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Abstract

The gut microbiota represents a complex microbial ecosystem with the potential to influence
athletic performance, energy metabolism, inflammatory responses, and recovery capacity
in athletes. However, the specific relationship between microbiota and performance in com-
bat sport athletes remains poorly characterized. This scoping review systematically maps
current evidence on gut microbiota-combat sports performance relationships, identifies
microbial response patterns to training and competition, evaluates nutritional prebiotic
and probiotic interventions, and highlights methodological gaps to guide future research.
Following the PRISMA-ScR framework, 8 studies were identified, which included 247 elite
and high-level athletes, comprising 169 males and 78 females, with sample sizes ranging
from 12 to 53 across wrestling, mixed martial arts, martial arts, judo, and taekwondo.
Associations were observed between gut microbiota characteristics and training intensity,
competition level, weight management, and pre-competition psychological states. Limited
taxonomic consistency was observed across studies, with most bacterial genera appearing
in a single investigation, precluding the identification of robust sport-specific microbial
signatures. Preliminary trials demonstrated improvements in gastrointestinal symptoms,
aerobic performance, and psychological fatigue with prebiotic and probiotic interventions.
However, small sample sizes and methodological heterogeneity across studies limit gen-
eralizability and preclude definitive conclusions regarding the role of gut microbiome in
combat sports performance.

Keywords: gut microbiome; combat sports; athletic performance; sports nutrition;
prebiotics; probiotics

1. Introduction

Combeat sports (CS), including wrestling, mixed martial arts (MMA), martial arts,
judo, boxing, and taekwondo, require a combination of strength, power, endurance, and
agility, presenting distinctive physiological and metabolic demands on athletes [1]. Combat
sport athletes (CSA) are subjected to intense training and competition regimens charac-
terized by high-intensity intermittent exercise alternating between aerobic and anaerobic
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demands, weight control practices, frequent competitions, and psychological stress, factors
that can influence gut microbiota composition and function [2-4]. These sport-specific
characteristics could contribute to distinctive gut microbiota profiles in CSA compared
with athletes from other disciplines, with variability in microbiota composition influenced
by training and competition demands, dietary strategies, and travel-related stressors [5-7].
Despite its potential role in modulating athletic performance and training adaptations, gut
microbiota remains relatively underexplored in CS, with specific physiological characteris-
tics providing a valuable model for investigating microbiome responses to training and
competition [5,8-11].

Recent investigations have explored the relationship between microbiome and various
aspects of performance in CS, including weight management, post-exercise recovery, inflam-
matory responses, and pre-competition psychological states. Emerging evidence suggests
that distinct microbiota compositions contribute to athletic performance by influencing
inflammatory markers, energy metabolism, and immune function [9,12,13]. Understand-
ing these microbiota-performance interactions offers opportunities to optimize athletic
outcomes through microbiota-targeted approaches [9,14-18].

However, CSA are exposed to challenges, including weight control practices, that
can compromise the integrity of gut microbiota [8,19-24]. Rapid weight loss (RWL) is
prevalent in disciplines such as boxing, wrestling, judo, and MMA, where athletes often
aim to lose at least 5% of their body weight within 3-7 days before official weigh-ins,
typically employing methods such as extreme dehydration, calorie reduction, and increased
exercise [25-29]. This practice can alter microbial composition, with detrimental effects
on gut health and athletic performance [30]. Evidence suggests that microbial diversity
can be reduced in athletes following extreme dietary restrictions, leading to increased
inflammatory markers and decreased immune function, highlighting the critical interplay
between weight management practices and microbiome health [9,31-39].

Given these challenges, probiotic supplementation has been shown to have benefi-
cial effects on microbiota composition and aerobic performance in athletes [10,12,40-44].
Growing evidence suggests that gut microbiome plays a role in optimizing performance,
providing a rationale for manipulating microbiota composition through targeted nutri-
tional strategies. Prebiotic and probiotic interventions represent promising approaches
for enhancing gut health and competitive outcomes in CSA [10,12,45-48]. Despite these
insights, methodological heterogeneity and limited sample sizes remain a challenge in
current research [49].

This systematic scoping review aims to identify available evidence on the relationship
between CS performance and microbiome, with a particular focus on performance-related
biomarkers, and to identify recurring patterns in microbiota responses to training and
competition. It further analyzes direct correlations between specific microbial profiles and
quantitative performance indicators, such as power, endurance, and recovery times. Finally,
it evaluates the effectiveness of nutritional and dietary supplementation strategies for mod-
ulating gut microbiota to enhance athletic performance, while highlighting methodological
and knowledge gaps that may limit the current understanding of the microbiome’s role
in CS.

2. Materials and Methods

This scoping review was conducted following the PRISMA-ScR (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews)
methodological framework [50] (Supplementory File S1). The protocol was developed
a priori to systematically guide the research and analysis process. The current scoping
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review was registered with the Open Science Framework (OSF) under the following DOI:
10.17605/OSEIO/2G48C, identifier 2G48C.

2.1. Study Design

The choice to conduct a systematic scoping review stems from the heterogeneity of
methodological approaches in available studies examining gut microbiome-CS relation-
ships, the emerging nature of this research field with limited standardized evidence, the
need to map existing evidence across diverse CS disciplines, the complexity of microbiome-
performance interactions requiring exploratory analysis, and the importance of identifying
significant methodological gaps to guide future research directions.

2.2. Eligibility Criteria

The inclusion criteria were structured following the Population, Concept, and Context
(PCC) framework, including elite and high-level CSA (P), gut microbiota analysis, nutri-
tional interventions, and prebiotic, probiotic, postbiotic, and synbiotic supplementation
(C) and athletic performance, weight management, and competition outcomes (C) [50].
Eligible studies included original research, such as randomized controlled trials (RCTs) and
observational studies (including cross-sectional, prospective, and retrospective studies),
as well as systematic and narrative reviews published in the English language. CS disci-
plines included wrestling, MMA, judo, taekwondo, boxing, kickboxing, Brazilian jiu-jitsu,
and other martial arts practiced at competitive levels. Elite and high-level athletes were
defined either according to the criteria reported in the included studies or, when these
were not available, based on their competition level. Elite athletes competed at the highest
national or international levels, while high-level athletes engaged in structured training
and competed at regional or national levels. The exclusion criteria were precisely defined,
including studies on non-athletic populations, recreational or non-competitive athletes,
studies with incomplete microbiota data, studies conducted exclusively on animal models,
and publications in languages other than English.

2.3. Research Strategy

To identify relevant studies, a systematic review of the existing literature on the
topics of microbiome and CS was conducted. Studies examining the relationship between
microbiota and athletic performance, pre-competition anxiety, weight management, and
prebiotic or probiotic interventions in CSA. Systematic database searches were conducted
in the PubMed, Scopus and Web of Science databases using MeSH terms and keywords
related to three main domains: (“Gastrointestinal Microbiome” OR “Gut Microbiome” OR
“Gut Microbiota” OR “Intestinal Microbiota”) AND (“Exercise” OR “Physical Activity” OR
“Physical Activities” OR “Sports” OR “Athletic” OR “Athletics”) AND (“Judo” OR “Mixed
Martial Arts” OR “MMA” OR “Jiu Jitsu” OR “Brazilian Jiu Jitsu” OR “BJJ” OR “Taekwondo”
OR “Wrestling” OR “Boxing” OR “Kickboxing” OR “Muay Thai” OR “Karate” OR “Sambo”
OR “Kung Fu” OR “Wushu” OR “Capoeira” OR “Kendo” OR “Martial Arts” OR “Combat
Sports”). The search was limited to peer-reviewed publications in English, published up to
8 November 2025, excluding grey literature.

2.4. Selection Process, Data Extraction and Analysis

The study selection process followed a systematic approach, including an initial
screening of titles and abstracts, full-text evaluation of potentially eligible articles, and
exclusion of duplicate articles. J.C. and C.R. independently conducted the selection process
and data extraction, with A.F. and A.P. consulted to resolve any discrepancies.

Particular attention was given to studies specifically analyzing the relationship be-
tween gut microbiota and CSA. Data were extracted using a standardized form, which
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included study characteristics, population, design, duration, microbiota analysis methodol-
ogy, training protocols, nutritional interventions, primary and secondary outcomes, main
results, and limitations.

2.5. Quality Assessment

In accordance with scoping review methodology, we did not employ standardized
quality assessment tools, as the primary objective was to map available evidence and
identify knowledge gaps rather than evaluate intervention effectiveness [50]. This method-
ological approach aligns with the exploratory nature of research in the emerging field of
microbiome in CS. For the 8 included studies, we systematically assessed key methodologi-
cal characteristics, including populations and sample sizes, presence of a control group,
intervention duration, dropout rates, microbiota analysis methodologies, and main limita-
tions (Table S1). This evaluation revealed that 3 studies employed RCTs designs [51-53],
3 utilized cross-sectional observational approaches [54-56], and 2 used a prospective de-
sign focusing [57,58]. Sample sizes ranged from 12 to 53 participants, with intervention
durations of 4 to 8 weeks for the controlled studies. Several methodological considerations
emerged across the included studies. Six of eight investigations relied on 165 rRNA se-
quencing for microbiota analysis, which offers practical advantages but provides limited
taxonomic resolution compared to shotgun metagenomic approaches [51,53-57], while one
study employed shallow shotgun sequencing [52]. Only four studies complemented their
165 analysis with metabolomic profiling or functional predictions, providing more compre-
hensive insights into microbiota functionality [51,54,56,57]. One study focused exclusively
on fecal organic acid analysis without a full characterization of the microbiota [58].

Inherent challenges in conducting research with elite CSA contributed to observed
methodological limitations, including predominantly small sample sizes, limited availabil-
ity of appropriate control groups, and logistical constraints imposed by competition sched-
ules, training periodization demands, and weight management practices. These factors,
combined with the specialized nature of CS populations and ethical constraints regard-
ing experimental interventions during competitive periods, explain the predominance of
observational studies and relatively short intervention durations in the available literature.

3. Results

The analysis included eight studies examining the relationship between gut microbiota
and performance in CSA, including 3 studies on wrestling, 1 on MMA, 1 on wushu martial
arts, 1 on judo, and 1 on taekwondo. No eligible systematic or narrative reviews were
identified. All eight included studies were original research articles (Figure 1).

3.1. Study Characteristics

A total of 247 CSA were included in this systematic scoping review, comprising diverse
populations across multiple CS disciplines: wrestlers (n = 77; 65 male, 12 female), MMA
(n = 23 male), judokas (n = 20 male), wushu martial arts (n = 28; 13 male, 15 female),
and taekwondo (n = 99; 48 male, 51 female). This diverse sample enabled comprehensive
analysis across various CS modalities and sexes. The athletic level varied across studies,
although they consistently involved competitive populations, including elite and high-level
athletes. This distinction is critical, as elite and high-level athletes exhibit fundamentally
different microbiota profiles compared to sedentary individuals or recreational athletes,
which can be attributed to differences in training volume, dietary patterns, travel demands,
and physiological adaptations [6,7]. The duration of interventions ranged from several
weeks to two months. Microbiota analysis methodologies mainly included 16S rRNA
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sequencing, shotgun metagenomics, and mass spectrometry for metabolomic analysis

(Tables 1 and S1).

Identification of studies via databases and registers

Identification

Records identified from:
- PubMed (n =10)
- Scopus (n = 16)
- Web of Science (n = 12)

Records removed before
screening:
Duplicate records removed
(n=17)
Records removed for
irrelevant title (n = 7)
Records removed for
language (n = 4)

l

Screening

Records screened
(n=10)

A 4

Reports assessed for eligibility
(n=10)

Reports excluded (n = 2)

- Incomplete microbiota
data (Missing taxonomic
analysis or insufficient
methodological details)

Included

[

Studies included in scoping
review
(n=8)

Figure 1. The PRISMA Flow Chart.

https:/ /doi.org/10.3390/sports14010019


https://doi.org/10.3390/sports14010019

Sports 2026, 14, 19

6 0f 19

Table 1. Characteristics of included studies.

Study

Population

Age

Study Design

Intervention/Protocol

Dietary Assessment

Tool

Primary Outcomes

Main Findings

Zhu et al. (2025)

Elite Taekwondo
Athletes (48 Male)

228 +3.3
Years

Double-blind RCT

DG: 3 g KGM daily for
8 weeks;
CG: 3 g maltodextrin
(Placebo) daily for
8 weeks

Semi-quantitative Food

requency
Questionnaire

Gastrointestinal
symptoms and gut
microbiota composition

Significant improvements
observed only in DG: Improved
gastrointestinal symptoms,
PAC-SYM, PAC-QoL, BMF and
BFI. Increased «-diversity and
elevated abundances of
Prevotella_9, Phascolarctobacterium,
Lactobacillus, Bacteroides,
Prevotellaceae. Reduced Alistipes
and Desulfovibrio. Upregulation of
Biotin Biosynthesis I, Nitrate
Reduction VI and downregulation
of L-methionine Biosynthesis
I pathways

Fu et al. (2024a)
[54]

12 Elite Wrestling
Athletes
(6 Male and 6 Female)

200+1.7
Years

Cross-sectional.
Observational

Shared diet and training
aimed at weight loss

N/A

Pre-competition anxiety,
gut microbiota and
metabolites

Better performers had more
diverse gut microbiota. Lower
competition anxiety in
high-performance groups.
Metabolites in high performance
group enriched in metabolism
pathways

Fu et al. (2024b)
[57]

12 Elite Wrestling
Athletes
(6 Male and 6 Female)

20.1 £2.0
Years

Observational,
Prospective

Dietary and training
adaptations for weight
control

24 h Dietary
recall x 3 days

Psychological fatigue,
gut microbiota and
metabolites

Superior weight control linked to
better nutrition.

Better training adaptation in <2 kg
weight loss group.
Distinct gut microbiota and
metabolic pathways

Yoshikawa et al. (2024)
58

High-level Judo
Athletes
(10 + 10 Male)

195+1.2
Years

Prospective

Specialized Tabata
T-HIIT every 2 days for
4 weeks

N/A

Uchikomi shuttle run
performance, fecal
organic acids

Improved specialized endurance
in judoka. Negative correlation
between fecal succinic acid and

performance improvements.
High-level competitors had
different organic acid profiles

Li et al. (2023) [55]

High-level Wrestling
Athletes
(53 male)

16 +4
Years

Multi-cohort;
Cross-sectional

Sport-specific training

Generic Dietary
Questionnaire
(20 measurements)

Gut microbiota,
inflammatory markers
and body composition

Sport-specific gut microbiota
profiles, Prevotella-driven
subgroup linked to inflammation.
Sex dependent effects of
exercise intensity
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Table 1. Cont.

Study Population Age Study Design Intervention/Protocol Dletaryﬁ;slessment Primary Outcomes Main Findings
DK: 250 mL probiotic
yoghurt (Bifidobacterium . . Significant improvements
e . Dietary Habits i :
Zhu et al. (2023) High-level Taekwondo 223+ 0.6 RCT unznzlal{i s?p. lactis Ks: Questic}:nnaire + Psychological fatigue Obssesggﬁ) Oir;lzl lfr;t]ijlflélfgcp;\c::fd
[53] Athletes (51 Female) Years BBC'%(%) aily for 8 weeks; Yoghurt intake and gut microbiota psy & alg Y-
: routine training monitoring Increased beneficial gut bacteria.
without dietary Enhanced metabolic pathways
intervention
Group 1: Combined
probiotics Significant improvements
(Bifidobacterium lactis ; obgserved onlypin Group 1:
) bm?;%ggil”igfg)‘zﬂ%i s 3-day Food interview + Aeré)llljtlcmpiillr‘ic{)rion}aance, Significantly extended time to
Przewldcka et al. (2023) High-level MMA 26.0 + 4.0 RCT aci doph,ilus W22, Food Frequency composition, intestinal exhaustion in VOomax test.
. Athletes (23 Male) Years Bifidobacterium bifidum Questionnaire + ermeability and Increased (-diversity of gut
W23, Lactococcus lactis Supplements survey . P y microbiota. Reduced fecal
, coccut inflammatory markers Iprotecti di d
W58) + Vitamin D3; calprotectin and increase
Group 2: Vitamin D3 Bacteroides, Roseburia and Prevotella
only for 4 weeks
Higher-level athletes showed
significantly higher x-diversity.
Enhanced metabolic pathways for
histidine and carbohydrate
Gut microbiota metabolism than lower-level
. 28 High—level Wushu . Sport-specific tra'm'mg Feces Pre-collection . f . athletes;
Liang et al. (2019) . 20/24 Cross-sectional. - ; diversity, taxonomic Parabacteroides correlated with
[56] (%Iiﬁgfel gésl‘g‘l}};ﬁtaelz) Years Observational compared between Questionnaire (3-month composition, functional exercise load;

competitive levels

recall)

metabolism

Parabacteroides,
Phascolarctobacterium, Oscillibacter
and Bilophila enriched in
higher-level athletes;
Megasphaera is abundant in
lower-level athletes.

RCT = Randomized Controlled Trial; DG = Diet intervention group; KGM = Konjac Glucomannan; CG = Control Group; PAC-SYM = Patient Assessment of Constipation Symptoms;
PAC-QoL = Patient Assessment of Constipation Quality of Life; BMF = Bowel Movement Frequency; BFI = Bowel Function Index; N/A = Not Applicable; h = hours; T-HIIT = Tabata
High-Intensity Interval Training; DK = dietary intervention group; CK = control group; MMA = Mixed Martial Arts; VOymax = maximal oxygen consumption.
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3.2. Microbiome, Athletic Performance and Anxiety

Analysis of the collected data reveals a relationship between gut microbiota composi-
tion and various aspects of performance in CS. In particular, observational data suggest that
athletes with better performance may exhibit distinctive microbial profiles, though causal
relationships cannot always be established. In the study by Przewldcka et al. on high-level
MMA athletes, it was observed that combined supplementation of probiotics Bifidobacterium
lactis W51, Levilactobacillus brevis W63, Lactobacillus acidophilus W22, Bifidobacterium bifidum
W23, Lactococcus lactis W58, and Vitamin D3 for 4 weeks was associated with an increase in
B-diversity of gut microbiota with increases in Bacteroides, Peptostreptococcaceae, Roseburia
inulinivorans, and Prevotella and a reduction in Lachnospiraceae [52]. Microbiota changes
were associated with an improvement in aerobic performance, as indicated by an increase
in time to exhaustion during the maximal oxygen consumption (VOymax) test compared
to the group receiving Vitamin D3 supplementation alone [52]. Beyond supplementation
interventions, observational studies have identified sport-specific microbial signatures. The
examination of gut microbiota in 53 high-level wrestling athletes has identified a possible
distinctive microbial pattern characteristic of this athletic population [55]. The study analy-
sis identified Psychrobacter as the most discriminating genus for wrestlers [55]. In particular,
the observation that specific microbial taxa in wrestlers showed a positive correlation
with anaerobic performance parameters, including upper limb anaerobic workload and
measurements of maximum and average anaerobic power, was noted [55].

A comparison between competitive levels within martial arts was conducted in 28 elite
wushu athletes [56]. Higher-level athletes demonstrated significantly greater gut microbial
diversity compared to lower-level athletes, as assessed by the Shannon and Simpson
diversity [56]. The genera Parabacteroides, Phascolarctobacterium, Oscillibacter, and Bilophila
were enriched in higher-level athletes, whereas Megasphaera was more abundant in lower-
level athletes. Notably, Parabacteroides abundance showed a positive correlation with
weekly exercise load, with higher-level athletes engaging in more training compared to
lower-level athletes [56]. Functional analysis revealed an enhanced metabolic capacity for
histidine and carbohydrate metabolism in higher-level athletes [56].

Fu et al. further explored the connection between pre-competition anxiety, microbiota,
and performance in 6 male and 6 female elite wrestlers, revealing significant associations be-
tween various anxiety indicators, microbial profiles, and sports performance [54]. Wrestlers
with better performance showed significantly higher levels of self-efficacy and somatic
state anxiety, but lower levels of individual failure anxiety and sports competition anxiety
compared to those with lower performance [54]. The group with better performance also
presented a more diversified and abundant gut microbiota. Differential metabolites in
the optimal performance group were enriched in metabolic pathways related to caffeine
metabolism, lipopolysaccharide biosynthesis, vascular endothelial growth factor (VEGEF),
and mammalian target of rapamycin (mTOR) signalling pathways, suggesting a potential
physiological basis for performance differences [54].

3.3. Weight Control and Microbiome

Recent investigations in elite wrestlers of both sexes have reported significant varia-
tions in gut microbiota composition among CSA according to their pre-competition weight
management outcomes [57]. Wrestlers with more effective weight control, with a difference
from target weight of less than (<) 2 kg, showed a more appropriate nutritional structure
and greater adaptability to training compared to the group with less effective weight
control, with a difference from target weight of more than (>) 2 kg [57]. Metabolomic
analysis identified divergent metabolites between the two groups, with specific metabolites
negatively correlated with high carbohydrate and low protein intake [57]. In particular,
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the group with a difference from target weight of <2 kg had significantly higher relative
protein energy intake and lower fat and carbohydrate intake compared to the group with a
difference from target weight of >2 kg [57]. Wrestlers in the group with a difference from
target weight of >2 kg also showed greater training adaptation problems, evidenced by the
higher detection rate of white blood cells, occult blood, and proteins in urinary analyses,
while these indicators were absent in the <2 kg group [57]. At the microbial level, the
abundance of Oscillospiraceae UCG 002/003, Eubacterium siraeum, and Lachnospiraceae was
positively correlated with the relative energy intake of carbohydrates, while the abundance
of Streptococcus was negatively correlated with carbohydrate energy intake [57]. These
microbial differences were also reflected in functional predictions, with significant differ-
ences in prolactin signalling pathway, riboflavin metabolism, epithelial cell signalling in
Helicobacter pylori infection, and selenium compound pathways, suggesting an impact on
athletes” antioxidant and anti-inflammatory capacities [57]. The differential metabolites
were functionally enriched in processes related to lipid and amino acid metabolism. There
were 371 divergent metabolites in the <2 kg group when compared with the >2 kg group,
comprising 141 upregulated and 230 downregulated metabolites [57].

3.4. Fecal Organic Acid Profile and Performance

Research conducted on 20 judokas stratified by competitive level has examined the
impact of the fecal organic acid profile on the response to Tabata-type high-intensity
training (T-HIIT) [58]. Results indicate that T-HIIT significantly improved the specialized
endurance of judokas, as measured by an increase in repetitions in the Uchikomi shuttle
run test. A negative correlation was observed between fecal succinic acid concentration
and improvements in physical fitness tests [58]. High-level judokas had higher fecal
concentrations of acetic and propionic acid and tended to have lower concentrations of
succinic acid compared to other athletes [58]. Moreover, the study identified a significant
correlation between stool consistency, assessed using the Bristol stool form scale (BSFS), and
succinic acid concentrations. Judokas with higher succinic acid concentrations tended to
have softer stools, suggesting a possible association with gut dysbiosis [58]. Fecal succinic
acid concentrations were negatively correlated with performance improvements after T-
HIIT training, specifically in countermovement jumps and pull-ups. High-level judokas
showed higher concentrations of acetic and propionic acid, two short-chain fatty acids
(SCFAs) with gut barrier integrity and anti-inflammatory effects [58].

3.5. Prebiotic and Probiotic Interventions

One recent study investigated the effects of prebiotic supplementation, specifically
evaluating konjac glucomannan (KGM) in a double-blind RCT involving 48 elite male taek-
wondo athletes diagnosed with functional constipation according to Rome 1V criteria [51].
Following 8 weeks of intervention with 3 g daily KGM versus placebo (maltodextrin),
the KGM group demonstrated significant improvements in gastrointestinal (GI) symp-
toms assessed through multiple validated instruments: patient assessment of constipation
symptoms (PAC-SYM), patient assessment of constipation quality of life (PAC-QoL), bowel
movement frequency (BMF), and bowel function index (BFI) [51]. Microbiota analysis
revealed increased o-diversity and elevated relative abundances of beneficial taxa, includ-
ing Prevotella-9, Phascolarctobacterium, Lactobacillus, Bacteroides, and Prevotellaceae family
members, alongside reduced levels of Alistipes and Desulfovibrio [51]. Functional predictions
indicated upregulation of the biotin biosynthesis I and nitrate reduction VI pathways, with
downregulation of L-methionine biosynthesis III. These findings suggest that prebiotic
dietary fibre interventions may help alleviate functional constipation in CSA through gut
microbiota modulation mechanisms [51].
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Przewlécka et al. studied the effect of combined supplementation with probiotics
(Bifidobacterium ssp. and Lactobacillus ssp.) and Vitamin D3 in male high-level MMA athletes.
Athletes were divided into two groups: one received a combination of probiotics and
Vitamin D3, and the other received only Vitamin D3 [52]. Results showed that combined
supplementation significantly reduced fecal calprotectin levels. No significant variations
were observed in fecal zonulin levels, suggesting that the intervention improved gut
inflammation without significantly altering gut barrier permeability [52].

Daily supplementation with probiotic yoghurt containing Bifidobacterium animalis ssp.
lactis BB-12 was administered to 51 high-level female tackwondo athletes for § weeks. This
intervention appeared to improve recovery from exercise-related psychological fatigue, as
assessed by the athlete burnout questionnaire (ABQ), while also influencing gut microbiota
composition [53]. The dietary intervention group supplemented with probiotics showed
a significant decrease in ABQ scores, whereas no significant change was observed in the
control group. The intervention also significantly modified gut microbiota composition,
with increases in Bifidobacteriaceae, Bifidobacterium, Lactobacillaceae, and Lactobacillus and
a decrease in Escherichia coli in the probiotic dietary intervention group [53]. Analysis of
the predicted function of the microbiota revealed that metabolic pathways of L-arginine
I biosynthesis, fatty acid synthesis, oxidation, and L-isoleucine III biosynthesis were sig-
nificantly more active in the probiotic dietary intervention group compared to the control
group [53]. These pathways are known for their role in supporting cognitive function,
regulating stress, and improving recovery from fatigue. In particular, it was observed that
catecholamine I degradation was significantly reduced in the probiotic dietary interven-
tion group [53]. The absence of an isocaloric control intervention, such as non-probiotic
yoghurt or an equivalent protein source, limits the ability to isolate the specific effect of the
Bifidobacterium animalis ssp. lactis BB-12 strain from other nutritional components of the
yoghurt matrix.

4. Discussion

The present analysis of studies examining the microbiome in CSA highlights potential
associations between microbial composition and performance-related outcomes, including
training adaptations, inflammatory responses, weight management, dietary interventions,
and pre-competition psychological states (Figure 2). Although heterogeneity in methodolo-
gies and the limited sample sizes constrain generalizability, preliminary evidence supports
a possible role of the gut microbiota in optimizing athletic performance through multiple
physiological, psychological, and potential metabolic pathways.

4.1. Sport-Specific Microbial Adaptations

The eight included studies examining different CSA have reported varied microbial
profiles. Given the heterogeneity in study designs, populations, and methodologies, it
is challenging to clearly identify sport-specific adaptations. Each observation is derived
from a single study examining a unique population, which limits the generalizability of the
findings. Specific bacterial genera, such as Bacteroides, Roseburia, and Prevotella, appear across
multiple studies, suggesting a possible importance in responses to intense training [52].
These findings suggest a potential functional plasticity of the microbiota in response to the
varying metabolic demands of CS. This plasticity may have implications for optimizing
performance and recovery. However, without direct comparative studies between different
CS or against appropriate control groups, definitive sport-specific adaptations cannot
be established.

In high-level female tackwondo athletes, a study revealed that females might be
particularly sensitive to microbiome-brain interactions, which could influence exercise-
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related psychological fatigue [53]. These results, in line with other studies, suggest the
need for sex-specific nutritional and training approaches that consider the specificity of the
microbial response [59,60]. Furthermore, specialized high-intensity judo training in elite
male athletes appears to improve fecal organic acid profiles [58].
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Figure 2. Schematic representation of the microbiota-performance axis in CS. The circular diagram
illustrates the multidirectional interactions between intestinal microbial composition, psychological
state, and athletic performance. Nutritional interventions, including prebiotics, probiotics, and
yoghurt, along with training practices such as T-HIIT and weight management, can modulate the
microbiota, influencing both physiological parameters, such as energy metabolism and inflamma-
tion, and psychological factors, including pre-competition anxiety and fatigue, with direct effects
on performance.

4.2. Inflammation, Gut Barrier and Weight Loss

A recurring element in the analyzed studies is the relationship between microbiota
composition, inflammatory markers, GI disorders, and intestinal permeability in CSA.
Prebiotic supplementation with KGM has demonstrated a possible improvement in con-
stipation symptoms in elite taeckwondo male athletes through mechanisms involving gut
microbiota modulation, with increases in beneficial taxa combined with upregulation
of biotin biosynthesis and nitrate reduction pathways that may contribute to enhanced
intestinal barrier function and colonic motility [51]. These findings underscore the po-
tential importance of dietary fibre intake in CSA and suggest that GI health optimization
through microbiota-targeted nutritional strategies requires further investigation in this
population [32].

Probiotic supplementation, particularly when combined with Vitamin D3, has been
shown to have a possible effect on reducing inflammatory biomarkers such as calprotectin
and improving gut barrier integrity [53]. This modulation of inflammation and gut barrier
function represents a potential mechanism through which the microbiota can positively
influence performance and recovery in sports that require intense training loads and
frequent fluctuations in weight.

Evidence also suggests that gut dysbiosis induced by aggressive RWL in male and
female CSA could potentially contribute to systemic inflammation, thereby possibly com-
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promising performance and recovery. Conversely, a balanced microbiota might help
mitigate these negative effects [57,61,62]. However, given the limitations of currently
available methodologies for measuring intestinal permeability biomarkers, conclusions
regarding effects on intestinal barrier function must be interpreted with caution, as these
commercial kits may detect proteins other than zonulin and exhibit poor correlation with
gold-standard permeability measurements. Intervention studies have demonstrated the
direct effects of probiotic supplementation on reducing inflammatory biomarkers, such
as calprotectin. In contrast, observational correlations between microbiota composition
and inflammatory markers in weight management contexts require cautious interpreta-
tion due to potential confounding factors, including diet, training history, genetics, and
environmental factors [52,57].

Based on current evidence, gut microbiota appears to influence CS performance
through systemic inflammation, energy metabolism, and the production of bioactive
metabolites that affect muscle and neural function, as well as gut-brain interactions that
impact psychological states. These mechanisms remain to be validated in sex-specific CSA.

4.3. Psychological State, Performance and Microbiome

A particularly relevant aspect that emerged from the analysis is the correlation between
microbiota composition, pre-competition psychological states, and performance in CSA.
Studies suggest that specific microbial profiles may be associated with more favourable
pre-competition anxiety states and better overall performance. In line with previously pub-
lished findings, investigations have demonstrated a correlation between specific bacterial
taxa and various aspects of pre-competition anxiety in a small cohort of male and female
wrestlers with high awareness and self-efficacy [57,63,64]. Additionally, supplementation
with Bifidobacterium animalis ssp. lactis BB-12 has been shown to improve psychological
fatigue scores in high-level female taekwondo athletes through specific alterations of the
microbiota and upregulation of metabolic pathways linked to cognitive function and stress
management [53]. This, in line with the literature, suggests a possible gut-brain axis that
could influence both psychological and physical aspects of performance in CS [65,66]. The
mechanism may be particularly relevant in these disciplines, where management of mental
fatigue and psychological pressure is a crucial component of overall performance. These
findings highlight the potential link between gut microbiota composition, psychological
state, and athletic performance in CS, warranting further investigation into a microbiota-
brain-performance axis, including studies with appropriate control groups.

4.4. Sex-Specific Microbiome in Combat Sports

Within the 247 CSA included in this systematic review (169 males and 78 females),
only one study specifically examined a substantial cohort of female athletes, highlighting
the underrepresentation of female-focused research. Zhu et al. investigated 51 high-
level female taekwondo athletes, suggesting that females may be particularly sensitive to
microbiota-brain interactions, with potential implications for managing exercise-related
psychological fatigue [53]. The remaining seven studies either included predominantly
male athletes or both sexes without performing detailed sex-stratified analyses of microbiota
composition and performance outcomes. Notably, Fu et al., despite analyzing a small cohort
of six elite female wrestlers, reported that females may exhibit distinct adaptations related
to weight management [57]. Similarly, Li et al. observed in a multi-sport cohort that
included 53 high-level male wrestling athletes that female athletes had higher Shannon
microbial diversity compared to non-athletes, and that gut microbial composition could be
stratified by exercise intensity in both sexes [55].
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This analytical gap represents a limitation, as emerging evidence, although still pre-
liminary, suggests potential sex differences in gut microbiota composition and functionality.
Sex-specific physiological factors, including hormonal fluctuations across the menstrual
cycle, differences in gut transit time, variations in immune responses, and distinct metabolic
profiles, have been shown to potentially influence microbial diversity and taxonomic compo-
sition [67-69]. Females appear to exhibit different relative abundances compared to males,
with hormonal variations potentially affecting microbial metabolism and host-microbe
interactions [70].

In athletic populations specifically, these sex differences could interact with training
adaptations, nutritional requirements, and recovery processes in ways that remain poorly
understood in CS contexts [71]. Weight management practices common in CS may also
affect males and females differently through sex-specific metabolic and hormonal responses.
RWL protocols have been shown to alter gut microbiota composition, but whether these
alterations differ by sex in CSA remains unexplored [25,29,30]. Similarly, the three inter-
vention studies examining prebiotic and probiotic supplementation showed promising
results, although they did not evaluate whether treatment effects varied by sex, highlighting
an opportunity for future research on sex-dependent responses to dietary interventions
targeting the microbiota [51,52].

Sex-stratified analyses can help identify distinct microbial profiles, evaluate whether
microbiota-targeted nutritional interventions exert similar effects in males and females,
and examine interactions among hormones, training, and competition.

4.5. Dietary Assessment and Standardization in Gut Microbiome Research

A key methodological consideration involves dietary assessment and control, as diet
represents a primary determinant of gut microbiota composition [72,73]. While several
studies have incorporated dietary assessment tools, such as food frequency questionnaires
(FFQs), dietary recalls, or surveys of dietary habits, it is essential to distinguish between
dietary assessment and dietary standardization, and to consider the potential biases as-
sociated with the recall period [74]. Accurately assessing dietary patterns alone does not
fully prevent dietary variation from influencing microbiota-related outcomes, highlighting
the importance and the daily challenge of implementing controlled dietary protocols for
researchers and athletes, while underscoring the need for such protocols in future studies.
In this context, the dietary protocols across the included studies ranged from detailed
assessments to the absence of dietary control, reflecting the methodological challenges
inherent to research with athletes.

This represents a limitation, as dietary composition, particularly macronutrient dis-
tribution, fibre intake, and consumption of fermented foods, has a profound effect on
microbial diversity, taxonomic composition, and functional capacity [75,76]. Dietary inter-
ventions can induce rapid shifts in gut microbiota composition, with studies demonstrating
substantial microbial community changes within 24 to 48 h following dietary modifica-
tions [75-77]. Variations in protein, carbohydrate, and fat intake can alter gut microbiota
profiles within days, potentially confounding associations between training variables and
microbial outcomes [77-79]. Furthermore, CSA often employ extreme nutritional strategies
during weight management phases, including severe caloric restriction, altered macronutri-
ent ratios, and temporary elimination of specific food groups, all of which can substantially
alter gut microbiota composition [79].

Intervention studies examining the effects of prebiotic and probiotic supplementa-
tion on gut microbiota composition have shown promising results. Even when dietary
standardization protocols were not consistently reported, findings suggest that bioactive
components in food, together with the supplemented strains, contribute substantially to the
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observed outcomes. The implementation of isocaloric controls or prospective dietary moni-
toring can further clarify the specific effects of probiotic strains. Similarly, observational
studies comparing athletes of different competitive levels or weight management strategies
provide valuable insights into how dietary patterns and training interact to influence gut
microbiota composition [9,80,81]. Incorporating dietary variables as covariates allows for a
clearer understanding of the relative influence of training and competitive stress versus
diet [82].

Taken together, integrating dietary assessment and standardization enables more
precise and individualized analyses of microbiota in CSA. This approach emphasizes the
interplay between diet, training, and weight management, supporting the development of
tailored strategies to optimize health, performance, and microbiota modulation.

4.6. Strengths and Limitations

This scoping review presents several key strengths. The systematic search strategy,
following PRISMA-ScR guidelines, ensured thorough identification and synthesis of peer-
reviewed evidence in this emerging field. The eight included studies comprised 247 partici-
pants across multiple CS disciplines, providing preliminary evidence for understanding the
relationships between microbiota and performance. The sample included a considerable
proportion of female athletes, offering initial insights into this underrepresented population,
although sex-specific analyses remain an area requiring further investigation.

Several key limitations must be acknowledged. The limited number of available
studies limits the strength of evidence. Many relationships are supported by single studies,
including the correlation between fecal organic acid profiles and pre-competition anxi-
ety, requiring independent confirmation. Significant methodological heterogeneity across
studies, including variability in study design, microbiome analysis methods, dietary as-
sessment and control protocols, weight management practices, and training interventions,
limits direct comparisons between CS disciplines and intervention approaches [83,84].
Furthermore, the predominantly short-term nature of interventions limits understanding of
long-term performance effects. Additionally, the temporal stability of microbiota changes
after interventions remains poorly characterized [16]. These methodological constraints
limit definitive comparative conclusions across different CS contexts.

4.7. Practical Applications and Future Developments

Preliminary evidence suggests that prebiotic and probiotic interventions may support
GI health, recovery, and performance in CSA. Practical applications include personalized
nutritional strategies, tailoring macronutrient and fibre intake based on individual mi-
crobiota profiles, periodic dietary and microbiota monitoring to optimize training and
competition adaptation, and weight management [85-87]. Additionally, educating athletes
and coaching staff on dietary strategies and equipment hygiene may help reduce pathogen
transmission risks, particularly relevant in contact-based CS, and support overall athlete
health [88].

Future research should focus on defining sport-specific microbial profiles across differ-
ent CS and identifying targeted prebiotic and probiotic interventions through well-powered,
longitudinal, randomized trials. Studies should incorporate accurate dietary assessment
and standardization, appropriate methodological controls, and evaluate sex-specific re-
sponses, seasonal variations, and phases of weight management. The long-term effects of
microbiota modulation on health and performance require further investigation.
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5. Conclusions

This systematic scoping review identified eight emerging studies in CS, providing
evidence linking gut microbiota composition to performance outcomes. Limited taxonomic
consistency was observed across studies, with most bacterial genera appearing in a single
investigation, precluding the identification of robust sport-specific microbial signatures.
Associations were observed between gut microbiota characteristics and training intensity,
competition level, weight management, and pre-competition psychological states, although
causal relationships remain to be established. Preliminary trials have shown improvements
in GI symptoms, aerobic performance, and psychological fatigue with prebiotic and pro-
biotic interventions. However, it is unclear whether these changes reflect sport-specific
adaptations or general responses to supplementation.

Current evidence is limited by small sample sizes, limited sex-stratified analyses
and dietary control, single-study observations, and the predominant use of 165 rRNA
sequencing. Future studies should incorporate larger samples, standardized methodologies,
systematic dietary assessments, and standardization, as well as sex-stratified analyses
and longitudinal designs. The use of 165 rRNA sequencing to characterize microbial
composition and shotgun metagenomics to assess functional potential and metabolic
capacity will provide evidence-based support for interventions.
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