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Abstract Background and aim: The gut microbiota (GM) plays an essential role in maintaining
health, and imbalance in its composition is associated with the physiopathogenesis of metabolic
diseases, such as obesity and type 2 diabetes mellitus (T2DM). Diet and antibiotics are known
modulators of GM, but the inﬂuence of physical exercise in modulating the diversity and abundance of hindgut bacteria is still poorly understood. The aim of this systematic review was to
investigate the scientiﬁc evidence about the effect of physical exercise on GM modulation in subjects with obesity and T2DM.
Methods and results: A search in PubMed, Web of Science, Scopus, Cochrane and Embase databases using keywords related to gut microbiota, physical exercise and metabolic diseases was
performed. Eight clinical studies met the inclusion criteria, six in subjects with obesity and
two in individuals with T2DM. In three studies carried out in individuals with obesity, exercise
was able to positively modulate the diversity of GM and the abundance of some species of bacteria, mostly by increasing the Biﬁdobacteriaceae family, and the Bacteroides and Akkermansia
genera, and by decreasing the Proteobacteria phylum. The studies in subjects with T2DM found
that physical exercise may reduce metabolic endotoxemia markers.
Conclusions: Physical exercise may be a beneﬁcial modulation strategy of GM composition in
metabolic diseases, speciﬁcally aerobic exercises carried out for at least 6 weeks with moderate
or high intensity. Nevertheless, well-designed clinical trials are needed to clarify the role of physical exercise on GM in subjects with obesity and T2DM.
ª 2022 The Italian Diabetes Society, the Italian Society for the Study of Atherosclerosis, the Italian Society of Human Nutrition and the Department of Clinical Medicine and Surgery, Federico II
University. Published by Elsevier B.V. All rights reserved.

1. Introduction
The non-communicable chronic diseases have been
growing exponentially in recent decades. According to the
World Health Organization (WHO) [1], the prevalence of
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overweight or obese children and adolescents between 5
and 19 years old increased more than four times in the
period from 1975 to 2016, and the world forecast for 2025
is that 2.3 billion overweight adults, with 700 million individuals with obesity. Diabetes mellitus (types 1 and 2), in
turn, is one of the fastest growing global health emergencies of the 21st century. In 2019, the prevalence of
people with diabetes in the world was of 463 million [2].
The projection for 2030 is 578 million people, and in 2045
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will be 700 million people with diabetes worldwide, with
90% of them with type 2 diabetes (T2DM) [2,3].
Unhealthy changes in diet, and sedentary lifestyle have
been identiﬁed as the main risk factors for the emergence
of metabolic diseases, especially obesity and T2DM [1,2].
Individuals affected by these diseases usually present an
imbalance in the composition of their gut microbiota
(GM), termed dysbiosis [4]. GM is currently considered an
important endocrine organ involved in complex functions
related to the maintenance of energy homeostasis, inﬂammatory status and immunity of the host [5]. Changes
in the composition and abundance of hindgut beneﬁcial
bacteria and in the intestinal homeostasis may result in
deleterious changes related to insulin sensitivity [6],
accumulation of body fat, and systemic inﬂammation [7].
These metabolic changes denote an important role of
dysbiosis in the trigger and evolution of metabolic diseases, acting in a two-way pathway in the pathophysiogenesis and in the harmful metabolic changes of obesity
[4,5,7,8] and T2DM [4,6]. Thus, the positive modulation of
GM may contribute to the prevention and treatment of
these diseases.
Diet is one of the main modulating agents of GM,
particularly in individuals with T2DM [9], and exercise
seems to contribute to improving the composition of gut
bacterial communities, regardless of diet [10]. The plausible positive effect that exercise practice has on bowel
physiology and GM composition has been postulated as
one of the mechanisms by which physical exercise acts to
improve metabolic health [11,12]. In addition, changes
promoted by physical exercise in GM composition may
inﬂuence performance and mood in elite athletes [13].
Physical exercise promotes changes in bowel motility
[14,15], increases the concentrations of fecal bile acids
[16,17], changes the temperature and distribution of gut
blood ﬂow [11,18], and positively modulates the functioning of immune system cells that are close to the gut
mucosa [19,20]. These effects promote a series of stimuli
related to improved gut barrier integrity [21,22], reduced
chronic low-intensity inﬂammation [22] and insulin
resistance [23], and possible increased abundance of
beneﬁcial bacteria in the hindgut [24,25].
Current scientiﬁc evidence points to a potentially
beneﬁcial association between physical exercise and GM,
according to ﬁve systematic reviews published on the
topic [10,12,26e28]. The results of these reviews indicate
that, despite the low scientiﬁc quality and the great
heterogeneity of the included studies, physical exercise
might positively modulate the diversity and abundance of
the gut beneﬁcial bacteria, and the production of metabolites associated with GM. None of these reviews,
however, evaluated the effect of physical exercise on GM
in individuals with metabolic diseases, such as obesity
and T2DM. Considering that these diseases are commonly
associated with harmful changes in the composition of
the host GM [4,6,7], the aim of this review was to
investigate the scientiﬁc evidence on the effect of physical exercise on the modulation of GM in subjects with
obesity or T2DM.
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2. Methods
2.1. Study strategy
The study was recorded in the International Prospective
Register of Systematic Review (PROSPERO) e CRD
42021241379 [29]. The results of this systematic review
were reported according to the statement Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) [30]. A literature search was performed in the
PubMed, Web of Science, Scopus, Cochrane and Embase
databases up to March 11, 2021, by two authors (JSCS and
CSS). There were no restrictions on the publication period.
Articles were retrieved from databases matching the
following words: (exercise OR physical activity OR physical
exercise OR resistance training OR aerobic exercise) AND
(gut microbiota OR gut microbiome OR dysbiosis OR
endotoxemia OR biﬁdobacterium OR lactobacillus OR eubacterium OR faecalibacterium OR akkermansia OR shortchain fatty acids [SCFA] OR butyrates) AND (type 2 diabetes mellitus OR diabetes OR diabetes mellitus OR obesity
OR overweight OR body mass index) (see supplementary
material). Firstly, titles and abstracts of the studies were
checked according to their relevance, by two authors (JSCS
and CSS). Abstracts that met the criteria were independently reviewed by the same two authors (JSCS and CSS),
and the full text of potentially eligible studies was
analyzed. Any disagreement between authors regarding
the inclusion of a study was solved by a third author
(MMVN).
2.2. Inclusion and exclusion criteria
The Population, Intervention, Comparison, Outcomes and
Survey (PICOS) model was used to deﬁne the eligibility
criteria of the studies [30]. The inclusion criteria for records found in the literature were: (a) intervention study
in humans (clinical trials, randomized clinical trials,
crossover studies, uncontrolled and/or non-randomized
clinical trials [Survey]) on the effect of any type of physical exercise [Intervention] on the modulation of GM
(types of bacteria, diversity, abundance, and metabolites
associated with beneﬁcial gut bacteria [Outcomes]); (b)
studies carried out with individuals with overweight/
obesity and/or type 2 diabetes mellitus without age restriction [Population]; (c) studies published in English. The
exclusion criteria adopted were: (a) observational studies
(descriptive and analytical), reviews, meta-analyses, comments, and opinion articles; (b) preclinical studies (in animal model). There was no limitation for the year of
publication.
2.3. Data extraction
Data were extracted from the studies by two authors (JSCS
and CSS) using a standard form that included: (a) author’s
name and bibliographic reference; (b) study design; (c)
primary objective of the study; (d) sample characteristics
(sample size, mean age, sex and comorbidities); (e) results
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of the study on the gut microbiota; (f) diet and food consumption assessment; (g) features of the physical exercise
intervention; (h) fecal sample collection; and (i) technique
used to analyze the microbiota composition. After extraction, all data were summarized into two tables.
2.4. Quality assessment and risk of bias
The quality of the studies was independently assessed by
two authors (JSCS and CSS), according to the Physiotherapy
Evidence Database (PEDro) scale [31]. The PEDro scale is
composed of 11 items that assess the methodological
quality, internal and external validity and risk of bias in
randomized clinical trials, classifying them with a ﬁnal
score from 0 to 10, as the ﬁrst item is inherent to all
included studies (eligibility criteria). The ﬁnal score of the
PEDro scale classiﬁes the studies in the following categories:  3 points Z low methodological quality; 4e5
points Z reasonable quality study; 6e8 points Z good
quality study;  9 points Z excellent methodological
quality. Only studies considered of reasonable methodological quality or upper were included.
3. Results
3.1. Retrieved and eligible studies
The initial search retrieved 1747 studies, of which 412
were excluded because they were duplicates, adding up
1335 articles for screening. After reading the title and abstract, 35 articles were considered relevant and selected
for full reading of the text. After applying the inclusion/
exclusion criteria, 27 articles were excluded for different
reasons: sample composed of individuals without obesity
or T2DM (n Z 10); only abstract was published (n Z 6);
analytical observational study (n Z 4); no intervention
with exercise (n Z 4); did not assess the microbiota
composition (n Z 2); study considered of low methodological quality (n Z 1). Finally, eight articles were
considered eligible for this review, of which six were carried out in individuals with obesity, and two were performed in subjects with T2DM (Fig. 1).
3.2. Sample characteristics
One study carried out in individuals with T2DM [32] was
considered of good quality, and the others were classiﬁed
as of reasonable methodological quality [33e39] by the
PEDro scale [31] (Table 1).
The sample size of the included studies ranged from 19
[36] to 88 [35] subjects with obesity, and from 26 [32] to
30 [39] volunteers with T2DM. Regarding the gender, four
studies were performed with men and women [33e35,37],
one with men [38] and one with women [36] affected by
obesity. In studies with T2DM subjects, one study was
carried out with men and women [32], and the other, with
men [39]. In addition, four studies were performed with
adults [33,35,36,38] and two with children/adolescents

865

[34,37] with obesity, whereas among T2DM subjects, the
studies were carried out with adults [32] or elderly [39].
Moreover, four studies were with individuals affected by
obesity [33,34,37,38], and two studies included individuals
with overweight and/or obesity [35,36]. Concerning the
studies in T2DM, one adopted as an inclusion criterion the
diagnosis of the disease at least 2 years ago [39], and
another included individuals with pre-diabetes and T2DM
[32] (Table 2).
3.3. Features of the interventions and body weight
changes
Interventions with physical exercise lasted from 3 weeks
[32] to 6 [35] months in individuals with obesity, and from
2 weeks [32] to 6 [39] months in subjects with T2DM. The
exercise volume ranged from 2 [37,38] to 6 [34] weekly
sessions. Different supervised training protocols were
performed: three studies in individuals with obesity
[33,36,38] and one study in individuals with T2DM [32]
applied an aerobic training protocol; one study with individuals with obesity [37] and one study with subjects
affected by T2DM [39] carried out a combination of aerobic
training and strength training; one study in T2DM volunteers performed a combination of leisure activities, aerobic
training and strength training [34]; and one study adopted
monitored intervention, but unsupervised, with counseling for the practice of physical activity within a context
of daily habits of participants with obesity [35]. Regarding
the duration and intensity of the training session, two
studies carried out interval protocols of short duration
(20e30 min) at high intensity [32,38], two studies performed training longer than 60 min at moderate or high
intensity [34,39], and the others applied training lasting
from 35 to 60 min at moderate or high intensity
[32,33,36,37] (Table 3).
Considering the relevant role of the diet on the modulation of the GM, this variable was analyzed in this review.
In individuals with obesity, two studies performed dietary
intervention [34,37], and the others guided the participants to keep their usual dietary pattern during the
intervention period [33,35,36,38]. In individuals with
T2DM, one study carried out dietary intervention through
a calorie-restricted diet [39]. In addition, three studies
included in this review did not assessed the food consumption [32,37,39] (Table 3). Another variable that should
be considered when evaluating GM modulation is body
composition, since changes in GM related to physical exercise may be due to changes in body composition [11].
Allen et al. [33] suggested that the improvement in GM
after intervention with physical exercise may be dependent on the body mass index (BMI), as the SCFA production
enhanced only in eutrophic individuals, and speciﬁc bacteria like Bacteroides increased in subjects with obesity.
However, Huang et al. [34] found a reduction in body
composition and beneﬁcial change in the GM after physical exercise intervention, in both adolescents with
eutrophic and obese BMI.
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Figure 1 Flowchart of systematic review.

3.4. Changes related to the gut microbiota
3.4.1. Studies in subjects with obesity
The a-diversity and b-diversity of GM were evaluated by
most studies, except for the study by Quiroga et al. [37]
(Table 2). Two studies observed an increase in a-diversity:
Huang et al. [34] reported an increase in a-diversity after
six weeks of intervention with aerobic exercise, whereas
Kern et al. [35] found an improvement in a-diversity after
three months of vigorous physical exercise. The other
studies did not observe signiﬁcant changes in a-diversity

[33,36,38]. In turn, Kern et al. [35], by the BrayeCurtis
Dissimilarity statistical method, and Munukka et al. [36],
by the Jaccard Distance Similarity Coefﬁcient, reported an
increase in b-diversity after intervention.
All studies evaluated the gut bacterial abundance
[32e39], and most of them showed signiﬁcant changes in
GM composition [33,34,36,37]. One study also analyzed
metabolites related to GM [33] (Table 2). Intervention with
aerobic exercise for six weeks increased the abundance of
Bacteroides in sedentary adults with obesity, and increased
the fecal concentrations of propionate, acetate and
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Table 1 Evaluation of the methodological quality of clinical trials
by the PEDro scale.
Study, year
Obesity
Allen et al., 2018 [33]
Huang et al., 2020 [34]
Kern et al., 2020 [35]
Munukka et al., 2018 [36]
Quiroga et al., 2020 [37]
Rettedal et al., 2020 [38]
Type 2 diabetes mellitus
Motiani et al., 2020 [32]
Pasini et al., 2019 [39]

1 2 3 4 5 6 7 8 9 10 11 Score
Y
Y
Y
Y
Y
Y

N
N
Y
N
Y
N

N
N
Y
N
Y
N

Y
Y
Y
Y
Y
Y

N
N
N
N
N
N

N
N
N
N
N
N

N
N
N
N
N
N

Y
Y
N
Y
N
Y

Y
N
N
Y
N
Y

N
Y
Y
N
Y
N

Y
Y
Y
Y
Y
Y

4
4
5
4
5
4

Y Y Y Y N N N Y N Y
Y N N Y N N N Y Y N

Y
Y

6
4

Criteria: 1- eligibility criteria; 2- randomly allocated individuals; 3allocation of secret subjects; 4- comparability at baseline; 5- “blind”
subjects; 6- “blind” therapists; 7- “blind” evaluators; 8- results
>85% of participants; 9- data analyzed by “intention to treat”; 10statistical comparisons between groups; 11- point measures and
measures of variation. Y: yes; N; no.

butyrate in the group of eutrophic individuals [33]. Huang
et al. [34] observed that the intervention with aerobic
exercise along with strength training for six weeks
reduced the abundance of the Firmicutes phylum bacteria
in children and adolescents, a result that reﬂected in the
decrease in the Firmicutes:Bacteroidetes ratio. In obese
adult women [36], however, there was no change in the
Firmicutes:Bacteroidetes ratio after exercise intervention,
but there was an increase in the Biﬁdobacteriaceae family
and the Akkermansia genus, and a reduction in the presence of the Proteobacteria phylum. Quiroga et al. [37]
found a signiﬁcant reduction in the Proteobacteria phylum
in obese children and adolescents after an intervention
with aerobic exercise combined with strength training.
3.4.2. Studies in subjects with T2DM
No change in the bacterial diversity was observed after
intervention with physical activity in the included studies
[32,39]. However, aerobic training for two weeks at
different intensities increased the abundance of Bacteroidetes phylum bacteria, decreased the Firmicutes:Bacteroidetes ratio, and increased the Faecalibacterium
genus, in the group that performed the moderate-intensity
continuous training (MICT) [33]. Pasini et al. [39], in turn,
evaluated 11 species of bacteria and found no signiﬁcant
change in older adults with T2DM undergoing aerobic
exercise combined with strength and ﬂexibility training. In
both studies [32,39], exercise was able to reduce markers
related to metabolic endotoxemia: decrease in serum
lipopolysaccharide binding protein (LBP) concentrations
[32], and in fecal concentrations of zonulin (Zon,
haptoglobin-2 precursor) [39], a protein that modulates
the permeability of tight junctions in the gut epithelial
cells [40] (Table 2).
4. Discussion
This systematic review analyzed the current scientiﬁc evidence on the effect of physical exercise on GM in relation

to the bacterial diversity and abundance, and associated
metabolites, in subjects with obesity or T2DM. Concerning
six included studies in individuals with obesity, the
physical exercise positively modulated at least one
parameter of bacterial diversity [34e36], or abundance of
beneﬁcial bacteria species [33,36,37], except one [38],
which no signiﬁcant changes in the composition of gut
microbiota was observed. The main ﬁndings of the studies
in subjects with T2DM are the increase in the abundance
of some bacteria genera and species [32], and the reduction of biomarkers related to metabolic endotoxemia
[32,39]. Currently, this systematic review differs from
other ﬁve published on physical exercise and GM
[10,12,26e28], as it is the ﬁrst on individuals with obesity
or T2DM undergoing intervention with physical exercise in
clinical trials.
Regarding the scientiﬁc quality of the included studies,
seven studies were classiﬁed as of reasonable methodological quality [33e39], and only one as of good quality
[32]. In addition, there was great heterogeneity among the
samples, which were composed by individuals of different
age groups and of both sexes. The intervention with
physical exercise was performed mostly by aerobic
training, under supervision [32,33,35,36,38], or with a
combination of aerobic training and strength training
[34,37,39]. Concerning the diet, three studies did not
assess the food consumption [32,37,39], and others did
intervention with diet during the trial [34,37,39], facts that
might have inﬂuenced the analysis of the effect of the
exercise on GM modulation.
According to the body weight changes, six studies reported a reduction in fat mass after the intervention with
physical exercise [32e35,38,39], but none of them investigated the inﬂuence of weight changes on GM changes.
Nevertheless, Allen et al. [33] analyzed the association
between differences in BMI and GM changes and observed
that the body mass inﬂuenced bacterial diversity and
abundance. This ﬁnding suggests an eventual association
between changes in body composition and improvement
in the GM composition. So, in order to clarify this association, it would be very important for future studies to
assess whether or not changes in GM depend on changes
in body composition resulting from physical exercise, as
weight loss may be a GM modulator factor [11].
The plausible mechanisms related to the positive effects
of the physical exercise on the GM have not been
completely elucidated, but one hypothesis is that the
physical exercise could enhances the SCFA production [12].
SCFA play a regulatory role in transepithelial ﬂuid transport, attenuate inﬂammation and the oxidative state,
reinforce the gut defense barrier, modulate visceral
sensitivity and gut motility, and contribute to the regulation of energy metabolism [41]. In one study in individuals
with obesity and eutrophics [33], the concentrations of
propionate, acetate, and butyrate increased only in the
subjects with eutrophic BMI, thus suggesting an inﬂuence
of body mass on GM modulation. This ﬁnding indicates
that, despite the evidence associating physical exercise
with improved production of these metabolites [12,42],
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Study design

Primary objective

Sample characteristics

Intervention
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Table 2 Design and main results of studies that evaluated the effect of physical exercise on the gut microbiota modulation in subjects with obesity or type 2 diabetes mellitus.
Main results
Measurements of microbiota Taxonomic changes
and metabolite composition
Subjects with obesity
Allen et al., 2018 Non-controlled and
[33]
non-randomized
clinical trial (study
of a single group)

Huang et al.,
2020 [34]

Non-controlled and
non-randomized
clinical trial (study
of a single G)

Kern et al., 2020 Randomized
[35]
controlled clinical
trial

n Z 32 (eutrophic n Z 18,
obese n Z 14); sedentary
Eutrophic: M Z 9;
age Z 25.10  6.52 years;
BMI Z 22.21  2.76
Obese: M Z 3;
age Z 31.14  8.57 years;
BMI Z 35.71  5

6 weeks of aerobic
exercise

4 a-diversity
4 b-diversity
[ SCFA (acetate,
propionate
and butyrate), greater
increase in eutrophics

Evaluate the effects
of a combination of
exercise and calorierestricted diet on
hemodynamic
parameters and gut
microbiota
composition in
adolescents with
obesity

n Z 24 (M Z 15),
age Z 12.88  0.41 years
(6e16 years);
BMI Z 31.02  0.94

6 weeks of aerobic
exercise combined with
strength training

[ a-diversity
4 b-diversity
Y Ratio Fimicutes:
Bacteroidetes

Assess whether
physical exercise
alters the diversity,
composition and
functional potential
of gut microbiota in
overweight or obese
humans in a context
of daily activities

n Z 88 (M Z 51%);
age Z 36 (30e41) years;
BMI Z 29.7 (27.9; 31.4);
sedentary
Control G: n Z 14 (M Z 57%),
Age Z 38 (30e42);
BMI Z 29.9 (27.6; 32.2)
Bicycle G: n Z 19 (M Z 42%);
Age Z 35 (28e43) years;
BMI Z 30.0 (28.3; 33.9)
Moderate G: n Z 21 (M Z 55%),
Age Z 33 (27e38) years;
BMI Z 29.3 (27.4; 30.5)
Vigorous G: n Z 24 (M Z 50%),
Age Z 39 (33e42) years;
BMI Z 29.9 (28.2; 32.1)

6 months of physical
activity

[ a-diversity of Vigorous
G in month 3
[ b-diversity in Bicycle G,
Moderate G and Vigorous G
compared to Control G

Eutrophic
Phylum Bacteroidetes:
Y bacteroides
Phylum Firmicutes:
[ faecalibacterium
[ lachnospira
Obese
Phylum Bacteroidetes:
[ bacteroides
Phylum Firmicutes:
Y fecalibacterium
Phylum Firmicutes:
Y Lactobacillales
Y Bacilli
Y Streptococcaceae,
Y Streptococcus
Y Veillonella
[ Christensenellaceae
Phylum Bacteroidetes:
[Butyricimonas
Phylum Lentisphaerae:
[ Lentisphaeria
[ Victivallales,
[ Victivallaceae
[ Victivallis
There was no change in
the composition of
bacterial phyla
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Assess the impact of
exercise on gut
microbiota
composition,
functional capacity
and metabolic
production in
eutrophic and obese
adults

Uncontrolled and
non-randomized
clinical trial (study
of a single G)

n Z 19 women; age 36.8  3.9 years;
Determine the
effects of exercise on BMI Z 31.8  4.4; sedentary
gut microbiota
composition and
function in
overweight or obese
women

Quiroga et al.,
2020 [37]

Randomized
controlled clinical
trial

Rettedal et al.,
2020 [38]

Non-controlled and
non-randomized
clinical trial (study
of a single G)

Determine whether
exercise can
favorably alter the
functionality and
composition of gut
microbiota and the
inﬂammatory status
of obese children
Investigate whether
HIIT alters the gut
microbiota
composition and
diversity of
eutrophic and obese
individuals

Subjects with type 2 diabetes mellitus
Motiani et al.,
Uncontrolled
Evaluate the effects
2020 [32]
randomized clinical of SIT and MICT
trial
training on
metabolism, gut
microbiota
composition and
insulin resistance in
individuals with
pre-diabetes or
TT2DM

n Z 39; age Z 7e15 years
Healthy control G: n Z 14; (M Z 7);
age Z 9.5  0.4 years; eutrophic weight
Control obese G: n Z 14 (M Z 7);
age 10.5  0.5 years
Trained obese G: n Z 25 (M Z 13);
age 11.0  0.4 years
n Z 32 men (eutrophic n Z 14,
obese n Z 15); age Z 20e45 years
Eutrophic: age Z 29  2 years;
% fat Z 21  2%
Obese: age Z 31  2 years;
% fat Z 33  2%

n Z 26 (M Z 16, prediabetic n Z 9,
T2DM n Z 17); age Z 49 SIT G:
n Z 10 (M Z 7);
BMI Z 29.3 [27.5e31.0]
MICT G: n Z 8 (M Z 6);
BMI Z 30.7 [28.9e32.6]

6 weeks of aerobic
exercise

4 a-diversity
4 b-diversity (BrayeCurtis
dissimilarity)
[ b-diversity
(Jaccard distance)
4 Ratio Fimicutes:
Bacteroidetes

12 weeks of aerobic
exercise
combined with strength
training

a-diversity e b-diversity
not evaluated

3 weeks of HIIT

4 a-diversity
4 b-diversity
4 Ratio Firmicutes:
Bacteriodetes

There was no change in
the composition of
bacterial phyla

2 weeks of SIT or MICT

4 a-diversity
4 b-diversity
Y Ratio Firmicutes:
Bacteriodetes
Y LBP

[ Bacteroidetes
Phylum Firmicutes:
Y Clostridium spp.
Y Blautia spp.
[ Lachnospira (SIT G)
[ Veillonella (MICT G)
[ Faecalibacterium
(MICT G)

Phylum Firmicutes:
[ Dorea
[ Anaeroﬁlum
Phylum Bacteroidetes:
Y Porphyromonadaceae
Y Odoribacter
Phylum Verrucomicrobia:
[ Verrucomicrobia
[ Verrucomicrobiaceae
[ Akkermansia
Phylum Actinobacteria:
[ Biﬁdobacteriaceae
Phylum Proteobacteria:
Y Proteobacteria
Y Desulfovibrionaceae
Y Enterobacteriaceae
Y Proteobacteria
YGammaproteobacteria
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(continued on next page)
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M: men; BMI: body mass index; SCFA: short-chain fatty acids; G: group; HIIT: high intensity interval training; SIT: sprint interval training; MICT: moderate-intensity continuous training; T2DM: type 2
diabetes mellitus; LBP: lipopolysaccharide binding protein; [: increase; Y: reduction; 4: no change.

YCandida albicans
YMycetes spp.
4 Lactobacillus spp.
4 Biﬁdobacterium spp.
4 Enterococcus spp.
4 Streptococcus spp.
4 Bacteroides spp.
4 Escherichia coli
4 Campylobacter spp.
4 Clostridium difﬁcile
4 Salmonella spp.
4 Shigella spp.
4 Yersinia enterocolitica
4 a-diversity
4 b-diversity
Y zonulin
6 months of aerobic
exercise
combined with
strength and
ﬂexibility training
n Z 30 men; age Z 70  2.3 years;
BMI Z 29.8  3.7;
T2DM diagnosis >2 years;
sedentary
Non-randomized
and uncontrolled
clinical trial (study
of a single G)
Pasini et al.,
2019 [39]

Evaluate the effect
of exercise on gut
microbiota
composition and
intestinal
permeability in
T2DM patients

Intervention
Sample characteristics
Primary objective
Study design
Reference

Table 2 (continued )

Measurements of microbiota Taxonomic changes
and metabolite composition
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further studies are needed to investigate this association in
individuals with obesity. In another study [32], it was
observed an increase in the abundance of Veillonella genus,
which metabolizes lactate to SCFA [43]. In aerobic exercise,
especially at high intensity, there is an excessive production of lactate [44], which favor the proliferation and
metabolism of Veillonella genus, and consequently, the
synthesis of metabolites like propionate. This hypothesis
was initially proposed by Scheiman et al. [45], who
observed that runner athletes showed greater relative
abundance of the Veillonella genus associated to the increase in propionate concentrations.
Interventions with physical exercise that stimulate the
excessive production of lactate may increase satiety [46],
since the propionate produced from the metabolism of
lactate by bacteria of the Veillonella genus may stimulate
the production of anorectic hormones, such as the gastrointestinal hormone glucagon-like peptide 1 (GLP1) [47]. In
addition, the increase in lactate produced by physical exercise may contribute to a decrease in appetite through the
reduction of orexigenic hormones, such as ghrelin, and this
effect depends on its intensity, since aerobic exercises
performed at higher intensity promote a greater feeling of
satiety [48]. This association may be explained by the fact
that the greater the exercise intensity, the greater the
lactate release, and the increase in lactate seems to be
correlated with the decrease of ghrelin and appetite [46]. It
is noteworthy that, although none of the studies included
in this review have assessed lactate concentrations, most
interventions were performed with aerobic exercise at
moderate or high intensity [32,33,35,37,38], which may
have affected the lactate-propionate interaction.
The studies showed an increase in the abundance of
Biﬁdobacteriaceae family, and Bacteroides [33] and Akkermansia [36] genera, which encompass important bacteria
related to host health and the pathophysiogenesis of
obesity and T2DM [49e52]. Indeed, lower abundance of
these bacterial genera seems to be related to obesity,
especially with the lower presence of species such as Bacteroides fragilis and Akkermansia Muciniphila [53], and to
T2DM [6]. Bacteroides fragilis is an important SCFA producer, and the decrease in the production of these metabolites may affect the balance between fatty acid
synthesis and oxidation and body lipolysis, with a consequent increase in body fat accumulation [41,53]. Moreover,
the presence of the Bacteroides fragilis species is related to a
decrease in the inﬂammation status and in the expression
of interleukin 6 (IL-6), and increasing in IL-10 [49]. Likewise, different species and strains of the Biﬁdobacterium
genus may modulate immune responses and contribute to
the inhibition of the proliferation of harmful hindgut bacteria, as well as participate in the synthesis of B-complex
vitamins, and in the bioconversion of dietary compounds,
such as oligosaccharides and galactooligosaccharides, into
bioactive molecules [52]. Akkermansia muciniphila, in turn,
has been associated to the prevention and treatment of
obesity, among other metabolic diseases [50,51]. A. muciniphila may reduce the expression of inﬂammatory cytokines, such as IL-2, interferon gamma (IFN-g), and IL-12;

Reference

Intervention with exercise
Type of exercise

Subjects with obesity
Allen et al., 2018
Continuous supervised
[33]
aerobic exercise of
moderate to vigorous
intensity on the treadmill

Huang et al., 2020
[34]

Aerobic exercise (cycling,
walking, running, dancing,
and playing ball) of
moderate to high intensity,
combined with strength
training

Diet

Control group

Fecal sample

Microbiota analysis
technique

Standardized diet for 3
days before collection. No
food intervention during
the exercise intervention
Food consumption
assessment: 7-day food
record before and after the
intervention

No control group

Stored for a
maximum of 30 min
after defecation at
80  C

No control group
Food intervention: calorie
restricted diet (60%
carbohydrate, 20% protein
and 20% fat). All meals
were prepared and
supervised by a nutritionist

The sample was
frozen in liquid
nitrogen and stored
in 5 mL tubes
immediately after
defecation

16S rRNA
sequencing:
(PowerLyzer
PowerSoil DNA
Isolation)
SCFA
(concentrations by
gas
chromatography)
16S rRNA
sequencing
(Bioanalyzer 2100
system)

Individuals who
Guidance to maintain the
have maintained
usual dietary pattern
their usual lifestyle
Food consumption
assessment: 3-day pre- and
post-intervention food
recall

Sample stored at
18  C in the
participants’ homes
after collection and
later stored at
80  C until the
period of analysis
Sample immediately
stored at 20  C
after collection and
later stored at
80  C

Dose, frequency and intensity
6 weeks; 3 times/week; 30e60 min/
session
Week 1: 30 min
Weeks 2 and 3: 45 min
Weeks 4, 5 and 6: 60 min
Intensity: 60% HHR (weeks 1e3) up to
75% HHR (5% increase per week during
weeks 4e6)

6 weeks; 6 times/week; 5 h/day;
estimated energy expenditure Z 1500
e2500 kcal/day
Aerobic training: moderate-high
intensity (70%e85% HRmax) or high
intensity (w90% HRmax) alternating
with low intensity (w60% HRmax).
Monitored by heart rate monitor.
Strength training: 2e3 sets of 12e15 reps
at 40e50% of maximum strength with 2
e3 min rest between sets
Kern et al., 2020 [35] Leisure physical activity of 6 months; 5 times/week; estimated
moderate or vigorous
energy expenditure Z 1600 kcal/week
intensity and active cycling for women and 2100 kcal/week for men.
Bike G: intensity Z w60% Vo2peak.
Moderate G: 150 min/week;
intensity Z 50% VO2peak
Vigorous G: intensity Z 70% VO2peak
Munukka et al.,
Supervised aerobic
6 months; 3 times/week; 40e60 min/
2018 [36]
exercise at moderate
session
intensity on an exercise
Week 1e2: 40 min continuous at low
bike
intensity (below aerobic threshold).
Weeks 3e4: 8 min warm-up and 3 blocks
of 10 min at moderate intensity (between
aerobic and anaerobic threshold) with a
recovery interval of 4 min (50 min total).
Weeks 5e6: 7 min warm-up and 4 blocks
of 10 min at moderate intensity (between
aerobic and anaerobic threshold) with a
recovery interval of 3 min (60 min total)

Guidance to maintain the
usual dietary pattern.
Food consumption
assessment: 3-day food
recall before and after
intervention

No control group

Gut microbiota and physical exercise

Table 3 Characteristics of the intervention with physical exercise and fecal analysis of studies that evaluated the effect of physical exercise on the gut microbiota modulation in subjects with obesity
or type 2 diabetes mellitus.

16S rRNA
sequencing
(NucleoSpinSoil kit)

16S rRNA
sequencing (GTX
stool kit)

(continued on next page)
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Table 3 (continued )
Reference

Intervention with exercise
Type of exercise

Quiroga et al., 2020
[37]

Rettedal et al., 2020
[38]

Pasini et al.,
2019 [39]

12 weeks; 2 times/week; 45 min/session
Initial aerobic training: 7 min of warmup; interval training (4 maximum 3000
shots with 3 min interval)
Strength training: 4 exercises with 3 sets
of 8e12 repetitions with an interval of 30
e60 s at 30%e70% of 1RM
Final aerobic training: 7 min (4 min with
low load and 3 min with high load)
HIIT supervised on exercise 3 weeks; 2 times/week
bike
9-12 shots of 60 s at 100% VO2peak with
75 s interval

Combination of aerobic
exercise on the stationary
bike with strength and
ﬂexibility training

Control group

Fecal sample

Microbiota analysis
technique

Nutritional advice for a
healthy and balanced diet.
Food consumption: not
assessed

Healthy control G
and Obese control G
maintained their
usual daily routine

Samples
homogenized after
collection and
stored at 80  C
until the period of
analysis

16S rRNA
sequencing
(QIAamp DNA Stool
Mini kit)

Guidance to maintain the
usual dietary pattern
Food consumption
assessment: food
frequency questionnaire

No control group

Stool samples
collected and
immediately
suspended in a
solution (DNA/RNA
Shield) and stored
at 80  C

16S rRNA
sequencing (Fecal/
Soil Microbe
Microprep kit)

Guidance to maintain the
usual dietary pattern
Food consumption: not
assessed

No control group

Stored at 80  C
until the period of
analysis

16S rRNA
sequencing (Nextera
XT Index Kit)

Uninformed

Selective agar
culture measured
after 48 h of
incubation

Dose, frequency and intensity

Supervised interval aerobic
exercise on an exercise bike
combined with strength
training

Subjects with diabetes mellitus tipo 2
Motiani et al., 2020 Moderate to high intensity
[32]
supervised aerobic exercise
(SIT or MICT) on an exercise
bike

Diet

3 weeks; 3 times/sessions
SIT Z 4e6 maximum 30 s shots with
4 min rest interval between each shot
(Winggate Protocol)
MICT Z 40e60 min of continuous
exercise of moderate intensity (60%
Vo2peak)
6 months; 3 times/week; 90 min/session
Aerobic training: 15e35 min monitored
by heart rate (3 ﬁrst months at 5 bpm
LCTG, from the third month onwards the
rate was increased not exceeding RCT).
Strength training: performed with free
weights and elastics with exercises for
large muscle groups (3 sets of 8e15
repetitions)

Food intervention:
No control group
Mediterranean-type calorie
restriction diet 40e60%
carbohydrate, 30% fat and
10e20% protein, 1900 kcal/
day).
Food consumption: not
assessed

HRR: heart rate reserve; HRmax: maximum heart rate; VO2peak: peak oxygen consumption; G: group; RM: maximum repetition; HIIT: high intensity interval training; BPM: beat per minute; SIT:
sprint interval training; MICT: moderate-intensity continuous training; LCTG: cardiac gas exchange threshold; RCT: respiratory compensation threshold; SCFA: short-chain fatty acids.
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regulate the permeability of gut barrier through tight
junction proteins, such as claudin 3 (Cldn3); and attenuate
the process of lipid overload associated with the lowdensity lipoprotein cholesterol (LDL-c) receptor pathway,
reducing apolipoprotein B-48 (apoB48) and apolipoprotein
B-100 (apoB100) proteins [51]. Dietary ﬁbers and polyphenols consumption are related to the increase in A.
muciniphila abundance [54]. Physical exercise also seems to
inﬂuence the proliferation of this species, as physically
active individuals have a greater abundance of A. muciniphila compared to sedentary people [24].
On the other hand, the cardiorespiratory ﬁtness may be
related to a healthy GM, as there is a positive association
between cardiorespiratory capacity and GM diversity, so
the higher the VO2max values, the greater the GM diversity [55]. In the study carried out by Allen et al. [33],
there was a positive correlation between the increase in
VO2max and the abundance of bacteria, such as Veillonella
spp., Paraprevotela, Lachnospira spp., and Barnesiella spp.
The others studies included in this review did not evaluate
such association, but ﬁve of them observed improvements
in cardiorespiratory ﬁtness, such as VO2peak [32,35,38]
and VO2max [36,39] which may be related to positive
changes in GM composition [55].
The decrease in intestinal transit time is another stimulus provided by physical exercise to the large intestine,
which may contribute to metabolic health and to the
improvement of GM composition [14,15]. Increased intestinal transit reduces the time of exposure of the gut
epithelium to probable pathogens [56]. No study included
in this review evaluated changes in intestinal transit time,
but Huang et al. [34] observed an increase in the abundance of bacteria of the Butyricimonas genus, which is
associated with increased bowel motility [57].
The reduction in the abundance of the bacteria from the
Proteobacteria phylum, observed by Munukka et al. [36]
and Quiroga et al. [37], may contribute to the improvement
of the bacterial balance in GM, via reduction in dysbiosis
and low-intensity systemic inﬂammation. The Proteobacteria phylum is composed of potentially pathogenic gramnegative bacteria (Escherichia, Salmonella, Vibrio and Helicobacter), which contain a large amount of lipopolysaccharides (LPS) in their membrane composition, an
important substance with proinﬂammatory features [58].
Furthermore, dysbiosis in metabolic diseases and some
types of cancer is associated with a greater presence of
bacteria from the Proteobacteria phylum [59]. In the
studies carried out with individuals with T2DM [32,39], it
was observed an improvement in biomarkers related to
the integrity of the gut barrier, which also contribute to the
reduction of inﬂammation. Motiani et al. [32] observed a
reduction in LBP, a lipid transfer protein that binds to
bacterial LPS, facilitating its interaction with important
immune system recognition receptors, such as cluster of
differentiation 14 (CD14) and toll-like receptor 4 (TLR4)
[60]. Pasini et al. [39], in turn, found a decrease in fecal
concentrations of zonulin, and lower concentration of
zonulin is related to decreased permeability of the gut
barrier [40].
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There was a considerable variation in the training
methods applied in the studies, in terms of volume, intensity and duration of the intervention. Kern et al. [35]
counseled the participants for the practice of physical activity, from moderate to high intensity, monitored by a
heart rate monitor (leisure physical activity, cycling to the
work) with a volume around 150 min per week. Rettedal
et al. [38] applied a supervised high-intensity interval
training on an ergometric bicycle, with a volume of about
50 min per week. Huang et al. [34], on the other hand,
performed an intervention with several aerobic leisure
activities (cycling, walking, running, dancing and playing
ball), associated with the supervised practice of strength
training with a total training volume of 1800 min per
week. Thus, the differences in the volume and modalities
of the applied training must be taken into account, as
aerobic exercise, strength training or concurrent training
(strength training associated with aerobic training) are
different modalities, which can produce diverse physiological responses [61e63].
The time of intervention with physical exercise is
another divergent factor in the studies included in the
present review. The intervention times varied from 3
[32,38], 6 [33,34], 12 [37] to 24 weeks [35,36,39], and such
range of time may have a considerable inﬂuence on the
microbiota modulation. The acute exercise generates
stimulus that are related to the increased permeability of
the gut barrier [11,16e20]. However, the chronic adaptations that exercise provides to the gastrointestinal tract
may improve the gut barrier and other parameters related
to GM health [21,22]. Indeed, no signiﬁcant changes in the
GM composition after the intervention with physical exercise were observed in a short-term study (3 weeks) [38],
but other studies with an intervention time of 6 weeks or
longer found an improvement in the GM composition
[33e37].
Studies with individuals with different age groups
(children and adolescents, adults, and elderly) were
included in this review, which can be considered an
important confounding factor, as the composition and
stability of GM varies throughout the different stages of
life [64]. Thus, the GM composition of each participant
may provide different responses on the modulation of GM
by factors like physical exercise or diet.
Methodological approaches related to the diet would
have to be taken into account in the included studies.
Three studies carried out dietary intervention along with
physical exercise intervention [34,37,39], and three studies
did not assess food consumption [32,37,39]. These approaches may have inﬂuenced the interpretation of the
impact of physical exercise on GM composition, as diet is
one of the main modulating agents of the gut bacterial
communities [5]. Therefore, the most reliable results are
those of the studies that did not interfere with the diet,
and that assessed the food consumption and observed no
diet changes during the intervention. Three studies in individuals with obesity met these criteria [33,35,36]. These
studies reported modulation of GM diversity and abundance of bacteria that are potentially beneﬁcial to health
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(Fig. 2). Furthermore, only two studies were randomized
and controlled [35,37], and the others were considered
quasi-experimental [32e34,36,38,39].
As previously discussed, there was a great variation
among studies regarding the intensity and type of physical
exercise, but the studies with the most reliable results
[33,35,36] performed interventions with aerobic exercises
at moderate or high intensity during 6 weeks to 6 months.
Thus, aerobic exercises with such characteristics likely have
positive effects on GM modulation, but studies comparing
different training protocols should be carried out to clarify
the inﬂuence of type and intensity of training on GM.
We emphasize that the option of including in this review studies with methodological limitations was necessary, as the topic investigated is at the frontier of
knowledge, and thus, there is a scarcity of studies on that
in literature. Considering the limitations of the included
studies, more studies with better methodological design
are warranted. Therefore, we highlight some recommendations for future research (Fig. 3): accurate and enough
description of the methodology of the study, including the
eligibility criteria of the participants, how the sample size
was estimated and by which test, and the methods used to
collect and store fecal samples; inclusion of a control
group out of the intervention group; and allocation of the
participants per groups by randomized, validated and
reliable methods, according to the guideline for randomized clinical trials (Consolidated Standards of Reporting
Trials - CONSORT) [65]. In addition, physical exercise must

J.S.C. Silva et al.

be controlled and aspects related to training should be
speciﬁed, such as: type of training (aerobic, strength, and
concurrent training); training method (interval, continuous, hypertrophy, strength, power); supervision (supervised or free-form physical exercise or physical activity);
training variables (volume, intensity, recovery interval,
movement speed, load); training volume (daily, weekly or
total volume); and pre-intervention ﬁtness level (sedentary or trained individuals). Controlling and detailing such
aspects will contribute to minimize the confounding factors and help researchers to carry out future clinical trials
on this ﬁeld. Furthermore, different types of training may
produce different physiological responses [61e63]. Thus,
the performance of a single type of training would be
better to clarify the interaction between physical exercise
and GM and the speciﬁc effect of each modality.
The positive GM modulation and the maintenance of
the intestinal homeostasis by physical exercise have the
potential to promote and improve the health in patients
with obesity or T2DM by different mechanisms. The increase in diversity and abundance of gut beneﬁcial bacterial increases the SCFA production, which induces the
production of hormones, such as GLP-1, thus improving
satiety and reducing LPS translocation [47,48]. Through
calcium mobilization and membrane hyperpolarization, a
protein is activated (NLRP3) resulting in the production of
IL-18 [37], which promotes epithelial repair and protection
against inﬂammatory bowel disease [35,36]. By reducing
the metabolic endotoxemia markers, physical exercise may

Figure 2 Summary of the main results reported on the modulation of the gut microbiota and its positive effects on the metabolism of individuals
with obesity, after intervention with physical exercise.

Gut microbiota and physical exercise
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Figure 3 Recommendations for further studies based on the guidelines of the Consolidated Standards of Reporting Trials (CONSORT). DXA: Dualenergy X-ray Absorptiometry; Vo2max: maximal oxygen consumption; GM: gut microbiota; SCFA: short-chain fatty acids; LPS: lipopolissacarídeos;
LBP: lipopolysaccharide binding protein. Source: adapted from Moher et al. [65].

improve the inﬂammatory status and immunity in subjects with obesity or T2DM [4,5].
5. Conclusion
Physical exercise may be a promising strategy for positive
modulation of gut microbiota in individuals with obesity,
by improving the diversity and abundance of hindgut
beneﬁcial bacteria. In subjects with T2DM, fragile evidence suggests that physical exercise may reduce metabolic endotoxemia markers. Aerobic exercises carried out
for at least 6 weeks with moderate or high intensity likely
has a beneﬁcial effect on the gut microbiota of individuals
with obesity. The main mechanisms suggested supporting the beneﬁcial association between physical exercise
and gut microbiota are the increase in the abundance of
bacteria that metabolize lactate to SCFA, and the positive
effects on gut barrier integrity. Nevertheless, welldesigned clinical trials are needed in this ﬁeld, notably
those randomized and controlled, and with assessment of
food consumption without dietary intervention. Furthermore, we highlight the importance of investigating
whether changes in GM are dependent on body mass
changes resulting from physical exercise. Further studies
with better methodological approaches will contribute to
the development of more efﬁcient strategies for the
prevention and control of obesity and T2DM.
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