Open access Original research

Alteration of faecal microbiota balance
related to long-term deep meditation

General Psychiatry

To cite: Sun Y, Ju P,

Xue T, et al. Alteration of

faecal microbiota balance
related to long-term deep
meditation. General Psychiatry
2023;36:2100893. doi:10.1136/
gpsych-2022-100893

YS, PJ and TX contributed
equally.

Received 24 July 2022
Accepted 30 October 2022

| '.) Check for updates

© Author(s) (or their
employer(s)) 2023. Re-use
permitted under CC BY.
Published by BMJ.

'Shanghai Mental Health Center,
Shanghai Jiao Tong University
School of Medicine, Shanghai,
China

2Shanghai Key Laboratory of
Psychotic Disorders, Shanghai,
China

SShanghai Institute of Traditional
Chinese Medicine for Mental
Health, Shanghai, China
“Department of Pharmacology,
Shaheed Zulfigar Ali Bhutto
Medical University, Islamabad,
Pakistan

Correspondence to
Dr Jinghong Chen;
chenjh_008@hotmail.com

Dr Donghong Cui;
manyucc@126.com

Ying Sun

Jinghong Chen © '

ABSTRACT

Background Advancements in research have confirmed
that gut microbiota can influence health through the
microbiota—gut—brain axis. Meditation, as an inner
mental exercise, can positively impact the regulation

of an individual’s physical and mental health. However,
few studies have comprehensively investigated faecal
microbiota following long-term (several years) deep
meditation. Therefore, we propose that long-term
meditation may regulate gut microbiota homeostasis and,
in turn, affect physical and mental health.

Aims To investigate the effects of long-term deep
meditation on the gut microbiome structure.

Methods To examine the intestinal flora, 16S rRNA
gene sequencing was performed on faecal samples of
56 Tibetan Buddhist monks and neighbouring residents.
Based on the sequencing data, linear discriminant analysis
effect size (LEfSe) was employed to identify differential
intestinal microbial communities between the two
groups. Phylogenetic Investigation of Communities by
Reconstruction of Unobserved States (PICRUSt) analysis
was used to predict the function of faecal microbiota. In
addition, we evaluated biochemical indices in the plasma.
Results The o-diversity indices of the meditation

and control groups differed significantly. At the genus
level, Prevotella and Bacteroides were significantly
enriched in the meditation group. According to the LEfSe
analysis, two beneficial bacterial genera (Megamonas
and Faecalibacterium) were significantly enriched in

the meditation group. Functional predictive analysis
further showed that several pathways—including

glycan biosynthesis, metabolism and lipopolysaccharide
biosynthesis—were significantly enriched in the
meditation group. Moreover, plasma levels of clinical risk
factors were significantly decreased in the meditation
group, including total cholesterol and apolipoprotein B.
Conclusions Long-term traditional Tibetan Buddhist
meditation may positively impact physical and mental
health. We confirmed that the gut microbiota composition
differed between the monks and control subjects. The
microbiota enriched in monks was associated with a
reduced risk of anxiety, depression and cardiovascular
disease and could enhance immune function. Overall,
these results suggest that meditation plays a positive role
in psychosomatic conditions and well-being.

INTRODUCTION

Tibetan Buddhist meditation, known to orig-
inate from ancient Indian Ayurveda, can be
defined as a form of psychological training.

,"2 Peijun Ju,"?® Ting Xue,"? Usman Ali,"* Donghong Cui,?

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Accumulated evidence suggests that gut microbiota
can influence health through the microbiota—gut—
brain axis. As an inner mental exercise, meditation
can positively impact the regulation of psychoso-
matic conditions. However, few studies have com-
prehensively investigated the faecal microbiota
following meditation.

WHAT THIS STUDY ADDS

= Long-term deep meditation may regulate gut mi-
crobiota homeostasis and thus affect physical and
mental health.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= We confirmed that long-term deep meditation,
represented by Tibetan Buddhism, could positively
impact physical and mental health by regulating
faecal microbiota. For example, long-term medita-
tion affects human health through the glycan and
lipopolysaccharide biosynthesis pathways. Plasma
biochemical indices further confirmed that long-
term meditation enhanced the body’s immune func-
tion and reduced the risk of cardiovascular disease.

This practice is known to exercise the mind
and allows self-regulation of the body to culti-
vate well-being and provide insights into the
true nature of all phenomena. Meditation has
been used for millennia to achieve wisdom."*
Meditative exercises regulate attention and
emotions, focusing outwards on specific
physical and sensory stimuli and turning
inwards toward spiritual experiences and the
somatic sensation of physical experience.’
Meditation is a self-induced process using a
specified relaxation technique to gain a state
of psychophysical ability that modifies the
centre of self-consciousness and self-focus.*
Owing to its positive impact on specific areas
of psychopathology including depression,
anxiety, chronic pain and substance abuse,
along with its association with attention disor-
ders, traumatic stress, eating disorders and
serious mental illness, meditation is increas-
ingly being incorporated into mental health
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interventions.” A recent study has shown that meditation
affords a protective plasma proteome, can offset obesity
and hypertension, and reduce heart rate variability.”

The gut microbiota can influence the brain and
profoundly impacts mood and behaviour through the
microbiota—gut-brain axis.”® The axis consists of two-way
communication between the brain and gut microbiota,
and it functions via microbial byproducts, immune and
inflammatory pathways, neuroendocrine and enteroen-
docrine signalling, stress response and the vagus nerve.”
Given the crucial role of microbiota in human health
mediated via the microbiota—gut-brain axis, the mech-
anism through which long-term deep meditation influ-
ences the gut microbiota is of increasing interest. One
study has focused on the effect of meditation and a vegan
diet on gut microbiota."”” However, whether meditation
alone affects microbiota composition remains unclear.

In this study, we aimed to investigate the association
between traditional long-term Tibetan Buddhist medita-
tion and faecal microbiota and to explore further whether
meditation can impact human health by manipulating gut
bacteria as a novel target. Samples were collected from
monks and neighbouring populations of three temples
in Tibet, China, although samples from high-altitude
areas were extremely difficult to obtain. To the best of
our knowledge, this is the first study examining the faecal
microbiota of Tibetan Buddhist monks.

METHODS

Sample collection

We collected a total of 128 samples. Subsequently,
samples whose subjects had taken antibiotics and yoghurt
or samples of poor quality were excluded, resulting in 56
eligible samples. Given the extreme sparsity of subjects
who qualified as controls in the region, recruitment of
adequate numbers was difficult, leading to unequal popu-
lations of monks and control subjects. To achieve mind
training, Tibetan Buddhist monks performed meditation

practices of Samatha and Vipassana for at least 2hours
a day for 3-30 years (mean (SD) 18.94 (7.56) years).
Samatha is the Buddhist practice of calm abiding, which
steadies and concentrates the mind by resting the indi-
vidual’s attention on a single object or mantra. Vipassana
is an insightful meditation practice that enables one to
enquire into the true nature of all phenomena.

Faecal and peripheral venous blood samples were
collected, placed in a portable refrigerator at —20 °C,
shipped to Shanghai and stored at —80 °C until subse-
quent processing. The serum was separated by centrif-
ugation at 5 °C, followed by storage at —20 °C. Plasma
biochemical indices were measured at the Shanghai
Mental Health Centre, Shanghai Jiao Tong University
School of Medicine. All samples were collected and
measured by professionals.

16S rRNA gene amplicon sequencing and analysis
Total DNA extraction was performed using the QIAamp
Fast DNA Stool Mini Kit (Qiagen, Germany). DNA concen-
tration and purity were determined using a Thermo
NanoDrop 2000, and the quality of extracted DNA was
validated by performing 1% agarose gel electrophoresis.
The V3-V4 variable region of the bacterial 16S ribo-
somal RNA (16S rRNA) gene was amplified by polymerase
chain reaction (95 °C for 3min followed by 30 cycles at 98
°C for 20s, 58 °C for 15s and 72 °C for 20s, and a final
extension at 72 °C for bmin) using the relevant primers
(341F: 5-CCTACGGGRSGCAGCAG-3’; 806R: 5-GGAC
TACVVGGGTATCTAATC-3"). Amplicons were extracted
from 2% agarose gels, purified using the AxyPrep
DNAGel Extraction Kit (Axygen Biosciences, California,
USA) following the manufacturer’s instructions, and
quantified using Qubit2.0 (Invitrogen, California, USA).
The normalised equimolar pooled concentrations of
each amplicon were sequenced on an Illumina HiSeq
PE250 sequencing instrument (Illumina, California,
USA). Paired-end reads of 250 bp overlapped on their 3
ends for concatenation into the original longer tags using

screened from July to August 2016.

In total, 128 subjects, including 77 Tibetan Buddhist monks and 51 local residents, were

—|

Excluded: 68 subjects
- Subjects taking antibiotics (n=15)

- Subjects who consumed yoghurt (n=53)

v

60 subjects whose faecal samples were collected.

—>

Excluded: 4 samples of poor quality

56 faecal samples were collected:
- Tibetan Buddhist monks (n=37)
- Local residents (n=19)

Figure 1 Flowchart of enrolled subjects.
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PANDAseq (https://github.com/neufeld/pandaseq,
version 2.9). The sequencing output was generated as
demultiplexed fastqg-files for downstream analyses. DNA
extraction, library construction and sequencing were
performed at the Realbio Genomics Institute (Shanghai,
China).

The assembled tags, trimmed barcodes and primers
were further checked for their rest lengths and average
base quality. The 16S tags were restricted between 220
and 500bp, such that the average Phred score of bases
was 220 (Q20) and <3 ambiguous N. The tag copy
number was enumerated and the redundancy of repeated
tags was removed. Only tags with a frequency of >1, which
is more reliable, were clustered into operational taxo-
nomic units (OTUs), each with a representative tag. The
OTUs were clustered with 97% similarity using UPARSE
(http://driveb.com/uparse/), and chimeric sequences
were identified and removed using Usearch (V 7.0.1090).
Each representative tag was assigned to a taxon by the
Ribosomal Database Project (RDP) Classifier against the
RDP database using a confidence threshold of 0.8. The
OTU profiling table and o~ and B-diversity analyses were
performed using Python scripts of QIIME (version 1.9.1).

800

OTUs detected
400

200

0 10 20 30 40 50

Number of samples sequenced

Relative abundance

Statistical analysis

Anindependentsample t-test was used to analyse normally
distributed variables. Non-normally distributed variables
were analysed using the Mann-Whitney U test. A p value
of <0.05 was considered statistically significant. Statistical
analysis was performed using GraphPad Prism software
(San Diego, California, USA). Analysis of similarities
(ANOSIM) was performed using the vegan package in
R. Principal coordinates analysis (PCoA) was performed
using the ade4 package in R. Linear discriminant anal-
ysis (LDA) eftect size (LEfSe) was performed using the
LEfSe Tools."* Phylogenetic examination of communities
was achieved via the reconstruction of unobserved states
(PICRUSL) analysis using the PICRUSt software."’

RESULTS

Participant information and study design

The meditation group consisted of 37 Tibetan Buddhist
monks from the Qiongke, Jiaqu and Ezhi Temples, and
the control group comprised 19 residents neighbouring
the temples (figure 1). No enrolled subject had taken anti-
biotics, probiotics, prebiotics or antifungal medications
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Figure 2 Alpha diversity of the gut microbiota. (A) Species accumulation curve between the number of samples sequenced.
(B) The relative bacterial evenness was evaluated by the rank abundance curves. Gut microbial diversity was estimated by the
Chao1 index (C), observed-species index (D), Shannon index (E) and Simpson index (F) in the meditation and control groups;

Mann-Whitney test, *p<0.05, **p<0.01. Gut microbial dilution curve of Chao1 index (G), observed-species index (H), Shannon
index (l) and Simpson index (J) in the meditation and control groups. OTUs, operational taxonomic units.
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Figure 3 Beta-diversity of the gut microbiota between the meditation and control groups. (A) Venn diagram showing the
overlaps between groups. (B) Distance distribution heatmap using weighted UniFrac. (C) Weighted UniFrac analysis of
similarities (ANOSIM) analysis. (D) Principal coordinates analysis (PCoA) using weighted UniFrac.

for 3months before faecal sample collection. All subjects
were male. No significant differences were observed in
age (Mann—-Whitney test, p=0.089, U=253.5), systolic
blood pressure (Mann-Whitney test, p=0.442, U=306.5),
diastolic blood pressure (Mann-Whitney test, p=0.722,
U=330.5) or heart rate (Mann-Whitney test, p=0.173,
U=249). Moreover, both groups had the same dietary
structure. The staple food mainly included highland
barley, rice, steamed bread and noodles, and the supple-
mentary food primarily comprised vegetables, meat and
butter tea.

Comparison of structural characteristics of the gut microbiota
Gut microbiota was assessed by performing 16S rRNA
HiSeq sequencing. The average valid 16S rRNA gene
sequence number was 36210.84 (range 32 872-38 923) for
each sample. After the taxonomic assignment, 803 OTUs
were identified. The species accumulation curve of all
samples reached an asymptote, suggesting the adequacy
of our sampling efforts (figure 2A). Additionally, rank
abundance curves were employed to evaluate the rela-
tive bacterial evenness, exhibiting similar patterns across
all samples (figure 2B). Alpha diversity indices (Chaol,
observed-species, Shannon and Simpson) were calculated
to assess the bacterial diversity per sample using sampling-
based OTUs. The results showed that the gut microbial
o-diversity was significantly higher in the control group
than in the meditation group (Mann-Whitney test,

figure 2C-F). The dilution curve analysis based on the
o-diversity indices revealed that the sequencing volume
covered all micro-organisms in samples and met the data
analysis requirements (figure 2G—J).

Based on the Venn diagram, 611 out of 803 OTUs were
shared between the two groups, whereas 91 and 101 were
unique to the meditation and control groups, respectively
(figure 3A). To display the microbiome space between
samples, we calculated the B-diversity using the weighted
UniFrac method, along with a distance distribution
heatmap (figure 3B), ANOSIM (figure 3C) and PCoA
(figure 3D). Based on the findings of ANOSIM (R=0.161,
p=0.008), the difference between groups was significant
(figure 3C) and greater than that within groups. The
results of the PCoA showed that the gut microbiota in the
meditation group clustered separately from that in the
control group (figure 3D).

Screening of different key microorganisms

Figure 4A-D shows the composition of bacterial commu-
nities at the phylum, class, family and genus levels, respec-
tively. The phyla Bacteroidetes and Firmicutes were
dominant in both groups. Bacteroidetes were signifi-
cantly enriched in the meditation group (figure 4A).
At the class level, Bacteroidia, Clostridia and Negati-
vicutes were dominant (figure 4B) and, at the family
level, Prevotellaceae, Ruminococcaceae, Lachnospira-
ceae and Veillonellaceae were significantly enriched in

4
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Figure 4 Relative abundances of gut microbiota and linear discriminant analysis (LDA) effect size (LEfSe) in the meditation and
control groups. The average composition of bacterial community at the phylum (A), class (B), family (C) and genus (D) levels.

(E) Cladogram showing differential bacterial abundance in the meditation (blue) and control (red) groups based on LEfSe
analysis. (F) Bar graphs of the LDA score based on LEfSe analysis. LDA score for discriminative features >3.6.

both groups. Prevotellaceae were significantly enriched
in the meditation group (figure 4C). At the genus level,
Prevotella, Bacteroides, Dialister, Roseburia and Faecalibacte-
rium were dominant genera in both groups. Prevotella and
Bacteroides were highly enriched in the meditation group
with proportions of 42.35% and 6.21% versus 29.15% and
4.07% in the meditation and control groups, respectively
(figure 4D).

LEfSe analysis was used to identify the specific bacteria
differentially expressed in the meditation and control
microbiomes. Compared with the control group, the
meditation group showed an increase in the prevalence
of Bacteroidales, Sutterellaceae, Burkholderiales and
Betaproteobacteria (figure 4E). According to LDA (LDA
cut-off score >3.6; p<0.05), two bacterial genera (Megam-
onas and Faecalibacterium) were significantly enriched in
the meditation group (figure 4F). This exploratory result
indicates that meditation could alter the composition of
the gut microbiota.

Functional analysis of gut microbiota and biochemical indices
To explore the altered function of faecal microbiota, we
used PICRUSt analysis to infer the abundance of the Kyoto
Encyclopaedia of Genes and Genomes (KEGG) pathways
at level 2 (figure 5A) and level 3 (figure 5B) using 16S
rRNA gene amplicon sequencing. The results revealed
significant differences in the abundance of KEGG path-
ways between the meditation and control groups. Several

pathways were significantly enriched in the meditation
group, including glycan biosynthesis and metabolism
at level 2 and lipopolysaccharide biosynthesis at level 3
(figure 5C-F). Biochemical indices differed significantly
between the two groups, including total cholesterol
(figure 5G) and apolipoprotein B (figure 5H).

DISCUSSION

Main findings

To the best of our knowledge, this is the first study to
assess the potential regulation of human gut microbiota
by long-term (several years) deep meditation. To mini-
mise the effect of confounding factors, our study strictly
matched age, sex, smoking, alcohol consumption and
dietary habits between the enrolled monks and control
subjects. We observed that the intestinal microbiota
composition in the meditation group significantly differed
from that of the control group. The control group exhib-
ited higher Chaol, observed-species and Shannon and
Simpson indices than the meditation group, indicating
the high gut microbial community richness and diversity
of the control group. This finding may be related to the
sedentary lifestyle of monks (reciting and meditating for
long periods each day). ANOSIM and PCoA were used
to evaluate the similarity of bacterial communities and to
show the significant separation between the meditation

Sun'Y, et al. General Psychiatry 2023;36:100893. doi:10.1136/gpsych-2022-100893
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and control groups. Altogether, o- and B-diversity indices
provided robust evidence that the gut microbiota of
the meditation group differed from that of the control
subjects.

In this study, we found that several bacterial species
differed significantly between the meditation and control
groups. At the genus level, Prevotella, Bacteroides, Dialister,
Roseburia and Faecalibacterium were predominant in both
groups. Prevotella and Bacteroides were found to be signifi-
cantly enriched in the meditation group. Prevotella was
found to be highlyabundantin healthy controls compared
with that in patients with major depressive disorder.'® 17
In addition, the abundance of Prevotella was shown to be
significantly reduced in samples of autistic children.'®
In a rat food addiction model, the administration of
Bacteroides uniformis CECT 7771 was shown to impact the
brain reward response, ameliorating binge eating and
decreasing anxiety-like behaviour."” Based on the LEfSe
analysis, Megamonas and Faecalibacterium were significantly
enriched in the meditation group. Megamanus has been
associated with all measured psychocognitive traits.’ In
addition, Faecalibacterium was found to be significantly
reduced in patients with anxiety disorders compared with
healthy controls®! and was associated with a higher quality
of life,” which is consistent with the findings of our study.

Collectively, several bacteria enriched in the meditation
group were associated with the alleviation of mental
illness, suggesting that meditation can influence certain
bacteria that may have a role in mental health.

Glycan biosynthesis, metabolism and lipopolysaccha-
ride biosynthesis pathways were enriched in the medi-
tation group. Glycans can reportedly alleviate intestinal
inflammation, improve barrier function and reduce
infection-induced colitis.*> Studies have shown that the
presence of LPS-stimulated Treg cells or exogenous IL-10
significantly promotes IL-10 production by neutrophils
and that isoflavone-rich diet anspecifically regulates LPS
biosynthesis in the gut microbiota, conferring an anti-
inflammatory response and reducing disease severity.”*
We have previously reported that inflammatory factors are
downregulated in monks practising meditation.’ Further-
more, the meditation group was significantly enriched in
toluene degradation and adipocytokine signalling path-
ways. These findings show the potential effects of medi-
tation on the nervous system through the intestinal flora.
Dysregulation of the adipocytokine signalling pathway has
been observed in the depression mouse model. In addi-
tion, results from human subjects indicate that anxiety and
depression can be correlated with adiponectin levels.”
Chronic toluene exposure reportedly increases anxiety

6
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in the burying behaviour test of mice, and toluene can
reduce neurogenesis and enhance neuronal death.*® The
results of plasma biochemical indices further illustrate the
impact of meditation on human health. We found that
total cholesterol and apolipoprotein B levels were higher
in the control group, which decreased immune function
and increased the risk of cardiovascular disease.”” These
results suggest that meditation may positively impact
psychosomatic conditions.

Study limitations

The current study has several limitations. Considering the
special environment of high-altitude living and hypoxia,
the participating subjects may present with diseases
which greatly reduces the enrolment ratio of collected
samples. The 16S rRNA sequencing method employed
in the present study offers no direct data on function-
ally important changes in the microbiota. In the future,
metagenomic sequencing should be undertaken to
examine functional changes in the intestinal microbiota.

Implications

Long-term deep meditation could profoundly impact
psychosomatic disorders by altering the structure of the
human gut flora. In particular, with the help of a trained
therapist, clinicians can provide improved treatment with
earlier remission and overall improvements in patients.”
Therefore, the effectiveness of meditation in psychosomatic
diseases may be a key research avenue in the coming years.

CONCLUSION

The intestinal microbiota composition was significantly
altered in Buddhist monks practising long-term meditation
compared with that in locally recruited control subjects.
Bacteria enriched in the meditation group at the genus level
had a positive effect on human physical and mental health.
This altered intestinal microbiota composition could reduce
the risk of anxiety and depression and improve immune
function in the body. The biochemical marker profile indi-
cates that meditation may reduce the risk of cardiovascular
diseases in psychosomatic medicine. These results suggest
that long-term deep meditation may have a beneficial effect
on gut microbiota, enabling the body to maintain an optimal
state of health. This study provides new clues regarding the
role of long-term deep meditation in regulating human
intestinal flora, which may play a positive role in psychoso-
matic conditions and well-being.
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