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Abstract

Background: Gut microbiota is considered to have a great impact on human health and disease. While it is widely
recognized that the gut microbiota of healthy individuals differs from those with obesity, inflammatory bowel disease,
metabolic syndrome, and other chronic diseases, the alterations of gut microbiota with physical activity are not fully
understood. Accordingly, we performed this systematic review to address the question regarding the effects of mild
and intense exercise on the gut microbiota in humans.

Methods: The comparative analyses of gut microbiota were conducted following the PRISMA protocol to determine
the differences in the active vs. non-active individuals (phenotypes) (n=11), including the influence of physical activ-
ity intervention on the human gut microbiota (n = 13); the differences in the gut microbiota of athletes vs. non-ath-
letes (n =8); and the microbiota status at different stages of athletic performance or intervention (n=7), with various
of physical activities, sport disciplines, and activity duration. Literature searches were completed using four databases:
PubMed, Web of Science, Scopus, and EBSCO, and 2090 articles were retrieved by using appropriate keywords. The
low heterogeneity of the studies hasn't allowed us to prepare a meta-analysis. After excluding 2052 articles, we ulti-
mately selected 38 articles that met the eligibility criteria for this review.

Results: The data analyses revealed that in non-athletes rising physical activity markedly influenced the relative
abundance of short-chain fatty acid (SCFA). Aerobic training that lasted 60 min, and physical activity that char-
acterized 60% HRmax or more also influenced beta diversity indexes. The results showed that athletes harbor a
more diverse type of intestinal microflora than non-athletes, but with a relatively reduced abundance of SCFA- and
lactic acid-producing bacteria, thereby suggesting an adverse effect of intense exercise on the population of gut
microbiota.

Conclusion: Itis concluded that the level of physical activity modulates the gastrointestinal microbiota in humans.
For a long period, increasing the intensity and volume of exercise may lead to gut dysbiosis. Perhaps, proper supple-
mentation should be considered to keep gut microbiota in large biodiversity and richness, especially under unfavora-
ble gut conditions associated with intense exercise.

Trial registration: Prospero CRD42021264064.

Keywords: Gut microbiota, Athletic performance, Physical activity, Gut permeability, Leaky gut, Microbiota
composition, Microbiota diversity, Exercise
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Actinobacteria, but their relative abundance varies with
anatomical location among individuals. While the com-
position of the gut microflora can change rapidly with
antibiotic use, diet, and other environmental factors, the
population remains a relatively stable [1]. The physiologi-
cal balance between the host and the gut microbiota has
a major bearing on the host’s health [1]. In fact, the host
needs the gut microbiota to support various functions of
the gut: nutrient metabolism, mutagen and carcinogen
neutralization, development and function of the immune
system, protection from pathogens, enterocyte and intes-
tinal epithelium development, and short-chain fatty acid
(SCFA) production. SCFAs initiate enterocyte prolif-
eration and mucin secretion, which greatly impact the
tightness of the intestinal barrier. SCFAs are produced
by bacteria from the genera Clostridium, Eubacterium,
Fusobacterium, Butyrivvibrio, Megasphera, Roseburia,
Feacalibacterium, and Eubacterium [2]. The composition
of the microbiota, especially the presence of the above-
mentioned bacteria, influences the permeability of the
toxic metabolites from the gut barrier.

According to published studies, moderate exer-
cise has a beneficial effect on intestinal permeability,
absorption and assimilation of electrolytes and nutri-
ents, and on the rate of excretion of toxic metabolic
products [3]. By contrast, increasing the training load
(i.e., extending the exercise time or increasing the
intensity of physical exertion) may negatively affect
the digestive system, and cause symptoms, such as
abdominal pain, colic, flatulence, nausea, vomiting, or
diarrhea. In this context, several normal physiological
responses to exercise that disrupt and affect the integ-
rity and function of the gastrointestinal (GI) tract are
called “exercise-induced gastrointestinal syndrome” [4].
This syndrome is thought to affect 70% of athletes and
occurs 1.5 to 3-times more often among qualified ath-
letes than among amateurs [4]. It follows two distinct
pathways: cardio—gastro—intestinal and neuroendo-
crine—gastro—intestinal signal pathways. The former
causes redistribution of the blood flows to the work-
ing muscle and peripheral circulation, while the latter
is associated with increased sympathetic activation and
the resulting decrease in the functional capacity of the
gastrointestinal tract [4]. Camilleri [5] suggested that
physical exercise may disturb the immune system of the
digestive tract (i.e., damage the lumen of the digestive
tract), which may result in an increased inflammatory
response and gastrointestinal symptoms [5]. Further,
Camilleri proposed that changes in the composition of
the intestinal microbiota, characterized by an increase
in its alpha diversity and the abundance of several
dominant bacteria, such as Bacteroides, increase intes-
tinal permeability [5]. Published literature shows the
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occurrence of acute and chronic diseases, not only in
the digestive system, is associated with alterations
in the composition of the intestinal microflora [6, 7].
"Dysbiosis" is the loss of commensal bacteria with pos-
sible beneficial metabolic activity and the overgrowth
of opportunistic pathogens, as well as reduced biodi-
versity [6, 7].

In this review, we will try to answer the question:
how much physical effort is healthy for the human
gut microbiota? We have scrutinized all published
manuscripts on mild and vigorous physical activ-
ity on the population of microbiota, regardless of the
size of participants. However, still, a small amount of
research has been done on the changes in the micro-
biota in athletes. Especially, a small number of manu-
scripts were found about extreme physical effort and at
various stages of training. There are some manuscripts
about case studies because knowledge of extreme
physical activity is still very low. We are cognizant of
the fact that this is not the first review about the influ-
ence of physical activity on the population of micro-
biota [8-13], there were even systematic reviews. In
our review, we decided to condense articles no mat-
ter the study design, amount of the samples, or meth-
ods used to measure microbiota. From our practice we
know that it is very hard to assemble a research group
of high amounts of highly trained athletes, that’s why
we decided to accept all manuscript and supplements
the knowledge from previous reviews on this topic, in
particular general physical activity. Among published
reviews Aya et al. [14] in the systematic review focused
on cross-sectional studies, Dorelli et al. [15] used study
designs with a control group that was measured only by
the 16S rRNA method, Mitchel et al. [16] collected data
from rodents, large animals and humans, Ortiz-Alvares
et al. [17] concentrated on different length of exercise
periods, Shahar et al. [18] paid attention to interven-
tions that last at last five weeks, Zheng et al. [19] con-
densed knowledge about the influence of exercise on
obesity and type 2 diabetes, Cataldi et al. [20] excluded
works without control groups, Clark et al. [21] focused
on the gut-brain axis, whereas Clemente et al. [22] col-
lected data about aerobic or aerobic combined with
resistant training only. Therefore, knowledge gained
in this review will enrich the current knowledge about
the consequences of various physical activities on gut
microbiota. In analyses, we have examined the differ-
ences in the gut microbiota of active vs. non-active
individuals (phenotypes); the influence of physical
activity intervention on the human gut microbiota; the
differences in gut microbiota among athletes vs. non-
athletes; and the microbiota status at different stages of
athletic performance or intervention.
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Methods

Literature search strategy

The current study is a systematic review of literature
focusing on the effect of training load on the gut micro-
biota. The systematic review followed the PRISMA
(Preferred reporting items for systematic reviews and
meta-analyses) protocol and was registered in PROS-
PERO, the International Prospective Register of Sys-
tematic Reviews, under the registration number
CRD42021264064. Four databases were searched: Pub-
Med, Web of Science, Scopus, and EBSCO (Elton Bryson
Stephens Company).

The literature search included original papers writ-
ten in English and published before 17 June 2021. No
year restriction was applied. The following index terms
were used: “gut microbiota’, “composition’, “exercise’,
and “physical activity”; all words were searched in all
fields. Papers were browsed using only these keywords to
broaden the search.

Inclusion and exclusion criteria

After the database searches, the following inclusion crite-
ria were applied: articles in the English language, studies
involving males and/or females, adults, and studies eval-
uating physical effort on the composition of gut micro-
biota. The following exclusion criteria were adopted:
children, subjects with disease (s), animal model studies,
studies evaluating parameters other than physical effort
or exercise, review papers, and meta-analysis.

Data extraction and study design

Data were first evaluated by three investigators (H.D.,
AK, and M.D.) and then checked independently by
two other investigators (A.S.-S., and J.O.-K.). First, all
articles retrieved using the keyword search were down-
loaded. Then, all replicates were removed, and article
abstracts were analyzed using the eligibility criteria.
Finally, the whole text of articles that met the eligibil-
ity criteria (n=238) was reviewed. Manuscripts referring
to the children were not taken under review because it
has been observed that the microbiota of children at age
of 3 years old in 40-60% is similar to the microbiota of
healthy adults. Moreover, children achieve in adolescence
a microbiota composition comparable to that of adults
[23]. Each publication selected for review was critically
evaluated for inclusion in this review. If the full text of a
publication was not publicly available, then its author was
contacted for a pdf copy.

The publications were grouped in this manner to facili-
tate data interpretation. Only data on the influence of
physical exercise on the gut microbiota of adults were
extracted for review. The articles selected for this review
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were divided into four groups for the following analyses
(one article was used twice), athletes were separated from
non-athletes due to the different adaptations to the physi-
cal effort, training loads, and diet [9]:

1. Differences in the microbiota of active and nonactive
individuals (phenotypes) (n=11),

2. Differences in the gut microbiota of athletes and
non-athletes (n=38),

3. Microbiota status in athletes at different stages of
preparation or intervention (n=7),

4. Influence of physical activity intervention on the
human gut microbiota (n=13).

Quality assessment

Following the analysis described in subsection Methods,
the evidence level was assessed by three independent
reviewers (H.D., A.K., and M.D.) using the 2011 method
of the Oxford Centre for Evidence-Based Medicine
(OCEBM), developed by an international group of inves-
tigators considering feedback from clinicians, patients,
and researchers. The OCEBM method allows rapid iden-
tification of the likely best evidence encouraging clini-
cians, researchers, and patients to autonomously assess
evidence [24] (Table 1).

Statistical analyzes

A quantitative illustration using descriptive tables,
without statistics, has been performed. The studies had
reported data in a different format or/and study design.
Summary tables were filled with information from each
study, including physical activity, investigation period,
characteristics of participants, and outcomes (changes in
gut composition). Low heterogeneity in the studies was
found and a limited number of studies investigating spe-
cific physical activity. Therefore, it was not possible to
extract data for a meta-analysis for statistical comparison
(Fig. 1).

Table 1 The Oxford 2011 Levels of Evidence

Evidence level (treatment benefits)

Level 1: Systematic review of randomized trials or n-of-1 trials

Level 2: Randomized trial or observational study with dramatic effect
Level 3: Non-randomized controlled cohort/follow-up study

Level 4: Case-series, case control study, or historically controlled study
Level 5: Mechanism-based reasoning
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Identification of studies via databases and registers

Identification of studies via
other methods

Records identified from: Records rempvgd before
§ Databases (n = 2090) Du Iicatesf'zcegrlcrilf .removed Records ic_lentified from:
= PubMed (n=742) p - 856 Websites (n = 0)
o EBSCO (n=463) —> R J (nE J ) ineliibl Organisations(n =0 )
= ' = ecords marked as Ineligible Citation searching (n = 1
_Ea Wel)Szl;Sﬁlse?r:::4(5r12)433) by automation tools (n = 460) etc. 9( )
— P Records removed for other
reasons (n = 0)
Recordsscreened > Recordsexcluded > Reports sought for retrieval
(n=774) (n=727) (n=1)

& Reports sought for > Recordsnot retrieved
= retrieval (n = 50) (n=0)
g
8
@ Reports excluded:

Animal model (n=5)

Review (n=6)
Reports assessed for | —» Underage (n=1)
eligibility (n = 37) Parameters other than
physical effort evaluated (n=2)
l v

g5 Studies included in review
= (n = 38) P Reports assessed for eligibility
g Reports of included studies (n=1)
. (n=0)

Fig. 1 Profile of data extraction (the figure was made by the statement of PRISMA protocol [25])

Results

The literature search identified 2090 potential articles.
After the removal of 856 duplicates, and 460 records
marked as ineligible by automation tools, 774 records
underwent title and abstract screening. Full texts of 50
articles were evaluated, and 38 articles were included in
the review (one came from citation). Results are sum-
marized in four tables:

i. Table 2 shows differences in the microbiota of
active and non-active individuals.

Table 3 shows differences in the gut microbiota of
athletes and nonathletes.

Table 4 depicts microbiota status among athletes at
different stages of preparation or interventions.
Table 5 shows the influence of physical activity
intervention on the human gut microbiota.

iii.

We summarize articles this way to better understand
the results of our review.

Characteristics of included studies:
Table 2.

Table 3.

Table 4.

Table 5.

Symbols/Abbreviations used:
— ,=-unchanged.
t»-increased.
J-decreased.
*-no data.
F/B-Firmicutes/Bacteroidetes ratio.
Alpha-diversity indexes: Chaol, Shannon, Simpson.
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Beta-diversity indexes: PCoA (Principal Coordinates
Analysis), Bray—Curtis, Jaccard, Unifrac.

Observed OTUs-Observed operational taxonomic
unit.

VO,peak is the highest/maximum oxygen consumption
achieved during a clinical/research graded exercise test.

VO,max is the maximal aerobic power defined as the
maximum amount of oxygen that an individual can uti-
lize during intense or maximal exercise.

F-female; M-male.

HR-heart rate; RM-repetition maximum; RTE-repeti-
tion time exercise.

BMI-body mass index,
RTE-resistant.

RM-repetition maximum,

Differences in the microbiota of active and non-active
individuals

In Table 2 total amount of manuscripts is 11, all of them
are cross-sectional [26—36]. The size of the group in
these manuscripts is less than 50 in 3 articles, <50< 150
in 4 articles, and larger than 150 in 4 articles. Moreo-
ver, besides two articles [26, 35] all articles were about
both men and women. We observed changes in the gut
microbiota (phenotypes) when physical activity was ris-
ing in non-athletes, mainly increases in a genus of SCFA-
producers [26, 29, 30, 32, 33, 36]. Furthermore, different
indexes of alfa-diversity weren’t changed [26, 30, 31, 33,
36], but in one study we can see an increase in Akker-
mansia muciniphila [26].

Differences in the gut microbiota of athletes

and non-athletes

In Table 3 we have 8 articles [37—44], 6 of them were
cross-sectional, 1 observational, and 1 randomized con-
trol interventional trial. The sample size oscillated from
7 to 73 subjects. Characteristics of the group were very
various: martial arts athletes, rugby players, triath-
letes, runners, and bodybuilders, in the aged 19 to 49. A
highly trained athlete’s microbiome can be described as
a microbiome that has a high alpha-diversity [37, 39, 40,
44]. Changes in bacteria family, genus, and species differ
a lot among the groups.

Microbiota status in athletes at different stages

of preparation or intervention

In Table 4 there are 7 articles [45-51] with different
study designs: 1 cross-sectional, 2 case studies, 2 obser-
vational, 1 randomized control trial, and 1 single-arm
trial, amount of the group oscillates from 1 to 73. Partici-
pants’ age was between 18 and 54, only 3 studies focused
on men, and others considered both sexes. The sports
preparation or intervention varies a lot among the stud-
ies, from 4-day country ski military training, which was

(2022) 14:122
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the largest sample (N=73), to the highest intensity and
volume of a word-class marathon runner (N=1). The
diversity indexes outcomes and changes in family, genus,
and species of bacteria are not easy to compare, because
of the various groups included in this table.

Influence of physical activity intervention on the human
gut microbiota

Table 5 contains the highest amount of research articles
[41, 41, 52-63], 8 are cross-sectional, 1 is a case study, 3
are randomized control trials, and 1 is a non-randomized
clinical trial. The sample size oscillates from 2 to 104, 4
studies are about men only, 2 are about women only, rest
are about both sexes. The duration of exercise interven-
tion varies from 2 weeks to 6 months. Exercise interven-
tion hasn’t influenced alfa and beta diversity but it had an
impact on SCFA producers [41, 52, 54, 58], in two stud-
ies genus Akkermansia and species Akkermansia mucin-
iphila occurred [53, 60]. Aerobic and resistant training
together [63] or only endurance exercises [60] that lasted
60 min had an impact on beta diversity indexes. Moreo-
ver, physical activity that characterized 60% HRmax [52,
54] or more also influenced beta diversity indexes. What
is interesting, exercises with 70%VO,,., influenced the
alfa diversity [56] or decreased Clostridium Difficile [62].

Discussion

Diversity of the human gut microbiota

Diversity and richness are among the major parameters
describing the human gut microbiota. Identification of
dissimilarities in microbial diversity in different popu-
lations, for example, smokers vs. nonsmokers and ill vs.
healthy, is a fundamental step of microbiome studies. For
instance, reduced microbial diversity is associated with
various host phenotypes, such as obesity, fatty liver dis-
ease, type II diabetes, and inflammatory bowel disease,
to name a few. Clinical interventions (e.g., antibiotic
use) and environmental factors (e.g., diet, smoking, and
physical activity) also affect the microbial diversity [64].
Accordingly, biodiversity (alpha diversity Shannon Index)
parameters have been compared in athletic activity, and
exercise studies. The microbial diversity was reported
as unchanged regardless of the level of physical activity
in five studies [26, 30-32, 36], while it was reportedly
increased with increased physical activity in two studies
[28, 29]. Although the diversity of gut microbiota of ath-
letes was reported to be higher than that of nonathletes
in four studies [37, 39, 40, 44]. In the current review, the
diversity parameters did not respond to the stimulus of
exercise in non-training individuals [55, 57, 58, 60, 61] but
were affected by the training load in highly trained ath-
letes [46—48]. Therefore, the microbial diversity does not
appear to be related to the physical exercise as per se, but
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to the appropriate “intervention’, i.e., the time or intensity
of the physical effort. These conclusions are supported
by studies in the rat model conducted by Allen et al. [65],
who showed that forced vs. voluntary training differ-
ently impacts the gut microbiota composition. In addi-
tion, Grosicki et al. [46] analyzed changes in the intestinal
microbiota at all stages of an athlete’s preparation for an
ultramarathon. They observed the highest alpha-diversity
values during the training periods of the lowest intensity
(the preparation period and post-start period), with the
lowest values reported upon an increase of the physical
effort load (the pre-start period) and immediately after
the physical performance, i.e., the recovery period. Fur-
thermore, Karl et al. [49] showed that greater microbiota
alpha diversity is not always related to gut health but may
be associated with the growth of potentially harmful bac-
teria. This is supported by an increased abundance of the
potentially pathogenic genus Veillonella [64, 66—68] in
the gut of marathon runners [40, 46, 53]. Although Shei-
man et al. observed an increase in Veillonella relative
abundance in marathon runners post-marathon and iso-
lated a strain of Veillonella atypica from stool samples.
Inoculation of this strain into mice significantly increased
exhaustive treadmill run time probably because Veil-
lonella utilizes lactate as their sole carbon source [69].

Changes in Firmicutes and Bacteroidetes abundance

in the gut

Firmicutes and Bacteroidetes are the two most abundant
phyla that inhabit the human gut. According to some
reports, these bacteria account for up to 90% of the gut
microbiota [2, 70]. The Firmicutes family contains sev-
eral thousand species of highly diverse bacteria. Bacteroi-
detes are involved in food digestion, signal transmission,
gut environment control, and inhibiting the growth of
undesirable microorganisms in the gut [2]; however,
their high abundance is associated with poor microbiota
with low diversity [2]. Although, as mentioned earlier
in Sect. 4.1, high alpha diversity is not always associ-
ated with a healthy gut [49]. Only three studies reported
increased Bacteroidetes abundance after exercise [58,
60, 63]. Further, an increase in the Firmicutes/Bacteroi-
detes ratio is reported in six studies [27, 37, 40, 46, 47,
49], mainly among athletes. In recently reported studies,
the increased ratio is associated with the obesity [71, 72].
However, the increased ratio in this particular group of
microbiota can be explained by efficient energy extrac-
tion from food [73, 74], which is necessary for heavy
physical exertion.

Changes in SCFA producer abundance in the gut
Bacteria from the Clostridium genus are major SCFA pro-
ducers. They are also involved in the pro-inflammatory
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immune response [75]. An increase in the relative abun-
dance of Clostridium genus upon physical activity was
reported in two studies: one by Jang et al. [38], who com-
pared the gut microbiota of bodybuilders with that in
a control group; and the other by Langsetmo et al. [32]
in a large sample of elderly individuals. Two other stud-
ies reported a reduction in the relative abundance of the
Clostridium genus upon exercise intervention [58, 59].
Further, one study reported a decrease in Clostridium dif-
ficile abundance upon exercise [62]. This bacterium is a
major source of infectious diarrhea associated with toxin
production in the host’s gastrointestinal tract [76, 77],
especially in the elderly [78-80] and obese individuals
[81, 82]. These observations suggest that moderate exer-
cise has a positive effect on the abundance of Clostridium
bacteria.

Another SCFA-producing bacterium whose relative
abundance is affected by exercise is the genus Feacali-
bacterium and its representative Feacalibacterium praus-
nitzii. An increase in the population of Feacalibacterium
prausnitzii was noted in relatively active individuals [26].
Also, the population of genus Feacalibacterium was com-
pared after a moderate exercise intervention [58], and in
athletes versus non-training subjects [37, 38]. A decrease
in its abundance was observed in professional athletes
upon extreme physical exertion [47, 49]. Numerous
authors have pointed out the anti-inflammatory effect
of Feacalibacterium prausnitzii [83, 84], as well as of the
entire Feacalibacterium genus [85], by associating the
abundance of these bacteria with the alpha diversity of
microbiota [86]. Overall, the appraisal of available data
suggests a positive effect of moderate exercise compared
with that extreme exercise.

Another SFCA producer is the genus Roseburia [87,
88]. An increase in the Rosuburia genus and its repre-
sentative Roseburia hominis abundance was noted in
various studies when comparing an individual’s normal
physical activity and upon physical exercise [26, 29, 48,
65]. A decrease in its abundance was only observed upon
extreme physical exertion [49], confirming the previous
observations of a negative effect of extreme exertion on
the gut microbiota. Further, the enhanced population in
the family of Lachnospiraceae or genus Lachnospira con-
firms the positive impact of moderate-intensity exercise
on the gut microbiota [32, 33, 37, 47, 52, 58].

Another important SCFA producer is the genus Cop-
rococcus [89, 90]. It is associated with positive outcomes
in the treatment of inflammatory bowel disease [91]
and a reduced risk of Campylobacter infection [92]. A
marked increase or abundance of the Coprococcus genus
was observed in comparative studies of active vs. inac-
tive individuals [26, 41]. Furthermore, Hampton—Marcell
et al. [47] reported a decrease in the relative Coprococcus
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abundance with a decreased physical exercise in swim-
mers during the starting season. Interestingly enough, the
Coprococcus_2 abundance tripled in runners after run-
ning a half-marathon [51], indicating that even extreme
physical exertion can have a positive influence on the gut
microbiota.

Changes in the lactic acid producer abundance in the gut
When discussing the role of gut microbiota, the lactic
acid-producing bacteria from the genus Bifidobacterium
and Lactobacillus, which are widely used in probiotics
[2], must be mentioned. Their positive impact on human
health is well documented by [93]. When administered
as probiotics, they reduce hypercholesterolemia [94],
improve the parameters of diabetes mellitus [95], and
regulate local and systemic immune responses [96, 97].
Further, their decreased population has been reported in
individuals with severe depression [98]. In the context of
the effects of exercise, an increase in their abundance was
observed in one exercise intervention study [57], and in
comparative studies done on athletes and non-athletes
[43, 44]. By contrast, a reduction in their abundance is
reported in highly trained athletes [53].

Other types of bacteria

Exercise affects the abundance of species from the gram-
negative Prevotella genus. An increased abundance
of Prevotella was noticed when comparing athletes to
non-athletes [40, 44]. Moreover, a higher abundance
of Prevotella was seen during a 3300-km row in rowers
[48]. When accompanied by a high abundance of Bacte-
roides and Akkermansia muciniphila, this bacterium is a
marker of good intestinal health [70]. However, that was
not the case in the above studies. When not accompanied
by a higher abundance of Bacteroides and Akkermansia
muciniphila, Prevotella is thought to support pro-inflam-
matory processes [99], opportunistic infections, and dis-
eases related to intestinal dysbiosis, and are proposed to
be a marker of intestinal dysbiosis [100]. These reported
observations appear to confirm the negative impact
of physical activity on the gut microbiota of qualified
athletes.

The Ruminaceae family has been linked to a reduced
intestinal permeability in 102 women’s [101]. An
increase in its abundance upon physical exercise has
been noted in numerous studies [26, 37, 41, 44, 47,
50], both when considering different phenotypes and
athletes, which indicates the positive effect of physi-
cal activity on these bacteria. Two important geniuses
belong to this family: Ruminococcus, proposed by Hills
et al. as a marker of intestinal dysbiosis [70]. Ruminoc-
cocus genus and its representative were decreased in
intervention studies [57] and during sports preparation

(2022) 14:122

Page 18 of 22

[45]. The second genus that belongs to the Ruminaceae
family is Oscillospira, which is closely related to human
health [100] and lean individuals [102, 103]. The abun-
dance of Oscillospira positively correlates with micro-
bial diversity, high-density lipoproteins, and sleep-time
duration, and is inversely correlated with blood pres-
sure, fasting glucose levels, triglycerides, and uric acid
[101]. In addition, Oscillospira abundance is reduced
in Crohn’s disease and fatty liver disease. From the lit-
erature reviewed for the current systematic review,
an increase in Oscillospira abundance in intervention
studies was only reported by Taniguchi et al. [62].

Another bacterium, proposed as a new probiotic
[104], is Akkermansia muciniphila, the main represent-
ative of the Verrucomicrobia phylum. Zhai et al.[105]
consider it as a marker of a healthy gut, which is associ-
ated with lean people [86]. Although, its low abundance
is observed in obese individuals and diabetics [106,
107]. That may be because the presence of A. muciniph-
ila is associated with improved fat oxidation [108-110].
An increased relative A. muciniphila abundance was
reported in relatively active people [26, 44] and after
exercise intervention Verrucomibrobia, Verrucomicro-
biaceae, and Akkermansia respond [60], confirming
the notion that moderate-intensity exercise positively
affects gut health.

Exercise or physical activity may represent a strong
modulator of gut microbiota composition. Moreover, the
gut-muscle communication in human pathophysiology
may be bidirectional, with gut microbiota representing
a “cross-road” among environment, and skeletal muscle
[111]. The well-known positive health effects of exercise
may be mediated by its beneficial modifications to the
gut microbiota. However, when there is an exercise over-
load, these possible beneficial effects are overweighed by
increased intestinal permeability and oxidative stress,
promoting inflammation and a catabolic state that nega-
tively impacts the functionality of skeletal muscle [112].

The first limitation of this review comes from the
searching process even dough we proceed in the process
through Prisma protocol, there is one article that comes
out from the citation. That’s why there is a small possibil-
ity that we missed more than one manuscript.

The second limitation is the sample size of the groups
involved in this review from 1 to 373 participants, which
may influence the outcomes.

The third limitation is different methods of analyzing
microbiota shot gut sequencing, whole-genome sequenc-
ing, and sequencing analysis 16S rRNA (on different
regions V1, V2, V3, V4), which could also influence the
data in our systematic review. Moreover, another limita-
tion is the high diversity of the participants in the ath-
lete’s group that were difficult to compare.
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The last limitation is the limited number of studies
reported on this research topic so far, and the small num-
ber of participants in the studies. This aspect is especially
evident for data on high-performance athletes.

‘Future direction:

+ Well design, randomized exercise intervention stud-
ies are needed to access the therapeutic potential of
exercise in the context of gut microbiota. The model
of exercise that will be used in that studies should
focus on proper intensity and duration, the universal
scales should be used: VO2max, HRmax. In future
research, outcomes will be easier to compare.

+ Observational studies in larger samples of partici-
pants (not case studies) in highly trained athletes
through every stage of athlete’s preparation are highly
needed. Gained outcomes will increase the current
knowledge on that theme and may be useful for prac-
titioners: coaches, sports dietitians, and sports medi-
cine specialists in the aspect when the gut microbiota
needs special attention.

+ Studies that will enable a finding of a bacterial marker
in gut dysbiosis. The examination of gut microbiota is
still very expensive and requires special equipment.
Research on a sensitive and cheap bacterial marker of
the human gut microbiota in athletes is needful.

+ There is still a lack of knowledge about resistant
training and its influence on gut microbiota, more
studies on this subject are needed.

Conclusion

Considering the presented evidence, we conclude that
the level of physical activity modulates the population of
intestinal microbiota. That was apparent in athletes com-
pared to untrained individuals. Athletes harbor a more
diverse intestinal microflora than nonathletes, but with
a relatively reduced abundance of SCFA- and lactic acid-
producing bacteria, which may indicate an adverse effect
of intense exercise on the gut microbiota.

Based on the reviewed studies, moderate-intensity
exercise does not affect the diversity of the gut microbi-
ota but impacts its composition, with an increased abun-
dance of SCFA and lactic acid producers, also increasing
the relative abundance of Akkermansia muciniphila and
Oscillospira. These observations confirm the positive
impact of moderate exercise on the diversity and func-
tion of the intestinal microbiota.

Furthermore, the reviewed studies confirm the
notion that intense physical activity may be detrimental
to the intestinal microbiota. The exercise-induced gas-
trointestinal syndrome may be responsible for changes
observed in the gut microbiota of athletes, and the
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effect of exercise on the gut microbiota appears to be
much stronger than anticipated. On the other hand,
moderate physical activity enhances the biodiversity
and function of the microbiota. Nonetheless, this issue
requires further research.

In the case of physical activity understood as an
environmental issue affecting the intestinal micro-
biota, future research should focus on the impact of
various types of activities, especially in the context of
training load, intensity, or frequency of exercise. In
highly-trained athletes, SCFa producers decreased and
potentially pathogenic bacteria increased, allowing us
to design an effective intervention (diet supplementa-
tion [70] or diet strategy [9]) to keep the gut microbi-
ota in large biodiversity and richness, especially under
unfavorable gut conditions associated with intense or
vigorous exercise.
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