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A B S T R A C T

Purpose: This study explores the gut microbiota of Aikido practitioners, a Meditation in Motion discipline, 
focusing on the integration of moderate-intensity physical activity with meditative practices. The innovative 
approach examines how these combined activities influence gut health and overall well-being.
Methods: Researchers collected data through anonymous questionnaires including personal information, dietary 
habits, physical activity levels, and meditation depth, assessed using the Meditation Depth Index. Fecal samples 
were analyzed to identify correlations between gut microbiota changes and participants biographical and 
behavioral factors.
Results: The analysis revealed significant alterations in gut microbiota among high-meditation practitioners, with 
increased levels of Bacteroides and Faecalibacterium and a slight rise in Prevotella. Moderate-intensity Aikido 
practice was linked to enrichment of Firmicutes. These findings suggest that Aikido promotes a balanced Bac
teroidetes/Firmicutes ratio, supporting intestinal eubiosis. The dual focus of Aikido—movement and meditation 
contribute to improved gut health and enhanced well-being.
Conclusions: Aikido benefits not only physical fitness and muscular function but also cognitive and mental health, 
particularly stress management, a crucial factor in modern life. While the study has limitations, it provides 
preliminary insights into the relationship between gut microbiota and Meditation in Motion disciplines. Further 
research is needed for deep understanding of this topic.

1. Introduction

In the twenty-first century, there has been a profound and acceler
ated increase in the use of digital technologies across various aspects of 
society. This transformation has affected nearly every sector, from 
healthcare to education, business, and entertainment. The development 
of digital tools and platforms has brought about new ways of commu
nicating, working, learning, and entertaining, creating both opportu
nities and challenges.1 In addition, a wide population of both adults and 
adolescents spend a lot of time on smartphones or computers or 
watching television, even in their free time. So, considering the 
advancement of technology, screen time has become a daily activity for 
all of us.2 Several studies have demonstrated that a sedentary lifestyle, 
prolonged screen time, is associated with increased risk for various 
diseases, such as cardiovascular disease,3 obesity,4 and diabetes.5

Moreover, sedentary behavior also influences sleep patterns and other 
mental health aspects such as anxiety and depression.6-8

According to the World Health Organization (WHO), 28% of the 
world's adult population (older than 18 years) does not engage in suf
ficient physical activity (i.e., does not reach the levels of physical ac
tivity recommended for good health). Physical inactivity is mainly 
characterized by women (32% vs. 23% of men) and is more pronounced 
in high-income countries.9,10

The importance of physical activity comes from the evidence that it 
provides people with physical and mental health benefits like improved 
functional capacity, decreased risks of diseases, improved body 
composition, weight loss, improved mood, and reduced depression and 
anxiety.11–13 In contemporary Western societies, characterized by their 
high prevalence of stress, cardiovascular and metabolic diseases have 
become significant public health concerns. This has led to a critical need 
for effective stress-reducing methods that can be easily utilized by large 
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numbers of people, readily available, inexpensive, and have minimal 
side effects. This need was articulated by Henriques et al. in their paper 
about the anxiety reduction in college students.14 Physical activity 
meets all these requirements and additionally, practicing mindfulness 
meditation or, even better, a sport that involves a meditation part, are 
considered effective in addressing depression and in preventing 
diseases.15

Regardless of gender or sport type, mindfulness has been found to be 
positively associated with flow in athletes.16 Mindfulness-based in
terventions have been demonstrated to enhance sport-associated phys
iological activations like salivary cortisol levels, immune responses, and 
psychological status indicators, as well as sport performances them
selves (e.g., shooting and dart throwing performances).17 Many studies 
have investigated the role of mindfulness in treating mainly psycho
logical disorders (e.g., anxiety, depression, and stress) but also in 
relieving pain in chronic medical diseases.18 From these data, we can 
conclude that Mindfulness meditation programs show small improve
ments in anxiety, depression, and pain with moderate evidence, and 
small improvements in stress and health-related quality of life with low 
evidence when compared to nonspecific active controls.19 Recent 
studies have also correlated a long-term deep meditation practice to an 
enriched microbiota composition which is in turn related to a reduced 
risk of psychological issues like depression and anxiety.20 The world of 
martial disciplines is rather heterogeneous from different points of view, 
among which there are the performance pattern, competition, 
geographical and historical descent, the involvement of the spiritual 
aspect, and the athleticism level of its practitioners. Studies in literature 
focus mainly on the best-known martial arts, namely those that involve 
the competitive aspect. This is the case of the study by Liang et al. 
(2019), in which the gut microbiota of professional martial arts athletes 
of different levels, but with similar diets, was analyzed in order to 
minimize potential confounding effects.21 Data report that gut microbial 
diversity and structure of higher-level athletes is significantly higher 
than that of lower-level athletes. Parabacteroides and Phascolarctobacte
rium are the most abundant genera in higher-level athletes and are 
closely associated with cardiac, metabolic, and mood function.22–24 In 
addition, higher level athletes exhibit overexpression of the microbial 
gene related to carbohydrate metabolism, and this implies greater 
metabolic capacity of the microbiota. Finally, higher level athletes had 
significantly higher microbiota capable of histidine metabolism, and this 
latter amino acid is a key component of muscle carnosine. A recent study 
by Kang et al. investigated the effects on gut microbiota of two groups of 
basketball players after 20 weeks of Tai Chi training.25 Tai Chi can, like 
Aikido, in fact be counted among the Moving Meditation Disciplines as it 
is a type of physical and mental exercise that uses breath-controlled 
body movements. The health benefits of traditional Tai Chi are widely 

demonstrated in literature, although its role on gut flora appears to be an 
unexplored field. It is necessary to point out that gut microbiota is 
influenced by various factors, so data reported from Kang et al. may 
have been varied by the different exercise approaches. In any case, 
several data suggest that Tai Chi had a significant effect on the abun
dance and structure of the gut microbiota: in particular, the species 
richness of microorganisms was significantly higher in Tai Chi group 
than that of controls. In addition, the level of Proteobacteria is found to 
be decreased in the gut flora of the Tai Chi group. The fecal flora of the 
study group was enriched with butyrate-producing bacteria from the 
phylum Firmicutes (Blautia and Roseburia).

In recent years, research has increasingly focused on meditation as a 
possible influencing factor on gut microbial variability, with systemic 
effects on the overall health of practitioners. Kanchibhotla et al. inves
tigated the health benefits of the meditation technique “Vaishvanara 
Agni Meditation”, focusing on the gastrointestinal tract.26 The data 
suggested that gastrointestinal health improved significantly by prac
ticing 50 days of meditation. In addition, further improvements in 
physical strength and psychological mastering were identified. Another 
study enrolled a cohort of adults who attended a 3-month meditation 
and yoga retreat.27 This study assessed the various data like psycho
metric measures, brain-derived neurotrophic factor (BDNF), cortisol 
levels, and pro- and anti-inflammatory cytokines before and after the 
retreat. A decrease in self-reported anxiety and depression was recorded 
and also an increase in mindfulness. Test results showed an increase in 
both plasma BDNF levels and the magnitude of cortisol's response upon 
awakening. Also, levels of anti-inflammatory cytokine IL-10 were 
increased, while proinflammatory cytokine IL-12 was reduced. In 
contrast, levels of other proinflammatory cytokines were found to be 
increased: this could be due to additional influences such as exercise and 
diet, which varied during the retreat. A study conducted by Sun et al. 
evaluated the effects on gut microbiota regulation after long term deep 
meditation (monks).20 The control group showed greater gut microbial 
richness, and this could be related to monk's sedentary lifestyle. In any 
case, several species differ significantly between the two groups: in 
general, in meditation group the most prominently expressed bacteria 
were associated with alleviation of mental illness; thus, meditation may 
play a role in mental health. In addition, the biosynthesis of glycans and 
lipopolysaccharides increases in the meditation group, which is related 
to decreased intestinal inflammation, improved barrier function, and 
reduced infection induced colitis. Several studies have examined the 
potential benefits of various types of meditations, including mindful
ness, in relation to chronic inflammatory conditions such as inflamma
tory bowel diseases (IBD). The findings of these studies suggest that 
meditation may contribute to enhancing the quality of life for in
dividuals affected by these conditions.28 Particularly, several studies 
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reported a positive correlation between the mindfulness score and 
health-related quality of life in IBD patients.28,29 It is important to note 
that these improvements are also documented in relation to other 
functional modifications, including levels of C-Reactive Protein and 
other modulators of inflammatory response.29,30 Ilan et al.'s study 
examined the impact of a three-month intervention on Crohn's disease 
(CD) patients. The combination of cognitive behavioral therapy, 
mindfulness-based practices, and daily exercise regimens showed 
promising results. Before the intervention, CD patients showed a mi
crobial profile mostly made up of Proteobacteria (17.71%), Firmicutes 
(65.56%), Actinobacteria (8.46%), and Bacteroidetes (6.24%). These 
levels were linked to markers of inflammation and distress. No major 
changes in diversity were detected after the intervention, but there were 
significant changes in bacterial abundance among the intervention 
group. The intervention led to a decrease in bacteria linked to inflam
mation, and a species of Lachnospiraceae, often associated with severe 
CD, was reduced.31 Given all these statements and data results about 
meditation and physical activity on health benefits, the concept of 
“moving meditation” appears to be a powerful tool in psychophysical 
well-being. The mind-body approaches combine forms of body move
ments, typically described as slow and flowing, but may range from a 
high level of dynamic movement to quiescent static postures, with a 
focus on breathing and meditation that generate a state of mental and 
physical relaxation.32

The present cross-sectional study aims to evaluate the intestinal 
microbiota of Italian subjects who practice disciplines characterized by 
Meditation in Movement (Aikido). Indeed, Aikido may be considered a 
highly beneficial practice for promoting and maintaining health, due to 
its inherent sustainability. This discipline is distinguished by the inte
gration of the motor components with the mental and spiritual ones, a 
process well delineated by meditation, which constitutes an indispens
able element of practice. As an activity that can be practiced by anyone, 
it is also possible to maintain a low motor impact, which makes it 
suitable and adaptable even for the most vulnerable populations, who 
can benefit from the positive effects on the body and social relationships. 
Additionally, Aikido is accessible to all, as it can be practiced in any 
location, although a mat is the preferred setting. To investigate the 
impact of Aikido practice on the human intestinal microbiota, an 
anonymous questionnaire was administered to participants. This ques
tionnaire enquired about personal data, eating habits, levels of physical 
activity and a literature-validated index of meditation effectiveness, the 
MEDI (Meditation Depth Index). Subsequently, faecal material was 
gathered for analysis of microbial composition. Each participant was 
responsible for collecting faecal samples using dedicated swabs with 
preservation liquid. The data were analyzed to identify any variations in 
the intestinal microbiota in relation to personal data, eating habits, 
levels of physical activity and the degree of depth of meditation. 
Moreover, the data were compared with data from the literature, which 
differs from the study population due to the implementation of a strict 
dietary regimen, participation in competitive sports, and the absence of 
meditation.

2. Material and methods

2.1. Ethical approval

The study protocol was approved by the Institutional Review Board 
of the University of Rome “Foro Italico” (approval number 204/2024). 
Aikido practitioners were invited to participate after their scheduled 
training sessions. During the recruitment phase, the researchers clearly 
explained the study's objectives, procedures, and ethical safeguards, 
including data anonymity and confidentiality. All participants were 
required to provide written informed consent prior to inclusion in the 
study, in accordance with the Declaration of Helsinki.

2.2. Study design

Each participant was provided with a faecal swab (Copan Italia S.P. 
A., Brescia, Italy), accompanied by instructions for the collection of a 
faecal sample. Participants were requested to deliver the swab on a 
scheduled day within 2 h of collection. Subsequently, the samples were 
stored at 4–8 ◦C in a refrigerated container and transported within 24 h 
to the laboratory of the University of Rome ‘Foro Italico’, where they 
were processed using a previously validated protocol for DNA extraction 
from faecal traces. Additionally, a salivary swab was delivered and 
stored by the procedure above. The study targeted adult Aikido practi
tioners attending regular classes. A total of 28 individuals were 
approached and provided with standardized sampling kits and detailed 
instructions. Of these, 25 consented to participate and completed all the 
required procedures, including informed consent, questionnaire sub
mission, and biological sample collection. Two samples were excluded 
from the final analysis due to protocol non-compliance (e.g., improper 
labeling or delayed sample delivery). Therefore, the final dataset con
sisted of 23 fully eligible and analyzable participants. Inclusion criteria 
were: regular Aikido practice, consent to provide samples and complete 
the survey, and absence of antibiotic/probiotic use or gastrointestinal 
procedures in the previous three months. All data were anonymized 
using a code derived from non-identifiable personal information and 
matched across sample and questionnaire entries (Fig. 1).

2.3. Questionnaire

The participants were requested to complete a questionnaire, 
administered via the EUsurvey platform, which requested information 
regarding their age, sex, weight, height and any specific dietary regimes 
they may adhere to (e.g. vegetarian or vegan). It was made clear that 
providing this information would not lead to the exclusion of any par
ticipants. Additionally, intercurrent chronic diseases, pregnancy, food 
intolerances, concomitant infections (and the associated use of antibi
otics and probiotics) or gastrointestinal surgical procedures in the pre
vious three months were investigated and represented exclusion criteria. 
The 9-item questionnaire developed by Martínez-Gonz�alez et al. and the 
short version of the International Physical Activity Questionnaire 
(IPAQ) were employed to assess participants' dietary habits and usual 
physical activity levels.33,34 Furthermore, a 35-item questionnaire, 
designated the Meditation Depth Questionnaire (MEDEQ), was admin
istered for the purpose of evaluating the depth of meditation practiced 
by each participant.35 The initial questions of the questionnaire pertain 
to the methodology and duration of meditation, encompassing both the 
number of years spent practising and the minutes dedicated to each 
session. The second part of the questionnaire comprises 30 questions 
designed to elicit information about the physical and mental sensations 
experienced by the subject during the meditation session. This data is 
then used to calculate the MEDI, a quantitative measure of the depth of 
meditation.35 The MEDI and MEDEQ are two instruments developed by 
Piron (2008).36 For each question, respondents were required to indi
cate their level of agreement using a scale ranging from 0 (indicating a 
lack of agreement) to 4 (indicating a high level of agreement). The total 
score was obtained by summing the factors that were perceived to be 
conducive to meditation.3,4,6–9,11,12,15,16 The total score is obtained by 
summing the scores for factors 16, 17, 19–30, and items 1, 4, 9, 12, 13, 
and 18, which are inversely related to meditation. It should be noted 
that the total score is not related to the time factor, but rather to the 
physical and mental sensations perceived during meditation.35

2.4. Collection data

The sample size (n = 25) provided 84% power to detect a difference 
with an effect size of 0.7 at alpha 0.05 using paired two-tailed t-tests.37
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Data was collected following an invitation proposed at the end of class. 
Those who accepted the invitation were provided with the material on 
pre-determined days. The material consisted of: information letter, 
informed consent form, instructions, test tube for faecal sampling, test 
tube for saliva sampling. Labels were placed on the test tubes and linked 
to complete the questionnaire. The faecal and salivary material for 
analysis was collected independently, following detailed instructions on 
the collection method, and kept refrigerated until delivery on 
pre-established days and times. To ensure anonymity, each participant 
was identified by a code consisting of the first three letters of the 
mother's name and the father's birth year (e.g. FRA1967), which was 
unknown to researchers. The identification code was placed on each 
tube using the provided labels and inserted into the questionnaire, 
which allowed the cross-analysis of data. The questionnaire, which 
included both open and closed questions, was administered via a link on 
the EUSurvey platform, the official European Commission tool for 
managing online surveys.

2.5. Data analysis

A faecal swab (Copan Italia S.P.A., Brescia, Italy) was provided to 
each participant, along with written instructions for stool sample 
collection. Participants were instructed to deliver the sample on a pre
determined date, within 2 h from collection. The samples were tempo
rarily stored at 4–8 ◦C in a refrigerated container and transported within 
24 h to the laboratory at the University of Rome “Foro Italico”. Upon 
arrival, faecal samples were weighed, and DNA was extracted using a 
previously validated protocol for microbial DNA isolation from faecal 
traces. DNA was then purified and normalized prior to sequencing. 

Amplicon libraries targeting the V1–V3 region of the 16S rRNA gene 
were prepared following the 16S Metagenomic Sequencing Library Prep
aration Guide (part# 15044223 Rev. A; Illumina, San Diego, CA, 
USA).38,39 Tagged polymerase chain reaction (PCR) products were 
generated by two-step PCR using unique barcoded primer pairs. In this 
strategy, the adapter-containing target primers were used in the first 
PCR reaction to amplify the target gene (16S rDNA), and this product 
was then used in the second PCR using the barcode-containing primers 
to identify the individual sample. Each amplification reaction had a total 
volume of 25 μL, containing 12.5 μL of KAPA HiFi Hot Start Ready Mix 
(Roche, Pleasanton, CA, USA), 5 μL of each primer (1 μM) and 2 μL of 
template deoxyribonucleic Acid (DNA). Reactions were performed on a 
Techne® TC-PLUS thermal cycler (VWR International, LLC, Radnor, PA, 
USA). After amplification, 5 μL of PCR product from each reaction was 
used for agarose gel electrophoresis (1%) to confirm amplification. The 
final concentration of clean DNA amplicon was determined using the 
Qubit PicoGreen dsDNA BR Assay Kit (Invitrogen, Grand Island, NY, 
USA). Libraries were prepared using the MiSeq Reagent Kit Preparation 
Guide (Illumina, San Diego, CA, USA) and the iSeq100 sequencing 
platform (Illumina, San Diego, CA, USA). Raw sequencing data were 
processed using a customized bioinformatic pipeline based on the Gal
axy platform, integrating quality control and taxonomic assignment 
tools. Initial quality assessment of FASTQ files was performed using 
FASTA/Q Information Tools and Mothur. Reads were filtered to exclude 
low-quality sequences (length < 200 nt), ambiguous base calls, and 
chimeric sequences. High-quality sequences were clustered into opera
tional taxonomic units (OTUs) at 97% sequence identity, using a de novo 
clustering approach. Representative sequences from each OTU were 
taxonomically classified using the Ribosomal Database Project (RDP) 

Fig. 1. Flowchart of the study. Recruitment, inclusion, and analysis phases of participants enrolled in the Aikido and meditation-based microbiota study. Of 28 
individuals invited, 25 agreed to participate. Two were excluded due to non-compliant sampling, resulting in 23 participants in the final analysis.
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Classifier (version 2.5), which assigns taxonomic ranks based on a naïve 
Bayesian algorithm. OTUs defined at 97% similarity were considered 
species-level units, while 95% similarity was used for genus-level 
classifications.

Additionally, sequencing reads were analyzed in parallel using the 
Illumina BaseSpace 16S Metagenomics App (version 1.0.1), which ap
plies an alternative taxonomic classification pipeline based on the 
curated May 2013 release of the Greengenes reference database. Only 
taxa with a relative abundance above 0.1% were included in down
stream statistical analyses.

2.6. Statistical analysis

A descriptive analysis was conducted on the information collected. 
Weight and height values were used to calculate the BMI (Body Mass 
Index). BMI, an anthropometric indicator, is calculated as the ratio be
tween body weight (expressed in kilograms) and the square of height 
(expressed in meters). Other parameters that define the cohort are age, 
type of diet and levels of habitual physical activity and expressed as 
mean ± standard deviation (SD) and ranges. Participants were also 
grouped according to their meditation score with 3 score levels: 11 with 
a low score (0–60 – MED 0) (44%), 7 with a medium score (60–80 – MED 
1) (28%), 7 with a high score (80–120 – MED 2) (28%) and level of 
Aikido practice. The meditation score is related to the physical and 
mental sensations perceived during practice, rather than the time factor. 
Relative abundances of community members were determined with 
sparse data and summarized at each taxonomic level. The proportion of 
the gut microbiome at each taxonomic rank, such as phylum, order, 
class, family, and genus, was determined using the RDP classifier and the 
Greengenes database. Briefly, the relative abundance of the bacterial 
community was determined across 29 phylotypes (%abundance =
[number of sequences per phylum or genus/total sequences per sample] 
× 100). Subsequent mathematical analyses excluded the 24 rarest phyla 
(i.e. those with a relative abundance lower than 0.1% across all sam
ples). Alpha and beta diversity were 56 calculated using Primer7 soft
ware at a sequence similarity level of 97%. For alpha diversity, the 
Shannon index and species-level evenness index were calculated. Prin
cipal coordinate analysis (PCoA) was performed using the Primer7 
software platform to investigate dissimilarity between the groups.40–42

Student's t-test was used to compare bacterial diversity and relative 
abundance of major bacterial phyla and genus (representing 90% of the 
fecal bacterial component) of samples from participants with different 
Aikido levels and meditation levels. Analysis of variance (ANOVA) with 
a Bonferroni post hoc test was used to assess differences between par
ticipants grouped according to habitual physical activity (PA) levels and 
to compare lifestyle subgroups obtained by combining meditation depth 
(MD) adherence and PA. The statistical significance of factors poten
tially contributing to compositional differences between microbiota 
samples were also tested with PRIMER software (version 7) using the 
nonparametric permutation analysis of similarity (ANOSIM) function 
and the default setting. To identify possible determinants of microbiome 
composition, two linear regression analyses were performed with age, 
gender, BMI, diet, and Aikido level as independent variables and 
Shannon index or Firmicutes/Bacteroidetes ratio (F/B) as outcomes. A 
stepwise procedure was used to adjust for possible confounders. A 
p-value < 0.05 was considered statistically significant. Data were 
analyzed with IBM SPSS version 25 for Windows (SPSS, Chicago, IL, 
USA).

3. Results

Cohorts are particularly homogeneous, and consistent with these 
results, also t-test produced no significant dissimilarity for BMI, sex, age, 
level of education, smoking, alcohol, diet, and Aikido level (R = − 0.011, 
p = 0.5; Table 1).

A total of 1 688 571 sequences were produced by sequencing 23 

samples (one sample was not in line with prerequisites required by the 
analysis). The number of sequences for each sample ranged from 20 000 
to 92 000, leading to the identification of 471 OTUs defined at 99% 
identity. Regression analyses showed that only meditation score was 
inversely proportional to the Shannon index (p = 0.02, odds ratio (OR) 
= − 0.08, 95% confidence interval (CI) = [− 0.16 to − 0.01]), as shown in 
Fig. 2 a where on the x-axis 0 = low levels of meditation, 1 = medium 
levels of meditation, and 2 = high levels of meditation. Data analysis 
showed that alpha diversity of practitioner's gut microbiota was similar 
according to the Aikido level (Fig. 2b).

Alpha diversity indices Chao1 (p = 0.796) and ACE (p = 0.886) were 
not significantly different when compared between group 1 (high level 
of Aikido) and group 2 (insufficient level of Aikido). However, the alpha 
diversity of gut microbiota was lower in higher levels of meditation 
(Fig. 2). From data analysis, training intensity and significant differences 
in biodiversity richness based on Chao1 (p = 0.006) and ACE (p = 0.004) 

Table 1 
Socio-demographic characteristics of the sample (n = 24).

Variable Value Percentage

Gender
female 9 37.5
male 15 62.5

Age
18–30 1 4.2
31–65 20 83.3
> 65 3 12.5

Educational level
Middle school graduation 1 4.2
High school degree 9 37.5
Bachelor's degree 1 4.2
Master's degree 9 37.5
PhD 4 16.7

Smoking
No 16 66.7
Yes 8 33.3

Smoking frequency
At least once/day 6 75
4-6 times/week 1 12.5
Maximum 3 times/week 1 12.5

BMI
Normal weight 17 70.8
Overweight 6 25
Obese 1 4.2

Diet
No diet 10 41.7
Mediterranean 8 33.3
Vegetarian 3 12.5
Requested by physician 1 4.2
Caloric restriction 1 4.2
Other 1 4.2

Alcohol consumption
Often (> 5 times/month) 11 45.8
Sometimes (3–4 times/month) 10 41.7
Occasionally (1–2 times/month) 3 12.5

Aikido practice
< 300 min/week 14 58.3
> 300 min/week 10 41.7

General physical activity
Partially active 4 16.7
Physically active 20 83.3

MEDI score
Low (0–60) 10 41.7
Medium (60–80) 7 29.2
High (80–120) 7 29.2

Meditation time
< 60 min/week 13 54.2
> 60 min/week 11 45.8
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indices. Beta diversity was demonstrated as PCoA based on Bray Curtis 
algorithm by clustering for different levels of meditation (Fig. 3). Sta
tistically significant differences were found in gut microbiota composi
tion based on Aikido and Meditation levels (p = 0.001). Differences were 
recorded for meditation level (p < 0.1). Principal Coordinates Analysis 
(PCoA) based on Bray–Curtis dissimilarity revealed distinct clustering 
patterns among the three meditation groups, with partial overlap be
tween groups 0 and 1, while group 2 appeared more dispersed along the 
first principal coordinate (Fig. 3). The variable representing Aikido 
practice (AIKIDO) did not lead to a complete separation of the samples, 
although some directional shifts were noticeable, particularly within 
meditation group 1. This pattern suggests a potential interaction be
tween physical-meditative activity and gut microbiota structure, 
although not strong enough to drive a dominant separation. These ob
servations are further supported by ANOSIM analysis for the Meditation 
score, which showed a moderate but significant effect (R = 0.350, p =
0.001).

The first two PCoA axes explained approximately 33.62% and 19.4% 
of the total variance in microbial composition.

The biplot includes vectors representing the top 10 most variable 
genera, indicating their correlations with the PCoA axes. For example, 
Roseburia and Blautia vectors point along the PCoA1 axis, suggesting a 
higher abundance of these genera in samples with positive PCoA1 
scores—possibly associated with MED groups 0 or 1. In contrast, Anae
rostipes and Lachnospira align more strongly with PCoA2, contributing to 
variation particularly within group 2. These directional trends highlight 
that specific genera may act as key microbial drivers of group-level 
differences, and potentially serve as biomarkers in future interven
tional studies.

With regard to Aikido practice, subtle compositional differences 
were also observed and supported by ANOSIM analysis (R = 0.250, p =
0.001). At the phylum level, the most abundant taxa across all groups 
were Firmicutes (53%) and Bacteroidetes (34%), followed by subdom
inant phyla including Proteobacteria (6.7%), Actinobacteria (3.2%), and 
Verrucomicrobia (2.0%), together accounting for over 98% of the gut 

microbiome (Fig. 5).
When microbial composition was stratified by meditation level, 

phylum-level distributions showed notable trends (Fig. 4). In group 0, 
the predominant phylum was Firmicutes (63%)—now classified under 
the revised nomenclature as Bacillota—followed by Bacteroidetes (25%) 
(Bacteroidota), Actinobacteria (5%), and Proteobacteria (6%). In group 
1, the abundance of Firmicutes decreased to 50%, with Bacteroidetes 
increasing to 42%. This trend continued in group 2, with Firmicutes at 
48% and Bacteroidetes rising to 45%. Actinobacteria and Proteobacteria 
showed a corresponding decrease across groups, further confirming a 
shift in microbial dominance profiles with increasing meditation 
engagement. At the taxonomic genus level, 103 taxa were present with a 
relative abundance greater than 0.1%, where Bacteroides (18.4%), Alis
tipes (7.0%), Faecalibacterium (4.5%), Blautia (2.4%), Ruminococcaceae 
UCG-002 (2.4%) and Roseburia (2.2%) were the most abundant bacteria 
in the intestine. Bacteroides, Faecalibacterium, Prevotella, Ruminococcus 
and Collinsella represented the top five genera (whose proportions were 
greater than 5%). Heatmap, in Fig. 5, shows the relative abundance (%) 
of the top 20 most represented bacterial genera across three meditation 
levels (Low, Medium, and High). The most dominant genus overall was 
Bacteroides, with relative abundances ranging from 26.98% (Medium) to 
34.39% (High), followed by Faecalibacterium, Prevotella, Ruminococcus, 
and Collinsella. Notable shifts in microbial composition were observed 
across meditation levels: for example, Prevotella peaked at Medium 
meditation (17.01%), while Faecalibacterium and Bacteroides showed a 
progressive increase from Low to High meditation. Other genera such as 
Sutterella, Collinsella, and Ruminococcus showed higher relative abun
dance in the Medium group, whereas genera like Streptococcus, Lach
nospira, and Alistipes remained relatively stable across all levels. Fig. 5
illustrates how specific microbial genera may fluctuate in relation to the 
depth of meditative engagement, suggesting a potential link between 
meditation practice and gut microbiota composition.

A comparison of the most abundant bacterial genera (relative 
abundance > 1%) between the Aikido and Meditation groups revealed 
both overlapping and distinct microbial patterns (Fig. 6). In total, 10 

Fig. 2. Shannon Index Distribution by Meditation and Aikido Practice Levels. Box plot showing the distribution of the Shannon index in relationship between 
Aikido levels and Meditation depth. The box border closest to zero indicates the 25th percentile, the line inside the box represents the median, and the box border 
farthest from zero indicates the 75th percentile. The whiskers above and below the box indicate the 10th and 90th percentiles. A) Shannon value trend in three levels of 
Meditation. A significant reduction in alpha diversity is observed in the high meditation group, suggesting a potential compositional shift in gut microbiota associated 
with deeper meditative practices. B) Shannon value trend in two levels of Aikido. The Shannon index appears slightly higher in the low Aikido practice group 
compared to the high practice group, although the medians are similar (~2.4). The “Low” group shows greater variability (wider range and presence of outliers), 
while the “High” group appears more homogeneous. However, the difference is not statistically significant, suggesting that the level of Aikido practice may not 
substantially influence gut microbiota alpha diversity.
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genera exceeded the 1% threshold in the Aikido group, while 13 genera 
did so in the Meditation group. Notably, seven genera were found in 
both groups: Prevotella, Bacteroides, Roseburia, Enterococcus, Rumino
coccus, Faecalibacterium, and Alistipes, all of which are common and 
relevant members of the human gut microbiota. By analyzing the 
various distributions and fluctuations of the percentages of these genera 
in various levels of meditation depth and Aikido frequency, we observed 
that some of these genera tend to change within Meditation group. Also, 
these changes are statistically significant (p = 0.000 1), while lower 
fluctuations are recorded for Aikido practice levels. In contrast, three 
genera were exclusive to the Aikido group (Phascolarctobacterium, 
Oscillibacter, Dialister), and six were unique to the Meditation group 
(Collinsella, Sutterella, Lachnospira, Parabacteroides, Butyrivibrio, Lach
noclostridium). These differences suggest that distinct microbial profiles 
may be associated with specific lifestyle or practice-related factors, such 
as physical movement, postural stability, and meditative engagement. 
Prevotella was found slightly increased compared to the group with the 
lowest meditation score, and these results are also shown in Fig. 6.

4. Discussion

Human gut microbiota comprehends a large community of 
commensal, symbiotic and pathogenic microorganisms like bacteria, 
fungi, virus and protozoa. This serves a lot of important functions like 
physiologic ones, immune function, nutrition and metabolism of the 
host and thus. Its composition is crucial in keeping a state of health. It is 
therefore considered an influential “hidden organ”. Indeed, numerous 
studies have shown the correlation between a microbiota alteration and 

a range of disorders such as obesity, inflammatory bowel diseases, 
autism, cardiovascular disease, osteoporosis and cancer.43–47 The 
human gut microbiota's composition is influenced by numerous factors 
such as environment, diet, lifestyle, health and disease status, and 
drugs.48 Recent studies have shown that exercise is also an important 
modulating factor.49,50 Studies concerning the effects of physical ac
tivity on gut microbiota are an entirely new field, and while mechanisms 
of influence are not yet entirely clear. Preliminary studies have revealed 
a bidirectional relationship that has to be further explored. These first 
studies were conducted on animal models and reported beneficial 
changes in microbiota composition of trained rats compared with con
trols.51 In addition, a protective function of exercise against negative 
consequences of high-fat diets has been identified.52 In addition to an
imal experiments, studies on professional athletes are also increasing to 
investigate the unique characteristics, benefits and diversity of their gut 
microbiota.53 Indeed, regular physical activity should be considered as a 
valid method to maintain microbiota eubiosis (or rebalance any dys
biosis), thus improving health status. Further and more in-depth studies 
on the specific changes produced by physical activity on the composition 
of gut microbiota could be useful to explore new approaches for the 
treatment of metabolic and inflammatory diseases, in which the 
microbiota plays a key role. In this regard, data reported in literature 
show that moderate-intensity physical activity can provide greater 
benefits to gut microbiota than that given by high intensity or not at all 
exercise. In fact, physical activity leads to increased abundance of 
genera producing short-chain fatty acids (SCFA) and lactic 
acid-producing bacteria and, concomitantly, improves gut microbial 
diversity resulting in increased Akkermansia muciniphila and Oscillospira. 

Fig. 3. Principal Coordinates Analysis of Gut Microbiota by Meditation and Aikido Practice. Principal Coordinates Analysis (PCoA) biplot based on Bray–Curtis 
dissimilarity of genus-level microbial profiles. Samples are color-coded by MED groups—red for group 0, green for group 1, and blue for group 2—and shaped by 
AIKIDO practice status (▴ for non-practitioners, ▾ for practitioners). Ellipses represent 95% confidence intervals for each MED group, delineating the dispersion of 
samples within each group. Arrows indicate the Spearman correlation vectors of the 10 most variable genera, illustrating their directional associations with the first 
two principal coordinates. PCoA1 and PCoA2 explain XX% and YY% of the total variance, respectively.
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In contrast, intense exercise appears to have a negative effect on the gut 
microbiota.54 This is an important finding for the present work, as it 
lends even more relevance to the use of Aikido as a possible tool for a 

positive influence on gut microbiota, with systemic effects on overall 
health. Indeed, Aikido is a discipline suitable for everyone, offering an 
extremely flexible performance that can be adapted to moderate 

Fig. 4. Normalized relative abundance of bacterial phyla across meditation levels. Stacked bar plot showing the average composition of bacterial phyla in 
participants grouped by meditation depth: low (0), medium (1), and high (2). Only phyla with a mean relative abundance ≥ 1% across all samples are displayed 
individually; remaining taxa are grouped under “Other".

Fig. 5. Relative contribution of bacterial genera to total community abundance across meditation levels. This heatmap shows the percentage contribution of 
selected bacterial genera to the total abundance of gut microbiota in participants stratified by meditation level (Low, Medium, High). Values represent the proportion 
of each genus within the total bacterial load of the corresponding group, not normalized by row. Notably, Bacteroides consistently dominates the microbial 
composition, while genera such as Faecalibacterium, Prevotella, and Collinsella show variations across meditation levels, suggesting potential microbiota shifts linked 
to meditative practice intensity.
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intensity regimen. Furthermore, meditation practices, ranging from 
mindfulness to deep breathing exercises, induce a state of relaxation and 
focused attention. While forms of meditation have been present in many 
Eastern cultures for millennia, these practices are recently gaining 
increasing interest also in Western cultures. In addition to the spiritual 
benefits, meditation practice leads to physiological changes such as 
improved brain function, immune response and inflammatory processes. 
Contextually we may appreciate a positive effect on the control of dia
betes, fibromyalgia, hypercholesterolemia, psychological disorders and 
a reduction in heart rate and blood pressure which promotes stress 
reduction and general well-being.55 Stress is a well-known aggravator of 
gut dysfunction, affecting gut motility, barrier function, and microbiota. 
Meditation, through its stress-reducing effects, can positively influence 
gut health; in particular, it helps restore the balance of gut bacteria, 
improves gut barrier function, and reduces inflammation.56 Thus, the 
combination of mindfulness with daily exercise can significantly impact 
the psychological symptoms and inflammation through microbial 
changes in chronic pathologies like inflammatory bowel diseases, dia
betes, cancer, psoriasis, etc.31,57,58 New research underscores the posi
tive impact of regular meditation on gut health. Specifically, one study 
evaluated effects of years of deep meditation practiced by Tibetan 
monks on gut microbial regulation. In this study, the phyla Bacteroidetes 
and Firmicutes (currently referred to as Bacteroidota and Bacillota) were 
dominant in both groups, as would be expected. However, Bacteroidetes 
were significantly enriched in high level of depth meditation (29% vs. 
4%), which also contained abundant Prevotella (42% vs. 6%) and a high 
number of Megamonas and Faecalibacterium. It seemed that the bacteria 
present in subjects performing meditative exercises would be associated 
with genera implicated in recovery from psychological or neurological 
disorders.59 Based on this scientific evidence, in this work we focused on 
the assessment of gut microbiota in a sample of subjects practicing 
Meditation in Motion (Aikido) disciplines. The interest in this discipline 
is related to its conciliation of both motor and spiritual components, 
which make it a widely used practice in population of all ages. Being an 
activity “for everyone” means the possibility of practicing it in a low 
impact mode, making it suitable even for the most fragile populations, 
who can find benefits in wellness and social relationships. Aikido is also 
versatile in places of practice because it can be carried out anywhere, 
although the mat appears to be the best location. In this cross-sectional 
study, in addition to microbiota analysis, have been collected anthro
pometric data, biographical data, eating habits, physical activity levels 

and meditation practice have been evaluated through MEDI, (MEdita
tion Depth Index) and MEDEQ questionnaire (MEditation Depth Ques
tionnaire; Piron, 2008).36 Data of microbial composition from faecal and 
salivary material was analyzed in relation to biographical aspects, di
etary habits, physical activity and level of meditation depth. Subse
quently, the data obtained were compared with data from literature and 
other disciplines, but only in relation to physical activity, as data in 
literature on diet and meditation was poor. More specifically, the dis
tributions and fluctuations of microbial composition according to depth 
levels of Meditation and frequency of Aikido were analyzed. These new 
data show that some genera tend to change in a statistically significant 
way in Meditation groups (p = 0.000 1), while less fluctuations are 
recorded for Aikido practice levels. Overall, the bacteria enriched in 
those who practice meditation have previously been associated with 
improved mental health, behavior and mood. This, in addition to 
physiological effects, suggests the potentially central role of meditation 
in mental and physical well-being.60 Moreover, different bacterial 
genera differ significantly in various depth levels of Meditation. At the 
genus level, Bacteroides, Faecalibacterium, and Prevotella are found to be 
predominant in all groups, but the two first were found to be signifi
cantly enriched in Meditation group. Prevotella was found to be slightly 
increased compared to the group with lowest Meditation score (Fig. 6). 
Prevotella is a marker bacterium of intestinal good health, but it is 
believed that, if not accompanied by good Bacteroides and Akkermansia 
muciniphila, it may promote pro-inflammatory processes, infections and 
dysbiosis.61 Subjects practicing deep meditation and aikido show that 
both Prevotella and Bacteroides are enriched. Scientific evidence sup
porting this shows that Prevotella is deficient in subjects with depressive 
disorders,62,63 indicating its connection to the gut-brain axis.60,64 Also 
consistent with present data, Feacalibacterium prausnitzii and Roseburia 
are increased in moderately active individuals,64 while vigorous exer
tion appears to decrease their abundance.65,66 Ruminococcus, a marker 
of gut dysbiosis, is decreased in exercise intervention studies.67,68 Alis
tipes, one of the newest genera in Bacteroidetes phylum, was found to be 
decreased in some exercise intervention studies,69,70 although its role 
deserves further investigations. Relative abundance of Enterococcus spp. 
is higher after moderate intensity and long duration exercise, when 
compared to higher intensities and shorter durations.71 Megamonas and 
Faecalibacterium are abundant in meditation practice. Faecalibacterium 
seems to be associated with better quality of life, in fact it decreases 
under stressful conditions.72,73 These results may support this 

Fig. 6. Shared and Unique Bacterial Genera in 
Aikido and Meditation Groups. Venn diagram 
showing the distribution of bacterial genera (cutoff 
> 1% relative abundance) between the Aikido and 
Meditation groups. Seven genera—Prevotella, Bac
teroides, Roseburia, Enterococcus, Ruminococcus, 
Faecalibacterium, and Alistipes—were shared be
tween the two groups. The Aikido group uniquely 
exhibited Phascolarctobacterium, Oscillibacter, and 
Dialister, while the Meditation group was charac
terized by Collinsella, Sutterella, Lachnospira, Para
bacteroides, Butyrivibrio, and Lachnoclostridium. 
These patterns may reflect the influence of physical 
and/or meditative practices on the gut microbiota 
composition.
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cross-sectional study data showing that this genus increases as medita
tion practice increases. Furthermore, in subjects who practice aikido and 
reach high levels of depth meditation, Roseburia is enriched as shown in 
other work on the topic.59 So, scientific evidence seems to support this 
cross-sectional study data. In fact, there are works in literature that 
demonstrate specific changes in gut microbiota of subjects practicing 
physical activity, martial arts, or meditation and seem in line with these 
data.73,74 Specifically, regarding physical activity, studies show that 
exercise intensity has an influence on Fimicutes abundance. Regarding 
meditation, Bacteroidetes, particularly Prevotella and Faecalibacterium, 
appear to be enriched in subjects who practice a lot of it. This opens the 
idea that practicing a Moving Meditation activity, such as Aikido, may 
result in an eubiotic balance in practitioners. Specifically, Firmicutes 
phylum includes genera producing SCFAs, which are widely recognized 
for their involvement in crucial processes such as maintaining colono
cyte integrity, improving barrier function and increasing mucin 
expression regulating specific gene expression.75–79 Particularly, SCFAs 
(e.g. butyrate, acetate and propionate) exert their physiological activ
ities by binding the G-protein-coupled receptors (GPCRs) and modu
lating gene expression by inhibiting histone deacetylases (HDACs).80

GPCRs are cell surface receptor proteins that regulate various physio
logical and pathological processes, while HDACs are part of the epige
netic regulatory mechanisms that control the expression of genes.81,82

The defensive cells of microglia in the enteric nervous system (ENS), 
stimulated by bacterial LPS, trigger an inflammatory response, but this 
has been shown to be inhibited by acetate and butyrate through the 
inhibition of HDAC activity and NF-kB activation.83 Furthermore, sci
entific evidence supports the notion of an inverse relationship between 
type and intensity of physical activity and the amount of fecal bile acids 
influencing Firmicutes growth (mainly Clostridia spp.). Besides 
short-chain fatty acids and bile acids, some recent studies show that gut 
microbiota also have a key role in neurotransmitter's production such as 
glutamate, GABA, serotonin, and dopamine.84,85 These bacteria derived 
neurotransmitters precursors can arrive to the brain passing the 
blood-brain barrier and finalize the neurotransmitter synthesis.86

Moreover, gut bacteria metabolites can interact with enteroendocrine 
cells and thus acting locally, or transmit to brain via the fast vagus nerve 
way, to regulate the synthesis and release of neurotransmitters, the so 
called gut-brain axes.87,88 On the other hand, it seems that Bacteroides 

play a crucial role in neurotransmitters modulation along the gut-brain 
axis. It appears to be involved in tryptophan metabolism, a precursor of 
brain serotonin.70 So, in general, these observations reinforce the notion 
that gut bacteria play an active role in metabolic homeostasis and are 
influenced by practices involving both physical and mental aspects. This 
study is intended to be a contribution to the characterization of gut 
microbiota of adults practicing Aikido, a Moving Meditation Discipline. 
It provides insight into the relative abundances of major bacterial phyla 
in gut in a sample of 23 participants, suggesting the influence of different 
Meditation levels and Aikido on the composition of gut microbiota. A 
results summary of the present work is schematized in Fig. 7 where we 
may see two different, but complementary situations. On one hand (A), 
the intensity of exercise seems to be positively correlated with growth in 
relative abundance of Firmicutes phylum, on the other hand (B) the level 
of Meditation depth seems to be positively correlated with the increase 
in relative abundance of Bacteroidetes phylum. Consequently, it follows 
that Aikido (C), that organically involves a performance in both aspects 
just described, can balance the Bacteroidetes/Firmicutes ratio, with 
satisfactory effects on the health and well-being of practitioners.

4.1. Limitations

This cross-sectional study has limitations. First of all, data collected 
are meager to paint a general picture of gut microbial variation in a 
population such heterogeneous as that of Aikido practitioners. As the 
latter is a highly individualized discipline, it can be practiced at different 
intensities. Nevertheless, in this study, only time of practice was assessed 
(minutes per week), but it was absent an instrumental assessment of 
training intensity. Regarding Meditation, the MEDI score concerns only 
the physical and mental sensations perceived during practice and does 
not consider the time factor. In addition, although the sample appears to 
be quite homogeneous, diet and smoking were not considered as 
possible confounding factors. Despite these limitations, this study rep
resents the first attempt to characterize the effects of Moving Meditation 
Disciplines, particularly Aikido, on the composition of the gut micro
biota and opens new perspectives for future research on exercise stra
tegies involving the mind-body unicum.

Fig. 7. Firmicutes/Bacteroidetes Ratio in Relation to Moving Meditation Disciplines. Representation of the balance Firmicutes/Bacteroidetes ratio through the 
practice of Moving Meditation Disciplines.
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5. Conclusions

This work represents the first attempt to characterize the gut 
microbiota of a cohort of adult Aikido practitioners, a Moving Medita
tion Discipline derived from the integration of ancient Samurai arts with 
mental and spiritual aspects typical of Japanese world. So, Aikido pro
poses the systematic union of spiritual and physical components, which 
can also be proposed at low impact making it suitable or adaptable ac
tivity for everyone, even the most fragile populations. Moreover, it can 
be practiced anywhere and proposed to populations of all ages and 
conditions, with application to contexts of strong social value such as 
schools and workplaces. For these reasons, Aikido could represent a 
discipline of the highest value in health prevention and promotion 
because of its high sustainability. The results that we obtained showed 
significant alterations in gut microbiota composition among high- 
meditation practitioners. In this group, we noticed increased levels of 
Bacteroides and Faecalibacterium and a slight rise in Prevotella. For what 
concerns the Aikido level, the moderate-intensity group was linked to an 
enrichment in Firmicutes. These findings suggest that Aikido, a medi
tation in movement practice, promotes a balanced Bacteroidetes/Fir
micutes ratio, supporting intestinal eubiosis and thus contributing to gut 
health and well-being.

Considering the current epidemiological scenario of western society, 
there is a clear and urgent need to spread physical activity as a tool for 
health promotion and prevention of chronic degenerative diseases. In 
addition to this, it is increasingly relevant to use simple, sustainable and 
well-tolerated methods to ensure benefits in a new perspective that 
considers the body-mind as a unicum. In this sense, Aikido can be 
effectively employed and considered as a well-being supportive tool in 
preventing chronic and degenerative diseases. In fact, this present work 
has shown how this discipline can be helpful and supportive for gut 
homeostasis, especially when coupled with adequate depth of medita
tion. The health benefits are massive, and they are not only about cardio- 
respiratory fitness and muscle function. Instead, they also involve 
cognitive and mental aspects, with positive consequences on stress 
control, now a daily component of contemporary society. In fact, 
meditation has proven to be an excellent and effective tool for improving 
stress management and individual responses to stressful situations. The 
present study, with all its critical issues, is meant to be a preliminary 
work on the interaction between gut microbiota, wellness and Moving 
Meditation Disciplines. It is desirable that this study would be used as 
basis for future intervention studies of Moving Meditation in order to 
verify a role in stress management and chronic disease prevention.
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