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Abstract

Introduction: In the context of sports performance,
nutrition has been used to improve the health of the
brain, bones, muscles, and cardiovascular system of
athletes. However, recent research suggests that the
gut microbiota (GM) may also play a role in athlete
health and performance. Objective: It was to carry out
a systematic review of the main clinical findings,
involving the metabolic and metabolomic aspects, of the
relationship between gut microbiota and sports
performance under control and nutrological modulation.
Methods: The systematic review rules of the PRISMA
Platform were followed. The research was carried out
from January to March 2023 in Scopus, PubMed, Science
Direct, Scielo, and Google Scholar databases. The
quality of the studies was based on the GRADE
instrument and the risk of bias was analyzed according
to the Cochrane instrument. Results and Conclusion:
A total of 328 articles were found, and 132 articles were
evaluated in full and 108 were included and developed
in this systematic review study. Considering the
Cochrane tool for risk of bias, the overall assessment
resulted in 52 studies with a high risk of bias and 74
studies that did not meet GRADE. It was concluded that
athletes must feed, train and utilize the entire
supraorganism, including the GM, implementing gut-
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centered dietary strategies to achieve optimal
performance. Current evidence suggests that the GM
may contribute to sports performance through the
production of dietary metabolites (short-chain fatty
acids, secondary bile acids), influence on
gastrointestinal physiology (e.g. nutrient absorption),
and immune modulation (inhibition of pathogens).
Dietary strategies common in athletes, such as a high
intake of protein and simple carbohydrates and a low
intake of nondigestible carbohydrates, may adversely
affect the GM and predispose athletes to gastrointestinal
problems and thus impair performance. However,
adequate dietary fiber intake, a variety of protein
sources, and an emphasis on unsaturated fats,
especially -3 fatty acids, as well as supplementation
with pre, pro, and synbiotics, have shown promising
results in optimizing the health of the athletes and their
GM with potential beneficial effects on performance.

Keywords: Nutrology. Gut microbiota. Metabolism.
Sports performance. Athletes.

Introduction

In the context of sports performance, nutrition has
been used to improve the health of the brain, bones,
muscles, and cardiovascular system of athletes.
However, recent research suggests that the gut
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microbiota (GM) may also play a role in athlete health
and performance. Therefore, athletes should consider
dietary strategies in the context of their potential effects
on GM, including the impact of sport-centered dietary
strategies (e.g., protein supplements, carbohydrate
loading) on the gut microbiota, as well as the effects of
centered dieting. in the gut dietary strategies (eg,
probiotics, prebiotics) on performance [1,2].

In this regard, there is an interaction between diet,
exercise, and GM, with a focus on dietary strategies that
can affect both GM and athletic performance. Current
evidence suggests that GM could contribute to the
effects of dietary intake on athletic performance by
influencing the production of microbial metabolites,
gastrointestinal physiology, and immune modulation.
Common dietary strategies such as high protein and
simple carbohydrate intake, low fiber intake, and food
avoidance can adversely affect gut microbiota and, in
turn, performance [1-3].

Furthermore, the intake of adequate dietary fiber,
a variety of protein sources, and an emphasis on
unsaturated fats, especially omega-3 fatty acids (®@-3),
in addition to the consumption of prebiotics, probiotics,
and symbiotics, have shown promising results in
optimizing health and athlete performance. While this is
an emerging and promising area of research, more
studies are needed that incorporate, track, and
manipulate all three of these elements (i.e., diet,
exercise, and gut microbiome) to provide
recommendations for athletes [4].

In this regard, many of the established positive
health benefits of exercise have been documented by
historic discoveries in the field of exercise physiology.
These investigations usually assess performance
thresholds or exercise-induced health benefits [5].
Thus, several important findings were informed by
studying athletes. Recent progress has been made
regarding gut microbiota, regenerative nutrition, and
skeletal muscle metabolism [5-7].

Furthermore, regular physical training associated
with nutritional health has broad benefits to the health
of the gut microbiota, acting positively in almost all
organic systems of the body [8]. The mysteries of
human physiology and the adaptive response to acute
and chronic physical training have been largely
elucidated through exercise science. Thus, exercise
physiologists have studied the physiological response to
physical activity and sports [9,10].

In the context of the triad physical exercise,
nutriton, and gut microbiota for the muscle
regeneration process, adult stem cells stand out as
intestinal stem cells at the base (crypts) of the intestine
and muscle stem cells outside the intestine. sarcolemma

next to the basement membrane of the muscle [11-
13]. The tissue niche is also able to influence adult stem
cells metabolism. Tissue stem cell metabolism has
focused on central carbon metabolism, ie the generation
of metabolic building blocks via glycolysis, oxidative
phosphorylation, or the pentose phosphate pathway
[13].

Furthermore, adult tissue stem cells mediate
homeostasis and regeneration of tissues and organs by
making decisions about whether to remain quiescent,
proliferate, or differentiate into mature cell types. These
decisions are directly integrated with the body's energy
balance and nutritional status. Metabolic by-products
and substrates that regulate epigenetic and signaling
pathways are considered to play an instructive rather
than an observer role in regulating cell fate decisions
[13].

In this sense, it is suspected that the quiescent
state of stem cells is characterized by an inherently
glycolytic metabolism, followed by a transition to favor
mitochondrial  oxidative  phosphorylation  during
differentiation [14-17]. However, increasing evidence
suggests that metabolism during quiescence, activation,
and differentiation may vary between tissues,
integrating signaling cues and metabolic inputs from
both the niche and the organism as a whole, primarily
by signaling from nutrients and the gut microbiota
[15,16].

In this scenario, metabolomics provides information
on cellular pathways, observing substrates and
metabolic products through different pathways
[18,19]. Along with transcriptomics and proteomics
analysis, it is observed that metabolism can affect cell
fate (and vice versa) [20].

Based on this context, the present study carried out
a systematic review of the main clinical findings,
involving metabolic and metabolomic aspects, the
relationship between gut microbiota and sports
performance under the control and modulation of
nutrition.

Methods
Study Design
The systematic review rules of the PRISMA

Platform were followed. Available at: www.prisma-
statement.org/. Accessed: 03/12/2023.

Data Sources and Quality of Studies / Risk of Bias

The search strategies for this systematic review
were based on the keywords (MeSH Terms): "Nutrology.
Gut microbiota. Metabolism. Sports performance.
Athletes”. The research was carried out from January to
March 2023 in Scopus, PubMed, Science Direct, Scielo,
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and Google Scholar databases. In addition, a
combination of keywords with the Booleans “OR", "AND”
and the operator "NOT"” were used to target scientific
articles of interest. The quality of the studies was based
on the GRADE instrument and the risk of bias was
analyzed according to the Cochrane instrument.

Results and Discussion
Summary of Findings

A total of 328 articles were found. Initially,
duplication of articles was excluded. After this process,
the abstracts were evaluated and a new exclusion was
performed, removing the articles that did not include the
theme of this article, resulting in 184 articles. A total of
132 articles were evaluated in full and 108 were included
and developed in this systematic review study (Figure
1). Considering the Cochrane tool for risk of bias, the
overall assessment resulted in 52 studies with a high risk
of bias and 74 studies that did not meet GRADE.

Figure 1. Flowchart showing the article selection
process.

Articles in PubMed
(n=310)

Other Databases (n = 18)

* Total=328
* Findings after removing duplicate articles (n=258)

Articles Analyzed Excluded articles (did
(n=258) . not meet GRADE)
(n=74)
Selected articles Deleted Articles
(n=184) _— (risk of bias)
(n=52)
Articles in qualitative analysis Deleted Articles
(n=132) [ (other reasons)
(n=24)

[ Included ][ Selection J [ Variation ] [ Identification ]

Articles included in the systematic review (n=108)

Figure 2 presents the results of the risk of bias of
the studies through the Funnel Plot, showing the
calculation of the Effect Size - Cohen Test (d). The
sample size was indirectly determined by the inverse of
the standard error. This graph showed symmetrical
behavior, not suggesting a significant risk of bias, both
between studies with small sample sizes (lower
precision) that are shown at the bottom of the graph
and in studies with large sample sizes that are displayed
in the upper region.

Figure 2. The symmetrical funnel plot does not suggest
a risk of bias among the small sample size studies that
are shown at the bottom of the plot. High confidence

and high recommendation studies are shown above the
graph (NTotal=108 studies evaluated in full in the
systematic review).
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Nutrients, Gut Microbiota, and Sports
Performance

Biochemical processes manifest various aspects of
the human body's metabolic phenotype. In this sense,
the athlete seeks to optimize this complex system to
improve performance. Nutrition has long been used as
a tool by athletes to promote peak performance.
Nutrition can also influence athletic performance
through the gut microbiota (GM). As a result, GM can
modulate many of the effects of diet, nutrition, and
health, such as the risk of chronic diseases including
obesity, type 2 diabetes, and cardiovascular disease
[4].

In this regard, GM can influence athletic
performance and its responsiveness to diet. Sport-
centric and gut-centric dietary strategies modulate GM
composition and function. Human digestive processes
produce amino acids and fatty acids from ingested
proteins and fats, respectively, while non-digestible
carbohydrates reach the large intestine intact. These
components, as well as ingested supplements such as
probiotics, interact with GM, which produces
metabolites that influence local barrier function, as well
as systemic functions such as glycogen storage, fuel
utilization, and muscle function that have the potential
to affect athletic performance [4].

Furthermore, nitrate supplementation is an
effective, evidence-based dietary strategy for improving
sports performance. The effects of dietary nitrate
appear to be mediated by the ability of oral bacteria to
reduce nitrate to nitrite, thereby increasing levels of
circulating nitrite that can be further reduced to nitric
oxide in the body. GM can improve muscle function by
providing certain metabolites. Skeletal muscle can also
serve as a nitrate reservoir. The bacteria in the oral
cavity involved in the reduction of nitrate to nitrite and
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the possible changes induced by nitrite and its effect on
gastrointestinal balance and GM homeostasis are
gradually being evidenced by researchers. The potential
role of gut bacteria in reducing nitrate to nitrite and in
providing the signaling molecule nitric oxide to the
bloodstream and muscles has not been explored in great
detail [21].

In this context, nutritional supplements are popular
among athletes to improve performance and physical
recovery. Protein supplements fulfill this function by
improving performance and increasing muscle mass.
Dietary changes can induce GM imbalance, with
beneficial or deleterious consequences for the host. In
light of this, a randomized trial analyzed diets that were
supplemented with a protein supplement (whey isolate
and beef hydrolyzate) (n=12) or maltodextrin (control)
(n=12) for 10 weeks. GM, water content, pH, ammonia,
and short-chain fatty acids (SCFA) were analyzed in
fecal samples, while malondialdehyde levels (markers of
oxidative stress) were determined in plasma and urine.
Fecal pH, water content, ammonia, and SCFA
concentrations did not change, indicating that protein
supplementation did not increase the presence of these
fermentation-derived metabolites. Likewise, it had no
impact on plasma or urine malondialdehyde levels;
however, it increased the abundance of the phylum
Bacteroidetes and decreased the presence of health-
related taxa, including Roseburia, Blautia, and
Bifidobacterium longum. Thus, long-term protein
supplementation may harm GM [22].

Added to this, it is highlighted that metabolism
encompasses the interactions between the diet, the
microbiome, and the cellular enzymatic processes that
generate the chemical pathways necessary to maintain
life. The small intestine, comprising the duodenum,
jejunum, and ileum, is the most rapidly self-renewing
organ in men. The small intestine exhibits specific
metabolites with the highest levels of fatty acid
oxidation occurring in the upper part of the small
intestine and decreasing distally towards the ileum
[23]. High rates of intestinal self-renewal are enabled
by intestinal stem cells (LGR5+) at the base of intestinal
crypts [24]. Cells in the gut can communicate via
metabolic signals, with differentiated Paneth cells
secreting lactate to support the LGR5+ function [14].

In this sense, the balance between LGR5+ and
differentiated cell fate may also be affected by cell-
intrinsic changes in central carbon metabolism. The
mitochondrial pyruvate carrier (MPC), comprising the
MPC1 and MPC2 subunits, is required for crossspecies
pyruvate oxidation, allowing entry of pyruvate into
mitochondria [24,25]. Genetic deletion of the MPC1
subunit or MPC inhibition distorts cellular metabolism

towards glycolysis and increases LGR5+ proliferation.
On the other hand, overexpression of MPC1/MPC2
reduces the activity of LGR5+ [26].

One study demonstrated that the expression of the
enzyme  3-hydroxy-3methylglutaryl-CoA  synthase
(Hmgcs2), which regulates the ratio-limiting step in
ketone body synthesis, is enriched in LGR5+. Loss of
Hmgcs2  impairs regeneration and  promotes
promiscuous differentiation for the Paneth cell line [27].
The ketone body Bhydroxybutyrate inhibits class I
histone deacetylases to increase transcriptional
activation of Notch signaling and maintain stem cell self-
renewal [28].

Furthermore, the intestine is constantly
encountering dietary-derived nutrients and therefore is
responsive to nutrient types [28]. For example, studies
performed on patientderived normal and tumor-derived
intestinal organoids have demonstrated that vitamin D
levels can change the balance between stem cell fates
as well as their differentiation [29]. Therefore, LGR5+
activity, including proliferation and differentiation rates,
is affected by large shifts in nutrient availability, as
occurs on a high-fat diet or fasting [30-32].

Nutrients and Regenerative Processes

The practice of physical activity, endogenous
metabolites, and dietary nutrients can directly influence
epigenetic enzymes. Epigenetic modifications to DNA
and histone proteins alter cell fate by controlling
chromatin  accessibility and downstream gene
expression patterns [20].

Thus, many substrates and cofactors for
chromatin-modifying enzymes are derived from
metabolic pathways involving the tricarboxylic acid
cycle, the methionine cycle, the folate cycle, glycolysis,
B-oxidation, and the hexosamine pathway. These
metabolites can serve as activators or inhibitors of
epigenetic writers, such as Jumonji C domain-containing
proteins (JmjC), DNA methyltransferases (DNMTSs),
histone acetyltransferases (HATs), ten-eleven DNA
translocase demethylases (TETs), and histone
deacetylases (HDACs). In this sense, metabolites can
influence nutrient-sensing signaling pathways [20].

Thus, the mechanistic target of rapamycin complex
1 (mTORC1) can be activated by growth factor-induced
signaling only when the amino acids arginine and
leucine, as well as the cofactor S-adenosyl methionine
(SAM), are detected within the cell. In addition, energy
balance communicated via the cellular AMP/ADP-ATP
ratio can be detected by AMP-activated protein kinase
(AMPK). Furthermore, transcription factors can be
directly regulated by metabolites, for example, the
kynurenine metabolite of tryptophan is an endogenous
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aryl hydrocarbon receptor agonist, and alpha-
ketoglutarate (a-KG) binds to and activates IKKB and
initiates IKKP signaling. NF-«B [16,20].

In this scenario, dietary manipulations and
metabolites may affect tissue stem cell fate decisions,
as highlighted in the small intestine (intestinal stem cells
(LGR5+)), hematopoietic system (hematopoietic stem
cells (HSCs), liver, muscle (muscle stem cells/satellite
cells) and hair follicles (hair follicle stem cells (HFSC).
For example, in HFSCs, mitochondrial pyruvate carrier 1
(MPC1) and lactate dehydrogenase (LDHA) regulate the
balance between telogen and anagen during the hair
cycle. In LGR5+, 3hydroxy-3-methylglutaryl-CoA
synthase (Hmgcs2) is highly expressed while MPC1/2 is
expressed at low levels. The ketogenic or high-glucose
diet regulates the balance of autorenewal of LGR5+ HSC
self-renewal and differentiation can be regulated by
manipulation of vitamin C, A, or D levels and valine
restriction [20].

Regarding muscle regeneration, the nicotinamide
riboside-rich diet may increase muscle stem cell
numbers and function in a histone deacetylase (SIRT1)
dependent manner. Muscle stem cells, called satellite
cells, are responsible for the maintenance of adult
muscle mass and repair after injury. Several studies
have demonstrated how changes in innate metabolism
interfere with the differentiation of satellite stem cells
into mature myocytes [33]. For example, mapping a
single cell with histone acetylation has shown that
acetylation levels tend to be low in quiescent cells.

In this context, one study found that isolated
quiescent muscle stem cells express fatty acid oxidation
enzymes/transporters, however, as they exit quiescence
and enter the cell cycle for proliferation, a metabolic
transition occurs to favor glycolysis [34 ]. In this sense,
SIRT1 is a target of increased glycolysis. SIRT1
represses the mature expression of skeletal muscle-
specific genes, as well as genes involved in
mitochondrial biogenesis. Advanced glycolysis depletes
NAD+, an essential metabolic cofactor of SIRTI,
reducing SIRT1 activity and promoting downstream
activation of these mature muscle-specific genes and
differentiation [35].

Thus, metabolic pathways and chromatin
modifications are closely linked and therefore many
changes in metabolism influence epigenetic changes
and alter gene expression. For example, signaling
pathways including mTORC, AMPK, MAPK, and others
are all sensitive to changes in nutrient levels.
Furthermore, transcription factors are directly regulated
by metabolites [36,37]. Furthermore, it is possible that
the transcriptional machinery itself also responds to
nutrients, for example, RNA polymerase II is modified

by O-GIcNAc, a metabolite derived from the hexosamine
biosynthesis pathway [38].

Thus, epigenetic signaling pathways and
transcription are affected by changing nutrient levels.
Furthermore, the focus of the literature on stem cell
metabolism is centered on central carbon metabolism
and the balance between glycolysis and oxidative
phosphorylation in the regulation of cell fate [38].
Therefore, future research that defines dietary and
metabolic control of decisions about the fate of cells in
muscle tissues will be of great importance in the fields
of metabolism and regenerative medicine.

Nutritional Genomics and Gut Microbiota

The gut microbiota is composed of about 100
trillion bacteria, viruses, fungi, and protozoa that live in
perfect symbiosis with our body [39]. About 90% of the
bacteria living in the human gastrointestinal tract belong
to 5 main phyla Bacteroidetes characterized by some
well-known genera such as Prevotella and Bacteroides
[40], Firmicutes to which the genera Ruminococcus,
Lactobacillus and  Streptococcus belong [40].
Actinobacteria belong to the genus Bifidobacterium
[41]. Proteobacteria (Gramnegative) and possibly
pathogenic, and Verrucomicrobia, known mainly by the
genus Akkermansia [42-44].

The individual response to nutrients and non-
nutritive molecules can be largely affected by three
important biological layers. The gut microbiome can
alter the bioavailability of nutrients and other
substances, the genome can influence the kinetics and
dynamics of molecules, while the epigenome can
modulate or amplify the properties of the genome. The
use of omics and bioinformatics techniques allows the
construction of individual multilayer networks and, thus,
the identification of personalized strategies that have
recently been considered in all medical areas, including
sports medicine [45]. In this sense, the composition of
each athlete's microbiome influences  sports
performance both directly by acting on energy
metabolism and indirectly by modulating the availability
of nutrients or non-nutritive molecules, which ultimately
affects the individual epigenome and genome. Among
non-nutritive molecules, polyphenols can enhance
physical performance through different epigenetic
mechanisms. In this way, polyphenols interact with the
gut microbiota, undergoing extensive metabolism to
produce bioactive molecules, which act on transcription
factors involved in mitochondrial biogenesis, antioxidant
systems, glucose and lipid homeostasis, and DNA repair
[45].

Thus, omics disciplines, including epigenomics (the
study of the complete set of epigenetic modifications in
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the genetic material of a cell, known as the epigenome),
aim at the complete characterization and quantification
of pools of biological molecules that affect the structure,
function, and dynamics of an organism. body. In
nutrition, omics technologies are useful to customize
dietary strategies for each individual, providing
personalized dietary approaches [46,47].

In this regard, the standardized nutritional
approach, preferably related to guidelines for healthy
nutrition, such as those established by the World Health
Organization (WHO), should be reviewed and updated,
considering the influence that genetic, environmental,
and microbiota factors have on each one. individual, to
optimize nutritional and nutraceutical choices and
promote the health of individuals according to their
characteristics [48].

At the genetic level, two nutritional fields look at
the intricate relationships between nutrients, genes, and
biological systems nutrigenetics and nutrigenomics.
Nutrigenetics aims to understand how our genetic
background can modulate the absorption, distribution,
metabolism, and elimination of nutrients, affecting the
response to diet. Nutrigenomics focuses on individual
sensitivity to nutrients in terms of their influence on
gene and protein expression and subsequently
metabolite production, thereby providing actionable
information on the effects of diets and allowing for
effective personalization of dietary intervention
strategies to prevent disease-related diseases. diet
[49,50].

One of the most useful applications of nutritional
genomics is certainly in sports performance. Genetic
factors account for about 50% to 80% of the
interindividual variation in body mass, and this has a
critical impact on the muscle growth response [51].
Furthermore, endocrine functions, muscle fiber
composition, psychological aspects, and nutrition may
have differences associated with genotype and influence
athletic performance [52].

Polyphenols and Athletic Performance

Polyphenols represent a considerable
heterogeneous class of compounds with common
phenolic structural units present in nature in a wide
variety of foods, such as fruits, vegetables, cereals, tea,
and chocolate, among others [53].

The various polyphenol groups are distributed
according to the number of phenolic rings in flavonoids
(> 10,000 natural compounds) which can be further
subclassified into many flavones, flavonols (Capparis
spinosa), flavones or flavan-3-oils or catechins
(Theobroma cacao, Camellia sinensis), anthocyanins or
anthocyanidins (Vaccinium myrtillus), isoflavones and

chalcones  (Glycine
polyphenols such as

max); and non-flavonoid

tannins, diferuloylmethane
(Turmeric  Longa), coumarins, benzophenones,
secoiridoids, stilbenes (Polygonum  cuspidatum),
phenolic acids, etc. [54,55].

In general, several health properties have been
attributed to polyphenols, including antioxidant, anti-
inflammatory, antibacterial, antiviral, antipruritic,
antiparasitic, and cytotoxic [56-59]. In athletic
performance, several studies have investigated the
antioxidant and anti-inflammatory potential of various
polyphenols [60,61]. Accordingly, individuals who carry
specific genetic mutations (e.g., N-acetyltransferase
(NAT) 1/2, SOD1/2, glutathione peroxidase (GPX) 1,
paraoxonase (PON) 1, X-ray repair
crosscomplementation family (XRCC) 1) may be less
efficient at modulating oxidative stress and
inflammation during exercise and therefore require a
significant increase in antioxidants with epigenetic
mechanisms such as polyphenols [62-66]. One of the
most innovative areas for understanding the health-
related mechanisms of polyphenols in sports
performance is the study of bidirectional interactions
with gut microbiota [53].

In plants, polyphenols are generally found in their
glycosylated form, although esterified or polymerized
forms may also be present [67]. Once ingested,
polyphenols are recognized by the human body as
xenobiotics, therefore their absorption rate is notably
lower than that of nutrients introduced through the diet
and varies greatly depending on the degree of
polymerization or the complexity of their chemical
structure. Only 5-10% of polyphenols are absorbed in
the small intestine, while the remaining 90-95% reach
the colon, where they undergo fermentation processes
by the gut microbiota and subsequently generate
metabolites with different physiological implications.
After oral ingestion of 10 to 500 mg of polyphenols, the
maximum plasma concentration generally does not
exceed 1 pM, mainly due to poor absorption and
metabolism by tissues and gastrogut microbiota.

Also, polyphenols are also substrates for ATP-
binding transporters, which are primarily efflux
transporters and which eliminate their substrates
outside the cell. These proteins may influence the oral
availability and tissue distribution of polyphenols,
limiting their beneficial effects [68,69]. Genetic
mutations that affect these transporters, such as those
that affect hepatic and intestinal cytochromes, must be
taken into account when determining polyphenol
dosage based on the subject's genotypic characteristics
(poor, intermediate, or extensive metabolizers) [70-
72].
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Once in the large intestine, polyphenols can
modulate the proliferation of specific bacteria and act as
prebiotics for some other microorganisms [73,74]. A
meta-analysis showed that polyphenol supplementation
increases the abundance of Lactobacillus and
Bifidobacterium and reduces the abundance of some
pathogenic Clostridium in the human gut microbiota
[75,76].

In practice, polyphenol supplementation should be
provided before or after physical exercise and not
immediately after, mainly because post-exercise
inflammatory processes are essential for muscular
hypertrophy and learning of muscular actions. With the
advent of omics technologies, it has become possible to
analyze the individual genome, epigenome, and other
classes of biologically relevant molecules, as well as the
genetic makeup of the gut microbiota (microbiome).
The biological data contained in the genetic/epigenetic
fingerprint and the composition of the individual
microbiota together provide valuable information for
understanding a subject's sensitivity and response to
external/internal stimuli and dietary xenobiotics. This, in
turn, may allow for personalized interventions across all
medical fields, including sports medicine, where
personalized nutritional and nutraceutical regimens can
be undertaken to maximize athletic performance [77-
83].

In recent years, the consumption of chocolate and,
in particular, dark chocolate has been "rehabilitated"
due to its high content of antioxidant cocoa polyphenols.
While it is recognized that regular exercise improves
energy metabolism and muscle performance, excessive
or unusual exercise can induce cellular damage and
impair muscle function, triggering oxidative stress and
tissue inflammation [84-92]. The interpretation of the
available results on the antioxidant and anti-
inflammatory activities of cocoa polyphenols remains
questionable, probably due to the variety of
physiological networks involved [93-97]. More
experimental studies are mandatory to clarify the role of
cocoa polyphenol supplementation in exercise-mediated
inflammation [98].

One study investigated the effects of polyphenol
supplementation on gut microbiota composition in
humans. The study followed a randomized, double-
blind, placebo-controlled (PLA) design, 37 overweight
and obese men and women (18 men / 19 women, 37.8
+ 1.6 years, body mass index: 29.6 £ 0.5 kg/m2)
received epigallocatechin3-gallate and resveratrol
(EGCG + RES, 282 and 80 mg/day, respectively) or PLA
for 12 weeks. A fecal abundance of Bacteroidetes was
higher in men than in women, while other bacterial rates
assessed were comparable. EGCG+RES

supplementation significantly decreased Bacteroidetes
and tended to reduce Faecalibacterium prausnitzii in
men (p=0.05 and p=0.10, respectively), but not in
women (p=0.15 and p=0.77, respectively). Other
bacterial genera and species were not affected by EGCG
+ RES supplementation [99].

It is increasingly recognized that an athlete's GM
responses to diet are personalized depending on
characteristics such as the presence or abundance of
key species such as Ruminococcus bromii or Prevotella
copri[100,101] or metabotypes [102]. Interindividual
variability in microbial responses contributes to
variability in metabolic responses (glycemic response)
and health outcomes (weight loss) [103,104].
Therefore, dietary strategies require a differentiated
approach to optimizing health through GM.

Therefore, future research should also integrate
other “omics” data to determine potential metabolites,
genes, and epigenetic modifications that may cause,
contribute to, mediate, or modulate the effects of diet
and exercise on the gut microbiota [105-107]. The use
of “omics” data together with machine learning methods
has the potential to discover new associations between
the gut microbiota and its metabolites, diet, and athletic
performance, as well as to predict personalized
responses to dietary strategies [108]. The impacts of
these findings include the potential to enhance
performance in athletes and improve health, particularly
gastrointestinal and respiratory health.

Conclusion

It was concluded that athletes must feed, train and
utilize the entire supraorganism, including the gut
microbiota, implementing  gut-centered dietary
strategies to achieve optimal performance. Current
evidence suggests that the gut microbiota may
contribute to sports performance through the
production of dietary metabolites (short-chain fatty
acids, secondary bile acids), influence on
gastrointestinal physiology (e.g. nutrient absorption),
and immune modulation (inhibition of pathogens).
Dietary strategies common in athletes, such as a high
intake of protein and simple carbohydrates and a low
intake of non-digestible carbohydrates, may adversely
affect the gut microbiota and predispose athletes to
gastrointestinal problems and thus impair performance.
However, adequate dietary fiber intake, a variety of
protein sources, and an emphasis on unsaturated fats,
especially -3 fatty acids, as well as supplementation
with pre, pro, and synbiotics, have shown promising
results in optimizing the health of the athlete and his or
her gut microbiota with potential beneficial effects on
performance.

International Journal of Nutrology (2023) Page 7 of 12



Vol 16 Iss2Year 2023

International Journal of Nutrology

ABRANL/ International Journal of Nutrology
A o . (Official Journal Association of Nutrition)

I of the ABRAN - Brazilian

Acknowledgement
Not applicable.

Ethical Approval
Not applicable.

Informed consent
Not applicable.

Funding
Not applicable.

Data sharing statement
No additional data are available.

Conflict of interest
The authors declare no conflict of interest.

Similarity check
It was applied by Ithenticate@.

About the license
© The author(s) 2023. The text of this article is open

access and

licensed under a Creative Commons

Attribution 4.0 International License.

References

1.

Przewtdcka K, Folwarski M, Kazmierczak-
Siedlecka K, Skonieczna-Zydecka K, Kaczor 1J.
Gut-Muscle AxisExists and May Affect Skeletal
Muscle Adaptation to Training. Nutrients. 2020
May 18;12(5):1451. doi: 10.3390/nu12051451.
Jager R, Mohr AE, Carpenter KC, Kerksick CM,
Purpura M, Moussa A, Townsend JR, Lamprecht
M, West NP, Black K, Gleeson M, Pyne DB, Wells
SD, Arent SM, Smith-Ryan AE, Kreider RB,
Campbell BI, Bannock L, Scheiman J, Wissent CJ,
Pane M, Kalman DS, Pugh JN, Ter Haar JA,
Antonio J. International Society of Sports
Nutrition Position Stand: Probiotics. J Int Soc
Sports Nutr. 2019 Dec 21;16(1):62. doi:
10.1186/s12970-019-0329-0.

Brancaccio M, Mennitti C, Cesaro A, Fimiani F,
Vano M, Gargiulo B, Caiazza M, Amodio F, Coto I,
D'Alicandro G, Mazzaccara C, Lombardo B, Pero
R, Terracciano D, Limongelli G, Calabro P,
D'Argenio V, Frisso G, Scudiero O. The Biological
Role of Vitamins in Athletes' Muscle, Heart and
Microbiota. Int J Environ Res Public Health.
2022 Jan 23;19(3):1249. doi:
10.3390/ijerph19031249.

International Journal of Nutrology (2023)

4.

10.

11.

12.

13.

14.

15.

16.

17.

Hughes RL, Holscher HD. Fueling Gut Microbes: A
Review of the Interaction between Diet, Exercise,
and the Gut Microbiota in Athletes. Adv Nutr.
2021 Dec 1;12(6):2190-2215. doi:
10.1093/advances/nmab077.

Skorski S, Mujika I, Bosquet L, Meeusen R, Coutts
AJ, Meyer T. The Temporal Relationship Between
Exercise, Recovery Processes, and Changes in
Performance. Int J Sports Physiol Perform.
2019;14(8):1015-1021. doi:10.1123/ijspp.2018-
0668.

Tobin MJ. Why Physiology Is Critical to the
Practice of Medicine: A 40-year Personal
Perspective. Clin Chest Med. 2019;40(2):243-
257. doi:10.1016/j.ccm.2019.02.012.

Foster C, Rodriguez-Marroyo JA, de Koning JJ.
Monitoring Training Loads: The Past, the Present,
and the Future. Int J Sports Physiol Perform.
2017;12 (Suppl 2) S22-S28.
doi:10.1123/ijspp.2016-0388.

Margaritelis NV, Paschalis V, Theodorou AA,
Kyparos A, Nikolaidis MG. Redox basis of exercise
physiology. Redox Biol. 2020;35:101499.
0i:10.1016/j.redox.2020.101499.

Ruegsegger GN, Booth FW. Health Benefits of
Exercise. Cold Spring Harb Perspect Med. 2018
Jul 2;8(7). pii: a029694.

Cheng AJ, Yamada T, Rassier DE, Andersson DC,
Westerblad H, Lanner  JT. Reactive
oxygen/nitrogen species and contractile function
in skeletal muscle during fatigue and recovery. ]
Physiol. 2016 Sep 15;594(18):5149-60.

Ferraro, F. et al. (2010) Adult stem cells and their
niches. Adv. Exp. Med. Biol. 695, 155-168.
Blanpain, C. et al. (2004) Self-renewal,
multipotency, and the existence of two cell
populations within an epithelial stem cell niche.
Cell 118, 635-648.

Chacon-Martinez CA et al. (2017) Hair follicle
stem cell cultures reveal selforganizing plasticity
of stem cells and their progeny. EMBO J. 36, 151—
164.

Rodriguez-Colman, M.J. et al. (2017) Interplay
between metabolic identities in the intestinal
crypt supports stem cell function. Nature 543,
424.

Snoeck, H.W. (2017) Mitochondrial regulation of
hematopoietic stem cells. Curr. Opin. Cell Biol. 49,
91-98.

Zheng, X. et al. (2016) Metabolic reprogramming
during neuronal differentiation from aerobic
glycolysis to neuronal oxidative phosphorylation.
Elife 5, €13374.

Flores, A. et al. (2017) Lactate dehydrogenase

Page 8 of 12




Vol 16 Iss2Year 2023

International Journal of Nutrology

ABRANL/ International Journal of Nutrology
A o . (Official Journal Association of Nutrition)

I of the ABRAN - Brazilian

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

activity drives hair follicle stem cell activation.
Nat. Cell Biol. 19, 1017-1026

Rinschen MM. et al. (2019) Identification of
bioactive metabolites using activity
metabolomics. Nat. Rev. Mol. Cell Biol. 20, 353—
367.

Agathocleous, M. et al. (2017) Ascorbate
regulates haematopoietic stem cell function and
leukaemogenesis. Nature 549, 476—481.

Shapira SN, Christofk HR. Metabolic Regulation of
Tissue Stem Cells. Trends Cell Biol. 2020
Jul;30(7):566-576. doi:
10.1016/j.tcb.2020.04.004. Epub 2020 Apr 28.
Gonzalez-Soltero R, Bailén M, de Lucas B,
Ramirez-Goercke MI, Pareja-Galeano H, Larrosa
M. Role of Oral and Gut Microbiota in Dietary
Nitrate Metabolism and Its Impact on Sports
Performance. Nutrients. 2020 Nov
24;12(12):3611. doi: 10.3390/nu12123611.
Moreno-Pérez D, Bressa C, Bailén M, Hamed-
Bousdar S, Naclerio F, Carmona M, Pérez M,
Gonzalez-Soltero R, Montalvo-Lominchar MG,
Carabafia C, Larrosa M. Effect of a Protein
Supplement on the Gut Microbiota of Endurance
Athletes: A Randomized, Controlled, Double-Blind
Pilot Study. Nutrients. 2018 Mar 10;10(3):337.
doi: 10.3390/nu10030337.

Stine RR. et al. (2019) PRDM16 maintains
homeostasis of the intestinal epithelium by
controlling region-specific metabolism. Cell Stem
Cell 25, 830-845.€8.

Sato T. et al. (2009) Single Lgr5 stem cells build
crypt-villus structures in vitro without a
mesenchymal niche. Nature 459, 262-265.
Bricker DK. et al. (2012) A mitochondrial pyruvate
carrier required for pyruvate uptake in yeast,
Drosophila, and humans. Science 337, 96.
Herzig, S. et al. (2012) Identification and
functional expression of the mitochondrial
pyruvate carrier. Science 337, 93.

Schell JC. et al. (2017) Control of intestinal stem
cell function and proliferation by mitochondrial
pyruvate metabolism. Nat. Cell Biol. 19, 1027—-
1036.

Cheng CW. et al. (2019) Ketone body signaling
mediates intestinal stem cell homeostasis and
adaptation to diet. Cell 178, 1115-1131.e15.
Alonso S and Yimaz OH. (2018) Nutritional
regulation of intestinal stem cells. Annu. Rev.
Nutr. 38, 273-301.

Fernandez-Barral A et al. (2019) Vitamin D
differentially regulates colon stem cells in patient-
derived normal and tumor organoids. FEBS J.
287, 53-72.

International Journal of Nutrology (2023)

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

Beyaz S et al. (2016) High-fat diet enhances
stemness and tumorigenicity of intestinal
progenitors. Nature 531, 53-58.

Mihaylova, M.M. et al. (2018) Fasting activates
fatty acid oxidation to enhance intestinal stem cell
function during homeostasis and aging. Cell Stem
Cell 22, 769-778.€4.

Ryall JG, Lynch GS. (2018) The molecular
signature of muscle stem cells is driven by
nutrient availability and innate cell metabolism.
Curr. Opin. Clin. Nutr. Metab. Care 21, 240-245.
Machado L et al. (2017) In situ fixation redefines
quiescence and early activation of skeletal muscle
stem cells. Cell Rep. 21, 1982-1993.

Ryall JG. et al. (2015) The NAD+-dependent
SIRT1 deacetylase translates a metabolic switch
into regulatory epigenetics in skeletal muscle
stem cells. Cell Stem Cell 16, 171-183.

Mezrich, J.D. et al. (2010) An interaction between
kynurenine and the aryl hydrocarbon receptor can
generate regulatory T cells. J. Immunol. 185,
3190-3198.

Wang, X. et al. (2019) a-Ketoglutarate-activated
NF-kB signaling promotes compensatory glucose
uptake and brain tumor development. Mol. Cell
76, 148—-162.e7.

Lewis BA. et al. (2016) Human RNA polymerase
II promoter recruitment in vitro is regulated by O-
linked N-acetylglucosaminyltransferase (OGT). J.
Biol. Chem. 291, 14056-14061.

Eckburg PB, Bik EM, Bernstein CN, Purdom E,
Dethlefsen L, Sargent M, Gill SR, Nelson KE,
Relman DA. Diversity of the human intestinal
microbial flora. Science 2005, 308, 1635—-1638.
Mariat D, Firmesse O, Levenez F, Guimaraes V,
Sokol H, Dore ], Corthier G, Furet JP. The
Firmicutes/Bacteroidetes ratio of the human
microbiota changes with age. BMC Microbiol.
2009, 9, 123.

Bors W, Michel C. Chemistry of the antioxidant
effect of polyphenols. Ann. N. Acad. Sci. 2002,
957, 57-69.

Sekirov I, Russell SL, Antunes LC, Finlay BB. Gut
microbiota in health and disease. Physiol. Rev.
2010, 90, 859-904.

Rothschild D, Weissbrod O, Barkan E, Kurilshikov
A, Korem T, Zeevi D, Costea PI, Godneva A, Kalka
IN, Bar N et al. Environment dominates over host
genetics in shaping human gut microbiota. Nature
2018, 555, 210-215.

Costea PI, Hildebrand F, Arumugam M, Backhed
F, Blaser MJ, Bushman FD, De Vos WM, Ehrlich
SD, Fraser CM, Hattori M et al. Enterotypes in the
landscape of gut microbial community

Page 9 of 12




Vol 16 Iss2Year 2023

International Journal of Nutrology

ABRANL/ International Journal of Nutrology
A o . (Official Journal Association of Nutrition)

I of the ABRAN - Brazilian

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

composition. Nat. Microbiol. 2018, 3, 8-16.
Sorrenti V, Fortinguerra S, Caudullo G, Buriani A.
Deciphering the Role of Polyphenols in Sports
Performance: From Nutritional Genomics to the
Gut Microbiota toward Phytonutritional
Epigenomics. Nutrients. 2020 Apr 29;12(5):1265.
doi: 10.3390/nu12051265.

Zmora N, Suez J, Elinav E. You are what you eat:
Diet, health and the gut microbiota. Nat. Rev.
Gastroenterol. Hepatol. 2019, 16, 35-56.

David LA, Maurice CF, Carmody RN, Gootenberg
DB, Button JE, Wolfe BE, Ling AV, Devlin AS,
Varma Y, Fischbach MA et al. Diet rapidly and
reproducibly alters the human gut microbiome.
Nature 2014, 505, 559-563.
WHO. Nutrient Requirements
Guidelines. Available
https://www.who.int/nutrition/
publications/nutrient/en/ (accessed on 18 March
2022).

Mariman EC. Nutrigenomics and nutrigenetics:
The ‘omics’ revolution in nutritional science.
Biotechnol. Appl. Biochem. 2006, 44, 119-128.
Fenech M, El-Sohemy A, Cahill L, Ferguson LR,
French TA, Tai ES, Milner ], Koh WP, Xie L, Zucker
M et al. Nutrigenetics and nutrigenomics:
Viewpoints on the current status and applications
in nutrition research and practice. J. Nutrigenet.
Nutr. 2011, 4, 69-89.

Puthucheary Z, Skipworth JR, Rawal ], Loosemore
M, Van Someren K, Montgomery HE. Genetic
influences in sport and physical performance.
Sports Med. 2011, 41, 845-859.

Joyner MJ. Genetic Approaches for Sports
Performance: How Far Away Are We? Sports Med.
2019, 49, 199-204.

Cardona F, Andres-Lacueva C, Tulipani S,
Tinahones FJ, Queipo-Ortuno MI. Benefits of
polyphenols on gut microbiota and implications in
human health. J. Nutr. Biochem. 2013, 24, 1415
1422.

Health: What compounds are involved? Nutr.
Metab. Cardiovasc. Dis. 2010, 20, 1-6.

Koch W. Dietary Polyphenols-Important Non-
Nutrients in the Prevention of Chronic
Noncommunicable Diseases. A Systematic
Review. Nutrients 2019, 11, 1039.

Halliwell B. Dietary polyphenols: Good, bad, or
indifferent for your health? Cardiovasc. Res.
2007, 73, 341-347.

Bors W, Michel C. Chemistry of the antioxidant
effect of polyphenols. Ann. N. Acad. Sci. 2002,
957, 57-69.

Denaro M, Smeriglio A, Barreca D, De Francesco

and Dietary
online:

International Journal of Nutrology (2023)

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

C, Occhiuto C, Milano G, Trombetta D. Antiviral
activity of plants and their isolated bioactive
compounds: An update. Phytother. Res. 2019.
Harms LM, Scalbert A, Zamora-Ros R, Rinaldi S,
Jenab M, Murphy N, Achaintre D, Tjonneland A,
Olsen A, Overvad K; et al. Plasma polyphenols
associated with lower high-sensitivity C-reactive
protein concentrations: A cross-sectional study
within the European Prospective Investigation
into Cancer and Nutrition (EPIC) cohort. Br. J.
Nutr. 2020, 123, 198-208.

Visioli, F. Polyphenols in Sport: Facts or Fads? In
Antioxidants in Sport Nutrition; Lamprecht, M.,
Ed.; CRC Press: Boca Raton, FL, USA, 2015.
Malaguti M, Angeloni C, Hrelia S. Polyphenols in
exercise performance and prevention of exercise-
induced muscle damage. Oxid. Med. Cell Longev.
2013, 2013, 825928.

Costa Pereira C, Duraes C, Coelho R, Gracio D,
Silva M, Peixoto A, Lago P, Pereira M, Catarino T,
Pinho S et al. Association between Polymorphisms
in Antioxidant Genes and Inflammatory Bowel
Disease. PLoS ONE 2017, 12, e0169102.

Yeh HL, Kuo LT, Sung FC, Yeh CC. Association
between Polymorphisms of Antioxidant Gene
(MnSOD, CAT, and GPx1) and Risk of Coronary
Artery Disease. BioMed Res. Int. 2018, 2018,
5086869.

Vecchio M, Curro M, Trimarchi F, Naccari S,
Caccamo D, Ientile R, Barreca D, Di Mauro D. The
Oxidative Stress Response in Elite Water Polo
Players: Effects of Genetic Background. BioMed
Res. Int. 2017, 2017, 7019694.

Miranda-Vilela AL, Lordelo GS, Akimoto AK, Alves
PC, Pereira LC, Klautau-Guimaraes Mde N,
Grisolia CK. Genetic polymorphisms influence
runners’ responses to the dietary ingestion of
antioxidant supplementation based on pequi oil
(Caryocar brasiliense Camb.): A before-after
study. Genes Nutr. 2011, 6, 369— 395.
Shunmoogam N, Naidoo P, Chilton R.
Paraoxonase (PON)-1: A brief overview on
genetics, structure, polymorphisms and clinical
relevance. Vasc. Health Risk Manag. 2018, 14,
137-143.

Silberberg M, Morand C, Mathevon T, Besson C,
Manach C, Scalbert A, Remesy C. The
bioavailability of polyphenols is highly governed
by the capacity of the intestine and of the liver to
secrete conjugated metabolites. Eur. J. Nutr.
2006, 45, 88-96.

Sissung TM, Gardner ER, Gao R, Figg WD.
Pharmacogenetics of membrane transporters: A
review of current approaches. Methods Mol. Biol.

Page 10 of 12




Vol 16 Iss2Year 2023

International Journal of Nutrology

ABRANL/ International Journal of Nutrology
A o . (Official Journal Association of Nutrition)

I of the ABRAN - Brazilian

69.

70.

71.

72,

73.

74.

75.

76.

77.

78.

79.

2008, 448, 41— 62.

Alvarez Al, Real R, Perez M, Mendoza G, Prieto
JG, Merino G. Modulation of the activity of ABC
transporters (P-glycoprotein, MRP2, BCRP) by
flavonoids and drug response. J. Pharm. Sci.
2010, 99, 598-617.

Wu AH. Drug metabolizing enzyme activities
versus genetic variances for drug of clinical
pharmacogenomic relevance. Clin. Proteom.
2011, 8, 12.

Barnes S. Nutritional genomics, polyphenols,
diets, and their impact on dietetics. J. Am. Diet.
Assoc. 2008, 108, 1888—1895.

Drobnic F, Riera J, Appendino G, Togni S,
Franceschi F, Valle X, Pons A, Tur, J. Reduction of
delayed onset muscle soreness by a novel
curcumin  delivery system (Meriva(R)): A
randomised, placebo-controlled trial. J. Int. Soc.
Sports Nutr. 2014, 11, 31.

Ozdal T, Sela DA, Xiao J, Boyacioglu D, Chen F,
Capanoglu E. The Reciprocal Interactions
between Polyphenols and Gut Microbiota and
Effects on Bioaccessibility. Nutrients 2016, 8, 78.
Cassidy A, Minihane AM. The role of metabolism
(and the microbiome) in defining the clinical
efficacy of dietary flavonoids. Am. J. Clin. Nutr.
2017, 105, 10-22.

Gibson GR,Hutkins R, Sanders ME, Prescott SL,
Reimer RA, Salminen SJ, Scott K, Stanton C,
Swanson KS, Cani PD et al. Expert consensus
document: The International Scientific
Association for Probiotics and Prebiotics (ISAPP)
consensus statement on the definition and scope
of prebiotics. Nat. Rev. Gastroenterol. Hepatol.
2017, 14, 491-502.

Ma G, Chen Y. Polyphenol supplementation
benefits human health via gut microbiota: A
systematic review via meta-analysis. J. Funct.
Foods 2020, 66, 103829.

Fernandez-Lazaro D, Mielgo-Ayuso J, Seco Calvo
J, Cordova Martinez A, Caballero Garcia A,
Fernandez-Lazaro CI. Modulation of Exercise-
Induced Muscle Damage, Inflammation, and
Oxidative Markers by Curcumin Supplementation
in a Physically Active Population: A Systematic
Review. Nutrients 2020, 12, 501.

Jager R, Purpura M, Kerksick CM. Eight Weeks of
a High Dose of Curcumin Supplementation May
Attenuate Performance Decrements Following
MuscleDamaging Exercise. Nutrients 2019, 11,
1692.

Liu K, Zhou R, Wang B, Mi MT. Effect of
resveratrol on glucose control and insulin
sensitivity: A meta-analysis of 11 randomized

International Journal of Nutrology (2023)

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

controlled trials. Am. J. Clin. Nutr. 2014, 99,
1510-15109.

Ventura-Clapier, R. Potentiating exercise training
with resveratrol. J. Physiol. 2012, 590, 3215-
3216.

Kan NW, Lee MC, Tung YT, Chiu CC, Huang CC,
Huang WC. The Synergistic Effects of Resveratrol
combined with Resistant Training on Exercise
Performance and Physiological  Adaption.
Nutrients 2018, 10, 1360.

Sun J, Zhang C, Kim M, Su Y, Qin L, Dong ], Zhou
Y, Ding S. Early potential effects of resveratrol
supplementation on skeletal muscle adaptation
involved in exercise-induced weight loss in obese
mice. BMB Rep. 2018, 51, 200-205.

Decroix L, Soares DD, Meeusen R, Heyman E,
Tonoli, C. Cocoa Flavanol Supplementation and
Exercise: A Systematic Review. Sports Med. 2018,
48, 867— 892.

De Carvalho FG, Fisher MG, Thornley TT, Roemer
K, Pritchett R, Freitas EC, Pritchett K. Cocoa
flavanol effects on markers of oxidative stress and
recovery after muscle damage protocol in elite
rugby players. Nutrition 2019, 62, 47-51.

Askari G, Ghiasvand R, Paknahad Z, Karimian J,
Rabiee K, Sharifirad G, Feizi A. The effects of
quercetin supplementation on body composition,
exercise performance and muscle damage indices
in athletes. Int. J. Prev. Med. 2013, 4, 21-26.
Patrizio F, Ditroilo M, Felici F, Duranti G, De Vito
G, Sabatini S, Sacchetti M, Bazzucchi I. The acute
effect of Quercetin on muscle performance
following a single resistance training session. Eur.
J. Appl. Physiol. 2018, 118, 1021-1031.

Riva A, Vitale JA, Belcaro G, Hu S, Feragalli B,
Vinciguerra G, Cacchio M, Bonanni E, Giacomelli
L, Eggenhoffner R; et al. Quercetin phytosome(R)
in triathlon athletes: A pilot registry study.
Minerva. Med. 2018, 109, 285-289.

Kressler, J.; Millard-Stafford, M.; Warren, G.L.
Quercetin and endurance exercise capacity: A
systematic review and meta-analysis. Med. Sci.
Sports Exerc. 2011, 43, 2396-2404.
Sadowska-Krepa, E.; Domaszewski, P.; Pokora,
I.; Zebrowska, A.; Gdanska, A.; Podgorski, T.
Effects of medium-term green tea extract
supplementation combined with CrossFit workout
on blood antioxidant status and serum
brainderived neurotrophic factor in young men: A
pilot study. J. Int. Soc. Sports Nutr. 2019, 16, 13.
Machado, A.S.; Da Silva, W.; Souza, M.A,;
Carpes, F.P. Green Tea Extract Preserves
Neuromuscular Activation and Muscle Damage
Markers in Athletes Under Cumulative Fatigue.

Page 11 of 12




Vol 16 Iss2Year 2023

International Journal of Nutrology

ABRANL/ International Journal of Nutrology
A o . (Official Journal Association of Nutrition)

I of the ABRAN - Brazilian

91.

92.

93.

94,

95.

96.

97.

98.

99.

Front. Physiol. 2018, 9, 1137.

Jowko, E.; Sacharuk, J.; Balasinska, B.;
Ostaszewski, P.; Charmas, M.; Charmas, R. Green
tea extract supplementation gives protection
against exercise-induced oxidative damage in
healthy men. Nutr. Res. 2011, 31, 813-821.
Curtis, P.J.; Van der Velpen, V.; Berends, L.;
Jennings, A.; Feelisch, M.; Umpleby, A.M.; Evans,
M.; Fernandez, B.O.; Meiss, M.S.; Minnion, M.; et
al.  Blueberries improve biomarkers of
cardiometabolic function in participants with
metabolic syndrome-results from a 6-month,
double-blind, randomized controlled trial. Am. J.
Clin. Nutr. 2019, 109, 1535-1545.

McLeay, Y.; Barnes, M.].; Mundel, T.; Hurst, S.M.;
Hurst, R.D.; Stannard, S.R. Effect of New Zealand
blueberry consumption on recovery from
eccentric exercise-induced muscle damage. J. Int.
Soc. Sports Nutr. 2012, 9, 19.

Vinciguerra, G.; Belcaro, G.; Bonanni, E.;
Cesarone, M.R.; Rotondi, V.; Ledda, A.; Hosoi,
M.; Dugall, M.; Cacchio, M.; Cornelli, U.
Evaluation of the effects of supplementation with
Pycnogenol(R) on fitness in normal subjects with
the Army Physical Fitness Test and in
performances of athletes in the 100-minute
triathlon. J. Sports Med. Phys. Fitness 2013, 53,
644-654.

McCormick, R.; Peeling, P.; Binnie, M.; Dawson,
B.; Sim, M. Effect of tart cherry juice on recovery
and next day performance in well-trained Water
Polo players. J. Int. Soc. Sports Nutr. 2016, 13,
41.

Keane KM, Bailey SJ], Vanhatalo A, Jones AM,
Howatson G. Effects of montmorency tart cherry
(L. Prunus Cerasus) consumption on nitric oxide
biomarkers and exercise performance. Scand. J.
Med. Sci. Sports 2018, 28, 1746— 1756.

Oh JK, Shin YO, Yoon JH, Kim SH, Shin HC,
Hwang HJ. Effect of supplementation with
Ecklonia cava polyphenol on endurance
performance of college students. Int. J. Sport
Nutr. Exerc. Metab. 2010, 20, 72-79.

Massaro M, Scoditti E, Carluccio MA, Kaltsatou A,
Cicchella A. Effect of Cocoa Products and Its
Polyphenolic Constituents on Exercise
Performance and Exercise-Induced Muscle
Damage and Inflammation: A Review of Clinical
Trials. Nutrients. 2019 Jun 28;11(7):1471. doi:
10.3390/nu11071471.

Most J, Penders J, Lucchesi M, Goossens GH,
Blaak EE. Gut microbiota composition in relation
to the metabolic response to 12-week combined
polyphenol supplementation in overweight men

International Journal of Nutrology (2023)

100.

101.

102.

103.

104.

105.

106.

107.

108.

and women. Eur J Clin Nutr. 2017
Sep;71(9):1040-1045. doi:
10.1038/ejcn.2017.89.

Kovatcheva-Datchary P, Nilsson A, Akrami R, Lee
YS, De Vadder F, Arora T, Hallen A, Martens E,
Bjorck I, Backhed F. Dietary fiberinduced
improvement in glucose metabolism is associated
with increased abundance of prevotella. Cell
Metab. 2015;22(6):971-82.

Ze X, Duncan SH, Louis P, Flint HJ. Ruminococcus
bromii is a keystone species for the degradation
of resistant starch in the human colon. ISME J.
2012;6(8):1535-43.

Bolca S, Van de Wiele T, Possemiers S. Gut
metabotypes govern health effects of dietary
polyphenols. Curr Opin Biotechnol.
2013;24(2):220-5.

Zmora N, Suez J, Elinav E. You are what you eat:
diet, health and the gut microbiota. Nat Rev
Gastroenterol Hepatol. 2019;16(1):35-56.
Hughes RL, Kable ME, Marco M, Keim NL. The role
of the gut microbiome in predicting response to
diet and the development of precision nutrition
models. Part II: results. Adv  Nutr.
2019;10(6):979-98.

Antoni C, Noemi B, Nuria C, Pol H, Jordi M-P, Lluis
A, Puiggros F. Chapter Nineteen—Metabolomics
and proteomics as tools to advance the
understanding of exercise responses: the
emerging role of gut microbiota in athlete health
and performance. In: Barh D, Ahmetov II,
editors. Sports, exercise, and nutritional
genomics. London: Academic Press; 2019. p.
433-59.

Sorrenti V, Fortinguerra S, Caudullo G, Buriani A.
Deciphering the role of polyphenols in sports
performance: from nutritional genomics to the
gut  microbiota  toward phytonutritional
epigenomics. Nutrients. 2020;12(5):1265.

Guest NS, Horne J, Vanderhout SM, EI-Sohemy A.
Sport nutrigenomics: personalized nutrition for
athletic performance. Front Nutr. 2019;6:8.
Mancin L, Rollo I, Mota JF, Piccini F, Carletti M,
Susto GA, Valle G, Paoli A. Optimizing microbiota
profiles for athletes. Exerc Sport Sci Rev.
2021;49(1):42-9.

MetaScience Press

The Best Science

httos://zotarellifilhoscientificworks.com/

Page 12 of 12



https://zotarellifilhoscientificworks.com/

