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Background objectives: The purpose of this study is to investigate changes in gut microbiota related to metabolic
diseases after moderate and high-intensity exercise. A total of 24 participants were divided into three groups:
Non-Exercise Group (NEG, n = 8, 28.6 ± 5.3 years, 176.0 ± 7.8 cm, 81.3 ± 14.6 kg), Moderate Intensity Exercise
Group (MIEG, n = 8, 26.5 ± 3.3 years, 176.9 ± 5.0 cm, 75.4 ± 9.5 kg), and Vigorous Intensity Exercise Group
(VIEG, n = 8, 30.6 ± 5.9 years, 174.2 ± 3.5 cm, 77.8 ± 12.2 kg).
Methods: The participants were selected by assessing physical activity, gut health status, presence of diseases,
recent disease diagnoses, and dietary disorders. Those who reported any presence disease or recent disease
diagnosis were excluded from the current study. Stool samples were collected after a 10-h fast for gut micro-
biome analysis. MIEG participants trained at 40–59 % heart rate reserve (HRR) for at least 150 min per week,
while VIEG participants trained at ≥ 60 % HRR for at least 90 min per week. After 4 weeks, all participants
provided stool samples for gut microbiome analysis.
Data analysis was conducted using the Wilcoxon test, with statistical significance set at ≤ 0.05.
Results: The results indicated an increase in Prevotella in MIEG, while Veillonella, Dorea_formicigenerans, and
Dorea_longicatena exhibited a decrease (p < 0.05). In VIEG, there was an increase in Bacteroides, Butyricimonas,
Odoribacter, and Alistipes (p < 0.05).
Conclusion: These modified microbial groups were associated with factors related to metabolic diseases, including
inflammatory bowel disease, obesity, colorectal cancer, diabetes, hypertension, metabolic liver diseases, and
ischemic heart diseases. Additional research is essential to delve into the relationship between exercise and these
alterations in the microbiome.

1. Introduction

The gut microbiota is associated with metabolic disorders. Disrup-
tion of the balance of gut microbial communities can lead to physio-
logical changes1 and increase the risk of metabolic disorders such as
obesity, diabetes, cardiovascular disease, liver disease, as well as con-
ditions related to gut health such as colorectal cancer and irritable bowel
syndrome.2,3 Patients with inflammatory bowel disease (IBD),4 obesity,5

colorectal cancer (CRC),6 and diabetes7 have been reported to exhibit
decreased levels of specific microbes or reduced diversity compared to
healthy individuals.

One of the key factors that can help improve metabolic disorders is
exercise, which is utilized as an effective method for prevention and
intervention to provide health benefits.8 Exercise is effective in lowering

blood sugar levels in diabetic patients9 and can improve and prevent
obesity and metabolic syndrome.10 Additionally, it has been reported to
alleviate symptoms in patients with colorectal cancer, irritable bowel
syndrome (IBS), and IBD.11–13 To improve and prevent metabolic dis-
orders through regular exercise, the American College of Sports Medi-
cine (ACSM) recommends moderate-intensity aerobic exercise for at
least 30 min a day, five days a week, or a total of 150 min per week, or
vigorous-intensity aerobic exercise for at least 20 min a day, three days a
week.14

Exercise influences the composition and changes of gut microbiota.
Analysis of habitual exercise levels has shown that groups with higher
weekly exercise volumes had higher levels of Prevotella,15 athletes
exhibited higher diversity of gut microbiota with significantly higher
proportions of Akkermansia, and individuals with better aerobic
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capacity had higher levels of bacteria such as Clostridiales, Roseburia,
Lachnospiraceae, and Erysipelotrichaceae, which contribute to butyrate
production.16,17 After six weeks of exercise, butyrate-producing bacteria
such as Clostridiales spp., Lachnospira spp., Roseburia spp., Lachno-
spiraceae unclass, and Faecalibacterium spp. Increased, but decreased
after returning to sedentary behavior.18 A group that performed aerobic
and resistance exercise of moderate to high intensity for 12 weeks
showed an increase in Bacteroides and a decrease in Clostridium cluster
IX in the aerobic exercise group.19 High-intensity competitive training
altered various species of microbes, particularly those producing buty-
rate, such as Dorea longicatena, Bacteroides vulgatus, Faecalibacterium
prausnitzii, Bacteroides uniformis, Prevotella copri, and Eubacterium
rectale.20,21

Previous research suggests that the microbiota can be altered
through exercise habits or interventions. Specifically, it is proposed that
exercise promotes the proliferation of microbiota clusters responsible
for producing butyrate and short-chain fatty acids (SCFAs) 21,22 This, in
turn, activates essential regulators of energy metabolism within muscle
cells, establishing a link between muscle-microbiota communication.
This connection holds potential for preventing or improving metabolic
disorders through various metabolic pathways. Additionally, both
low-intensity exercise, below 40 % of maximal oxygen uptake, and
high-intensity exercise exceeding 60 % activate the
hypothalamic-pituitary-adrenal (HPA) axis, inducing physiological and
psychological stress as well as homeostatic changes. Exercise intensity is
thus proposed as a crucial factor in altering gut microbiota
composition.21,23–26

However, due to the diverse range of subjects and varied lifestyles in
previous studies, findings on the alterations in gut microbiota resulting
from interventions based on exercise intensity are insufficient.
Furthermore, there is a scarcity of studies specifically investigating
whether the changes in gut microbiota induced by exercise are corre-
lated with metabolic disorders. Therefore, purpose of the current study
is to examine the alterations in gut microbiota linked with moderate and
vigorous-intensity exercise. It seeks to understand whether exercise af-
fects microbiota composition in a manner relevant to metabolic health.
It is hypothesized that moderate to vigorous intensity exercise may in-
fluence microbiota composition.

2. Methods

1) Participants

Twenty-four healthy men participated in this study. Participants
were recruited through public recruitment notices and online platforms.
They were given the option to choose their desired group from the
following: Non-Exercise Group (NEG), Moderate Intensity Exercise
Group (MIEG), and Vigorous Intensity Exercise Group (VIEG). To
minimize variables affecting changes in gut microbiota other than ex-
ercise, the selection process included assessing physical activity, gut
health status, the presence of diseases, recent disease diagnoses, and
dietary habits (Table 1).

This study, conducted on human subjects, received ethical approval

from the Institutional Review Board of Kookmin University to consider
the ethical situations of researchers and participants, in accordance with
the Helsinki Declaration (KMU-202001-HR-227). Before participating in
the experiment, potential participants were screened to minimize
external environmental factors that could influence changes in their gut
microbiota. Only individuals meeting all the following conditions were
included in the study: Absence of chronic illnesses, no history of surgical
procedures within the last 3 months, responded ‘NO’ to all 7 items in the
Physical Activity Readiness Questionnaire (PAR-Q), engaged in only
moderate physical activity or less over the past week, according to the
International Physical Activity Questionnaire (IPAQ), no self-diagnosis
of irritable bowel syndrome (Rome III Process) and no abnormalities
in bowel symptoms severity, as per the Bowel Symptom Severity Scale
(BSSS), no medication intake within the last week, no regular aerobic
exercise in the last 3 months, and absence of any eating disorders.

2) Procedure

2.1. Preliminary examination

The experimental procedure is presented in Fig. 1.
Before the commencement of the experiment, the height and weight

of the participants were measured, and resting heart rate was assessed to
determine exercise intensity.

Participants were instructed to maintain their usual dietary routines.
The nutritional analysis software Canpro 5.0 (Korean Nutrition Society,
Korea) was utilized to evaluate their dietary intake based on three-day
records, documented twice on weekdays and once on weekends. These
records comprehensively detailed the quantities of food consumed,
including water, supplements, and others. It was emphasized that par-
ticipants maintain their regular diets as short-term dietary interventions
have been shown to quickly alter microbiota diversity in humans.27

Additionally, prior to commencing a 4 weeks exercise program,
participants were provided with individualized heart rate reserve (HRR)
ranges. Throughout the 4 weeks period, participants engaged in exercise
within their prescribed HRR ranges, either in a laboratory setting or
outdoors. Participants reported the start and end times of exercise ses-
sions. Each participant’s exercise volume was calculated in MET-min/
week using Kaminsky’s formular.28–30

For gut microbiome analysis, a fecal sample kit (green biome, GC
Green Cross Genome, Korea) was utilized. One day before fecal collec-
tion, participants limited food intake, maintaining a 10 h fasting period
until the next day’s stool collection, excluding water. The collected kit
was stored in a location not exceeding 20 ◦C and shielded from sunlight,
and it was submitted to the analysis facility within 10 days.

2.2. Training

Participants in the exercise groups followed the exercise intensity
guidelines of theACSM for 4 weeks. The MIEG engaged in exercise in-
tensity corresponding to 40–59 % (HRR for at least 150 min per week.
The VIEG performed high-intensity aerobic exercise at an intensity of ≥
60 % HRR, including a 5 min warm-up, at least three times a week, for
more than 30 min per session, totaling at least 90 min per week.

MIEG performed walking and cycling, while VIEG performed in
running and cycling for a duration of 4 weeks. The initial and final ex-
ercise sessions was conducted in the laboratory, while the remaining 4
weeks of exercises performed in both laboratory and outdoor. In the
laboratory, participants wore heart rate monitors (M400, Polar, Oulu,
Finland), while during outdoor activities, personal wearable devices
(such as the Apple Watch, Apple, USA, or Galaxy Watch, Samsung,
Korea) was utilized to keep heart rate ranges.

Table 1
Physical characteristics of the subject.

NEG (n = 8) MIEG (n = 8) VIEG (n = 8) p

Age (yrs) 28.6 ± 5.3 26.5 ± 3.3 30.6 ± 5.9 0.272
Height (cm) 176.0 ± 7.8 176.9 ± 5.0 174.2 ± 3.5 0.620
Weight (kg) 81.3 ± 14.6 75.4 ± 9.5 77.8 ± 12.2 0.633
BMI (kg/m2) 26.1 ± 3.3 24.0 ± 2.5 25.6 ± 3.5 0.403
IPAQ (METs/week) 401.4 ± 100.5 397.5 ± 96.3 408.7 ± 104.8 0.975
BSSS (score) 2.7 ± 2.5 1.6 ± 2.0 1.7 ± 2.7 0.604

NEG: Non-Exercise Group, MIEG: Moderate Intensity Exercise Group, VIEG:
Vigorous Intensity Exercise group, BMI: Body Mass Index, IPAQ: International
Physical Activity Questionnaires, BSSS: Bowel Symptom Severity Scale.
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2.3. Post-examination

After 4 weeks, a post-examination was conducted using the same
methods as the preliminary examination.

2.4. DNA preparation and sequencing

Stool suspension (600–800 μl) was used for DNA extractions. DNA
was extracted from all samples at GC Genome, corp. Using chemagic
DNA Stool Kit (PerkinElmer Inc., USAs) according to the manufacturer’s
recommendations with modified pretreatment bead-beating step. DNA
concentration was determined fluorometrically on the Qubit® 3.0
Fluorometer (Thermo Fisher Scientific, USA) using the QubitTM dsDNA
HS Assay Kit. Based on these values the DNA was diluted with nuclease
free water. These prepared DNA samples were used for 16 S library
construction using the NEXTflex 16 S V4 Amplicon-Seq (BioO Scientific,
USA). The prepared library was checked with a 4200 Tape Station
System (Agilent Technologies; USA). The library was diluted to an
equimolar concentration and samples with different barcode sequences
were pooled together. Paired-end sequencing was performed with the
Miseq reagent kit v2 nano using a MiSeq. 2000 instrument according to
the manufacturer’s instructions (Illumina, USA). For measuring the
overall quality of IlluminaMiSeq paired-end (PE, 2× 250 nt) sequencing
runs 12 % of PhiX DNA (Illumina, USA) was used.

2.5. Bioinformatic analysis

Primer trimming of paired-end data was performed by cutadapt and
the fastq files were imported into a QIIME2 data artifact ending in. Qza.
Quality trimming, paired-end sequence merging and removal of chimera
sequence were performed by using the DADA2 software and we trun-
cated the forward and reverse reads at 200, 160 nucleotides respec-
tively. For quality control of filtered data, samples less than 20,000 reads
or bases scoring q30 less than 85 % were retested. For created output
feature table, features with fewer than 10 reads in a batch were
removed. Alpha diversity tests was performed in the QIIME2 pipeline
and Shannon’s index was calculated. For sample normalization a 20,000
read depth was set. For taxonomy classification, filtered features were
combined and classified with same taxonomy using Naïve Bayesian
classifier trained with the Refseq reference databases.

3) Data analysis

All experimental data were analyzed using statistical Package for
Social Sciences software (IBM Corp, Released 2019, IBM SPSS Statistics
for Window, Version 26.0. Armonk, NY: IBM Corp). Graphics were
produced using Microsoft Excel and OriginPro 2023.

The Wilcoxon test was used to analyze the changes in gut microbiota
within groups before and after the intervention based on exercise in-
tensity. Data are presented as mean ± SD throughout and the statistical
significance level was set at α ≤ 0.05.

3. Results

Table 2 presents the exercise volume and dietary intake among group
over 4 weeks.

Measurements of the exercise frequency, average HR, exercise in-
tensity by % HRR, and metabolic scope by METs showed significant
differences between groups (p ≤ 0.05). However, exercise volume, en-
ergy expenditure, total calorie intake and the proportions of carbohy-
drate, protein, and fat were not significantly different between groups
(p ≥ 0.05).

The change in gut microbiota clusters before and after the moderate
and high-intensity exercise are presented in Fig. 2.

In this study, the major microbial clusters collected were analyzed to
identify factors related to chronic diseases in MIEG and VIEG, as pre-
sented in Fig. 3.

In MIEG, Prevotella increased (pre: 12.8 ± 19.6 %, post: 16.2 ± 20.6
%, z = − 2.380, p = 0.017), while Veillonella (pre: 0.8± 1.3 %, post: 0.1
± 0.2 %, z = − 1.960, p = 0.049), Dorea_formicigenerans (pre: 0.06 ±

0.06 %, post: 0.03 ± 0.05 %, z = − 2.023, p = 0.043), and Dor-
ea_longicatena (pre: 0.14 ± 0.14 %, post: 0.03 ± 0.04 %, z = − 2.023, p
= 0.043) decreased.

In VIEG, Bacteroides (pre: 18.7 ± 12.7 %, post: 27.3 ± 16.1 %, z =
− 2.521, p = 0.012), Butyricimonas (pre: 0.02 ± 0.03 %, post: 0.14 ±

0.16 %, z= − 2.521, p= 0.012), Odoribacter (pre: 0.1± 0.1 %, post: 0.3
± 0.3 %, z = − 1.992, p = 0.046), and Alistipes (pre: 0.3 ± 0.4 %, post:
0.8 ± 0.6 %, z = − 2.521, p = 0.012) increased.

Fig. 1. Research procedures.

Table 2
Exercise volume and dietary intake among group over 4 weeks.

NEG (n =

8)
MIEG (n =

8)
VIEG (n =

8)
p

Exercise Frequency (per
week)

– 5.0 ± 0.5 3.5 ± 0.3 <0.001

Average HR (bpm) – 135.4 ±

6.5
153.0 ±

3.2
<0.001

Average Intensity (%
HRR)

– 52.1 ± 2.9 70.3 ± 3.5 <0.001

Average Metabolic Scope
(METs)

– 6.0 ± 0.8 9.5 ± 1.5 <0.001

Exercise Volume (MET-
min/week)

– 932.1 ±

132.4
915.1 ±

140.2
0.806

Energy Expenditure
(kcal/week)

– 1214.7 ±

125.3
1230.8 ±

180.0
0.839

Average Caloric Intake
(kcal/day)

2240.9 ±

179.1
2192.7 ±

164.1
2347.9 ±

262.3
0.325

Average Carbohydrate
Intake (g/day)

293.3 ±

29.5
265.6 ±

29.8
287.8 ±

27.0
0.150

Average Protein Intake
(g/day)

86.1 ±

12.1
91.3 ±

11.7
82.7 ±

11.3
0.358

Average Fat Intake (g/
day)

76.5 ±

11.8
74.6 ±

18.8
81.5 ±

20.9
0.721

NEG: Non-Exercise Group, MIEG: Moderate Intensity Exercise Group, VIEG:
Vigorous Intensity Exercise Group.
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4. Discussion

This study investigated the changes in gut microbial clusters after
moderate and high-intensity exercise and the metabolic disease-related
factors. Increased Prevotella in the MIEG (p < 0.05) is known as a major
bacterium determining gut type, producing thiamine, and exerting a
significant influence on SCFAs production.31,32 Prevotella has been
associated with gut health, as higher levels are linked to better prognosis
in CRC patients,33 while lower levels are associated with higher recur-
rence rates in IBD patients.31 Moreover, Prevotella has been reported to
be lower in individuals with atherosclerotic cardiovascular disease
(ACVD) and obesity.34,35

In the present study, Prevotella significantly increased after 4 weeks
of continuous moderate-intensity exercise, consistent with previous
research suggesting a correlation between higher Prevotella levels and
regular exercise, as well as its association with exercise volume.8,11,36

However, it is premature to assign significance solely based on this
study’s results because Prevotella relies on dietary fiber-rich foods or
vegetarian diets and is associated with inflammatory diseases,8,33,36

future studies are needed to explore various intervention variables such
as exercise duration, type, and diet.

Veillonella, Dorea_formicigenerans, and Dorea_longicatena signifi-
cantly decreased in the MIEG (p < 0.05). Veillonella has been shown to
increase or have a higher distribution in ischemic heart disease (IHD)

patients.34,37 Dorea_formicigenerans and Dorea_longicatena are more
prevalent in obese individuals and considered as obesity biomarkers.38

Regular physical activity and organized exercise are essential for pa-
tients with IHD and obesity, recommending moderate-intensity regular
physical activity unless contraindicated.39 Although the current results
fromMIEG alonemay be insufficient, diseases where exercise is essential
such as IHD and obesity may expect correlation through additional
research on changes in gut microbiota.

In the VIEG, Bacteroides, Butyricimonas, Odoribacter, and Alistipes
significantly increased (p < 0.05). Bacteroides, a major determinant of
gut type, provides nutrients and vitamins to hosts and other gut mi-
crobes through carbohydrate metabolism, contributing to health
improvement. Additionally, it plays a role in assisting other microbes as
providers or symbionts near hosts.40 Previous studies have shown a
decrease or low distribution of Bacteroides in patients with ACVD,
obesity, IBD, hypertension, and diabetes.34,41–47 Butyricimonas is
known as a butyrate-producing microorganism, promoting immune cell
response, immune function, anticancer, and anti-inflammatory effects,
preventing bacterial proliferation or pathogen formation, and contrib-
uting to carbohydrate metabolism, insulin stability, and insulin sensi-
tivity to regulate blood sugar. It also contributes to lowering systolic
blood pressure, crucial for maintaining gut microbial balance. Indeed,
compared to healthy individuals, Butyricimonas has been reported to
decrease or have a low distribution in patients with hypertension and

Fig. 2. The key components of three groups before and after exercise.
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diabetes.44,48–50 Increased Odoribacter, another part of the healthy and
balanced gut microbiota, produces SCFAs. It protects the gut barrier
against pathogens, activates anti-inflammatory and immune regulation,
maintaining homeostasis for health promotion. Odoribacter has been
reported to decrease or show low distribution in patients with metabolic
liver disease and IBD.51–53 Alistipes, commonly found in healthy in-
testines, acts as a producer of SCFAs, preventing inflammation and
colonization of harmful bacteria, aiding in nutrient absorption and en-
ergy generation from carbohydrates. It has been shown to have an in-
verse correlation with metabolic liver disease, ACVD, CRC, and IBD in
previous studies.51,54

The increased microbial clusters observed after moderate and high-
intensity exercise in this study are closely related to SCFAs. SCFAs are
considered the major metabolites of gut microbiota, regulating host
carbohydrate metabolism, energy balance, and local as well as systemic
immune function. Previous studies have reported relationships between
SCFAs and exercise. The SCFAs promote immune function in athletes,
aiding exercise recovery through anti-inflammatory activity, and
providing the energy for exercise, particularly enhancing metabolic ef-
ficiency during endurance exercise.55,56

In the present study, participants in the MIEG trained at 40–59 % of
HRR for at least 150 min per week, while those in the VIEG trained at
≥60 % of HRR for at least 90 min per week over 4 weeks without su-
pervision. These exercise protocols influenced changes in the gut
microbiome. These results are consistent with previous studies indi-
cating that 6 weeks of moderate to vigorous aerobic exercise training
(60–75 % of HRR) altered the gut microbiota and increased microbial-
derived SCFAs in previously sedentary lean and obese adults, without
changes to dietary patterns.18 This study also linked exercise-induced

changes in the gut microbiota and SCFAs to alterations in body
composition in lean individuals and oxygen uptake in obese individuals,
suggesting the role of the gut microbiota in regulating physiological
adaptations to exercise.18 Another previous study reported that after 5
weeks of moderate-intensity aerobic exercise, acetate, propionate, and
butyrate levels increased.57

The possible explanation for the difference in gut microbial diversity
and composition between exercise intensities are due to several con-
nected factors. Higher exercise intensities increase endogenous meta-
bolic inputs, such as lactate, which gut bacteria can utilize.18,58 Exercise
also enhances intestinal contents mixing, promoting better bacterial
fermentation of dietary fibers. Additionally, exercise changes colonic
oxygen saturation and pH levels, assisting anaerobic fermentation.18,58

This leads to reduced intestinal utilization and uptake of SCFAs,
resulting in higher fecal SCFAs levels. Moreover, exercise increases the
activity of key genes involved in SCFAs production, such as BCoAT and
methylmalonyl-CoA decarboxylase, which enhance the microbiota’s
ability to ferment dietary fibers and produce butyrate and propio-
nate.18,58,59 These factors could collectively contribute to the observed
differences in gut microbial diversity and SCFAs production between
exercise intensities.

A previous study has shown increased gut microbial richness in
professional rugby players compared to sedentary individuals matched
for BMI. However, the impact of physical fitness could not be isolated
from dietary influences due to significant dietary differences.16 Some
studies suggest significant differences in the microbiomes of athletes
competing in different types of sports, such as resistance and
endurance-based sports (weightlifting vs. long-distance running).60

Microbiome composition has been shown to predict exercise gains in

Fig. 3. Changes in factors related to metabolic disorders before and after exercise (a) Change in microbiota of MIEG (b) Change in microbiota of VIEG.
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both resistance and cardiovascular exercise, with different taxa being
significant for each exercise modality. Cardiovascular exercise has a
minor and transient effect on microbiome composition.61 A study by
Scheiman et al. reported that the species Veillonella atypica was highly
enriched in the fecal samples of marathon runners.62 This finding is
consistent with another study that observed a dramatic increase in the
genera Veillonella and Streptococcus in the guts of ultra-marathon
runners post-race.63 Fontana et al. revealed a correlation between gut
microbial profiles and athletes’ categories through taxonomical
profiling. This correlation is evidenced by a recurrent microbial pattern
primarily defined by SCFAs producers, including Faecalibacterium,
Eubacterium, Blautia, and Ruminococcus species, which are statistically
associated with athletes’ samples. The enzymatic functional clusters
(EFCs) related to athletes were positively linked to 752 enzymes
(Enzyme Commission nomenclature, EC numbers) and 73 high biolog-
ical impact synthases (HIBS), a subset of manually identified biosyn-
thetic reactions. In contrast, the EFCs related to sedentary individuals
were positively linked to only 105 EC numbers and 14 HIBS, high-
lighting the reduced ability of sedentary individuals’ gut microbiota to
affect host health through the production of secondary metabolites.64

Several limitations to this study exist and should be considered for
generalization and interpretation to those with metabolic disorders.
First, the study design employed only healthy individuals, which limited
the external validity of the results to metabolic disorders. Future
research should include participants with diverse metabolic conditions
to better understand how exercise-induced changes in the gut micro-
biota in population with metabolic disorders. Second, we did not control
the participants’ diet or modify their usual dietary habits, nor did we
control other lifestyle habits or factors besides exercise. Therefore, it is
insufficient to confirm the correlation with metabolic disorders through
the effects of 4 weeks of moderate and high-intensity aerobic exercise.
However, an animal model study also showed that increased species

richness is robust only under high-fat diets after voluntary wheel
running.65 Therefore, it is challenging to determine the characteristics of
altered gut microbiota clusters according to moderate and high-intensity
aerobic exercise. Future studies should delve into specific and compre-
hensive changes in exercise and microbial communities to determine the
most suitable exercise parameters based on individual conditions.

While increased microbial clusters generally contribute positively,
they can potentially become opportunistic pathogens and cause in-
fections when the gut environment changes, underscoring challenges in
definitively correlating these changes with metabolic disorders.40

Despite these limitations, investigating exercise’s effects on microbial
groups could yield positive outcomes in mitigating risks associated with
metabolic disorders. Although numerous studies have explored effects of
exercise on altering the gut microbiome profile, definitive conclusions
on the optimal exercise type, intensity, and duration remain elusive.66

Future examinations of this topic would benefit from focusing on the
effect of exercise on changes in microbial communities and composi-
tion.67 Based on the present data, additional investigations into the gut
microbiome should explore its potential effects on patients with chronic
diseases such as metabolic disorders, diabetes, and hypertension. The
current results suggest that further research is needed to examine the
applicability of these findings to metabolic disorders.

5. Conclusion

The findings reveal distinct changes in gut microbiota induced by
moderate and high-intensity exercises. Moderate exercise resulted in
increased Prevotella but decreased Veillonella, Dorea_formicigenerans,
and Dorea_longicatena, while high-intensity exercise led to elevated
levels of Bacteroides, Butyricimonas, Odoribacter, and Alistipes.
Notably, both exercise intensities augmented microbial groups associ-
ated with SCFAs production and metabolic processes, suggesting

Fig. 3. (continued).
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potential roles in anti-inflammatory responses, immune functions, and
metabolic regulation. However, the duration of these changes and their
actual impact on metabolic disease remain uncertain, future studies are
needed for further comprehensive investigations.
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