disorder&author=A.+O%E2%80%99Donovan&author=B.+Sun&author=S.+Cole&author=H.+Rempel&author=M.+Lenoci&author=L.+Pulliam&journal=Dis+Markers&publication_year=2011&volume=30&pages=123%E2%80%9332&doi=10.3233/DMA-2011-0768&pmid=21508516
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19617551
https://doi.org/10.1073/pnas.0902971106
http://scholar.google.com/scholar_lookup?title=Low+early-life+social+class+leaves+a+biological+residue+manifested+by+decreased+glucocorticoid+and+increased+proinflammatory+signaling&author=G.+E.+Miller&author=E.+Chen&author=A.+K.+Fok&author=H.+Walker&author=A.+Lim&author=E.+F.+Nicholls&journal=Proc+Natl+Acad+Sci+U+S+A&publication_year=2009&volume=106&pages=14716%E2%80%9321&doi=10.1073/pnas.0902971106&pmid=19617551
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24417575
https://doi.org/10.1037/a0035302
http://scholar.google.com/scholar_lookup?title=From+stress+to+inflammation+and+major+depressive+disorder:+a+social+signal+transduction+theory+of+depression&author=G.+M.+Slavich&author=M.+R.+Irwin&journal=Psychol+Bull&publication_year=2014&volume=140&pages=774%E2%80%93815&doi=10.1037/a0035302&pmid=24417575
https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/pdf
https://www.frontiersin.org/
https://www.frontiersin.org/people/login
https://www.frontiersin.org/register
https://www.frontiersin.org/about/about-frontiers
https://www.frontiersin.org/about/about-frontiers


4/27/22, 9:57 AM Frontiers | What Is the Molecular Signature of Mind–Body Interventions? A Systematic Review of Gene Expression Changes Indu…

https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/full 18/24

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=18650914) | CrossRef Full
Text (https://doi.org/10.1038/nature07205) | Google Scholar (http://scholar.google.com/scholar_lookup?title=Cancer-
related+inflammation&author=A.+Mantovani&author=P.+Allavena&author=A.+Sica&author=F.+Balkwill&journal=Nature&publication_year=
2008&volume=454&pages=436–44&doi=10.1038/nature07205&pmid=18650914)

21. Slavich GM. Understanding inflammations, its regulation and relevance for health: a top scientific and public priority. Brain Behav Immun (2015)
45:13–4. doi:10.1016/j.bbi.2014.10.012

CrossRef Full Text (https://doi.org/10.1016/j.bbi.2014.10.012) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Understanding+inflammations,+its+regulation+and+relevance+for+health:+a+top+scientific+and+public+priority&author=G.+M.+Slavi
ch&journal=Brain+Behav+Immun&publication_year=2015&volume=45&pages=13–4&doi=10.1016/j.bbi.2014.10.012)

22. Jenkins FJ, Baum A. Stress and reactivation of latent herpes simplex virus: a fusion of behavioral medicine and molecular biology. Ann Behav
Med (1995) 17(2):116–23. doi:10.1007/BF02895060

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=18425662) | CrossRef Full
Text (https://doi.org/10.1007/BF02895060) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Stress+and+reactivation+of+latent+herpes+simplex+virus:+a+fusion+of+behavioral+medicine+and+molecular+biology&author=F.+J.+J
enkins&author=A.+Baum&journal=Ann+Behav+Med&publication_year=1995&volume=17&pages=116–
23&doi=10.1007/BF02895060&pmid=18425662)

23. Cole SW, Kemeny ME, Taylor SE, Visscher BR. Elevated physical health risk among gay men who conceal their homosexual identity. Health
Psychol (1996) 15(4):243. doi:10.1037/0278-6133.15.4.243

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=8818670) | CrossRef Full
Text (https://doi.org/10.1037/0278-6133.15.4.243) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Elevated+physical+health+risk+among+gay+men+who+conceal+their+homosexual+identity&author=S.+W.+Cole&author=M.+E.+Keme
ny&author=S.+E.+Taylor&author=B.+R.+Visscher&journal=Health+Psychol&publication_year=1996&volume=15&pages=243&doi=10.1037/0
278-6133.15.4.243&pmid=8818670)

24. Yang EV, Marketon JIW, Chen M, Lo KW, Kim SJ, Glaser R. Glucocorticoids activate Epstein Barr virus lytic replication through the upregulation
of immediate early BZLF1 gene expression. Brain Behav Immun (2010) 24(7):1089–96. doi:10.1016/j.bbi.2010.04.013

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=20466055) | CrossRef Full
Text (https://doi.org/10.1016/j.bbi.2010.04.013) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Glucocorticoids+activate+Epstein+Barr+virus+lytic+replication+through+the+upregulation+of+immediate+early+BZLF1+gene+expressi
on&author=E.+V.+Yang&author=J.+I.+W.+Marketon&author=M.+Chen&author=K.+W.+Lo&author=S.+J.+Kim&author=R.+Glaser&journal=
Brain+Behav+Immun&publication_year=2010&volume=24&pages=1089–96&doi=10.1016/j.bbi.2010.04.013&pmid=20466055)

25. Prösch S, Wendt CE, Reinke P, Priemer C, Oppert M, Krüger DH, et al. A novel link between stress and human cytomegalovirus (HCMV)
infection: sympathetic hyperactivity stimulates HCMV activation. Virology (2000) 272(2):357–65. doi:10.1006/viro.2000.0367

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=10873779) | CrossRef Full
Text (https://doi.org/10.1006/viro.2000.0367) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=A+novel+link+between+stress+and+human+cytomegalovirus+
(HCMV)+infection:+sympathetic+hyperactivity+stimulates+HCMV+activation&author=S.+Prösch&author=C.+E.+Wendt&author=P.+Reinke&
author=C.+Priemer&author=M.+Oppert&author=D.+H.+Krüger&journal=Virology&publication_year=2000&volume=272&pages=357–
65&doi=10.1006/viro.2000.0367&pmid=10873779)

26. Chang M, Brown HJ, Collado-Hidalgo A, Arevalo JM, Galic Z, Symensma TL, et al. β-Adrenoreceptors reactivate Kaposi’s sarcoma-associated
herpesvirus lytic replication via PKA-dependent control of viral RTA. J Virol (2005) 79(21):13538–47. doi:10.1128/JVI.79.21.13538-13547.2005

CrossRef Full Text (https://doi.org/10.1128/JVI.79.21.13538-13547.2005) | Google Scholar (http://scholar.google.com/scholar_lookup?title=β-
Adrenoreceptors+reactivate+Kaposi’s+sarcoma-associated+herpesvirus+lytic+replication+via+PKA-
dependent+control+of+viral+RTA&author=M.+Chang&author=H.+J.+Brown&author=A.+Collado-
Hidalgo&author=J.+M.+Arevalo&author=Z.+Galic&author=T.+L.+Symensma&journal=J+Virol&publication_year=2005&volume=79&pages=1
3538–47&doi=10.1128/JVI.79.21.13538-13547.2005)

27. Irwin MR, Cole SW. Reciprocal regulation of the neural and innate immune systems. Nat Rev Immunol (2011) 11(9):625–32.
doi:10.1038/nri3042

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21818124) | CrossRef Full
Text (https://doi.org/10.1038/nri3042) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Reciprocal+regulation+of+the+neural+and+innate+immune+systems&author=M.+R.+Irwin&author=S.+W.+Cole&journal=Nat+Rev+Im
munol&publication_year=2011&volume=11&pages=625–32&doi=10.1038/nri3042&pmid=21818124)

28. Cole SW. Social regulation of human gene expression: mechanisms and implications for public health. Am J Public Health (2013) 103:84–92.
doi:10.2105/AJPH.2012.301183

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23927506) | CrossRef Full
Text (https://doi.org/10.2105/AJPH.2012.301183) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Social+regulation+of+human+gene+expression:+mechanisms+and+implications+for+public+health&author=S.+W.+Cole&journal=Am+
J+Public+Health&publication_year=2013&volume=103&pages=84–92&doi=10.2105/AJPH.2012.301183&pmid=23927506)

29. Li QZ, Li P, Garcia GE, Johnson RJ, Feng L. Genomic profiling of neutrophil transcripts in Asian Qigong practitioners: a pilot study in gene
regulation by mind-body interaction. J Altern Complement Med (2005) 11(1):29–39. doi:10.1089/acm.2005.11.29

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=15750361) | CrossRef Full
Text (https://doi.org/10.1089/acm.2005.11.29) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Genomic+profiling+of+neutrophil+transcripts+in+Asian+Qigong+practitioners:+a+pilot+study+in+gene+regulation+by+mind-
body+interaction&author=Q.+Z.+Li&author=P.+Li&author=G.+E.+Garcia&author=R.+J.+Johnson&author=L.+Feng&journal=J+Altern+Com
plement+Med&publication_year=2005&volume=11&pages=29–39&doi=10.1089/acm.2005.11.29&pmid=15750361) (https://w



TABLE OF CONTENTS

Abstract

Introduction

Methods

Summary of Studies on MBIs

Using Gene Expression

Analysis

Discussion

Conclusion

Author Contributions

Con�ict of Interest Statement

Funding

References

Appendix

(https://www.frontiersin.org)

LOGIN (HTTPS://WWW.FRONTIERSIN.ORG/PEOPLE/LOGIN) / REGISTER (HTTPS://WWW.FRONTIERSIN.ORG/REGISTER) ABOUT(HTTPS://WWW.FRONTIERSIN.ORG/ABOUT/

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=18650914
https://doi.org/10.1038/nature07205
http://scholar.google.com/scholar_lookup?title=Cancer-related+inflammation&author=A.+Mantovani&author=P.+Allavena&author=A.+Sica&author=F.+Balkwill&journal=Nature&publication_year=2008&volume=454&pages=436%E2%80%9344&doi=10.1038/nature07205&pmid=18650914
https://doi.org/10.1016/j.bbi.2014.10.012
http://scholar.google.com/scholar_lookup?title=Understanding+inflammations,+its+regulation+and+relevance+for+health:+a+top+scientific+and+public+priority&author=G.+M.+Slavich&journal=Brain+Behav+Immun&publication_year=2015&volume=45&pages=13%E2%80%934&doi=10.1016/j.bbi.2014.10.012
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=18425662
https://doi.org/10.1007/BF02895060
http://scholar.google.com/scholar_lookup?title=Stress+and+reactivation+of+latent+herpes+simplex+virus:+a+fusion+of+behavioral+medicine+and+molecular+biology&author=F.+J.+Jenkins&author=A.+Baum&journal=Ann+Behav+Med&publication_year=1995&volume=17&pages=116%E2%80%9323&doi=10.1007/BF02895060&pmid=18425662
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=8818670
https://doi.org/10.1037/0278-6133.15.4.243
http://scholar.google.com/scholar_lookup?title=Elevated+physical+health+risk+among+gay+men+who+conceal+their+homosexual+identity&author=S.+W.+Cole&author=M.+E.+Kemeny&author=S.+E.+Taylor&author=B.+R.+Visscher&journal=Health+Psychol&publication_year=1996&volume=15&pages=243&doi=10.1037/0278-6133.15.4.243&pmid=8818670
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=20466055
https://doi.org/10.1016/j.bbi.2010.04.013
http://scholar.google.com/scholar_lookup?title=Glucocorticoids+activate+Epstein+Barr+virus+lytic+replication+through+the+upregulation+of+immediate+early+BZLF1+gene+expression&author=E.+V.+Yang&author=J.+I.+W.+Marketon&author=M.+Chen&author=K.+W.+Lo&author=S.+J.+Kim&author=R.+Glaser&journal=Brain+Behav+Immun&publication_year=2010&volume=24&pages=1089%E2%80%9396&doi=10.1016/j.bbi.2010.04.013&pmid=20466055
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=10873779
https://doi.org/10.1006/viro.2000.0367
http://scholar.google.com/scholar_lookup?title=A+novel+link+between+stress+and+human+cytomegalovirus+(HCMV)+infection:+sympathetic+hyperactivity+stimulates+HCMV+activation&author=S.+Pr%C3%B6sch&author=C.+E.+Wendt&author=P.+Reinke&author=C.+Priemer&author=M.+Oppert&author=D.+H.+Kr%C3%BCger&journal=Virology&publication_year=2000&volume=272&pages=357%E2%80%9365&doi=10.1006/viro.2000.0367&pmid=10873779
https://doi.org/10.1128/JVI.79.21.13538-13547.2005
http://scholar.google.com/scholar_lookup?title=%CE%B2-Adrenoreceptors+reactivate+Kaposi%E2%80%99s+sarcoma-associated+herpesvirus+lytic+replication+via+PKA-dependent+control+of+viral+RTA&author=M.+Chang&author=H.+J.+Brown&author=A.+Collado-Hidalgo&author=J.+M.+Arevalo&author=Z.+Galic&author=T.+L.+Symensma&journal=J+Virol&publication_year=2005&volume=79&pages=13538%E2%80%9347&doi=10.1128/JVI.79.21.13538-13547.2005
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21818124
https://doi.org/10.1038/nri3042
http://scholar.google.com/scholar_lookup?title=Reciprocal+regulation+of+the+neural+and+innate+immune+systems&author=M.+R.+Irwin&author=S.+W.+Cole&journal=Nat+Rev+Immunol&publication_year=2011&volume=11&pages=625%E2%80%9332&doi=10.1038/nri3042&pmid=21818124
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23927506
https://doi.org/10.2105/AJPH.2012.301183
http://scholar.google.com/scholar_lookup?title=Social+regulation+of+human+gene+expression:+mechanisms+and+implications+for+public+health&author=S.+W.+Cole&journal=Am+J+Public+Health&publication_year=2013&volume=103&pages=84%E2%80%9392&doi=10.2105/AJPH.2012.301183&pmid=23927506
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=15750361
https://doi.org/10.1089/acm.2005.11.29
http://scholar.google.com/scholar_lookup?title=Genomic+profiling+of+neutrophil+transcripts+in+Asian+Qigong+practitioners:+a+pilot+study+in+gene+regulation+by+mind-body+interaction&author=Q.+Z.+Li&author=P.+Li&author=G.+E.+Garcia&author=R.+J.+Johnson&author=L.+Feng&journal=J+Altern+Complement+Med&publication_year=2005&volume=11&pages=29%E2%80%9339&doi=10.1089/acm.2005.11.29&pmid=15750361
https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/pdf
https://www.frontiersin.org/
https://www.frontiersin.org/people/login
https://www.frontiersin.org/register
https://www.frontiersin.org/about/about-frontiers
https://www.frontiersin.org/about/about-frontiers


4/27/22, 9:57 AM Frontiers | What Is the Molecular Signature of Mind–Body Interventions? A Systematic Review of Gene Expression Changes Indu…

https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/full 19/24

30. Sharma H, Datta P, Singh A, Sen S, Bhardwaj NK, Kochupillai V, et al. Gene expression profiling in practitioners of Sudarshan Kriya. J
Psychosom Res (2008) 64(2):213–8. doi:10.1016/j.jpsychores.2007.07.003

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=18222135) | CrossRef Full
Text (https://doi.org/10.1016/j.jpsychores.2007.07.003) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Gene+expression+profiling+in+practitioners+of+Sudarshan+Kriya&author=H.+Sharma&author=P.+Datta&author=A.+Singh&author=S.
+Sen&author=N.+K.+Bhardwaj&author=V.+Kochupillai&journal=J+Psychosom+Res&publication_year=2008&volume=64&pages=213–
8&doi=10.1016/j.jpsychores.2007.07.003&pmid=18222135)

31. Kumar A, Balkrishna A. To study the effect of the sequence of seven pranayama by Swami Ramdev on gene expression in leukaemia patients and
rapid interpretation of gene expression. J Clin Pathol (2009) 62(11):1052–3. doi:10.1136/jcp.2008.061580

CrossRef Full Text (https://doi.org/10.1136/jcp.2008.061580) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=To+study+the+effect+of+the+sequence+of+seven+pranayama+by+Swami+Ramdev+on+gene+expression+in+leukaemia+patients+and+r
apid+interpretation+of+gene+expression&author=A.+Kumar&author=A.+Balkrishna&journal=J+Clin+Pathol&publication_year=2009&volum
e=62&pages=1052–3&doi=10.1136/jcp.2008.061580)

32. Creswell JD, Irwin MR, Burklund LJ, Lieberman MD, Arevalo JM, Ma J, et al. Mindfulness-based stress reduction training reduces loneliness and
proinflammatory gene expression in older adults: a small randomized controlled trial. Brain Behav Immun (2012) 26(7):1095–101.
doi:10.1016/j.bbi.2012.07.006

CrossRef Full Text (https://doi.org/10.1016/j.bbi.2012.07.006) | Google Scholar (http://scholar.google.com/scholar_lookup?title=Mindfulness-
based+stress+reduction+training+reduces+loneliness+and+proinflammatory+gene+expression+in+older+adults:+a+small+randomized+contr
olled+trial&author=J.+D.+Creswell&author=M.+R.+Irwin&author=L.+J.+Burklund&author=M.+D.+Lieberman&author=J.+M.+Arevalo&auth
or=J.+Ma&journal=Brain+Behav+Immun&publication_year=2012&volume=26&pages=1095–101&doi=10.1016/j.bbi.2012.07.006)

33. Black DS, Cole SW, Irwin MR, Breen E, Cyr NMS, Nazarian N, et al. Yogic meditation reverses NF-κB and IRF-related transcriptome dynamics in
leukocytes of family dementia caregivers in a randomized controlled trial. Psychoneuroendocrinology (2013) 38(3):348–55.
doi:10.1016/j.psyneuen.2012.06.011

CrossRef Full Text (https://doi.org/10.1016/j.psyneuen.2012.06.011) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Yogic+meditation+reverses+NF-κB+and+IRF-
related+transcriptome+dynamics+in+leukocytes+of+family+dementia+caregivers+in+a+randomized+controlled+trial&author=D.+S.+Black&a
uthor=S.+W.+Cole&author=M.+R.+Irwin&author=E.+Breen&author=N.+M.+S.+Cyr&author=N.+Nazarian&journal=Psychoneuroendocrinolo
gy&publication_year=2013&volume=38&pages=348–55&doi=10.1016/j.psyneuen.2012.06.011)

34. Irwin MR, Olmstead R, Breen EC, Witarama T, Carrillo C, Sadeghi N, et al. Tai chi, cellular inflammation, and transcriptome dynamics in breast
cancer survivors with insomnia: a randomized controlled trial. J Natl Cancer Inst Monogr (2014) 2014(50):295–301.
doi:10.1093/jncimonographs/lgu028

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25749595) | CrossRef Full
Text (https://doi.org/10.1093/jncimonographs/lgu028) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Tai+chi,+cellular+inflammation,+and+transcriptome+dynamics+in+breast+cancer+survivors+with+insomnia:+a+randomized+controlle
d+trial&author=M.+R.+Irwin&author=R.+Olmstead&author=E.+C.+Breen&author=T.+Witarama&author=C.+Carrillo&author=N.+Sadeghi&jo
urnal=J+Natl+Cancer+Inst+Monogr&publication_year=2014&volume=2014&pages=295–
301&doi=10.1093/jncimonographs/lgu028&pmid=25749595)

35. Bower JE, Greendale G, Crosswell AD, Garet D, Sternlieb B, Ganz PA, et al. Yoga reduces inflammatory signaling in fatigued breast cancer
survivors: a randomized controlled trial. Psychoneuroendocrinology (2014) 43:20–9. doi:10.1016/j.psyneuen.2014.01.019

CrossRef Full Text (https://doi.org/10.1016/j.psyneuen.2014.01.019) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Yoga+reduces+inflammatory+signaling+in+fatigued+breast+cancer+survivors:+a+randomized+controlled+trial&author=J.+E.+Bower&a
uthor=G.+Greendale&author=A.+D.+Crosswell&author=D.+Garet&author=B.+Sternlieb&author=P.+A.+Ganz&journal=Psychoneuroendocrino
logy&publication_year=2014&volume=43&pages=20–9&doi=10.1016/j.psyneuen.2014.01.019)

36. Bower JE, Crosswell AD, Stanton AL, Crespi CM, Winston D, Arevalo J, et al. Mindfulness meditation for younger breast cancer survivors: a
randomized controlled trial. Cancer (2014) 121(8):1231–40. doi:10.1002/cncr.29194

CrossRef Full Text (https://doi.org/10.1002/cncr.29194) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Mindfulness+meditation+for+younger+breast+cancer+survivors:+a+randomized+controlled+trial&author=J.+E.+Bower&author=A.+D.+
Crosswell&author=A.+L.+Stanton&author=C.+M.+Crespi&author=D.+Winston&author=J.+Arevalo&journal=Cancer&publication_year=2014&
volume=121&pages=1231–40&doi=10.1002/cncr.29194)

37. Duraimani S, Schneider RH, Randall OS, Nidich SI, Xu S, Ketete M, et al. Effects of lifestyle modification on telomerase gene expression in
hypertensive patients: a pilot trial of stress reduction and health education programs in African Americans. PLoS One (2015) 10(11):e0142689.
doi:10.1371/journal.pone.0142689

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26571023) | CrossRef Full
Text (https://doi.org/10.1371/journal.pone.0142689) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Effects+of+lifestyle+modification+on+telomerase+gene+expression+in+hypertensive+patients:+a+pilot+trial+of+stress+reduction+and+
health+education+programs+in+African+Americans&author=S.+Duraimani&author=R.+H.+Schneider&author=O.+S.+Randall&author=S.+I.
+Nidich&author=S.+Xu&author=M.+Ketete&journal=PLoS+One&publication_year=2015&volume=10&pages=e0142689&doi=10.1371/journal.
pone.0142689&pmid=26571023)

38. Kuo B, Bhasin M, Jacquart J, Scult MA, Slipp L, Riklin EIK, et al. Genomic and clinical effects associated with a relaxation response mind-body
intervention in patients with irritable bowel syndrome and inflammatory bowel disease. PLoS One (2015) 10(4):e0123861.
doi:10.1371/journal.pone.0123861

CrossRef Full Text (https://doi.org/10.1371/journal.pone.0123861) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Genomic+and+clinical+effects+associated+with+a+relaxation+response+mind-
body+intervention+in+patients+with+irritable+bowel+syndrome+and+inflammatory+bowel+disease&author=B.+Kuo&author=M.+Bhasin&au
thor=J.+Jacquart&author=M.+A.+Scult&author=L.+Slipp&author=E.+I.+K.+Riklin&journal=PLoS+One&publication_year=2015&volume=10
&pages=e0123861&doi=10.1371/journal.pone.0123861)

(https://w


TABLE OF CONTENTS

Abstract

Introduction

Methods

Summary of Studies on MBIs

Using Gene Expression

Analysis

Discussion

Conclusion

Author Contributions

Con�ict of Interest Statement

Funding

References

Appendix

(https://www.frontiersin.org)

LOGIN (HTTPS://WWW.FRONTIERSIN.ORG/PEOPLE/LOGIN) / REGISTER (HTTPS://WWW.FRONTIERSIN.ORG/REGISTER) ABOUT(HTTPS://WWW.FRONTIERSIN.ORG/ABOUT/

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=18222135
https://doi.org/10.1016/j.jpsychores.2007.07.003
http://scholar.google.com/scholar_lookup?title=Gene+expression+profiling+in+practitioners+of+Sudarshan+Kriya&author=H.+Sharma&author=P.+Datta&author=A.+Singh&author=S.+Sen&author=N.+K.+Bhardwaj&author=V.+Kochupillai&journal=J+Psychosom+Res&publication_year=2008&volume=64&pages=213%E2%80%938&doi=10.1016/j.jpsychores.2007.07.003&pmid=18222135
https://doi.org/10.1136/jcp.2008.061580
http://scholar.google.com/scholar_lookup?title=To+study+the+effect+of+the+sequence+of+seven+pranayama+by+Swami+Ramdev+on+gene+expression+in+leukaemia+patients+and+rapid+interpretation+of+gene+expression&author=A.+Kumar&author=A.+Balkrishna&journal=J+Clin+Pathol&publication_year=2009&volume=62&pages=1052%E2%80%933&doi=10.1136/jcp.2008.061580
https://doi.org/10.1016/j.bbi.2012.07.006
http://scholar.google.com/scholar_lookup?title=Mindfulness-based+stress+reduction+training+reduces+loneliness+and+proinflammatory+gene+expression+in+older+adults:+a+small+randomized+controlled+trial&author=J.+D.+Creswell&author=M.+R.+Irwin&author=L.+J.+Burklund&author=M.+D.+Lieberman&author=J.+M.+Arevalo&author=J.+Ma&journal=Brain+Behav+Immun&publication_year=2012&volume=26&pages=1095%E2%80%93101&doi=10.1016/j.bbi.2012.07.006
https://doi.org/10.1016/j.psyneuen.2012.06.011
http://scholar.google.com/scholar_lookup?title=Yogic+meditation+reverses+NF-%CE%BAB+and+IRF-related+transcriptome+dynamics+in+leukocytes+of+family+dementia+caregivers+in+a+randomized+controlled+trial&author=D.+S.+Black&author=S.+W.+Cole&author=M.+R.+Irwin&author=E.+Breen&author=N.+M.+S.+Cyr&author=N.+Nazarian&journal=Psychoneuroendocrinology&publication_year=2013&volume=38&pages=348%E2%80%9355&doi=10.1016/j.psyneuen.2012.06.011
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25749595
https://doi.org/10.1093/jncimonographs/lgu028
http://scholar.google.com/scholar_lookup?title=Tai+chi,+cellular+inflammation,+and+transcriptome+dynamics+in+breast+cancer+survivors+with+insomnia:+a+randomized+controlled+trial&author=M.+R.+Irwin&author=R.+Olmstead&author=E.+C.+Breen&author=T.+Witarama&author=C.+Carrillo&author=N.+Sadeghi&journal=J+Natl+Cancer+Inst+Monogr&publication_year=2014&volume=2014&pages=295%E2%80%93301&doi=10.1093/jncimonographs/lgu028&pmid=25749595
https://doi.org/10.1016/j.psyneuen.2014.01.019
http://scholar.google.com/scholar_lookup?title=Yoga+reduces+inflammatory+signaling+in+fatigued+breast+cancer+survivors:+a+randomized+controlled+trial&author=J.+E.+Bower&author=G.+Greendale&author=A.+D.+Crosswell&author=D.+Garet&author=B.+Sternlieb&author=P.+A.+Ganz&journal=Psychoneuroendocrinology&publication_year=2014&volume=43&pages=20%E2%80%939&doi=10.1016/j.psyneuen.2014.01.019
https://doi.org/10.1002/cncr.29194
http://scholar.google.com/scholar_lookup?title=Mindfulness+meditation+for+younger+breast+cancer+survivors:+a+randomized+controlled+trial&author=J.+E.+Bower&author=A.+D.+Crosswell&author=A.+L.+Stanton&author=C.+M.+Crespi&author=D.+Winston&author=J.+Arevalo&journal=Cancer&publication_year=2014&volume=121&pages=1231%E2%80%9340&doi=10.1002/cncr.29194
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26571023
https://doi.org/10.1371/journal.pone.0142689
http://scholar.google.com/scholar_lookup?title=Effects+of+lifestyle+modification+on+telomerase+gene+expression+in+hypertensive+patients:+a+pilot+trial+of+stress+reduction+and+health+education+programs+in+African+Americans&author=S.+Duraimani&author=R.+H.+Schneider&author=O.+S.+Randall&author=S.+I.+Nidich&author=S.+Xu&author=M.+Ketete&journal=PLoS+One&publication_year=2015&volume=10&pages=e0142689&doi=10.1371/journal.pone.0142689&pmid=26571023
https://doi.org/10.1371/journal.pone.0123861
http://scholar.google.com/scholar_lookup?title=Genomic+and+clinical+effects+associated+with+a+relaxation+response+mind-body+intervention+in+patients+with+irritable+bowel+syndrome+and+inflammatory+bowel+disease&author=B.+Kuo&author=M.+Bhasin&author=J.+Jacquart&author=M.+A.+Scult&author=L.+Slipp&author=E.+I.+K.+Riklin&journal=PLoS+One&publication_year=2015&volume=10&pages=e0123861&doi=10.1371/journal.pone.0123861
https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/pdf
https://www.frontiersin.org/
https://www.frontiersin.org/people/login
https://www.frontiersin.org/register
https://www.frontiersin.org/about/about-frontiers
https://www.frontiersin.org/about/about-frontiers


4/27/22, 9:57 AM Frontiers | What Is the Molecular Signature of Mind–Body Interventions? A Systematic Review of Gene Expression Changes Indu…

https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/full 20/24

39. Ho L, Bloom PA, Vega JG, Yemul S, Zhao W, Ward L, et al. Biomarkers of resilience in stress reduction for caregivers of Alzheimer’s patients.
Neuromolecular Med (2016) 18(2):177–89. doi:10.1007/s12017-016-8388-8

CrossRef Full Text (https://doi.org/10.1007/s12017-016-8388-8) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Biomarkers+of+resilience+in+stress+reduction+for+caregivers+of+Alzheimer’s+patients&author=L.+Ho&author=P.+A.+Bloom&author=
J.+G.+Vega&author=S.+Yemul&author=W.+Zhao&author=L.+Ward&journal=Neuromolecular+Med&publication_year=2016&volume=18&pag
es=177–89&doi=10.1007/s12017-016-8388-8)

40. Ravnik-Glavač M, Hrašovec S, Bon J, Dreu J, Glavač D. Genome-wide expression changes in a higher state of consciousness. Conscious Cogn
(2012) 21(3):1322–44. doi:10.1016/j.concog.2012.06.003

CrossRef Full Text (https://doi.org/10.1016/j.concog.2012.06.003) | Google Scholar (http://scholar.google.com/scholar_lookup?title=Genome-
wide+expression+changes+in+a+higher+state+of+consciousness&author=M.+Ravnik-
Glavač&author=S.+Hrašovec&author=J.+Bon&author=J.+Dreu&author=D.+Glavač&journal=Conscious+Cogn&publication_year=2012&volum
e=21&pages=1322–44&doi=10.1016/j.concog.2012.06.003)

41. Qu S, Olafsrud SM, Meza-Zepeda LA, Saatcioglu F. Rapid gene expression changes in peripheral blood lymphocytes upon practice of a
comprehensive yoga program. PLoS One (2013) 8(4):e61910. doi:10.1371/journal.pone.0061910

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23613970) | CrossRef Full
Text (https://doi.org/10.1371/journal.pone.0061910) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Rapid+gene+expression+changes+in+peripheral+blood+lymphocytes+upon+practice+of+a+comprehensive+yoga+program&author=S.+
Qu&author=S.+M.+Olafsrud&author=L.+A.+Meza-
Zepeda&author=F.+Saatcioglu&journal=PLoS+One&publication_year=2013&volume=8&pages=e61910&doi=10.1371/journal.pone.0061910&p
mid=23613970)

42. Dusek JA, Otu HH, Wohlhueter AL, Bhasin M, Zerbini LF, Joseph MG, et al. Genomic counter-stress changes induced by the relaxation response.
PLoS One (2008) 3(7):e2576. doi:10.1371/journal.pone.0002576

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=18596974) | CrossRef Full
Text (https://doi.org/10.1371/journal.pone.0002576) | Google Scholar (http://scholar.google.com/scholar_lookup?title=Genomic+counter-
stress+changes+induced+by+the+relaxation+response&author=J.+A.+Dusek&author=H.+H.+Otu&author=A.+L.+Wohlhueter&author=M.+Bh
asin&author=L.+F.+Zerbini&author=M.+G.+Joseph&journal=PLoS+One&publication_year=2008&volume=3&pages=e2576&doi=10.1371/jour
nal.pone.0002576&pmid=18596974)

43. Bhasin MK, Dusek JA, Chang BH, Joseph MG, Denninger JW, Fricchione GL, et al. Relaxation response induces temporal transcriptome changes
in energy metabolism, insulin secretion and inflammatory pathways. PLoS One (2013) 8(5):e62817. doi:10.1371/journal.pone.0062817

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23650531) | CrossRef Full
Text (https://doi.org/10.1371/journal.pone.0062817) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Relaxation+response+induces+temporal+transcriptome+changes+in+energy+metabolism,+insulin+secretion+and+inflammatory+pathw
ays&author=M.+K.+Bhasin&author=J.+A.+Dusek&author=B.+H.+Chang&author=M.+G.+Joseph&author=J.+W.+Denninger&author=G.+L.+
Fricchione&journal=PLoS+One&publication_year=2013&volume=8&pages=e62817&doi=10.1371/journal.pone.0062817&pmid=23650531)

44. Kaliman P, Alvarez-Lopez MJ, Cosín-Tomás M, Rosenkranz MA, Lutz A, Davidson RJ. Rapid changes in histone deacetylases and inflammatory
gene expression in expert meditators. Psychoneuroendocrinology (2014) 40:96–107. doi:10.1016/j.psyneuen.2013.11.004

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24485481) | CrossRef Full
Text (https://doi.org/10.1016/j.psyneuen.2013.11.004) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Rapid+changes+in+histone+deacetylases+and+inflammatory+gene+expression+in+expert+meditators&author=P.+Kaliman&author=M.
+J.+Alvarez-Lopez&author=M.+Cosín-
Tomás&author=M.+A.+Rosenkranz&author=A.+Lutz&author=R.+J.+Davidson&journal=Psychoneuroendocrinology&publication_year=2014&
volume=40&pages=96–107&doi=10.1016/j.psyneuen.2013.11.004&pmid=24485481)

45. Epel ES, Puterman E, Lin J, Blackburn EH, Lum PY, Beckmann ND, et al. Meditation and vacation effects have an impact on disease-associated
molecular phenotypes. Transl Psychiatry (2016) 6(8):e880. doi:10.1038/tp.2016.164

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=27576169) | CrossRef Full
Text (https://doi.org/10.1038/tp.2016.164) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Meditation+and+vacation+effects+have+an+impact+on+disease-
associated+molecular+phenotypes&author=E.+S.+Epel&author=E.+Puterman&author=J.+Lin&author=E.+H.+Blackburn&author=P.+Y.+Lum
&author=N.+D.+Beckmann&journal=Transl+Psychiatry&publication_year=2016&volume=6&pages=e880&doi=10.1038/tp.2016.164&pmid=2
7576169)

46. Cole SW, Hawkley LC, Arevalo JM, Sung CY, Rose RM, Cacioppo JT. Social regulation of gene expression in human leukocytes. Genome Biol
(2007) 8(9):1. doi:10.1186/gb-2007-8-1-r1

CrossRef Full Text (https://doi.org/10.1186/gb-2007-8-1-r1) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Social+regulation+of+gene+expression+in+human+leukocytes&author=S.+W.+Cole&author=L.+C.+Hawkley&author=J.+M.+Arevalo&au
thor=C.+Y.+Sung&author=R.+M.+Rose&author=J.+T.+Cacioppo&journal=Genome+Biol&publication_year=2007&volume=8&pages=1&doi=1
0.1186/gb-2007-8-1-r1)

47. Bower JE, Ganz PA, Irwin MR, Arevalo JM, Cole SW. Fatigue and gene expression in human leukocytes: increased NF-κB and decreased
glucocorticoid signaling in breast cancer survivors with persistent fatigue. Brain Behav Immun (2011) 25(1):147–50.
doi:10.1016/j.bbi.2010.09.010

CrossRef Full Text (https://doi.org/10.1016/j.bbi.2010.09.010) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Fatigue+and+gene+expression+in+human+leukocytes:+increased+NF-
κB+and+decreased+glucocorticoid+signaling+in+breast+cancer+survivors+with+persistent+fatigue&author=J.+E.+Bower&author=P.+A.+Gan
z&author=M.+R.+Irwin&author=J.+M.+Arevalo&author=S.+W.+Cole&journal=Brain+Behav+Immun&publication_year=2011&volume=25&pa
ges=147–50&doi=10.1016/j.bbi.2010.09.010)

(https://w


TABLE OF CONTENTS

Abstract

Introduction

Methods

Summary of Studies on MBIs

Using Gene Expression

Analysis

Discussion

Conclusion

Author Contributions

Con�ict of Interest Statement

Funding

References

Appendix

(https://www.frontiersin.org)

LOGIN (HTTPS://WWW.FRONTIERSIN.ORG/PEOPLE/LOGIN) / REGISTER (HTTPS://WWW.FRONTIERSIN.ORG/REGISTER) ABOUT(HTTPS://WWW.FRONTIERSIN.ORG/ABOUT/

https://doi.org/10.1007/s12017-016-8388-8
http://scholar.google.com/scholar_lookup?title=Biomarkers+of+resilience+in+stress+reduction+for+caregivers+of+Alzheimer%E2%80%99s+patients&author=L.+Ho&author=P.+A.+Bloom&author=J.+G.+Vega&author=S.+Yemul&author=W.+Zhao&author=L.+Ward&journal=Neuromolecular+Med&publication_year=2016&volume=18&pages=177%E2%80%9389&doi=10.1007/s12017-016-8388-8
https://doi.org/10.1016/j.concog.2012.06.003
http://scholar.google.com/scholar_lookup?title=Genome-wide+expression+changes+in+a+higher+state+of+consciousness&author=M.+Ravnik-Glava%C4%8D&author=S.+Hra%C5%A1ovec&author=J.+Bon&author=J.+Dreu&author=D.+Glava%C4%8D&journal=Conscious+Cogn&publication_year=2012&volume=21&pages=1322%E2%80%9344&doi=10.1016/j.concog.2012.06.003
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23613970
https://doi.org/10.1371/journal.pone.0061910
http://scholar.google.com/scholar_lookup?title=Rapid+gene+expression+changes+in+peripheral+blood+lymphocytes+upon+practice+of+a+comprehensive+yoga+program&author=S.+Qu&author=S.+M.+Olafsrud&author=L.+A.+Meza-Zepeda&author=F.+Saatcioglu&journal=PLoS+One&publication_year=2013&volume=8&pages=e61910&doi=10.1371/journal.pone.0061910&pmid=23613970
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=18596974
https://doi.org/10.1371/journal.pone.0002576
http://scholar.google.com/scholar_lookup?title=Genomic+counter-stress+changes+induced+by+the+relaxation+response&author=J.+A.+Dusek&author=H.+H.+Otu&author=A.+L.+Wohlhueter&author=M.+Bhasin&author=L.+F.+Zerbini&author=M.+G.+Joseph&journal=PLoS+One&publication_year=2008&volume=3&pages=e2576&doi=10.1371/journal.pone.0002576&pmid=18596974
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23650531
https://doi.org/10.1371/journal.pone.0062817
http://scholar.google.com/scholar_lookup?title=Relaxation+response+induces+temporal+transcriptome+changes+in+energy+metabolism,+insulin+secretion+and+inflammatory+pathways&author=M.+K.+Bhasin&author=J.+A.+Dusek&author=B.+H.+Chang&author=M.+G.+Joseph&author=J.+W.+Denninger&author=G.+L.+Fricchione&journal=PLoS+One&publication_year=2013&volume=8&pages=e62817&doi=10.1371/journal.pone.0062817&pmid=23650531
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24485481
https://doi.org/10.1016/j.psyneuen.2013.11.004
http://scholar.google.com/scholar_lookup?title=Rapid+changes+in+histone+deacetylases+and+inflammatory+gene+expression+in+expert+meditators&author=P.+Kaliman&author=M.+J.+Alvarez-Lopez&author=M.+Cos%C3%ADn-Tom%C3%A1s&author=M.+A.+Rosenkranz&author=A.+Lutz&author=R.+J.+Davidson&journal=Psychoneuroendocrinology&publication_year=2014&volume=40&pages=96%E2%80%93107&doi=10.1016/j.psyneuen.2013.11.004&pmid=24485481
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=27576169
https://doi.org/10.1038/tp.2016.164
http://scholar.google.com/scholar_lookup?title=Meditation+and+vacation+effects+have+an+impact+on+disease-associated+molecular+phenotypes&author=E.+S.+Epel&author=E.+Puterman&author=J.+Lin&author=E.+H.+Blackburn&author=P.+Y.+Lum&author=N.+D.+Beckmann&journal=Transl+Psychiatry&publication_year=2016&volume=6&pages=e880&doi=10.1038/tp.2016.164&pmid=27576169
https://doi.org/10.1186/gb-2007-8-1-r1
http://scholar.google.com/scholar_lookup?title=Social+regulation+of+gene+expression+in+human+leukocytes&author=S.+W.+Cole&author=L.+C.+Hawkley&author=J.+M.+Arevalo&author=C.+Y.+Sung&author=R.+M.+Rose&author=J.+T.+Cacioppo&journal=Genome+Biol&publication_year=2007&volume=8&pages=1&doi=10.1186/gb-2007-8-1-r1
https://doi.org/10.1016/j.bbi.2010.09.010
http://scholar.google.com/scholar_lookup?title=Fatigue+and+gene+expression+in+human+leukocytes:+increased+NF-%CE%BAB+and+decreased+glucocorticoid+signaling+in+breast+cancer+survivors+with+persistent+fatigue&author=J.+E.+Bower&author=P.+A.+Ganz&author=M.+R.+Irwin&author=J.+M.+Arevalo&author=S.+W.+Cole&journal=Brain+Behav+Immun&publication_year=2011&volume=25&pages=147%E2%80%9350&doi=10.1016/j.bbi.2010.09.010
https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/pdf
https://www.frontiersin.org/
https://www.frontiersin.org/people/login
https://www.frontiersin.org/register
https://www.frontiersin.org/about/about-frontiers
https://www.frontiersin.org/about/about-frontiers


4/27/22, 9:57 AM Frontiers | What Is the Molecular Signature of Mind–Body Interventions? A Systematic Review of Gene Expression Changes Indu…

https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/full 21/24

48. Timmer A, Preiss JC, Motschall E, Rücker G, Jantschek G, Moser G. Psychological interventions for treatment of inflammatory bowel disease.
Cochrane Database Syst Rev (2010) 2:CD006913. doi:10.1002/14651858.CD006913.pub2

CrossRef Full Text (https://doi.org/10.1002/14651858.CD006913.pub2) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Psychological+interventions+for+treatment+of+inflammatory+bowel+disease&author=A.+Timmer&author=J.+C.+Preiss&author=E.+Mo
tschall&author=G.+Rücker&author=G.+Jantschek&author=G.+Moser&journal=Cochrane+Database+Syst+Rev&publication_year=2010&volu
me=2&pages=CD006913&doi=10.1002/14651858.CD006913.pub2)

49. Mahvi-Shirazi M, Fathi-Ashtiani A, Rasoolzade-Tabatabaei SK, Amini M. Irritable bowel syndrome treatment: cognitive behavioral therapy
versus medical treatment. Arch Med Sci (2012) 8(1):123. doi:10.5114/aoms.2012.27292

CrossRef Full Text (https://doi.org/10.5114/aoms.2012.27292) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Irritable+bowel+syndrome+treatment:+cognitive+behavioral+therapy+versus+medical+treatment&author=M.+Mahvi-
Shirazi&author=A.+Fathi-Ashtiani&author=S.+K.+Rasoolzade-
Tabatabaei&author=M.+Amini&journal=Arch+Med+Sci&publication_year=2012&volume=8&pages=123&doi=10.5114/aoms.2012.27292)

50. Benson H, Beary JF, Carol MP. The relaxation response. Psychiatry (1974) 37(1):37–46. doi:10.1080/00332747.1974.11023785

CrossRef Full Text (https://doi.org/10.1080/00332747.1974.11023785) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=The+relaxation+response&author=H.+Benson&author=J.+F.+Beary&author=M.+P.+Carol&journal=Psychiatry&publication_year=1974&
volume=37&pages=37–46&doi=10.1080/00332747.1974.11023785)

51. Astin JA, Shapiro SL, Eisenberg DM, Forys KL. Mind-body medicine: state of the science, implications for practice. J Am Board Fam Pract (2003)
16(2):131–47. doi:10.3122/jabfm.16.2.131

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=12665179) | CrossRef Full
Text (https://doi.org/10.3122/jabfm.16.2.131) | Google Scholar (http://scholar.google.com/scholar_lookup?title=Mind-
body+medicine:+state+of+the+science,+implications+for+practice&author=J.+A.+Astin&author=S.+L.+Shapiro&author=D.+M.+Eisenberg&a
uthor=K.+L.+Forys&journal=J+Am+Board+Fam+Pract&publication_year=2003&volume=16&pages=131–
47&doi=10.3122/jabfm.16.2.131&pmid=12665179)

52. Koyama A, Okereke OI, Yang T, Blacker D, Selkoe DJ, Grodstein F. Plasma amyloid-β as a predictor of dementia and cognitive decline: a
systematic review and meta-analysis. Arch Neurol (2012) 69(7):824–31. doi:10.1001/archneurol.2011.1841

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22451159) | CrossRef Full
Text (https://doi.org/10.1001/archneurol.2011.1841) | Google Scholar (http://scholar.google.com/scholar_lookup?title=Plasma+amyloid-
β+as+a+predictor+of+dementia+and+cognitive+decline:+a+systematic+review+and+meta-
analysis&author=A.+Koyama&author=O.+I.+Okereke&author=T.+Yang&author=D.+Blacker&author=D.+J.+Selkoe&author=F.+Grodstein&jou
rnal=Arch+Neurol&publication_year=2012&volume=69&pages=824–31&doi=10.1001/archneurol.2011.1841&pmid=22451159)

53. Baskaran A, Carvalho AF, Mansur RB, McIntyre RS. Are major depressive disorder and diabetes mellitus amyloidogenic conditions? CNS Neurol
Disord Drug Targets (2014) 13(10):1667–76. doi:10.2174/1871527313666141130204300

CrossRef Full Text (https://doi.org/10.2174/1871527313666141130204300) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Are+major+depressive+disorder+and+diabetes+mellitus+amyloidogenic+conditions?
&author=A.+Baskaran&author=A.+F.+Carvalho&author=R.+B.+Mansur&author=R.+S.+McIntyre&journal=CNS+Neurol+Disord+Drug+Targe
ts&publication_year=2014&volume=13&pages=1667–76&doi=10.2174/1871527313666141130204300)

54. Gabelle A, Schraen S, Gutierrez LA, Pays C, Rouaud O, Buée L, et al. Plasma β-amyloid 40 levels are positively associated with mortality risks in
the elderly. Alzheimer Dement (2015) 11(6):672–80. doi:10.1016/j.jalz.2014.04.515

CrossRef Full Text (https://doi.org/10.1016/j.jalz.2014.04.515) | Google Scholar (http://scholar.google.com/scholar_lookup?title=Plasma+β-
amyloid+40+levels+are+positively+associated+with+mortality+risks+in+the+elderly&author=A.+Gabelle&author=S.+Schraen&author=L.+A.+
Gutierrez&author=C.+Pays&author=O.+Rouaud&author=L.+Buée&journal=Alzheimer+Dement&publication_year=2015&volume=11&pages=6
72–80&doi=10.1016/j.jalz.2014.04.515)

55. Gjevestad GO, Holven KB, Ulven SM. Effects of exercise on gene expression of inflammatory markers in human peripheral blood cells: a
systematic review. Curr Cardiovasc Risk Rep (2015) 9(7):34. doi:10.1007/s12170-015-0463-4

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26005511) | CrossRef Full
Text (https://doi.org/10.1007/s12170-015-0463-4) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Effects+of+exercise+on+gene+expression+of+inflammatory+markers+in+human+peripheral+blood+cells:+a+systematic+review&author
=G.+O.+Gjevestad&author=K.+B.+Holven&author=S.+M.+Ulven&journal=Curr+Cardiovasc+Risk+Rep&publication_year=2015&volume=9&p
ages=34&doi=10.1007/s12170-015-0463-4&pmid=26005511)

56. van Dijk SJ, Feskens EJ, Bos MB, Hoelen DW, Heijligenberg R, Bromhaar MG, et al. A saturated fatty acid-rich diet induces an obesity-linked
proinflammatory gene expression profile in adipose tissue of subjects at risk of metabolic syndrome. Am J Clin Nutr (2009) 90(6):1656–64.
doi:10.3945/ajcn.2009.27792

CrossRef Full Text (https://doi.org/10.3945/ajcn.2009.27792) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=A+saturated+fatty+acid-rich+diet+induces+an+obesity-
linked+proinflammatory+gene+expression+profile+in+adipose+tissue+of+subjects+at+risk+of+metabolic+syndrome&author=S.+J.+van+Dijk
&author=E.+J.+Feskens&author=M.+B.+Bos&author=D.+W.+Hoelen&author=R.+Heijligenberg&author=M.+G.+Bromhaar&journal=Am+J+
Clin+Nutr&publication_year=2009&volume=90&pages=1656–64&doi=10.3945/ajcn.2009.27792)

57. van Breda SG, Wilms LC, Gaj S, Jennen DG, Briedé JJ, Helsper JP, et al. Can transcriptomics provide insight into the chemopreventive
mechanisms of complex mixtures of phytochemicals in humans? Antioxid Redox Signal (2014) 20(14):2107–13. doi:10.1089/ars.2013.5528

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24328558) | CrossRef Full
Text (https://doi.org/10.1089/ars.2013.5528) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Can+transcriptomics+provide+insight+into+the+chemopreventive+mechanisms+of+complex+mixtures+of+phytochemicals+in+humans
?
&author=S.+G.+van+Breda&author=L.+C.+Wilms&author=S.+Gaj&author=D.+G.+Jennen&author=J.+J.+Briedé&author=J.+P.+Helsper&jou
rnal=Antioxid+Redox+Signal&publication_year=2014&volume=20&pages=2107–13&doi=10.1089/ars.2013.5528&pmid=24328558)

(https://w


TABLE OF CONTENTS

Abstract

Introduction

Methods

Summary of Studies on MBIs

Using Gene Expression

Analysis

Discussion

Conclusion

Author Contributions

Con�ict of Interest Statement

Funding

References

Appendix

(https://www.frontiersin.org)

LOGIN (HTTPS://WWW.FRONTIERSIN.ORG/PEOPLE/LOGIN) / REGISTER (HTTPS://WWW.FRONTIERSIN.ORG/REGISTER) ABOUT(HTTPS://WWW.FRONTIERSIN.ORG/ABOUT/

https://doi.org/10.1002/14651858.CD006913.pub2
http://scholar.google.com/scholar_lookup?title=Psychological+interventions+for+treatment+of+inflammatory+bowel+disease&author=A.+Timmer&author=J.+C.+Preiss&author=E.+Motschall&author=G.+R%C3%BCcker&author=G.+Jantschek&author=G.+Moser&journal=Cochrane+Database+Syst+Rev&publication_year=2010&volume=2&pages=CD006913&doi=10.1002/14651858.CD006913.pub2
https://doi.org/10.5114/aoms.2012.27292
http://scholar.google.com/scholar_lookup?title=Irritable+bowel+syndrome+treatment:+cognitive+behavioral+therapy+versus+medical+treatment&author=M.+Mahvi-Shirazi&author=A.+Fathi-Ashtiani&author=S.+K.+Rasoolzade-Tabatabaei&author=M.+Amini&journal=Arch+Med+Sci&publication_year=2012&volume=8&pages=123&doi=10.5114/aoms.2012.27292
https://doi.org/10.1080/00332747.1974.11023785
http://scholar.google.com/scholar_lookup?title=The+relaxation+response&author=H.+Benson&author=J.+F.+Beary&author=M.+P.+Carol&journal=Psychiatry&publication_year=1974&volume=37&pages=37%E2%80%9346&doi=10.1080/00332747.1974.11023785
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=12665179
https://doi.org/10.3122/jabfm.16.2.131
http://scholar.google.com/scholar_lookup?title=Mind-body+medicine:+state+of+the+science,+implications+for+practice&author=J.+A.+Astin&author=S.+L.+Shapiro&author=D.+M.+Eisenberg&author=K.+L.+Forys&journal=J+Am+Board+Fam+Pract&publication_year=2003&volume=16&pages=131%E2%80%9347&doi=10.3122/jabfm.16.2.131&pmid=12665179
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22451159
https://doi.org/10.1001/archneurol.2011.1841
http://scholar.google.com/scholar_lookup?title=Plasma+amyloid-%CE%B2+as+a+predictor+of+dementia+and+cognitive+decline:+a+systematic+review+and+meta-analysis&author=A.+Koyama&author=O.+I.+Okereke&author=T.+Yang&author=D.+Blacker&author=D.+J.+Selkoe&author=F.+Grodstein&journal=Arch+Neurol&publication_year=2012&volume=69&pages=824%E2%80%9331&doi=10.1001/archneurol.2011.1841&pmid=22451159
https://doi.org/10.2174/1871527313666141130204300
http://scholar.google.com/scholar_lookup?title=Are+major+depressive+disorder+and+diabetes+mellitus+amyloidogenic+conditions?&author=A.+Baskaran&author=A.+F.+Carvalho&author=R.+B.+Mansur&author=R.+S.+McIntyre&journal=CNS+Neurol+Disord+Drug+Targets&publication_year=2014&volume=13&pages=1667%E2%80%9376&doi=10.2174/1871527313666141130204300
https://doi.org/10.1016/j.jalz.2014.04.515
http://scholar.google.com/scholar_lookup?title=Plasma+%CE%B2-amyloid+40+levels+are+positively+associated+with+mortality+risks+in+the+elderly&author=A.+Gabelle&author=S.+Schraen&author=L.+A.+Gutierrez&author=C.+Pays&author=O.+Rouaud&author=L.+Bu%C3%A9e&journal=Alzheimer+Dement&publication_year=2015&volume=11&pages=672%E2%80%9380&doi=10.1016/j.jalz.2014.04.515
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26005511
https://doi.org/10.1007/s12170-015-0463-4
http://scholar.google.com/scholar_lookup?title=Effects+of+exercise+on+gene+expression+of+inflammatory+markers+in+human+peripheral+blood+cells:+a+systematic+review&author=G.+O.+Gjevestad&author=K.+B.+Holven&author=S.+M.+Ulven&journal=Curr+Cardiovasc+Risk+Rep&publication_year=2015&volume=9&pages=34&doi=10.1007/s12170-015-0463-4&pmid=26005511
https://doi.org/10.3945/ajcn.2009.27792
http://scholar.google.com/scholar_lookup?title=A+saturated+fatty+acid-rich+diet+induces+an+obesity-linked+proinflammatory+gene+expression+profile+in+adipose+tissue+of+subjects+at+risk+of+metabolic+syndrome&author=S.+J.+van+Dijk&author=E.+J.+Feskens&author=M.+B.+Bos&author=D.+W.+Hoelen&author=R.+Heijligenberg&author=M.+G.+Bromhaar&journal=Am+J+Clin+Nutr&publication_year=2009&volume=90&pages=1656%E2%80%9364&doi=10.3945/ajcn.2009.27792
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24328558
https://doi.org/10.1089/ars.2013.5528
http://scholar.google.com/scholar_lookup?title=Can+transcriptomics+provide+insight+into+the+chemopreventive+mechanisms+of+complex+mixtures+of+phytochemicals+in+humans?&author=S.+G.+van+Breda&author=L.+C.+Wilms&author=S.+Gaj&author=D.+G.+Jennen&author=J.+J.+Bried%C3%A9&author=J.+P.+Helsper&journal=Antioxid+Redox+Signal&publication_year=2014&volume=20&pages=2107%E2%80%9313&doi=10.1089/ars.2013.5528&pmid=24328558
https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/pdf
https://www.frontiersin.org/
https://www.frontiersin.org/people/login
https://www.frontiersin.org/register
https://www.frontiersin.org/about/about-frontiers
https://www.frontiersin.org/about/about-frontiers


4/27/22, 9:57 AM Frontiers | What Is the Molecular Signature of Mind–Body Interventions? A Systematic Review of Gene Expression Changes Indu…

https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/full 22/24

58. Bouchard-Mercier A, Paradis AM, Rudkowska I, Lemieux S, Couture P, Vohl MC. Associations between dietary patterns and gene expression
profiles of healthy men and women: a cross-sectional study. Nutr J (2013) 12(1):1. doi:10.1186/1475-2891-12-24

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23398686) | CrossRef Full
Text (https://doi.org/10.1186/1475-2891-12-24) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Associations+between+dietary+patterns+and+gene+expression+profiles+of+healthy+men+and+women:+a+cross-
sectional+study&author=A.+Bouchard-
Mercier&author=A.+M.+Paradis&author=I.+Rudkowska&author=S.+Lemieux&author=P.+Couture&author=M.+C.+Vohl&journal=Nutr+J&pu
blication_year=2013&volume=12&pages=1&doi=10.1186/1475-2891-12-24&pmid=23398686)

59. Yubero-Serrano EM, Gonzalez-Guardia L, Rangel-Zuñiga O, Delgado-Lista J, Gutierrez-Mariscal FM, Perez-Martinez P, et al. Mediterranean diet
supplemented with coenzyme Q10 modifies the expression of proinflammatory and endoplasmic reticulum stress-related genes in elderly men
and women. J Gerontol A Biol Sci Med Sci (2012) 67(1):3–10. doi:10.1093/gerona/glr167

CrossRef Full Text (https://doi.org/10.1093/gerona/glr167) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Mediterranean+diet+supplemented+with+coenzyme+Q10+modifies+the+expression+of+proinflammatory+and+endoplasmic+reticulum
+stress-related+genes+in+elderly+men+and+women&author=E.+M.+Yubero-Serrano&author=L.+Gonzalez-Guardia&author=O.+Rangel-
Zuñiga&author=J.+Delgado-Lista&author=F.+M.+Gutierrez-Mariscal&author=P.+Perez-
Martinez&journal=J+Gerontol+A+Biol+Sci+Med+Sci&publication_year=2012&volume=67&pages=3–10&doi=10.1093/gerona/glr167)

60. Di Renzo L, Marsella LT, Carraro A, Valente R, Gualtieri P, Gratteri S, et al. Changes in LDL oxidative status and oxidative and inflammatory gene
expression after red wine intake in healthy people: a randomized trial. Med Inflamm (2015) 2015:1–12. doi:10.1155/2015/317348

CrossRef Full Text (https://doi.org/10.1155/2015/317348) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=Changes+in+LDL+oxidative+status+and+oxidative+and+inflammatory+gene+expression+after+red+wine+intake+in+healthy+people:+a
+randomized+trial&author=L.+Di+Renzo&author=L.+T.+Marsella&author=A.+Carraro&author=R.+Valente&author=P.+Gualtieri&author=S.+
Gratteri&journal=Med+Inflamm&publication_year=2015&volume=2015&pages=1–12&doi=10.1155/2015/317348)

61. Konstantinidou V, Khymenets O, Fito M, De La Torre R, Anglada R, Dopazo A, et al. Characterization of human gene expression changes after
olive oil ingestion: an exploratory approach. Folia Biol (2009) 55(3):85–91.

PubMed Abstract (http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19545487) | Google Scholar
(http://scholar.google.com/scholar_lookup?
title=Characterization+of+human+gene+expression+changes+after+olive+oil+ingestion:+an+exploratory+approach&author=V.+Konstantinid
ou&author=O.+Khymenets&author=M.+Fito&author=R.+De+La+Torre&author=R.+Anglada&author=A.+Dopazo&journal=Folia+Biol&publica
tion_year=2009&volume=55&pages=85–91&pmid=19545487)

62. Baxevanis AD, Ouellette BF. Bioinformatics: A Practical Guide to the Analysis of Genes and Proteins (Vol. 43). New York: John Wiley & Sons
(2004).

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Bioinformatics:+A+Practical+Guide+to+the+Analysis+of+Genes+and+Proteins&author=A.+D.+Baxevanis&author=B.+F.+Ouellette&publ
ication_year=2004&volume=43)

63. Farias M, Wikholm C, Delmonte R. What is mindfulness-based therapy good for? Evidence, limitations and controversies. Lancet Psychiatry
(2016) 3(11):1012–3. doi:10.1016/S2215-0366(16)30211-5

CrossRef Full Text (https://doi.org/10.1016/S2215-0366(16)30211-5) | Google Scholar (http://scholar.google.com/scholar_lookup?
title=What+is+mindfulness-based+therapy+good+for?
+Evidence,+limitations+and+controversies&author=M.+Farias&author=C.+Wikholm&author=R.+Delmonte&journal=Lancet+Psychiatry&publ
ication_year=2016&volume=3&pages=1012–3&doi=10.1016/S2215-0366(16)30211-5)

Appendix

TABLE A1

(https://www.frontiersin.org/files/Articles/259671/fimmu-08-00670-HTML/image_m/fimmu-08-00670-
at001.jpg)
Table A1. Common abbreviations and their definitions.

Keywords: gene expression, meditation, yoga, mind–body, nuclear factor kappa B, in�ammation, stress, conserved transcriptional response to adversity

Citation: Buric I, Farias M, Jong J, Mee C and Brazil IA (2017) What Is the Molecular Signature of Mind–Body Interventions? A Systematic Review of Gene

Expression Changes Induced by Meditation and Related Practices. Front. Immunol. 8:670. doi: 10.3389/�mmu.2017.00670

Received: 09 February 2017; Accepted: 23 May 2017; 

Published: 16 June 2017

Edited by:

(https://w


TABLE OF CONTENTS

Abstract

Introduction

Methods

Summary of Studies on MBIs

Using Gene Expression

Analysis

Discussion

Conclusion

Author Contributions

Con�ict of Interest Statement

Funding

References

Appendix

(https://www.frontiersin.org)

LOGIN (HTTPS://WWW.FRONTIERSIN.ORG/PEOPLE/LOGIN) / REGISTER (HTTPS://WWW.FRONTIERSIN.ORG/REGISTER) ABOUT(HTTPS://WWW.FRONTIERSIN.ORG/ABOUT/

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23398686
https://doi.org/10.1186/1475-2891-12-24
http://scholar.google.com/scholar_lookup?title=Associations+between+dietary+patterns+and+gene+expression+profiles+of+healthy+men+and+women:+a+cross-sectional+study&author=A.+Bouchard-Mercier&author=A.+M.+Paradis&author=I.+Rudkowska&author=S.+Lemieux&author=P.+Couture&author=M.+C.+Vohl&journal=Nutr+J&publication_year=2013&volume=12&pages=1&doi=10.1186/1475-2891-12-24&pmid=23398686
https://doi.org/10.1093/gerona/glr167
http://scholar.google.com/scholar_lookup?title=Mediterranean+diet+supplemented+with+coenzyme+Q10+modifies+the+expression+of+proinflammatory+and+endoplasmic+reticulum+stress-related+genes+in+elderly+men+and+women&author=E.+M.+Yubero-Serrano&author=L.+Gonzalez-Guardia&author=O.+Rangel-Zu%C3%B1iga&author=J.+Delgado-Lista&author=F.+M.+Gutierrez-Mariscal&author=P.+Perez-Martinez&journal=J+Gerontol+A+Biol+Sci+Med+Sci&publication_year=2012&volume=67&pages=3%E2%80%9310&doi=10.1093/gerona/glr167
https://doi.org/10.1155/2015/317348
http://scholar.google.com/scholar_lookup?title=Changes+in+LDL+oxidative+status+and+oxidative+and+inflammatory+gene+expression+after+red+wine+intake+in+healthy+people:+a+randomized+trial&author=L.+Di+Renzo&author=L.+T.+Marsella&author=A.+Carraro&author=R.+Valente&author=P.+Gualtieri&author=S.+Gratteri&journal=Med+Inflamm&publication_year=2015&volume=2015&pages=1%E2%80%9312&doi=10.1155/2015/317348
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19545487
http://scholar.google.com/scholar_lookup?title=Characterization+of+human+gene+expression+changes+after+olive+oil+ingestion:+an+exploratory+approach&author=V.+Konstantinidou&author=O.+Khymenets&author=M.+Fito&author=R.+De+La+Torre&author=R.+Anglada&author=A.+Dopazo&journal=Folia+Biol&publication_year=2009&volume=55&pages=85%E2%80%9391&pmid=19545487
http://scholar.google.com/scholar_lookup?title=Bioinformatics:+A+Practical+Guide+to+the+Analysis+of+Genes+and+Proteins&author=A.+D.+Baxevanis&author=B.+F.+Ouellette&publication_year=2004&volume=43
https://doi.org/10.1016/S2215-0366(16)30211-5
http://scholar.google.com/scholar_lookup?title=What+is+mindfulness-based+therapy+good+for?+Evidence,+limitations+and+controversies&author=M.+Farias&author=C.+Wikholm&author=R.+Delmonte&journal=Lancet+Psychiatry&publication_year=2016&volume=3&pages=1012%E2%80%933&doi=10.1016/S2215-0366(16)30211-5
https://www.frontiersin.org/files/Articles/259671/fimmu-08-00670-HTML/image_m/fimmu-08-00670-at001.jpg
https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/pdf
https://www.frontiersin.org/
https://www.frontiersin.org/people/login
https://www.frontiersin.org/register
https://www.frontiersin.org/about/about-frontiers
https://www.frontiersin.org/about/about-frontiers


4/27/22, 9:57 AM Frontiers | What Is the Molecular Signature of Mind–Body Interventions? A Systematic Review of Gene Expression Changes Indu…

https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/full 23/24

Fulvio D’Acquisto (http://www.frontiersin.org/people/u/23954), Queen Mary University of London, United Kingdom

Reviewed by:

Angela Ianaro (http://www.frontiersin.org/people/u/318501), University of Naples Federico II, Italy 

Ana Maria Teixeira (http://www.frontiersin.org/people/u/285388), University of Coimbra, Portugal

Copyright: © 2017 Buric, Farias, Jong, Mee and Brazil. This is an open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY) (http://creativecommons.org/licenses/by/4.0/). The use, distribution or reproduction in other forums is permitted, provided the original

author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution

or reproduction is permitted which does not comply with these terms.

*Correspondence: Ivana Buric, ivanaburic27@gmail.com (mailto:ivanaburic27@gmail.com)

Disclaimer: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their a�liated organizations, or those

of the publisher, the editors and the reviewers. Any product that may be evaluated in this article or claim that may be made by its manufacturer is not

guaranteed or endorsed by the publisher.

Write a comment...

Add

PEOPLE ALSO LOOKED AT

From Monocytes to M1/M2 Macrophages: Phenotypical vs. Functional Di�erentiation
(/articles/10.3389/�mmu.2014.00514/full)
Paola Italiani (https://loop.frontiersin.org/people/84001/overview) and Diana Boraschi (https://loop.frontiersin.org/people/111151/overview)

IgG Subclasses and Allotypes: From Structure to E�ector Functions (/articles/10.3389/�mmu.2014.00520/full)
Gestur Vidarsson (https://loop.frontiersin.org/people/88709/overview), Gillian Dekkers (https://loop.frontiersin.org/people/181191/overview) and Theo Rispens
(https://loop.frontiersin.org/people/188621/overview)

Yoga in Correctional Settings: A Randomized Controlled Study (/articles/10.3389/fpsyt.2017.00204/full)
Nóra Kerekes (https://loop.frontiersin.org/people/118458/overview), Cecilia Fielding (https://loop.frontiersin.org/people/481921/overview) and Susanne Apelqvist

Yoga, Meditation and Mind-Body Health: Increased BDNF, Cortisol Awakening Response, and Altered In�ammatory Marker
Expression after a 3-Month Yoga and Meditation Retreat (/articles/10.3389/fnhum.2017.00315/full)
B. Rael Cahn (https://loop.frontiersin.org/people/51799/overview), Matthew S. Goodman (https://loop.frontiersin.org/people/403653/overview), Christine T.
Peterson (https://loop.frontiersin.org/people/265375/overview), Raj Maturi (https://loop.frontiersin.org/people/115453/overview) and Paul J. Mills
(https://loop.frontiersin.org/people/360064/overview)

From A�ective Science to Psychiatric Disorder: Ontology as a Semantic Bridge (/articles/10.3389/fpsyt.2018.00487/full)
Rasmus Rosenberg Larsen (https://loop.frontiersin.org/people/588031/overview) and Janna Hastings (https://loop.frontiersin.org/people/109709/overview)

(https://w


TABLE OF CONTENTS

Abstract

Introduction

Methods

Summary of Studies on MBIs

Using Gene Expression

Analysis

Discussion

Conclusion

Author Contributions

Con�ict of Interest Statement

Funding

References

Appendix

(https://www.frontiersin.org)

LOGIN (HTTPS://WWW.FRONTIERSIN.ORG/PEOPLE/LOGIN) / REGISTER (HTTPS://WWW.FRONTIERSIN.ORG/REGISTER) ABOUT(HTTPS://WWW.FRONTIERSIN.ORG/ABOUT/

http://www.frontiersin.org/people/u/23954
http://www.frontiersin.org/people/u/318501
http://www.frontiersin.org/people/u/285388
http://creativecommons.org/licenses/by/4.0/
mailto:ivanaburic27@gmail.com
javascript:void(0);
https://www.frontiersin.org/articles/10.3389/fimmu.2014.00514/full
https://loop.frontiersin.org/people/84001/overview
https://loop.frontiersin.org/people/111151/overview
https://www.frontiersin.org/articles/10.3389/fimmu.2014.00520/full
https://loop.frontiersin.org/people/88709/overview
https://loop.frontiersin.org/people/181191/overview
https://loop.frontiersin.org/people/188621/overview
https://www.frontiersin.org/articles/10.3389/fpsyt.2017.00204/full
https://loop.frontiersin.org/people/118458/overview
https://loop.frontiersin.org/people/481921/overview
https://www.frontiersin.org/articles/10.3389/fnhum.2017.00315/full
https://loop.frontiersin.org/people/51799/overview
https://loop.frontiersin.org/people/403653/overview
https://loop.frontiersin.org/people/265375/overview
https://loop.frontiersin.org/people/115453/overview
https://loop.frontiersin.org/people/360064/overview
https://www.frontiersin.org/articles/10.3389/fpsyt.2018.00487/full
https://loop.frontiersin.org/people/588031/overview
https://loop.frontiersin.org/people/109709/overview
https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/pdf
https://www.frontiersin.org/
https://www.frontiersin.org/people/login
https://www.frontiersin.org/register
https://www.frontiersin.org/about/about-frontiers
https://www.frontiersin.org/about/about-frontiers


4/27/22, 9:57 AM Frontiers | What Is the Molecular Signature of Mind–Body Interventions? A Systematic Review of Gene Expression Changes Indu…

https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/full 24/24

 

(https://spotlight.frontiersin.org/submit?utm_source=fweb&utm_medium=�our&utm_campaign=rtlg_2020_gen)

Suggest a Research Topic > (https://spotlight.frontiersin.org/submit?

utm_source=fweb&utm_medium=�our&utm_campaign=rtlg_2020_gen)

© 2007 - 2022 Frontiers Media S.A. All Rights Reserved

About Frontiers

(https://www.frontiersin.org/about)

Institutional Membership

(https://www.frontiersin.org/about/Institutional_Membership)

Books

(https://www.frontiersin.org/books/all_books)

News (https://blog.frontiersin.org)

Frontiers' social media

(https://blog.frontiersin.org/2013/11/01/frontiers-

social-media-and-rss)

Contact

(https://www.frontiersin.org/about/contact)

Careers

(https://www.frontiersin.org/Careers)

Submit

(https://www.frontiersin.org/submissioninfo)

Newsletter

(http://connect.frontiersin.org/subscriptions/subscribe)

Help Center

(https://frontiers.zendesk.com/hc/en-

us)

Terms & Conditions

(https://www.frontiersin.org/TermsandConditions.as

Privacy Policy

(https://www.frontiersin.org/legal/privacy-

policy)

(https://www.facebook.com/Frontiersin)(https://twitter.com/frontiersin)(https://www.linkedin.com/company/frontiers)(https://www.instagram.com/frontiersin_)

(https://w


TABLE OF CONTENTS

Abstract

Introduction

Methods

Summary of Studies on MBIs

Using Gene Expression

Analysis

Discussion

Conclusion

Author Contributions

Con�ict of Interest Statement

Funding

References

Appendix

(https://www.frontiersin.org)

LOGIN (HTTPS://WWW.FRONTIERSIN.ORG/PEOPLE/LOGIN) / REGISTER (HTTPS://WWW.FRONTIERSIN.ORG/REGISTER) ABOUT(HTTPS://WWW.FRONTIERSIN.ORG/ABOUT/

https://spotlight.frontiersin.org/submit?utm_source=fweb&utm_medium=fjour&utm_campaign=rtlg_2020_gen
https://spotlight.frontiersin.org/submit?utm_source=fweb&utm_medium=fjour&utm_campaign=rtlg_2020_gen
https://www.frontiersin.org/about
https://www.frontiersin.org/about/Institutional_Membership
https://www.frontiersin.org/books/all_books
https://blog.frontiersin.org/
https://blog.frontiersin.org/2013/11/01/frontiers-social-media-and-rss
https://www.frontiersin.org/about/contact
https://www.frontiersin.org/Careers
https://www.frontiersin.org/submissioninfo
http://connect.frontiersin.org/subscriptions/subscribe
https://frontiers.zendesk.com/hc/en-us
https://www.frontiersin.org/TermsandConditions.aspx
https://www.frontiersin.org/legal/privacy-policy
https://www.facebook.com/Frontiersin
https://twitter.com/frontiersin
https://www.linkedin.com/company/frontiers
https://www.instagram.com/frontiersin_
https://www.frontiersin.org/articles/10.3389/fimmu.2017.00670/pdf
https://www.frontiersin.org/
https://www.frontiersin.org/people/login
https://www.frontiersin.org/register
https://www.frontiersin.org/about/about-frontiers

