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ABSTRACT

Background. The gut microbiota plays a key role in metabolic regulation and is increasingly
recognized as a mediator of lifestyle-related health outcomes. Physical activity has emerged as
a potential modulator of microbial composition and function.

Aim. This narrative review aims to summarize current evidence on the relationship between
physical activity and the gut microbiota and to evaluate its implications for metabolic health.
Materials and Methods. A PubMed search of English-language studies published over the last
10 years was conducted to assess the effects of physical activity on the gut microbiota and
metabolic health. Additional studies were identified through reference screening.

Results. Regular moderate physical activity is associated with increased microbial diversity
and a higher abundance of beneficial bacteria, including short-chain fatty acid producers. These
changes are linked to improved glucose metabolism, reduced inflammation, and enhanced

intestinal barrier function. However, excessive or prolonged high-intensity exercise may induce



adverse effects, such as increased gut permeability and dysbiosis. The observed effects are
strongly influenced by diet and individual factors.

Conclusions. The gut microbiota represents an important mediator of exercise-induced
metabolic adaptations. Combined lifestyle interventions, particularly physical activity and a
fiber-rich diet, may provide synergistic benefits. Further research is needed to develop
personalized strategies targeting the gut microbiota in metabolic disease prevention.
Keywords: physical activity, gut microbiota, metabolic health, exercise, dysbiosis, short-chain

fatty acids, insulin sensitivity, inflammation

1. Introduction

The gut microbiota is a complex and dynamic ecosystem of microorganisms that plays a crucial
role in maintaining host homeostasis by participating in metabolic regulation, immune
responses, and preservation of intestinal barrier integrity [2,13]. Growing evidence indicates
that both the composition and metabolic activity of the gut microbiota are closely associated
with the development of chronic diseases, including obesity, type 2 diabetes, and cardiovascular
disorders [2,5]. Disturbances in microbial balance, commonly referred to as dysbiosis, have
been linked to enhanced inflammation, metabolic dysfunction, and deterioration of overall
health status [3,9].

Among the most important modulators of the gut microbiota are lifestyle-related factors,
particularly diet and physical activity [4,5]. The contemporary dietary model, characteristic of
many developed countries, is typically marked by low fiber intake and high consumption of
ultra-processed foods, which may contribute to unfavorable alterations in gut microbial
composition and an increased risk of metabolic disturbances [1,5]. Dietary fiber, which serves
as a major substrate for gut bacteria, plays a central role in the production of short-chain fatty
acids (SCFAs), metabolites involved in glucose and lipid metabolism as well as inflammatory
regulation [1,5].



At the same time, growing attention has been directed toward the impact of physical activity on
the gut microbiota. Current evidence suggests that regular moderate exercise may promote
greater microbial diversity and increase the abundance of bacteria with beneficial metabolic
potential, including SCFA-producing taxa [2,3,9]. These alterations may contribute to
improved insulin sensitivity, reduced inflammation, and better regulation of energy metabolism
[5,15]. However, the relationship between physical activity and the gut microbiota is complex
and appears to depend on multiple factors, such as exercise intensity, duration, dietary habits,

and baseline metabolic status [4,8,21].

An important aspect of this relationship is its bidirectional nature. On the one hand, physical
exercise can modify the composition and function of the gut microbiota. On the other hand, gut
microorganisms, through the production of metabolites and signaling molecules, may influence
physical performance, exercise adaptation, and skeletal muscle function [7,9,12]. The concepts
of the gut-muscle axis and the gut-brain axis emphasize the role of the gut microbiota as an

integrator of metabolic, immune, and neuroendocrine signals [6,12].

Despite the growing number of studies, important gaps remain in our understanding of the
mechanisms underlying the interactions between physical activity and the gut microbiota.
Findings are often inconsistent due to heterogeneity of study populations, differences in
exercise protocols, and difficulties in separating the effects of diet from those of exercise itself
[4,8,19]. In particular, it remains necessary to determine the optimal type, intensity, and
duration of physical activity that may promote beneficial microbial changes and improve
metabolic health.

The aim of this narrative review is to present the current state of knowledge on the effects of
physical activity on the gut microbiota and to discuss the significance of these relationships in
the context of metabolic health. Particular attention is given to biological mechanisms,
interactions with diet, and potential clinical and practical implications.

2. Gut Microbiota and Metabolic Health

2.1. Composition and Functions of the Gut Microbiota

The gut microbiota is a complex and dynamic ecosystem of microorganisms that plays a
fundamental role in maintaining host homeostasis. It comprises trillions of bacteria, viruses,

fungi, and archaea whose collective genetic potential far exceeds that of the human genome,



thereby providing extensive metabolic and regulatory capabilities [3,4]. The dominant bacterial
phyla in the human intestine are Firmicutes and Bacteroidetes, and their relative abundance as

well as functional activity are closely associated with health status [4,21].

The gut microbiota is involved in numerous essential physiological processes, including
nutrient digestion, vitamin synthesis, regulation of immune function, and maintenance of
intestinal barrier integrity [2,13]. In addition, gut microbial diversity has been associated with
physical fitness and overall metabolic health, suggesting that the microbiota may represent an

important link between lifestyle factors and systemic physiological function [22,23].

2.2. Microbial Metabolites and Metabolic Regulation

One of the most important functions of the gut microbiota is the production of metabolites,
particularly short-chain fatty acids (SCFASs), including butyrate, propionate, and acetate, which
are generated through the fermentation of indigestible dietary components, mainly fiber [1,5].
SCFAs play an important role in the regulation of glucose and lipid metabolism, influence

insulin sensitivity, modulate immune responses, and exert anti-inflammatory effects [1,5,9].

Gut microorganisms also contribute to host energy homeostasis by regulating energy extraction
from the diet and influencing the secretion of gut-derived hormones such as glucagon-like
peptide-1 (GLP-1) and peptide YY (PYY) [1]. Through these mechanisms, microbial
metabolites act as important mediators between diet, intestinal physiology, and metabolic

regulation.

2.3. Dysbiosis and Metabolic Disorders

Disturbances in the balance of the gut microbiota, referred to as dysbiosis, have been linked to
the development of numerous metabolic disorders, including obesity, insulin resistance, type 2
diabetes, and cardiovascular disease [2,5,9]. Dysbiosis may contribute to increased intestinal
permeability, allowing lipopolysaccharides (LPS) to translocate into the circulation and trigger

so-called metabolic endotoxemia, which promotes chronic low-grade inflammation [5,15].

This persistent low-grade inflammatory state is considered one of the key mechanisms linking
alterations in gut microbial composition with metabolic dysfunction [9,29]. Accordingly, an
imbalance in the gut microbiota may not only reflect impaired metabolic health but may also

actively contribute to disease progression.



2.4. The Gut Microbiota as a Systemic Regulator

Beyond its local effects within the gastrointestinal tract, the gut microbiota also modulates the
gut-brain axis and the gut-muscle axis, thereby influencing neuroendocrine function,
inflammatory status, and muscle metabolism [6,12]. Importantly, the relevance of the gut
microbiota extends beyond its taxonomic composition and includes its functional capacity and
metabolic activity [4].

An increasing number of studies suggest that the ability of microorganisms to produce specific
metabolites and regulate biological pathways may be more important for health than the mere
presence or absence of particular bacterial species [4]. The complexity of interactions between
the gut microbiota and the host makes its role in metabolic health multifaceted and dependent
on numerous factors, including diet, lifestyle, age, and the physiological condition of the
individual [2,5,21].

3. Diet and Gut Microbiota

3.1. Diet as a Determinant of Gut Microbiota Composition

Diet is one of the most important factors determining the composition and function of the gut
microbiota. The contemporary dietary model, commonly referred to as the Western diet, is
characterized by a high intake of ultra-processed foods, simple sugars, and saturated fats, along
with a low consumption of dietary fiber [1,5]. Such dietary patterns are associated with reduced
microbial diversity and the proliferation of bacteria with pro-inflammatory potential, which
may contribute to dysbiosis and the development of metabolic disorders [5].

In contrast, diets rich in plant-based foods, including vegetables, fruits, and whole grains, are
associated with increased microbial diversity and a greater abundance of bacteria considered
beneficial to health [5]. The gut microbiota exhibits considerable plasticity and can respond
rapidly to dietary changes, highlighting the importance of daily eating habits in shaping its

composition and function [3].

3.2. Role of Dietary Fiber and Microbial Metabolites

Dietary fiber plays a key role in shaping the gut microbiota and its metabolic activity. It serves
as the primary energy source for gut bacteria, which ferment indigestible carbohydrates to

produce short-chain fatty acids (SCFAS), such as butyrate, propionate, and acetate [1,5]. These



metabolites exert important biological effects, including the regulation of glucose and lipid
metabolism, appetite control, and anti-inflammatory activity [1,5].

SCFAs also contribute to maintaining intestinal barrier integrity and modulating immune
responses. Additionally, they influence the secretion of gut hormones such as glucagon-like
peptide-1 (GLP-1) and peptide YY (PYY), thereby improving insulin sensitivity and supporting
body weight regulation [1]. It should be emphasized, however, that the mechanisms of action
of dietary fiber are complex and extend beyond SCFA production, suggesting the involvement

of additional regulatory pathways [1].

3.3. Dietary Patterns and Metabolic Health

Different dietary patterns exert distinct effects on the gut microbiota and metabolic health. The
Mediterranean diet, rich in fiber, polyphenols, and unsaturated fatty acids, promotes the growth
of SCFA-producing bacteria and is associated with a lower risk of metabolic and cardiovascular
diseases [5,29]. Similarly, plant-based diets support fiber-fermenting bacteria and enhance the

production of beneficial microbial metabolites.

In contrast, high-fat, low-fiber diets promote the growth of pro-inflammatory bacteria, increase
intestinal permeability, and contribute to systemic inflammation [5]. Importantly, the effects of
diet on the gut microbiota are often dependent on long-term dietary habits and interactions with

other lifestyle factors, such as physical activity [5].

Furthermore, different dietary patterns may influence not only the composition of the gut
microbiota but also physical performance and exercise capacity. Diets rich in fiber and bioactive
compounds, such as the Mediterranean and plant-based diets, support the development of
beneficial microbial communities, whereas high-protein diets with insufficient fiber intake may

lead to unfavorable alterations in the gut microbiota [14].

4. Physical Activity as a Modulator of the Gut Microbiota

Physical activity is one of the key lifestyle factors influencing the composition and function of
the gut microbiota. Numerous studies indicate that physically active individuals, including
athletes, exhibit greater microbial diversity and a higher abundance of bacteria with beneficial
metabolic potential compared with sedentary individuals [8,13,21]. These changes include an

increased presence of short-chain fatty acid (SCFA)-producing bacteria, such as



Faecalibacterium, Roseburia, and Akkermansia, which play a crucial role in maintaining
intestinal barrier integrity, regulating inflammatory processes, and modulating glucose and lipid
metabolism [2,5,9].

Importantly, the effects of physical activity are not limited to changes in microbial composition
but also extend to the functional capacity of the microbiota, including its ability to produce
bioactive metabolites [4]. The gut microbiota may therefore act as an important intermediary
between diet, physical activity, and physical performance, influencing metabolism, immune
responses, and recovery processes [14]. Moreover, the relationship between physical activity
and the gut microbiota is bidirectional: while regular exercise can modify microbial
composition and function, the microbiota itself may influence exercise capacity and

physiological adaptation to training [30].

The mechanisms underlying these interactions are complex and multifactorial. Physical activity
may influence the gut microbiota through several pathways, including reduced intestinal transit
time, modulation of immune function (e.g., increased immunoglobulin A secretion and altered
cytokine profiles), and changes in bile acid metabolism, as well as activation of metabolic
signaling pathways such as AMP-activated protein kinase (AMPK) [2,5,9]. A key role is also
attributed to the reduction of circulating lipopolysaccharides (LPS) and associated metabolic

endotoxemia, which contributes to decreased chronic low-grade inflammation [5,15].

Additionally, increasing attention has been given to the gut-muscle axis, in which the gut
microbiota and skeletal muscle communicate through microbial metabolites and myokines,
thereby influencing energy metabolism and overall physiological function [12]. The gut
microbiota may also play an important role in exercise adaptation and musculoskeletal health,
further emphasizing the significance of physical activity as a modulator of microbial

composition and function [25].

However, the effects of physical activity on the gut microbiota are not uniform and depend
largely on the intensity and type of exercise. Regular moderate physical activity is consistently
associated with beneficial changes, including increased microbial diversity, a higher abundance
of SCFA-producing bacteria, and improved intestinal barrier function [2,3,9]. In contrast, very
intense and prolonged exercise, particularly in endurance sports, may lead to adverse effects
such as increased intestinal permeability (“leaky gut”), enhanced inflammatory responses, and

microbial imbalance [17,31]. This suggests a U-shaped relationship, in which moderate levels



of physical activity provide the greatest health benefits, whereas excessive training may become
detrimental [9].

Training interventions, such as combined high-intensity interval training (HIIT) and resistance
training, have been shown to induce significant changes in gut microbiota composition

alongside improvements in body composition and physical performance [28].

An important consideration is that exercise-induced changes in the gut microbiota may be
transient and can revert after the cessation of regular physical activity [18,26]. Furthermore, the
microbial response to exercise is strongly influenced by coexisting factors, including diet, body
composition, age, and training status [4,8,21]. In particular, dietary factors-especially fiber
intake-play a crucial role, as they provide the primary substrate for gut bacteria and may
potentiate the beneficial effects of physical activity [5].

Therefore, the impact of exercise on the gut microbiota should not be considered in isolation

but rather as part of a broader lifestyle context involving diet and other behavioral factors.

5. Metabolic Implications of Exercise-Induced Changes in the Gut Microbiota

Exercise-induced alterations in the gut microbiota may translate into significant metabolic
benefits, including improved body weight regulation, enhanced glucose metabolism, and
reduced chronic inflammation. Increasing evidence suggests that the gut microbiota acts as an

important intermediary linking physical activity with metabolic health outcomes [5,9].

Microbial metabolites, particularly short-chain fatty acids (SCFAS), may serve as an additional
energy source and play a key role in the regulation of glucose and lipid metabolism, thereby
supporting skeletal muscle function and overall exercise performance [20]. A favorable gut
microbiota profile may also enhance physical performance through improved energy
metabolism, modulation of inflammatory processes, and maintenance of immune function and

intestinal barrier integrity [30].

5.1. Body Composition and Obesity

Physical activity is a key determinant of body composition, and its effects may be partially
mediated by the gut microbiota. Intervention studies have shown that structured exercise
programs lead to reductions in body weight, decreases in fat mass, and improvements in

metabolic parameters, accompanied by changes in gut microbial composition [10,11].
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In particular, modifications in the abundance of bacteria associated with energy metabolism
have been observed, as well as alterations in the Firmicutes-to-Bacteroidetes ratio, which has
been linked to obesity [10].

Importantly, the response of the gut microbiota to physical activity appears to depend on the
baseline metabolic status of the individual. In lean individuals, changes in microbial
composition and SCFA production are often more pronounced and more strongly associated
with improvements in body composition than in individuals with overweight or obesity [18,24].
This suggests that the gut microbiota may play a role in the interindividual variability of

responses to exercise interventions.

5.2. Insulin Resistance and Glucose Metabolism

Exercise-induced changes in the gut microbiota are also associated with improved insulin
sensitivity and regulation of glucose metabolism. Studies conducted in individuals with insulin
resistance, prediabetes, and type 2 diabetes have demonstrated that exercise interventions can
reduce inflammatory markers and metabolic endotoxemia, leading to improved metabolic
function [15].

Systematic reviews indicate that physical activity may increase the abundance of bacteria with
beneficial metabolic properties, such as Bifidobacteriaceae, Akkermansia, and Bacteroides,

while reducing the proportion of pro-inflammatory taxa [27].

These microbial changes are associated with improvements in key metabolic parameters,
including fasting glucose levels, glycated hemoglobin (HbA1c), and insulin resistance indices

such as HOMA-IR, highlighting the important role of the gut microbiota in glucose homeostasis.

5.3. Inflammation and Gut Barrier Function

Chronic low-grade inflammation is a central mechanism underlying the development of
metabolic diseases, and the gut microbiota plays a significant role in its regulation. Evidence
suggests that physical activity may reduce levels of inflammatory markers and decrease
metabolic endotoxemia, which is associated with beneficial shifts in gut microbial composition
[5,15].
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These changes are also linked to improvements in intestinal barrier function. Reduced gut
permeability and decreased translocation of lipopolysaccharides (LPS) into the bloodstream

may attenuate systemic inflammatory responses and support metabolic homeostasis [9].

However, it should be noted that these effects depend on exercise intensity. While moderate
physical activity exerts anti-inflammatory effects, excessive or prolonged training may have
the opposite impact, promoting inflammation and impairing gut barrier integrity [17,31].

5.4. Cardiometabolic Risk Factors

Exercise-induced changes in the gut microbiota may also influence cardiovascular risk factors.
Studies indicate that lifestyle interventions incorporating physical activity-particularly when
combined with a Mediterranean diet-lead to improvements in lipid profiles, including
reductions in triglyceride levels and increases in high-density lipoprotein (HDL) cholesterol
[10].

Moreover, alterations in the gut microbiota and intestinal metabolome, including pathways
related to bile acids and lipid metabolism, have been associated with improvements in
cardiometabolic parameters [11]. These findings suggest that the gut microbiota may represent
one of the mechanisms through which physical activity reduces the risk of cardiovascular

disease.
6. Mechanisms Linking Physical Activity, Gut Microbiota, and Metabolic Health

The interactions between physical activity, the gut microbiota, and metabolic health are
mediated by a range of complex mechanisms involving metabolic, immunological, and
neuroendocrine pathways. One of the key components of these interactions is the production of
short-chain fatty acids (SCFAS), such as butyrate, propionate, and acetate, which are generated
through the fermentation of dietary substrates by gut bacteria. SCFASs play a central role in the
regulation of glucose and lipid metabolism, improvement of insulin sensitivity, and modulation
of inflammatory responses, making them highly relevant in the context of metabolic diseases
[1,5,9].

Another important mechanism involves the role of the gut microbiota in maintaining intestinal
barrier integrity. A well-balanced microbiota supports epithelial tight junctions and produces
metabolites with protective effects on the intestinal lining. In contrast, microbial imbalance may

lead to increased intestinal permeability, allowing lipopolysaccharides (LPS) to enter the
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circulation and induce metabolic endotoxemia and chronic low-grade inflammation [5,15].
Physical activity, particularly at moderate intensity, may counteract these processes by

improving gut barrier function and reducing inflammation.

Modulation of the immune system represents another key pathway linking physical activity and
the gut microbiota. The gut microbiota influences the development and function of immune
cells, as well as the balance between pro- and anti-inflammatory cytokines. Regular physical
activity has been shown to enhance these processes by reducing pro-inflammatory cytokine
levels and promoting anti-inflammatory mechanisms, thereby supporting metabolic

homeostasis [2,9].

Increasing attention has also been given to the gut-brain axis and the gut-muscle axis. Gut
microorganisms produce metabolites and neuroactive compounds that may influence central
nervous system function, appetite regulation, and physical activity behavior. At the same time,
physical activity affects the gut microbiota through hormonal and metabolic changes, creating
a bidirectional communication system. Within the gut-muscle axis, the microbiota may
influence skeletal muscle metabolism, function, and adaptation to exercise through interactions

involving microbial metabolites and myokines [6,12].

In addition, the gut microbiota is involved in the regulation of bile acid metabolism and the
expression of genes related to energy homeostasis, including pathways such as AMP-activated
protein kinase (AMPK). These mechanisms may influence substrate utilization, glucose
homeostasis, and lipolysis, further highlighting the role of the microbiota as a mediator of
exercise-induced metabolic adaptations.

The complexity of these mechanisms indicates that the gut microbiota is not merely a passive
component of the gastrointestinal system, but rather an active regulator of metabolic processes

that mediates the effects of both physical activity and diet.

7. Discussion

The available evidence indicates that physical activity, diet, and the gut microbiota are closely
interconnected and collectively play a crucial role in metabolic health. The gut microbiota
appears to function as an intermediary between lifestyle factors and physiological processes,
influencing metabolism, inflammatory status, and intestinal barrier integrity [5,9]. At the same

time, both physical activity and dietary habits shape the composition and metabolic potential of

13



the gut microbiota, highlighting its role as an integrative component of lifestyle-related health

regulation [4,5].

One of the most consistent findings emerging from the literature is that the beneficial effects of
physical activity on the gut microbiota are most pronounced in the context of regular, moderate
exercise. Such activity is associated with increased microbial diversity and a higher abundance
of short-chain fatty acid (SCFA)-producing bacteria, which may contribute to improvements in
metabolic parameters [2,3,9]. In contrast, excessive or prolonged high-intensity exercise may
lead to adverse outcomes, including increased intestinal permeability, enhanced inflammation,
and dysbiosis [17,31]. These observations suggest a non-linear, U-shaped relationship, in which
both insufficient and excessive levels of physical activity may be detrimental. Furthermore, the
response to exercise may be partially determined by the baseline composition of the gut
microbiota, indicating the potential for personalized approaches to exercise interventions [28].

Another important consideration is the strong interaction between diet and the effects of
physical activity on the gut microbiota. Current evidence suggests that physical activity alone
may not be sufficient to induce favorable microbial changes without an appropriate dietary
context, particularly one rich in dietary fiber [5]. Diet provides the primary substrates for gut
bacteria, and its composition may either enhance or attenuate the effects of exercise. Therefore,
the gut microbiota should be viewed as a central mediator integrating multiple lifestyle factors

rather than as an isolated component.

A further challenge lies in the substantial interindividual variability in microbial responses to
physical activity. Research indicates that these responses are influenced by factors such as body
composition, age, training status, and baseline metabolic condition [4,8,21]. For instance, lean
individuals often exhibit more pronounced microbiota changes than individuals with obesity,
possibly due to pre-existing metabolic disturbances and chronic low-grade inflammation.
Moreover, some exercise-induced changes in the gut microbiota appear to be transient and may
diminish after cessation of training, emphasizing the importance of long-term adherence to

physical activity [18,26].

Emerging evidence also suggests that the gut microbiota may influence motivation and
behavior related to physical activity through interactions with the gut-brain axis and reward

systems [16]. This bidirectional relationship highlights the potential role of the microbiota not

14



only as a mediator of physiological adaptation but also as a factor influencing behavioral
patterns associated with exercise.

Despite the growing body of research, several important limitations must be acknowledged.
Many studies are characterized by small sample sizes, short intervention periods, and a lack of
standardization in dietary control and exercise protocols [4,19]. In addition, it remains
challenging to isolate the independent effects of physical activity from other lifestyle factors,
which complicates the identification of causal relationships. Future research should focus on
well-designed, long-term studies incorporating advanced analytical approaches, such as
metagenomics and metabolomics, to better understand the functional significance of microbiota

alterations.

Overall, the gut microbiota represents a key link between physical activity, diet, and metabolic
health. Its modulation may serve as a promising target for interventions aimed at the prevention

and management of metabolic disorders.

8. Conclusions

The gut microbiota plays a central role in the regulation of metabolic health, acting as a key
link between diet, physical activity, and overall physiological function. Regular moderate
physical activity promotes increased microbial diversity and supports beneficial changes in both
the composition and functional capacity of the gut microbiota, which may contribute to

improved metabolic regulation and reduced systemic inflammation.

The interactions between physical activity, diet, and the gut microbiota are complex and
multifactorial, and are influenced by individual characteristics such as metabolic status, training
level, and baseline microbial composition. Diet remains a critical determinant, as it provides
essential substrates for gut microorganisms and may enhance or limit the beneficial effects of

exercise.

Emerging evidence suggests that the functional potential of the gut microbiota-particularly its
ability to produce bioactive metabolites-may be more relevant to health outcomes than its
taxonomic composition alone. A deeper understanding of these mechanisms may facilitate the
development of personalized strategies based on microbiota modulation, supporting the
prevention and management of metabolic disorders as well as the improvement of overall health

and physical performance.

15



Disclossure

Author’s Contribution:

Conceptualization: Emilia Muraszewska, Cezary Luczynski, Lukasz Muraszewski
Methodology: Emilia Muraszewska, Cezary Luczynski, Lukasz Muraszewski, Eryk Ubysz,
Maciej Paczkowski, Patrycja Kwitowska, Malgorzata Pyjecka, Mariusz Wreczycki, Agata
Krdl, Edyta Lewandowska

Resources: Cezary Luczynski, Malgorzata Pyjecka, Maciej Paczkowski, Agata Krol

Data curation: Maciej Paczkowski, Cezary Luczynski, Mariusz Wreczycki

Formal analysis: Lukasz Muraszewski, Mariusz Wreczycki, Patrycja Kwitowska, Eryk Ubysz
Investigation: Emilia Muraszewska, Edyta Lewandowska, Eryk Ubysz, Matgorzata Pyjecka
Supervision: Agata Krol, Edyta Lewandowska, Patrycja Kwitowska

Writing-rough preparation: Emilia Muraszewska, Cezary Luczynski, Lukasz Muraszewski,
Patrycja Kwitowska, Mariusz Wreczycki, Maciej Paczkowski

Writing-review and editing: Emilia Muraszewska, L.ukasz Muraszewski, Cezary Luczynski,

Eryk Ubysz, Agata Krdl, Edyta Lewandowska, Matgorzata Pyjecka
All authors have read and agreed with the published version of the manuscript.
Funding Statement:

This research received no external funding.

Institutional Review Board Statement:

Not applicable.

Informed Consent Statement:

Not applicable.

Data Availability Statement:

Not applicable.

Acknowledgments:

Not applicable.

16



Conflict of Interest Statement:

The authors declare no conflict of interest.

References

1. Barber TM, Kabisch S, Pfeiffer AFH, Weickert MO. The Health Benefits of Dietary
Fibre. Nutrients. 2020;12(10):3209. https://doi.org/10.3390/nu12103209

2. Wegierska AE, Charitos IA, Topi S, Potenza MA, Montagnani M, Santacroce L. The
Connection Between Physical Exercise and Gut Microbiota: Implications for
Competitive Sports Athletes. Sports Med. 2022;52(10):2355-23609.
https://doi.org/10.1007/s40279-022-01696-x

3. Gubert C, Kong G, Renoir T, Hannan AJ. Exercise, diet and stress as modulators of gut
microbiota: Implications for neurodegenerative diseases. Neurobiol Dis.
2020;134:104621. https://doi.org/10.1016/j.nbd.2019.104621

4. Cella V, Bimonte VM, Sabato C, Paoli A, Baldari C, Campanella M, Lenzi A, Ferretti
E, Migliaccio S. Nutrition and Physical Activity-Induced Changes in Gut Microbiota:
Possible Implications for Human Health and Athletic Performance. Foods.
2021;10(12):3075. https://doi.org/10.3390/fo0ds10123075

5. Campaniello D, Corbo MR, Sinigaglia M, Speranza B, Racioppo A, Altieri C,
Bevilacqua A. How Diet and Physical Activity Modulate Gut Microbiota: Evidence,
and Perspectives. Nutrients. 2022;14(12):2456. https://doi.org/10.3390/nu14122456

6. Souza PB, de Araujo Borba L, Castro de Jesus L, Valverde AP, Gil-Mohapel J,
Rodrigues ALS. Major Depressive Disorder and Gut Microbiota: Role of Physical
Exercise. Int J Mol Sci. 2023;24(23):16870. https://doi.org/10.3390/ijms242316870

7. Marttinen M, Ala-Jaakkola R, Laitila A, Lehtinen MJ. Gut Microbiota, Probiotics and
Physical Performance in Athletes and Physically Active Individuals. Nutrients.
2020;12(10):2936. https://doi.org/10.3390/nu12102936

8. Aya V, Florez A, Perez L, Ramirez JD. Association between physical activity and
changes in intestinal microbiota composition: A systematic review. PL0oS One.
2021;16(2):e0247039. https://doi.org/10.1371/journal.pone.0247039

17



10.

11.

12.

13.

14.

15.

16.

Varghese S, Rao S, Khattak A, Zamir F, Chaari A. Physical Exercise and the Gut
Microbiome: A Bidirectional Relationship Influencing Health and Performance.
Nutrients. 2024;16(21):3663. https://doi.org/10.3390/nu16213663

Muralidharan J, Moreno-Indias I, Bull6 M, Lopez JV, Corella D, Castafier O, Vidal J,
Atzeni A, Fernandez-Garcia JC, Torres-Collado L, Fernandez-Carrion R, Fito M,
Olbeyra R, Gomez-Perez AM, Galie S, Bernal-Lopez MR, Martinez-Gonzalez MA,
Salas-Salvado J, Tinahones FJ. Effect on gut microbiota of a 1-y lifestyle intervention
with Mediterranean diet compared with energy-reduced Mediterranean diet and
physical activity promotion: PREDIMED-Plus Study. Am J Clin Nutr.
2021;114(3):1148-1158. https://doi.org/10.1093/ajcn/nqab150

Garcia-Gavilan JF, Atzeni A, Babio N, Liang L, Belzer C, Vioque J, Corella D, Fito M,
Vidal J, Moreno-Indias I, Torres-Collado L, Coltell O, Toledo E, Clish C, Hernando J,
Yun H, Hernandez-Cacho A, Jeanfavre S, Dennis C, Gdmez-Pérez AM, Martinez MA,
Ruiz-Canela M, Tinahones FJ, Hu FB, Salas-Salvado J. Effect of 1-year lifestyle
intervention with energy-reduced Mediterranean diet and physical activity promotion
on the gut metabolome and microbiota: a randomized clinical trial. Am J Clin Nutr.
2024;119(5):1143-1154. https://doi.org/10.1016/j.ajcnut.2024.02.021

Saponaro F, Bertolini A, Baragatti R, Galfo L, Chiellini G, Saba A, D'Urso G. Myokines
and Microbiota: New Perspectives in the Endocrine Muscle-Gut Axis. Nutrients.
2024;16(23):4032. https://doi.org/10.3390/nu16234032

Mohr AE, Jager R, Carpenter KC, Kerksick CM, Purpura M, Townsend JR, West NP,
Black K, Gleeson M, Pyne DB, Wells SD, Arent SM, Kreider RB, Campbell BlI,
Bannock L, Scheiman J, Wissent CJ, Pane M, Kalman DS, Pugh JN, Ortega-Santos CP,
Ter Haar JA, Arciero PJ, Antonio J. The athletic gut microbiota. J Int Soc Sports Nutr.
2020;17(1):24. https://doi.org/10.1186/s12970-020-00353-w

Chen Y, Yang K, Xu M, Zhang Y, Weng X, Luo J, Li Y, Mao YH. Dietary Patterns,
Gut Microbiota and Sports Performance in Athletes: A Narrative Review. Nutrients.
2024;16(11):1634. https://doi.org/10.3390/nu16111634

Motiani KK, Collado MC, Eskelinen JJ, Virtanen KA, LOyttyniemi E, Salminen S,
Nuutila P, Kalliokoski KK, Hannukainen JC. Exercise Training Modulates Gut
Microbiota Profile and Improves Endotoxemia. Med Sci Sports Exerc. 2020;52(1):94-
104. https://doi.org/10.1249/mss.0000000000002112

Dohnalova L, Lundgren P, Carty JRE, Goldstein N, Wenski SL, Nanudorn P,
Thiengmag S, Huang KP, Litichevskiy L, Descamps HC, Chellappa K, Glassman A,

18



Kessler S, Kim J, Cox TO, Dmitrieva-Posocco O, Wong AC, Allman EL, Ghosh S,
Sharma N, Sengupta K, Cornes B, Dean N, Churchill GA, Khurana TS, Sellmyer MA,
FitzGerald GA, Patterson AD, Baur JA, Alhadeff AL, Helfrich EJN, Levy M, Betley
JN, Thaiss CA. A microbiome-dependent gut-brain pathway regulates motivation for
exercise. Nature. 2022;612(7941):739-747.

https://doi.org/10.1038/s41586-022-05525-z

17.

18.

19.

20.

21.

22.

23.

Bonomini-Gnutzmann R, Plaza-Diaz J, Jorquera-Aguilera C, Rodriguez-Rodriguez A,
Rodriguez-Rodriguez F. Effect of Intensity and Duration of Exercise on Gut Microbiota
in Humans: A Systematic Review. Int J Environ Res Public Health. 2022;19(15):9518.
https://doi.org/10.3390/ijerph19159518

Allen JM, Mailing LJ, Niemiro GM, Moore R, Cook MD, White BA, Holscher HD,
Woods JA. Exercise Alters Gut Microbiota Composition and Function in Lean and
Obese Humans. Med Sci Sports Exerc. 2018;50(4):747-757.
https://doi.org/10.1249/mss.0000000000001495

Min L, Ablitip A, Wang R, Luciana T, Wei M, Ma X. Effects of Exercise on Gut
Microbiota of Adults: A Systematic Review and Meta-Analysis. Nutrients.
2024,16(7):1070. https://doi.org/10.3390/nu16071070

Hughes RL, Holscher HD. Fueling Gut Microbes: A Review of the Interaction between
Diet, Exercise, and the Gut Microbiota in Athletes. Adv Nutr. 2021;12(6):2190-2215.
https://doi.org/10.1093/advances/nmab077

Gallé F, Valeriani F, Cattaruzza MS, Ubaldi F, Romano Spica V, Liguori G; WDPP,
Working Group on Doping Prevention Project; GSMS-SItl, Working Group on
Movement Sciences for Health, Italian Society of Hygiene, Preventive Medicine and
Public Health. Exploring the association between physical activity and gut microbiota
composition: a review of current evidence. Ann Ig. 2019;31(6):582-589.
https://doi.org/10.7416/ai.2019.2318

Aya V, Jimenez P, Mufioz E, Ramirez JD. Effects of exercise and physical activity on
gut microbiota composition and function in older adults: a systematic review. BMC
Geriatr. 2023;23(1):364. https://doi.org/10.1186/s12877-023-04066-y

Sochacka K, Kotowska A, Lachowicz-Wisniewska S. The Role of Gut Microbiota,
Nutrition, and Physical Activity in Depression and Obesity-Interdependent
Mechanisms/Co-Occurrence. Nutrients. 2024;16(7):1039.
https://doi.org/10.3390/nu16071039

19



24.

25.

26.

217.

28.

29.

30.

31.

Shah S, Mu C, Moossavi S, Shen-Tu G, Schlicht K, Rohmann N, Geisler C, Laudes M,
Franke A, Zillig T, Kofeler H, Shearer J. Physical activity-induced alterations of the
gut microbiota are BMI dependent. FASEB J. 2023;37(4):e22882.
https://doi.org/10.1096/fj.202201571r

Pedersini P, Turroni S, Villafafie JH. Gut microbiota and physical activity: Is there an
evidence-based link? Sci Total Environ. 2020;727:138648.
https://doi.org/10.1016/j.scitotenv.2020.138648

Cataldi S, Poli L, Sahin FN, Patti A, Santacroce L, Bianco A, Greco G, Ghinassi B, Di
Baldassarre A, Fischetti F. The Effects of Physical Activity on the Gut Microbiota and
the Gut-Brain Axis in Preclinical and Human Models: A Narrative Review. Nutrients.
2022;14(16):3293. https://doi.org/10.3390/nu14163293

Silva JSC, Seguro CS, Naves MMV. Gut microbiota and physical exercise in obesity
and diabetes - A systematic review. Nutr Metab Cardiovasc Dis. 2022;32(4):863-877.
https://doi.org/10.1016/j.numecd.2022.01.023

Dupuit M, Rance M, Morel C, Bouillon P, Boscaro A, Martin V, Vazeille E, Barnich N,
Chassaing B, Boisseau N. Effect of Concurrent Training on Body Composition and Gut
Microbiota in Postmenopausal Women with Overweight or Obesity. Med Sci Sports
Exerc. 2022;54(3):517-529. https://doi.org/10.1249/mss.0000000000002809

Clark JS, Simpson BS, Murphy KJ. The role of a Mediterranean diet and physical
activity in decreasing age-related inflammation through modulation of the gut
microbiota composition. Br J Nutr. 2022;128(7):1299-1314.
https://doi.org/10.1017/s0007114521003251

Alvarez-Herms J, Odriozola A. Microbiome and physical activity. Adv Genet.
2024;111:409-450. https://doi.org/10.1016/bs.adgen.2024.01.002

Al-Beltagi M, Saeed NK, Bediwy AS, El-Sawaf Y, Elbatarny A, Elbeltagi R. Exploring
the gut-exercise link: A systematic review of gastrointestinal disorders in physical
activity. World J Gastroenterol. 2025;31(22):106835.
https://doi.org/10.3748/wjg.v31.i22.106835

20



