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ARTICLE INFO ABSTRACT

Keywords: Background and objectives: A recent exploratory study of transcriptional effects of long-term practice of Tran-
Human gene expression scendental Meditation (TM) technologies found evidence for altered expression of genes associated with health
Meditation

and disease. In the present secondary analysis of those data, we test the more specific hypothesis that this sample
of long-term practitioners shows a significant reduction in markers of the “Conserved Transcriptional Response
to Adversity” (CTRA), an RNA profile characterized by up-regulated inflammation and down-regulated Type I
interferon (IFN) activity.

Materials and methods: Data come from a previously published study providing genome-wide transcriptional
profiles of peripheral blood mononuclear cells (PBMC) from healthy, 38-year practitioners of TM technologies
and matched controls (n = 12, mean age 65). The current analysis specifically tests for differential expression of a
previously established CTRA indicator gene score, with cross-validation by promoter-based bioinformatic
analysis of CTRA-typical differences in transcription factor activity and monocyte subset cellular origins.
Results: Compared to controls, the TM group showed lower expression of a pre-specified set of CTRA indicator
genes. These effects were accompanied by genome-wide indications of down-regulated pro-inflammatory tran-
scription factor activity (NF-kB, AP-1), up-regulated activity of Interferon Response Factors (IRF) and reduced
transcriptional activity of classical monocytes. Conclusions: A sample of long-term practitioners of TM showed
reduced CTRA gene expression in PBMC compared to matched controls, supporting the likely value of further
research to evaluate causality and specificity of this potential mechanism of health benefits in meditators.

Stress reduction
Public health
Consciousness
Social genomics

1. Introduction important topic in TM research, namely, the search for biological

mechanisms capable of supporting the reported health and wellbeing

The history of research on the Transcendental Meditation (TM)
technique has followed 2 main thrusts. In the first, studies have
addressed the question of what happens within the practice to distin-
guish it from eyes closed rest and from other mental practices [see e.g.,
(Wallace, 1970; Jevning et al., 1978; Travis and Pearson, 2000; Travis
and Shear, 2010; Mahone et al., 2018)]. In the second, a larger number
of studies have reported associations between the twice-daily practice of
TM and benefits for individual and collective health [see e.g., (Schneider
et al., 2012; Paul-Labrador et al., 2006; Orme-Johnson, 1987; Dillbeck
and Cavanaugh, 2023)]. The current secondary analysis of data from a
previous report (Wenuganen et al., 2021) concerns a less-pursued but

benefits of the practice.

In considering possible mechanisms, an ability to reduce damaging
effects of psychosocial stress and other adversity is a prime candidate.
The first study of effects of TM suggesting the technique might reduce
effects of stress found an acute increase in metabolic efficiency, stabi-
lized galvanic skin response, and EEG patterns indicating a novel, rest-
fully alert state different from eyes closed rest (Wallace, 1970). Regular
practice also has been linked to reductions in excessive
hypothalamic-pituitary-adrenal (HPA) axis activity and other
long-lasting effects, such as PTSD, that can result from chronic or
extreme acute stress (MacLean et al., 1997; Nidich et al., 2018). These
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physiologic alterations related to stress adaptation may contribute to
health benefits previously connected with the practice, as evidenced, for
example, by reduced health insurance utilization (Orme-Johnson, 1987;
Herron, 2011; Herron and Hillis, 2000) and by reductions in cardio-
vascular disease (Schneider et al., 2012, 2019; Paul-Labrador et al.,
2006; Castillo-Richmond et al., 2000) and its risk factors [see for review
(Walton et al., 2002)].

Psychosocial adversity also impacts the immune system and does so
in ways that negatively affect health. Little is known about the impact of
TM on immune system function, but a recent exploratory study con-
ducted descriptive analyses of genome-wide transcriptome profiles of
peripheral blood mononuclear cells (PBMC) collected from long-term
TM practitioners and matched controls (Wenuganen et al., 2021). In
that study, Gene Ontology and Canonical Pathway analyses linked TM
practice to altered activity of multiple gene sets involved in inflamma-
tion, innate immunity, and hematopoiesis. Due to the exploratory nature
of the data analyses, these effects appeared complex, being character-
ized by both up- and down-regulation of inflammation- and
immune-relevant pathways in long-term TM practitioners. However,
some of the transcriptomic effects in that study suggested a possible
effect on the Conserved Transcriptional Response to Adversity (CTRA),
an RNA profile previously documented to arise from sympathetic ner-
vous system-induced beta-adrenergic signaling and its effects in pro-
moting hematopoiesis of myeloid lineage immune cells (monocytes,
neutrophils, dendritic cells) and biasing the aggregate circulating
leukocyte transcriptome toward greater inflammatory activity and
reduced innate antiviral activity (i.e., Type I interferon; IFN) (Cole,
2013, 2019). The descriptive “discovery-based” approach of the previ-
ous paper leaves it unclear whether these transcriptomic differences
associated with long-term TM practice represented a significant quan-
titative reduction in markers of the CTRA profile.

To address this question, we conducted a hypothesis-driven re-
analysis of the previously published transcriptomic data. This analysis
directly tests whether the transcriptomic correlates of long-term TM
practice manifest lower levels of 3 well-established indicators of CTRA
gene regulation (Cole, 2019; Cole et al., 2020): 1) expression of an a
priori-specified CTRA contrast score defined by elevated expression of
cardinal pro-inflammatory gene transcripts (e.g., IL1B, IL6, IL8, TNF,
PTGS2) and reduced expression of cardinal Type I IFN response gene
transcripts  (e.g., IFI, MX-, and OAS-family genes); 2)
CTRA-characteristic patterns of transcription factor activity as inferred
from bioinformatic analysis of unbiased (genome-wide) differences in
gene expression (i.e., increased activity of pro-inflammatory NF-kB and
AP-1 transcription factors and reduced activity of IRF family factors);
and 3) CTRA-characteristic patterns of cellular activity, as inferred from
transcript origin analysis of unbiased (genome-wide) differentially
expressed genes (i.e., increased activity of classical monocytes).

2. Materials and Methods

This study represents a secondary analysis of publicly posted PBMC
transcriptome profiling data from 12 individuals, including 6 healthy
long-term (38-year) TM practitioners and 6 matched healthy control
participants, as previously described (Wenuganen et al., 2021). Details
of participant selection and demographic matching are provided under
Materials and Methods of that open-source publication, and involve
matching on age and sex, with all participants homogenous on race
(self-identified White), general lifestyle parameters (non-vegetarian,
non-smoker, non-drinker, moderate exercise), absence of diagnosed
diseases (specifically, diabetes, nerve damage, heart attack, coronary
heart disease, stroke, kidney failure, cancer, any other life-threatening
illness, a major psychiatric disorder, or substance abuse), and subjec-
tive socioeconomic status. The meditation program [see (Wenuganen
et al., 2021)] consisted of 2 parts. The standard TM technique (the first
part) is an effortless, eyes-closed, inward mental procedure in which a
select sound called a “mantra” is used in a manner that promotes
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“automatic transcending,” where the mind automatically moves or
“transcends” to finer levels of the mantra and finally beyond the
thinking process itself (Travis and Pearson, 2000; Travis and Shear,
2010). This part was practiced twice daily for (mean + SD) 458 + 49
months. The second part, added later, was the related, eyes-closed,
TM-Sidhi mental procedure, also practiced twice daily for the last 406
=+ 50 months. Neither of these components involves conscious control of
breathing or movement. Ancillary practices such as Yoga asanas (posi-
tions) and alternate-nostril breathing are recommended but are not part
of the prescribed program.

PBMC were isolated by density gradient centrifugation (BD Vacu-
tainer® CPT™ Mononuclear Cell Preparation Tube), with RNA extracted
(RNAzol B Kit; Ambion®), tested for suitable quantity and quality, and
converted to labeled cDNA (Illumina TotalPrep™ RNA Labeling Kit),
which was hybridized to Illumina HumanHT-12v4 microarrays, and
imaged using the Illumina iScan instrument, with all microarray pro-
cedures performed by the University of Chicago Genomics Core Labo-
ratory following the manufacturer’s standard protocol.

For the present analyses, background-corrected quantile-normalized
probe-level gene expression data were downloaded from the public EBI
ArrayExpress database (E-MTAB-10252), log2-transformed for linear
statistical model analyses (with negative background-corrected values
in the original data set to 0), and screened to exclude transcripts that
were not consistently detectable above background or showed little
differential expression between conditions (i.e., difference < 1 SD).
Standard linear statistical model analyses then quantified the difference
in average expression of each transcript in PBMC from TM vs control
samples while controlling for participant sex (which was slightly
imbalanced, with males comprising 5 of 6 TM practitioners and 4 of 6
controls). Note that estimates of differential gene expression derived
from these analyses will differ from those of the previous discovery
analysis report due to this analysis controlling for participant sex,
excluding probes with minimal variation in expression, and using point
estimates of differential gene expression as input into higher-order
bioinformatics analyses, an approach yielding more reliable results
than p-value-curated gene lists (Cole et al., 2003).

Our primary analysis followed previous research (Cole et al., 2020)
in assessing the CTRA profile using an a priori-defined contrast among
gene expression values for 19 pro-inflammatory genes (IL1A, IL1B, IL6,
IL8, TNFE,PTGS1, PTGS2, FOS, FOSB, FOSL1, FOSL2, JUN, JUNB, JUND,
NFKB1, NFKB2, REL, RELA, RELB), 28 genes involved in Type I inter-
feron response (GBP1, IFI16, IFI27, IFI27L1-2, IFI30, IFI35, IFI44, IFI44L,
IFI6, IFIH1, IFIT1-3, IFIT5,IFIT1L, IFITM1-3, IFITM4P, IFITM5, IFNB1,
IRF2, IRF7-8, MX1-2, OAS1-3, OASL), and 3 genes involved in antibody
synthesis (IGJ, IGLL1, IGLL3), with signs reversed for the antiviral and
antibody-related gene sets to reflect their inverse relationship to the
CTRA profile (Cole, 2019; Cole et al., 2020). In the event of significant
group differences in the overall CTRA composite score, we conducted
follow-up tests of the pro-inflammatory and antiviral gene sets sepa-
rately to determine which subcomponents might contribute to the
composite score difference.

To test the results of primary analyses using alternative methods, we
assessed genome-wide differences in transcript abundance for TM
practitioners vs. controls and conducted higher-order promoter-based
bioinformatic analyses of those empirical differences to determine
whether they showed differential activity of CTRA-related transcription
factors (i.e., increased NF-kB and AP-1 activity and reduced IRF activity)
or cellular activation (i.e., increased activity of classical monocytes vs.
non-classical monocytes). All the CTRA measures used here are
continuous scales, with solely relative interpretation across TM and
control groups, thus disallowing CTRA “scores” to be calculated for in-
dividuals. In these analyses, all gene transcripts showing > 2-fold dif-
ference in average expression level in PBMC from TM practitioners vs.
controls served as input into TELiS promoter-based bioinformatics an-
alyses quantifying relative prevalence of NF-kB, AP-1, and IRF tran-
scription factor-binding motifs (TFBMs) in the core promoter sequences
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of up- vs. down-regulated genes (Cole et al., 2005, 2020). Analyses used
the JASPAR NFKB2 and FOS::JUN, and TRANSFAC VS$IRF1_01
position-specific weight matrices to detect TFBMs in core promoter se-
quences characterized by 9 combinations of 3 different core promoter
lengths (-300, -600, and -1000 to +200 nucleotides relative to the
RefSeq transcription start site) and 3 different TFBM detection strin-
gencies (TRANSFAC mat_sim values of 0.80, 0.90, and 0.95). Log2 TFBM
ratios were computed for each parametric combination and averaged to
provide a pooled effect estimate, with that effect tested for statistically
significant deviation from the null hypothesis value of 0 using bootstrap
resampling of linear model residual vectors (which controls for residual
correlation across genes). Parallel Transcript Origin Analysis (Cole et al.,
2011) annotated the same set of differentially expressed genes using
pre-specified cell type diagnosticity scores derived from previous tran-
scriptome profiling analysis of CD16(—) classical monocytes vs. CD16
(+) non-classical monocytes (Wong et al., 2011). To determine whether
any differences in cellular origins of transcriptome differences might
stem from differential abundance of classical vs. non-classical monocytes
in TM vs. controls, we conducted an additional Transcriptome Repre-
sentation Analysis (Powell et al., 2013) testing whether the genes that
showed > 6 SD differential expression in classical vs. non-classical
monocytes in the reference study (Wong et al., 2011) also showed dif-
ferential average expression in TM practitioners vs. controls. Again,
statistical testing was based on bootstrapped standard error estimates
controlling for correlation among genes.

3. Results
3.1. CTRA contrast score

Compared to matched controls, PBMC from long-term TM practi-
tioners showed significantly lower expression of a pre-specified
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Fig. 1. CTRA gene regulation in long-term TM practitioners vs. controls.
(A) Difference between TM practitioners and controls in average expression of a
pre-specified multi-transcript CTRA composite score (inflammatory — antiviral;
left bar), and separate inflammatory and antiviral subcomponents (right 2
bars). (B) Difference between TM practitioners and controls in pro-
inflammatory transcription factor activity (NF-kB, AP-1) and antiviral tran-
scription factor activity (IRF) as inferred from promoter-based bioinformatics
analysis of genome-wide transcriptional profiles. Data represent the mean +
standard error, with statistical significance levels *p < .05, **p < .01, *
< .001.
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composite of CTRA indicator gene transcripts (difference in average log2
mRNA abundance = -0.34 + 0.14, p = .003; Fig. 1A, left bar). In follow-
up analyses of separate inflammatory and antiviral subcomponents of
the CTRA composite (Fig. 1A, right 2 bars), results showed a significant
up-regulation of the Type I IFN antiviral sub-component of the CTRA
composite score (+0.79 + 0.29, p = .009) but no significant difference in
the pro-inflammatory component (+0.14 + 0.17, p = .419).

3.2. Transcription factor activity

To provide an alternative assessment of CTRA biology via empirical
differences in genome-wide transcriptional profiles, we identified all
genes showing >2-fold difference in average expression in TM practi-
tioners vs. controls (1,764 total; 866 relatively up-regulated in TM
practitioners and 897 relatively down-regulated) and entered those
transcripts into TELiS promoter-based bioinformatics analysis. Results
(Fig. 1B) indicated significant down-regulation of the pro-inflammatory
NF-kB (mean log2 TFBM ratio =-1.02 + 0.18, p < .001) and AP-1 (-0.45
+ 0.18, p = .016) transcription control pathways in TM practitioners vs.
controls, as well as elevated IRF activity (0.87 + 0.30, p = .003).

3.3. Cellular origins

In a second alternative assessment of CTRA biology via bioinformatic
analyses of cellular mechanisms, we entered the same sets of up- and
down-regulated genes into Transcript Origin Analyses assessing relative
activity of classical (CD16(—)) vs. non-classical (CD16(+)) monocytes
(Fig. 2A). The 897 TM-down-regulated transcripts were identified as
deriving predominantly from classical monocytes (mean cell type
diagnosticity score = .061 + .031, p = .024), whereas TM-up-regulated
genes derived predominately from non-classical monocytes (.080 +
.047, p = .047). To determine whether these differences might reflect
differential prevalence of these monocyte subsets, Transcriptome Rep-
resentation Analyses tested for TM-associated differences in expression
of 13 genes showing > 6 SD up-regulation in classical vs. non-classical
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Fig. 2. Cellular sources of differential gene expression in long-term TM
practitioners vs. controls. (A) Contribution of classical (CD16—) and non-
classical (CD16-+ monocytes) to TM-related differences in genome-wide tran-
scriptional profiles, as inferred from Transcript Origin Analyses of genes
showing empirical up-regulation (right panel) or down-regulation (left panel) in
TM practitioners vs. controls. (B) Differential abundance of gene transcripts
diagnostic of classical monocytes (left bar) and non-classical monocytes (right
bar) in Transcriptome Representation Analyses of genome-wide transcriptional
profiles of PBMC from TM practitioners vs. controls. Data represent the mean +
standard error, with statistical significance levels *p < .05, **p < .01, ***p
< .001.
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monocytes in a previously published reference study (Wong et al., 2011)
and 12 genes showing > 6 SD up-regulation in non-classical vs. classical
monocytes (Fig. 2B). In these analyses, classical monocyte-characteristic
genes were significantly down-regulated in TM vs. control (-.229 £+ .069
log2 mRNA abundance, p = .006) and non-classical mono-
cyte-diagnostic genes were significantly up-regulation in TM vs. control
(0.441 + .093, p < .001).

4. Discussion

In this analysis of PBMC transcriptome profiles from a sample of
long-term TM practitioners and matched healthy controls, hypothesis-
testing bioinformatic analyses linked TM practice to multiple in-
dications of reduced CTRA gene regulation, including 1.) reductions in a
pre-specified composite score capturing the CTRA pattern of up-
regulated inflammatory gene expression and down-regulated Type I
IFN antiviral transcript abundance; 2.) down-regulation of pro-
inflammatory transcription factor activity (NF-kB, AP-1) and up-
regulation of interferon response factor (IRF) activity in genome-wide
empirical transcriptomic correlates of TM; and 3.) down-regulation of
classical monocyte abundance and activity, and up-regulation of non-
classical monocyte abundance and activity.

These transcriptional correlates of TM practice are consistent with a
possible role of reduced CTRA gene expression in mediating some of the
previously reported health benefits of the TM technique. They are
consistent also with findings from randomized controlled trials exam-
ining the effects of other meditative practices on CTRA gene expression
(Cole, 2019). For example, Black and colleagues prospectively ran-
domized 45 dementia caretakers to either 8 weeks of Yogic meditation
or relaxing music and found similar signs of CTRA down-regulation in
the meditation group (Black et al., 2013). That Yogic meditation tech-
nique used repetition of sounds in a manner somewhat like the TM
technology used here, which is said to promote a “transcendental con-
sciousness” state hypothesized to be the core feature of TM’s effects
(Travis and Pearson, 2000; Travis and Shear, 2010; Mason et al., 1997).

Future randomized controlled trials will be required to confirm that
TM practice causally reduces CTRA activity, but it is plausible to expect
such effects given TM’s capacity to alter neurobiological processes
related to the sympathetic nervous system activity that mediates CTRA
gene regulation (Cole, 2019). For example, an early study reported that
lymphocytes from long-term TM practitioners showed lower po-adren-
ergic activity compared to controls (Mills et al., 1990). Also, prospective
randomized research designs have linked TM practice to alterations in
HPA axis activity and other neuroendocrine processes both during and
outside the practice (see (MacLean et al., 1997; Walton et al., 2002) for
review). Other well controlled, short term studies have found beneficial
effects of TM in the treatment of posttraumatic stress disorder (Nidich
et al., 2018) and cardiovascular disease (Schneider et al., 2012, 2019;
Paul-Labrador et al., 2006; Castillo-Richmond et al., 2000; Walton et al.,
2002). It may be noteworthy that the only adversities known to have
been experienced by participants in the present study were ordinary
levels of psychosocial stress and advancing age (mean age, 64 years).
Prior randomized, controlled trials of TM have reported relief from both
psychosocial stress in students (MacLean et al., 1997) and aging-related
measures in octogenarians (Alexander et al., 1989).

Despite the clear presence of a CTRA-characteristic transcriptome
signature in this sample of long-term TM practitioners vs. controls,
several limitations need to be considered in interpreting these results.
These data come from a hypothesis-driven secondary analysis of a small
(n = 12) observational study conducted at a single time-point (i.e., no
pre-TM baseline) and at a single site. Thus, the generalizability and
robustness of these findings remain to be determined in future experi-
mental research with larger and more diverse samples. Causal conclu-
sions cannot be definitively drawn from the comparative observational
design of the study. No health outcomes were examined in this study, so
the health significance of the CTRA differences observed here remains to
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be determined in future research. The present study did not involve any
active comparison condition (e.g., comparison with another form of
meditation such as mindfulness). Consequently, also remaining to be
determined is how effects of TM might resemble or be distinct from
those of other meditative practices. Given the distinctive features of TM
(Travis and Shear, 2010), some differences might be anticipated, but
their nature remains to be empirically defined in future research.

One additional concern for interpreting the present results and for
future experiments is the effect of social isolation and social support. Key
evidence leading to the original discovery of the CTRA pattern
emerged while studying individuals who consistently reported feeling
‘lonely’ and ‘distant from others’ (Cole, 2013). An individual’s partici-
pation in an intervention program may entail more (or in some cases,
less) social interaction, with corresponding effects on the CTRA pattern
(Cole et al., 2021). Possible systematic differences in social interaction
were not considered in the present study. Future research should
attempt to control for social interactions as well as other potentially
important behavioral variables specific to the intervention. For
long-term studies such as this one, an appropriate active control group is
difficult to imagine, but career writers involved daily in inward mental
activity might be an option. Finally, this hypothesis-targeted analysis
focused specifically on the CTRA. Other transcriptional effects associ-
ated with TM likely exist in this sample, as suggested by the exploratory
findings (Wenuganen et al., 2021).

Interpretive limitations notwithstanding, the present analyses
demonstrate that a sample of TM practitioners exhibited reduced CTRA
activity compared to demographically matched controls. In combination
with results from previous studies of short-term meditation practice, this
finding supports the likely value of further studies designed to evaluate
causality, specificity, and possible connections to health and aging.

Declaration of competing interest
None.
Data availability

Data used are publicly available at the address mentioned in Mate-
rials and Methods.

References

Alexander, C.N., Langer, E.J., Newman, R.I., Chandler, H.M., Davies, J.L., 1989.
Transcendental meditation, mindfulness, and longevity: an experimental study with
the elderly. J. Pers. Soc. Psychol. 57, 950-964.

Black, D.S., Cole, S.W., Irwin, M.R., Breen, E., St Cyr, N.M., Nazarian, N., Khalsa, D.S.,
Lavretsky, H., 2013. Yogic meditation reverses NF-kappaB and IRF-related
transcriptome dynamics in leukocytes of family dementia caregivers in a randomized
controlled trial. Psychoneuroendocrinology 38, 348-355.

Castillo-Richmond, A., Schneider, R.H., Alexander, C.N., Cook, R., Myers, H., Nidich, S.,
Haney, C., Rainforth, M., Salerno, J., 2000. Effects of stress reduction on carotid
atherosclerosis in hypertensive African Americans. Stroke 31, 568-573.

Cole, S.W., 2013. Social regulation of human gene expression: mechanisms and
implications for public health. Am. J. Publ. Health 103 (Suppl. 1), S84-S92.

Cole, S.W., 2019. The conserved transcriptional response to adversity. Curr Opin Behav
Sci 28, 31-37.

Cole, S.W., Galic, Z., Zack, J.A., 2003. Controlling false-negative errors in microarray
differential expression analysis: a PRIM approach. Bioinformatics 19, 1808-1816.

Cole, S.W., Yan, W., Galic, Z., Arevalo, J., Zack, J.A., 2005. Expression-based monitoring
of transcription factor activity: the TELiS database. Bioinformatics 21, 803-810.

Cole, S.W., Hawkley, L.C., Arevalo, J.M., Cacioppo, J.T., 2011. Transcript origin analysis
identifies antigen-presenting cells as primary targets of socially regulated gene
expression in leukocytes. Proc. Natl. Acad. Sci. U. S. A. 108, 3080-3085.

Cole, S.W., Shanahan, M.J., Gaydosh, L., Harris, K.M., 2020. Population-based RNA
profiling in Add Health finds social disparities in inflammatory and antiviral gene
regulation to emerge by young adulthood. Proc. Natl. Acad. Sci. U. S. A. 117,
4601-4608.

Cole, S.W., Cacioppo, J.T., Cacioppo, S., Bone, K., Del Rosso, L.A., Spinner, A., Arevalo, J.
M.G., Dizon, T.P., Capitanio, J.P., 2021. The Type I interferon antiviral gene
program is impaired by lockdown and preserved by caregiving. Proc. Natl. Acad. Sci.
U. S. A 118.


http://refhub.elsevier.com/S2666-3546(23)00086-8/sref1
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref1
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref1
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref2
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref2
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref2
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref2
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref3
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref3
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref3
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref4
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref4
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref5
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref5
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref6
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref6
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref7
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref7
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref8
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref8
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref8
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref9
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref9
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref9
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref9
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref10
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref10
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref10
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref10

K.G. Waiton et al.

Dillbeck, M.C., Cavanaugh, K.L., 2023. Empirical evaluation of the possible contribution
of group practice of the Transcendental Meditation and TM-Sidhi program to
reduction in drug-related mortality. Medicina (Kaunas) 59.

Herron, R.E., 2011. Changes in physician costs among high-cost Transcendental
Meditation practitioners compared with high-cost nonpractitioners over 5 years. Am.
J. Health Promot. 26, 56-60.

Herron, R.E., Hillis, S.L., 2000. The impact of the Transcendental Meditation program on
government payments to physicians in Quebec: an update. Am. J. Health Promot. 14,
284-291.

Jevning, R., Wilson, A.F., Davidson, J.M., 1978. Adrenocortical activity during
meditation. Horm. Behav. 10, 54-60.

MacLean, C.R., Walton, K.G., Wenneberg, S.R., Levitsky, D.K., Mandarino, J.P.,

Waziri, R., Hillis, S.L., Schneider, R.H., 1997. Effects of the Transcendental
Meditation program on adaptive mechanisms: changes in hormone levels and
responses to stress after 4 months of practice. Psychoneuroendocrinology 22,
277-295.

Mahone, M.C., Travis, F., Gevirtz, R., Hubbard, D., 2018. fMRI during Transcendental
Meditation practice. Brain Cognit. 123, 30-33.

Mason, L.I., Alexander, C.N., Travis, F.T., Marsh, G., Orme-Johnson, D.W.,
Gackenbach, J., Mason, D.C., Rainforth, M., Walton, K.G., 1997. Electrophysiological
correlates of higher states of consciousness during sleep in long-term practitioners of
the Transcendental Meditation program. Sleep 20, 102-110.

Mills, P.J., Schneider, R.H., Hill, D., Walton, K.G., Wallace, R.K., 1990. Beta-adrenergic
receptor sensitivity in subjects practicing Transcendental Meditation. J. Psychosom.
Res. 34, 29-33.

Nidich, S., Mills, P.J., Rainforth, M., Heppner, P., Schneider, R.H., Rosenthal, N.E.,
Salerno, J., Gaylord-King, C., Rutledge, T., 2018. Non-trauma-focused meditation
versus exposure therapy in veterans with post-traumatic stress disorder: a
randomised controlled trial. Lancet Psychiatr. 5, 975-986.

Orme-Johnson, D., 1987. Medical care utilization and the Transcendental Meditation
program. Psychosom. Med. 49, 493-507.

Paul-Labrador, M., Polk, D., Dwyer, J.H., Velasquez, 1., Nidich, S., Rainforth, M.,
Schneider, R., Merz, C.N., 2006. Effects of a randomized controlled trial of

Brain, Behavior, & Immunity - Health 32 (2023) 100672

Transcendental Meditation on components of the metabolic syndrome in subjects
with coronary heart disease. Arch. Intern. Med. 166, 1218-1224.

Powell, N.D., Sloan, E.K., Bailey, M.T., Arevalo, J.M., Miller, G.E., Chen, E., Kobor, M.S.,
Reader, B.F., Sheridan, J.F., Cole, S.W., 2013. Social stress up-regulates
inflammatory gene expression in the leukocyte transcriptome via beta-adrenergic
induction of myelopoiesis. Proc. Natl. Acad. Sci. U. S. A. 110, 16574-16579.

Schneider, R.H., Grim, C.E., Rainforth, M.V., Kotchen, T., Nidich, S.I., Gaylord-King, C.,
Salerno, J.W., Kotchen, J.M., Alexander, C.N., 2012. Stress reduction in the
secondary prevention of cardiovascular disease: randomized, controlled trial of
Transcendental Meditation and health education in Blacks. Circ Cardiovasc Qual
Outcomes 5, 750-758.

Schneider, R.H., Myers, H.F., Marwaha, K., Rainforth, M.A., Salerno, J.W., Nidich, S.I.,
Gaylord-King, C., Alexander, C.N., Norris, K.C., 2019. Stress reduction in the
prevention of left ventricular hypertrophy: a randomized controlled trial of
Transcendental Meditation and health education in hypertensive African Americans.
Ethn. Dis. 29, 577-586.

Travis, F., Pearson, C., 2000. Pure consciousness: distinct phenomenological and
physiological correlates of "consciousness itself". Int. J. Neurosci. 100, 77-89.

Travis, F., Shear, J., 2010. Focused attention, open monitoring and automatic self-
transcending: categories to organize meditations from Vedic, Buddhist and Chinese
traditions. Conscious. Cognit. 19, 1110-1118.

Wallace, R.K., 1970. Physiological effects of Transcendental Meditation. Science 167,
1751-1754.

Walton, K.G., Schneider, R.H., Nidich, S.I., Salerno, J.W., Nordstrom, C.K., Bairey
Merz, C.N., 2002. Psychosocial stress and cardiovascular disease Part 2: effectiveness
of the Transcendental Meditation program in treatment and prevention. Behav. Med.
28, 106-123.

Wenuganen, S., Walton, K.G., Katta, S., Dalgard, C.L., Sukumar, G., Starr, J., Travis, F.T.,
Wallace, R.K., Morehead, P., Lonsdorf, N.K., Srivastava, M., Fagan, J., 2021.
Transcriptomics of long-term meditation practice: evidence for prevention or
reversal of stress effects harmful to health. Medicina (Kaunas) 57.

Wong, K.L., Tai, J.J., Wong, W.C., Han, H., Sem, X., Yeap, W.H., Kourilsky, P., Wong, S.
C., 2011. Gene expression profiling reveals the defining features of the classical,
intermediate, and nonclassical human monocyte subsets. Blood 118, e16-e31.


http://refhub.elsevier.com/S2666-3546(23)00086-8/sref11
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref11
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref11
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref12
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref12
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref12
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref13
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref13
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref13
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref14
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref14
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref15
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref15
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref15
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref15
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref15
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref16
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref16
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref17
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref17
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref17
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref17
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref18
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref18
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref18
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref19
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref19
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref19
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref19
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref20
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref20
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref21
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref21
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref21
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref21
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref22
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref22
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref22
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref22
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref23
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref23
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref23
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref23
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref23
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref24
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref24
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref24
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref24
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref24
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref25
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref25
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref26
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref26
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref26
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref27
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref27
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref28
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref28
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref28
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref28
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref29
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref29
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref29
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref29
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref30
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref30
http://refhub.elsevier.com/S2666-3546(23)00086-8/sref30

	Transcendental Meditation practitioners show reduced expression of the Conserved Transcriptional Response to Adversity
	1 Introduction
	2 Materials and Methods
	3 Results
	3.1 CTRA contrast score
	3.2 Transcription factor activity
	3.3 Cellular origins

	4 Discussion
	Declaration of competing interest
	Data availability
	References


