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Epigenetics and meditation
Perla Kaliman1,2
In the last decade, epigenetics has taken center stage to
explain the relationships between stress exposure, health and
behavior. Acquired or inherited epigenetic changes modulate
gene expression states without modifying the DNA sequence
itself, they can be long-lasting, yet, they are potentially
reversible. Several studies have explored whether meditationbased interventions can influence gene expression profiles
towards healthier directions, identifying candidate genes and
biological pathways that seem to be sensitive to contemplative
practices. However, to date, the clinical implications of these
molecular outcomes and their potential long-lasting epigenetic
bases remain mostly unknown. The present article addresses
these topics from a broad perspective and analyzes future
research questions and perspectives at the crossroads of
contemplative sciences and epigenetics.
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Introduction
In the beginning of the 20th century, a dominant view in
biology was that hereditary substances provided the
information necessary to construct an organism. Genocentric ideas strongly influenced the turbulent sociopolitical climate of the time. For example, they were used to
justify the approval of a law by the United States Supreme
Court in 1927, which permitted compulsory sterilization
procedures on human beings to decrease the propagation
of undesired traits [e.g. lower cognitive skills, unfitness]
‘for the protection and health of the state’ [Buck v. Bell,
274 U.S. 200; 1927] [1]. The atrocious human right
violations that arose from the eugenic movement had
been based on a rhetoric that completely disregarded
scientific thinking acknowledging the power of the
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environment. Back in 1899, the biologist William Morton
Wheeler stated that both tendencies, preformationism
[heredity and stability] and epigenesis [changes and
processes], ‘will find their correctives in investigation’
[2]. Confirming Wheeler’s vision, it is nowadays indisputable that the inherited genetic information is strongly
influenced by a broad range of environmental and lifestyle factors [3]. Research over the past years is revealing
the complex mechanisms by which cells can become
‘structurally modified’, even by ‘changed habits of body
or mind’ as Charles Darwin suspected 150 years ago [4].
Environmental factors dynamically generate layers of
molecular data that fine-tune the information contained
in the genetic code. This epigenetic information [epi,
from the Greek, means around] stably modulates gene
expression without altering the DNA primary structure
[5].
Over the last 15 years, numerous studies have associated
neurophysiological and behavioral alterations triggered
by psychosocial stress with the acquisition of stable
epigenetic marks. The inheritability of epigenetic information through cell division in somatic cells seems to
explain the enduring effects of environmental exposures
at the individual level. Epigenetic mechanisms such as
DNA methylation within the hypothalamic-pituitaryadrenal (HPA) axis, changes in the activity of histone
deacetylases (HDACs, a family of enzymes that remove
acetyl groups from histones and promote gene silencing)
and different types of small non-coding RNAs are associated with the development of stress-related psychopathologies in animal models and humans [6–9,10,11–
13].
Epigenetic information can either be inherited or
acquired, yet, importantly for biomedical research, it is
potentially reversible. Drugs are being actively designed
and tested to restore gene activity in diseases caused or
aggravated by epigenetic mechanisms [e.g. cancer,
inflammation] [14,15]. Similarly, there is increasing evidence on the epigenetic response of pharmacotherapeutic
interventions for stress-related disorders [16,17]. However, limited research to date has explored the epigenetic
potential of non-pharmacological approaches to improve
mental health. Recent encouraging evidence describes
changes in DNA methylation profiles in response to
cognitive behavior therapy and social support [18,19].
Moreover, findings in rodents suggest that an environmental model which includes cognitive, somatosensorial,
motor and visual enrichment may efficiently reduce psychological and behavioral consequences of trauma and
stress by removing epigenetic tags and improving adult
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neurogenesis and synaptic plasticity [20,21,22]. In
humans, environmental enrichment can be considered
inherent to the cultivation of awareness through meditation training, especially at the cognitive and somatosensorial levels. Whether meditation-based interventions
[MBIs] could reproduce in humans, some of the epigenetic-based health benefits of the enriched environment
model certainly is a thrilling hypothesis.

What is the current knowledge on meditation
and epigenetics?
In the last 10 years, several studies have explored the
gene expression impact of MBIs in healthy and clinical
populations. High throughput screening methodologies
[transcriptional microarray techniques and subsequent
bioinformatic predictions] have allowed the identification
of many candidate genes and biological pathways that
seem to be sensitive to contemplative practices [reviewed
by Black in this issue, 23]. However, we do not know yet
whether the MBI-induced gene expression changes
reported to date are generated by epigenetic regulation
because they have not been causally associated with any
epigenetic mechanism (e.g. specific DNA methylation
changes or histone modifications).
Findings in long-term meditators outside periods of
formal practice support the hypothesis of underlying
long-lasting epigenetic changes acquired through prolonged training. For example, altered transcriptional
profiles and differential neurophysiological traits have
been detected in long-term meditators compared with
meditation-naı̈ve subjects [e.g. Refs. 24–27]. We can also
speculate that the epigenetic impact of meditation practice might be dynamic, considering that similar transcriptional and neurophysiological outcomes have been
detected after relatively short periods of training [e.g.
Refs. 24,28–31]. These intriguing conjectures are starting to be explored. A literature search of original articles
using the search terms ‘meditation [or mindfulness]’ and
‘epigenetic’ only reveals four pilot studies published till
October 2018. Three of these studies analyzed epigenetic profiles in peripheral blood mononuclear cells
[PBMCs] in long-term meditators [32–34] and one
explored the methylation status of two genes in blood
samples from veterans with PTSD after a MBSR intervention [35].
Epigenetic events can be extremely dynamic, as shown in
animal models and human peripheral tissues. Indeed,
histone modifications and DNA methylation are observed
just a few hours after acute stress, nutrient intake, or
physical exercise [36–40]. Based on these observations,
Kaliman et al. [32] explored histone modifications and
changes in the expression of chromatin modulatory genes
in experienced meditators after a day-long mindfulness
retreat (n = 19). The study included a control group with
no meditation experience who simultaneously engaged in
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leisure activities in the same environment (n = 21). Participants in the meditation group had a historical daily
meditation practice spanning a minimum of 3 years. After
the 8 hours of intervention, meditators showed lower
expression levels of several histone deacetylase genes
[HDAC2, 3 and 9] and alterations in global modification
of histones [H4ac; H3K4me3] in PBMCs compared with
controls. The downregulation of HDAC2 predicted a
better cortisol recovery after a test of acute psychosocial
stress. The meditation group also displayed a downregulation of the proinflammatory gene COX2, which is
dependent on HDAC activity. These data may be of
clinical interest considering that the pharmacological
inhibition of HDACs is currently regarded as a therapeutic avenue for depression [12] and inflammatory-related
disorders [41].
Chaix et al. [33] did a cross-sectional study comparing
DNA methylation profiles in experienced meditators (n
= 18) and non-meditators (n = 20), with a specific focus on
the epigenetic aging rate (same cohort as in Ref. [32]). In
addition to telomere biology [42], specific DNA methylation patterns in the genome accurately predict the rate of
cell aging [43]. The level of deviation between the DNA
methylation age and the chronological age indicates the
rate of epigenetic aging [44,45]. It has been reported that
cumulative lifetime stress and trauma accelerate the
rhythm of the epigenetic clock [46,47]. Faster ticking
epigenetic clocks are associated with several age-related
chronic diseases and all-cause mortality risk while slower
epigenetic clocks seem to predict longevity as well as
better cognitive and physical fitness in the elderly [48].
Notably, the epigenetic aging rate in meditators significantly decreased with the number of years of formal
practice, which suggests that integrating meditation into
a daily routine may have increasing protective effects on
the epigenetic aging rate, with potential health benefits in
the long run.
Using a similar technology (Illumina Infinium HumanMethylation450 BeadChip), Garcia-Campayo et al. [34]
compared the methylome of meditators with more than
10 years of experience (n = 17) with a control group of
meditation-naı̈ve subjects (n = 17). This study found
64 differentially methylated regions (DMRs) in meditators versus controls, which corresponded to 43 genes,
most of them linked to neurological and psychiatric
disorders, cardiovascular disease and cancer. Bioinformatic analysis of the methylation data suggested that
DMRs were involved in the cellular response to unfolded
protein, neurotransmission, lipid metabolism and glucose
homeostasis. In silico analysis also predicted that the
epigenetic response to mindfulness practice may modulate inflammatory pathways dependent on tumor necrosis
factor alpha and NF-kB signaling, which further supports
the potential of MBIs in the treatment of chronic inflammatory conditions.
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Bishop et al. [35] analyzed genomic DNA isolated from
peripheral blood samples from veterans with long-standing PTSD. Participants were classified as responders or
non-responders to a MBSR program which included
PTSD psychoeducation, based on PTSD symptom severity reduction post-MBSR (n = 11/group). To identify
potential biomarkers, the authors explored the methylation status of CpG sites in regions of two genes, the
depression-associated serotonin transporter (SLC6A4)
and HPA-related FK506 binding protein 5 (FKBP5).
Percent methylation differences were evaluated preMBSR and post-MBSR in both groups. While no changes
were detected in the methylation status of the SLC6A4
gene, after the intervention, responders had a decrease
and non-responders had an increase in the methylation of
FKBP5 intron 7, which contains a glucocorticoid response
element. This study suggests that the methylation of the
FKBP5 gene may be a biomarker of response to MBSR in
PTSD and provides relevant information on the molecular mechanisms triggered by mindfulness training.

Considerations for future mindfulness
research involving epigenetic analysis
Research in the area of epigenetics and meditation, while
exciting, is still in its infancy. Researchers in epigenetics
are faced with the challenge of selecting among rapidly
evolving technologies and methods for data analysis. The
fact that epigenetic profiles can be significantly influenced over short periods of time by environmental exposures and lifestyle needs to be taken into account for the
data collection and modeling. The discussion of these
topics is beyond the scope of this article, but other authors
have provided guidelines to select accurate tools for genespecific and genome wide DNA methylation analysis [e.g.
Ref. 49].
Longitudinal randomized and controlled trials involving
larger samples are required to identify and validate specific epigenetic events triggered by MBIs and, most
importantly, to characterize the actual effectiveness of
such molecular changes in improving well-being and
health care. Predictions of cellular signalling pathways
and functional networks through bioinformatic analysis
based on high throughput data is an integral part of
molecular research. This type of analysis is often presented as main results in meditation studies involving
molecular characterization. However, it is critical to consider that the pattern and level of epigenetic marks and
gene expression usually differ across different cell types
and tissues. Changes detected in accessible biological
samples (e.g. saliva, blood or skin cells) may not reflect
the status in other tissues and organs. Although computational-based methods are good starting points in biomedical research, experimental validation of in silicoderived data is required. Therefore, future molecular
studies aimed at connecting MBIs with long-term health
and disease will need to validate bioinformatic
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predictions by exploring associations of gene expression
and epigenetic changes with precise neurophysiological
outcomes in healthy subjects and clinical conditions.

Meditation for next generations?
In 1868, Charles Darwin wrote: “On any ordinary view, it
is unintelligible how changed conditions, whether acting
on the embryo, the young or adult, can cause inherited
modifications. It is equally or even more unintelligible on
any ordinary view, how the effects of the long-continued
use or disuse of any part, or of changed habits of body or
mind, can be inherited. A more perplexing problem can
hardly be proposed; but on our view we have only to
suppose that certain cells become at last structurally
modified . . . ” [4]. Since then, studies in plants, animal
models and humans have provided evidence for the
transmission of epigenetic information across generations
with developmental, health and potential evolutionary
implications [50,51,52,53]. Research in animal models
and human epidemiological data suggests that epigenetic
information acquired through parental experiences,
including preconceptional maternal or paternal stress,
may account for the susceptibility of the offspring to
certain diseases, brain alterations, development of psychopathologies and maladaptive behaviors [54,55].
These and many other findings highlight the need to
sensitize medicine and policymakers about the potential
multigenerational impact of stress. The potential reversibility of epigentic information and the possibility of
modulating the epigenome towards healthier states across
generations are critical topics for future research on
epigenetics and well-being.

Questions for future research
Our limited experimental evidence on meditation and
epigenetics needs to be expanded in the coming years
addressing some fundamental questions. Can meditation
induce long-lasting epigenetic events related to disease
prevention and healthy aging? Can MBIs help prevent or
counterbalance the epigenetic dimension of trauma and
stress exposure? What are the sensitive periods for this?
Could the practice of meditation modify the epigenome
of the germ cells [oocytes or sperm], suggesting a potential for transmission of acquired information to subsequent generations? Research at the crossroads of meditation and epigenetics will hopefully provide mechanistic
insight into effective and long-lasting non-pharmacological strategies to improve well-being and health and may
offer a molecular perspective to interconnectedness, a
key teaching of contemplative traditions.
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