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Abstract   

   

The microorganisms inhabiting the gastrointestinal tract play a crucial 

role in human health, influencing nutrient absorption, vitamin synthesis, 

energy extraction, inflammatory regulation, and the host's immune 

response. Various factors, such as age, delivery method at birth, antibiotic 

usage, and dietary choices, are recognized as formative elements shaping 

the gut microbiota. However, the impact of exercise, including associated 

factors like sport-specific diet, environmental conditions, and their 

interactions on the gut microbiota, remains less explored. High-level 

athletes exhibit distinctive physiology and metabolism, offering valuable 

insights into gut microbiota research due to their exceptional muscular 

strength, aerobic capacity, energy expenditure, and heat production. 

Given the gut microbiota's ability to influence energy utilization, immune 

modulation, and gastrointestinal health, it likely plays a pivotal role in 

athlete health, well-being, and sports performance. This understanding is 

particularly significant for athletes aiming to enhance competition results 

and expedite recovery during training. Moreover, the research extends 

beyond athletics, with implications for overall health and wellness in 

broader communities. Therefore, this narrative review aims to summarize 

existing knowledge on the gut microbiota in athletes and the factors 

influencing it, acknowledging the challenges associated with 

disentangling its effects from lifestyle and dietary habits. 
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Introduction  

 

The primary aim of this story is to explore the connection between gut microorganisms and physical activity, 

investigating whether there's enough proof to consider innovative approaches for the recovery and protection 

of the intestines as a significant factor in overall performance. Joshua Lederberg, an American biologist 

honored with the Nobel Prize in Medicine in 1958, highlighted how the microorganisms within our bodies 

collaboratively protect us. These microorganisms, now collectively termed microbiota, consist of various living 

entities such as eukaryotes, archaea, bacteria, and viruses, making up about 1.3% of our body mass and playing 

a crucial role in maintaining optimal health. These microorganisms inhabit diverse areas of the body, settling 

on surfaces like the respiratory system, digestive system walls, urogenital system, among others [1]. The 

intestinal tract and mouth exhibit greater microbiota diversity, while the skin has less diversity, and there's still 

no consensus on the number of species in the vagina [2]. 

Microbiota refers to the collection of microorganisms residing in each environment, establishing a symbiotic 

relationship with adaptive properties and rapid renewal, creating a significant metabolic unit. The intestinal 

microbiota specifically comprises around 100 billion bacteria residing in our intestines, responsible for 

maintaining intestinal mucosa well-being, aiding in digestion, and transforming harmful elements into less 

toxic substances. In 2014, the term "intestinal flora" was introduced to describe the intestinal microbiota, later 

changed to "gut microbiota" [3]. 

Certain bacteria in the gut microbiota attach to cell exteriors and specific receptors known as adhesins. They 

can adapt to environmental conditions, such as humidity, temperature, or pH, activating defense mechanisms 

when interacting with harmful viruses. The balance between microbiota, intestinal permeability, and local 

immunity is crucial for intestinal tract stability. Any non-adaptive changes can have adverse effects, referred to 

as intestinal dysbiosis, impacting digestion, nutrient absorption, vitamin production, and control of harmful 

microorganisms [3]. The majority of gut microbiota bacteria reside in the colon, described as a potentially 

active organ due to extensive microbiota activity and likened to the liver for its high metabolic capacity [5]. 

The microbiota is dominated by four main groups: Firmicutes, Bacteroidetes, Actinobacteria, and 

Proteobacteria [6]. While other bacteria in smaller proportions contribute to microbiota function, Firmicutes 

and Bacteroidetes are notable, making up about 60% and 20%, respectively, of the gut microbiota throughout 

the intestinal tract. The Proteobacteria phylum covers approximately 5%, and Actinobacteria represents about 

3% [7].  

 

The effect of exercise on the Gut Microbiota  

 

In a study by Estaki and colleagues [8], they found that in healthy individuals, higher levels of cardiorespiratory 

fitness, measured by peak or maximum oxygen uptake (VO2peak or VO2max), were linked to increased 

microbial diversity and fecal butyrate. Notably, individuals with greater fitness levels exhibited a core set of 

gene-related functions rather than a specific set of bacterial species. Around 20% of the variation in gut bacterial 

diversity could be explained by VO2peak alone, with VO2peak being the most significant contributor to 

increased alpha diversity, outperforming variables like sex, age, BMI, and various dietary components. This 

suggests that cardiorespiratory fitness is a reliable predictor of gut microbial diversity in healthy individuals. 

The study also revealed positive correlations between enhanced bacterial diversity and certain microbial 

metabolic functions, such as chemotaxis, motility, and fatty acid biosynthesis. Although VO2peak wasn’t 

significantly associated with changes in the community composition, it appeared that function could better 

predict outcomes than species richness. These findings echoed earlier results by Matsumoto and colleagues [9], 

demonstrating that exercising rats with high cardiorespiratory fitness showed increased levels of the short-

chain fatty acid butyrate, linked to higher abundances of specific bacterial groups. 

The functional categories most strongly linked to VO2peak were related to bacterial motility, sporulation, and 

a bacterial communication system responding to environmental factors. One potential explanation for these 

associations is that the abundance of butyrate, more prevalent in individuals with higher cardiorespiratory 

fitness, could influence neutrophil chemotaxis. Moreover, VO2peak showed an inverse correlation with the 

biosynthesis of lipopolysaccharides (LPS) and associated proteins. Elevated levels of LPS, found in less fit 

individuals, can trigger inflammatory responses that may contribute to obesity and metabolic syndromes. 

Exercise training, by reducing elevated blood LPS, is suggested to alleviate inflammation. Therefore, the 

inverse relationship between VO2peak and LPS biosynthesis pathways suggests a positive outcome of 

increased physical activity, potentially leading to decreased LPS biosynthesis. 
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The Reciprocal Connection Between Exercise and the Microbiome 

 

For a while now, people have noticed that physical activity can significantly impact gut well-being, even being 

suggested as a remedy for several chronic digestive conditions [10]. The influence of exercise on gut health 

and immunity is often described as a "J-curve," implying that a moderate level of activity positively addresses 

issues like gut permeability and inflammation, while intense and prolonged exercise can have negative effects 

[11-13]. This is evident in elite endurance athletes who frequently face various digestive problems during or 

after intense workouts. In a study during a 161 km ultramarathon, around 96% of participants experienced 

gastrointestinal symptoms, with 35.6% attributing their inability to finish the race to these issues 

[14].Conversely, a study found that sedentary individuals with normal body composition had higher serum 

endotoxin levels compared to trained cyclists, supporting the idea that exercise has a hormetic impact on gut 

health [15]. The adverse symptoms linked to strenuous exercise are thought to result from a shift in blood flow, 

causing reduced circulation to the gut, known as intestinal ischemia [16,17]. This, in turn, leads to heightened 

gut inflammation and permeability [18]. While intestinal ischemia was once believed to be the main contributor 

to exercise-related digestive problems, there's growing evidence pointing to the involvement of the gut 

microbiome. Notably, studies have demonstrated that mice without germs or those treated with specific 

probiotics were resistant to issues related to gut ischemia [19]. Probiotics, described as "live microorganisms 

that, when given in sufficient amounts, provide health benefits to the host," have shown promise in protecting 

against digestive distress and upper respiratory tract infections (URTIs) in athletes when taken before races, 

although the exact mechanisms are not yet fully understood [20-22]. 

 

The Microbiome, Respiratory Tract Infection and Inflammation 

 

The impact of probiotics on training and performance is noteworthy [23]. Various studies highlight the 

significant protective role of specific probiotics against upper respiratory tract infections (URTIs), possibly due 

to their specific immune-regulating properties [24]. For instance, Tavares-Silva and colleagues discovered that 

a blend of probiotics (Lactobacillus acidophilus LB-G80, Lacticaseibacillus paracasei LPc-G110, Lactococcus 

lactis LLL-G25, Bifidobacterium animalis subsp. Lactis BL-G101, and Bifidobacterium bifidum BB-G90) led 

to a substantial decrease in URTI symptoms and a 29% reduction in URTI incidents among marathon runners 

[25]. 

The prevalence of URTIs and gastrointestinal issues is thought to be closely linked to chronic systemic 

inflammation, partly attributed to increased gut permeability from intense exercise. Pro-inflammatory 

molecules, like bacterial lipopolysaccharides, can enter circulation, causing chronic low-grade inflammation. 

Probiotics have shown promise in lessening this inflammatory response, potentially mitigating the negative 

consequences, reducing gastrointestinal symptoms, and lowering URTI occurrence/severity [11]. This suggests 

that anti-inflammatory pre-/probiotics could directly benefit by reducing the performance decline associated 

with chronic inflammation. Moreover, there might be an indirect benefit from a reduced need for standard anti-

inflammatory drugs, known to significantly impact the gut microbiome [26]. 

In summary, these findings indicate the potential of specific probiotics to decrease URTI incidents and 

inflammation, thereby minimizing their impact on performance. 

 

Exercise and Gut Physiology 

 

Gentle physical activity can impact the digestive system by decreasing the time it takes for stool to pass through, 

reducing the exposure of pathogens to the gastrointestinal mucus layer. This suggests that exercise has a 

protective role, lowering the chances of developing conditions like colon cancer, diverticulosis, and 

inflammatory bowel disease [27]. Even when combined with a high-fat diet, exercise may help diminish 

inflammatory effects and safeguard the structure and health of the intestine [28]. Sedentary behavior, coupled 

with a high-fat diet, is linked to changes in intestinal structure, but exercise can counteract these changes by 

reducing the expression of a specific enzyme (Cox-2) in different parts of the gut [28]. On the other hand, 

endurance exercise can alter the gastrointestinal tract by significantly decreasing blood flow, potentially 

causing harmful effects [27]. This reduction is tied to increased resistance in the blood vessels of the 

gastrointestinal area, influenced by heightened activity from the sympathetic nervous system [27]. Prolonged 

exercise can also elevate intestinal permeability, jeopardizing the function of the gut barrier and leading to the 

movement of bacteria from the colon to other parts of the body [27, 29]. 
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Influence of Sports Nutrition on Gut Microbiota 

 

In essence, there’s a need for more extensive, prolonged studies involving diverse groups of athletes to explore 

how diet influences the structure and function of the gut microbiota. This becomes crucial given the unique 

dietary practices many athletes adopt, especially during heightened training leading up to competitions and off-

season periods. It’s essential for research to delve into the intricate interactions between exercise and nutrients 

that drive adaptation and performance [30]. Moreover, there’s a call for additional investigations into the 

synthesis kinetics and clinical implications of microbial by-products under increased nutritional demands and 

metabolic stress during exercise. Ultimately, the possibility of tailoring dietary recommendations for athletes 

by modulating the microbiota and its fermentation capacity is a potential avenue. This could involve suggesting 

specific nutrients to enhance performance by boosting certain metabolites during exercise and recovery while 

minimizing those that generate harmful metabolites, exacerbating the impacts of exercise stress [31]. 

 

Diet has a well-established role in shaping the composition and activity of gut microbiota, with noticeable 

changes occurring within 24 hours of a dietary shift. Surprisingly, the influence of energy balance, particularly 

in athletes affected by RED-S (Relative Energy Deficiency in Sport), has been overlooked. Investigating the 

impact of total energy consumption without accounting for dietary variations proves challenging, if not 

impossible. The effects of high-protein intake, especially in the absence of high fat, on gut bacteria require 

more exploration, along with understanding the consequences of combined high-protein and high-fiber intake. 

Protein intake appears to strongly influence microbiota diversity, with potential benefits observed in studies on 

protein supplementation like whey, emphasizing the need for further human-focused research. 

 

Proteins from plant sources significantly impact gut microbiota but necessitate in-depth study within the athlete 

population. Future investigations should also scrutinize the types and quantities of fats consumed alongside 

protein to understand their combined effect on the gut microbiota. Increased dietary fiber intake correlates with 

enhanced microbial richness and diversity. Additionally, athletes with higher carbohydrate and dietary fiber 

intake seem to exhibit increased abundance of Prevotella. The intricate effects of fats on the gut microbiota are 

challenging to isolate, but the types of fats consumed are emerging as crucial factors to explore further. 

 

Conclusion 

 

In essence, there's a need for more extensive, prolonged studies involving diverse groups of athletes to explore 

how diet influences the structure and function of the gut microbiota. This becomes crucial given the unique 

dietary practices many athletes adopt, especially during heightened training leading up to competitions and off-

season periods. It's essential for research to delve into the intricate interactions between exercise and nutrients 

that drive adaptation and performance. Moreover, there's a call for additional investigations into the synthesis 

kinetics and clinical implications of microbial by-products under increased nutritional demands and metabolic 

stress during exercise. Ultimately, the possibility of tailoring dietary recommendations for athletes by 

modulating the microbiota and its fermentation capacity is a potential avenue. This could involve suggesting 

specific nutrients to enhance performance by boosting certain metabolites during exercise and recovery while 

minimizing those that generate harmful metabolites, exacerbating the impacts of exercise stress.  

 

Diet has a well-established role in shaping the composition and activity of gut microbiota, with noticeable 

changes occurring within 24 hours of a dietary shift. Surprisingly, the influence of energy balance, particularly 

in athletes affected by RED-S (Relative Energy Deficiency in Sport), has been overlooked. Investigating the 

impact of total energy consumption without accounting for dietary variations proves challenging, if not 

impossible. The effects of high-protein intake, especially in the absence of high fat, on gut bacteria require 

more exploration, along with understanding the consequences of combined high-protein and high-fiber intake. 

Protein intake appears to strongly influence microbiota diversity, with potential benefits observed in studies on 

protein supplementation like whey, emphasizing the need for further human-focused research. 

 

Proteins from plant sources significantly impact gut microbiota but necessitate in-depth study within the athlete 

population. Future investigations should also scrutinize the types and quantities of fats consumed alongside 

protein to understand their combined effect on the gut microbiota. Increased dietary fiber intake correlates with 

enhanced microbial richness and diversity. Additionally, athletes with higher carbohydrate and dietary fiber 

intake seem to exhibit increased abundance of Prevotella. The intricate effects of fats on the gut microbiota are 

challenging to isolate, but the types of fats consumed are emerging as crucial factors to explore further. 
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