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Abstract

The gut microbiota is implicated in digestive, metabolic and immune processes of the host. The physiological
and pathophysiological functions of the intestinal microbiota depend of its composition, and several individual
or external factors may be associated with the presence of some categories, phyla or species of microorganisms
in the gut. In particular, two bacterial phyla - Firmicutes and Bacteroidetes - are predominant in the human
gut and their relative concentrations seem to be related with age, gender, diet habits and weight status. In the
last decade, several studies have tried to characterize the possible role of physical activity in determining
qualitative and quantitative composition of the intestinal microbiota. This review is aimed at exploring the
current evidences regarding the association between physical activity and gut microbiota composition in
animal models and in the humans. Further studies are needed to clarify the mutual relationships among
exercise, diet, nutritional supplements/doping agents and gut microbiota.

Introduction

The human gut microbiota is the totality of
the microorganisms that populate the intestine
of the humans and are implicated in digestive,
metabolic and immune processes of the host
(1, 2). Microbiota is involved in mucosal
homeostasis, biosynthesis and absorption
of nutrients, maintenance of epithelial
integrity, interaction with the immune
system, competitive inhibition of possible

invasion and colonization by pathogenic
microorganisms (3, 4). In addition, the gut
microbiota plays an important role in drugs
and xenobiotics metabolism through a series
of microbial enzymatic reactions which
can activate, inactivate or alter the systemic
bioavailability of certain substances, so as
different molecules, not only antibiotics, may
alter the composition of the gut microbiota
in a manner that is detrimental for health (5,
6). The gut dysbiosis is the disruption of the
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equilibrium in the intestinal ecosystem and
is associated with many human diseases,
including autoimmune and allergic diseases,
colorectal cancer, metabolic diseases, and
bacterial infections (7, 8). A lot of studies have
recently highlighted that the physiological
and pathophysiological functions of intestinal
microbiota depend of its composition, while
other evidences have suggested that several
factors may be associated with the presence
of some categories, phyla or species of
microorganisms in the gut (3, 9, 10). In the
healthy adult population, two major bacterial
phyla are predominant: Gram-positive
Firmicutes (ranging from 60% to 80%) and
the Gram-negative Bacteroidetes (ranging
from 20% to 40%), nevertheless intestinal
microbiota is different, in variety and quantity,
from one person to another and it is influenced
by endogenous and exogenous determinants,
such as anagraphic, geographic or behavioral
factors (11-14). Moreover, seven bacterial
divisions constitute the gut microbiota, e.g.
Firmicutes, Bacteroides, Proteobacteria,
Fusobacteria, Verrucomicrobia,
Cyanobacteria, and Actinobacteria. The
gut microbiota performs essential functions
in maintenance of health, including having
protective, structural, and metabolic roles.
Table 1 shows the main functional activities
of gut microbiota; although the reported
informations are not exhaustive, they indicate
the multiple connections between intestinal
microflora and essential activities of human
homeostasis (9, 15-29).

Relative proportions of Bacteroidetes and
Firmicutes seem to influence health and are
influenced by host characteristics; indeed,
these proportions have been observed to
change with age, gender and body mass
index (30-32). Also, geographical residence
seems to play an important role. For example,
among the members of the Bacteroidetes,
two genera dominate: Bacteroides and
Prevotella; they are antagonist and the first
is more abundant in the gut of Western
people, while Prevotella is more common
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in the gut of non-Westerners, even though
this difference may also partially correlate
with the type of diet (32). Indeed, a lot of
evidences have demonstrated the existing
relationship between gut microbiota
composition and diet: a high fiber diet,
including fruits, vegetables, legumes, and
whole-wheat grain products, has been shown
to increase the microbial diversity (20, 33).
In obese people and in persons with type 2
diabetes or altered blood glucose the relative
proportion of Bacteroidetes is decreased so
as the microbiota diversity (34-36).

Furthermore, in the last decade some
studies have tried to characterize the possible
role of physical activity - including exercise
and sport - in determining the animal or human
gut microbiota composition (37, 38).

This narrative review is aimed at
exploring the current evidences regarding
the association between physical activity
and gut microbiota composition.

Search and selection methods

The literature search was carried out
on Pubmed. Search terms used were “Gut
Microbi*” AND “Exercise” OR “Sport”
OR “Physical Activity”. No time restrictions
were applied. Editorials, commentaries,
discussion papers and conference abstracts,
and non-English papers were excluded.

On a total of 21 articles selected, 10 were
focused on animal models and 9 on the
humans, while two papers reviewed studies
on both animals and humans: all of them
were included in the following review.

Physical activity and gut microbiota in
animal models

The results of studies carried out on
gut microbiota of animal models are often
conflicting. Some researchers have shown
that exercise may lead to an increase of
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Firmicutes/Bacteroidetes ratio, while others
reported a reduction in this ratio related to
exercise (39-44). Similar phylum variations
were lacking in some studies involving mouse
models (45, 46), or they were observed only
with certain conditions such as age, diet or
type of physical activity (39, 40, 47).

In 2008, a study carried out by Matsumoto
et al. showed that, in rats, voluntary running
exercise determines a variation in microbiota
composition, an increase in the cecum
diameter and in butyrate concentration,
which protects against colon cancer and
inflammatory bowel disease (IBD) playing
arole in mucin synthesis and gut epithelium
protection (45). These effects were in part
explained by other studies which demonstrate
that exercise determines an increase in
some bacterial species, such as bacteria
producing lactic acid (e.g. Bifidobacteria
and Lactobacillus), which modulate mucosal
immunity and prevent pathogens invasion, or
Blautia coccoides and Eubacterium rectale
which convert lactate into butyrate (48,
49). Another study carried out by Allen et
al. reported different effects of voluntary
and forced training on changes in mice gut
microbiota during an inflammatory insult
such as ulcerative colitis; these changes
may be related to gut immune function and
involved in the pathogenesis of IBD (47).
Other researches showed that exercise may
prevent induced weight gain and obesity
changing the percentage of Bacteroidetes
and Firmicutes in mouse models (39, 46).
Conversely, in 2013 Queipo-Ortu™no et
al. reported that exercise associated with
food restriction may result in a decrease
of beneficial bacteria in the gut, favoring
mucosal barrier disorders (49). Moreover,
it has been showed that exercise starting in
juvenile period may produce more positive
effects in microbiota composition respect
to adult exercise, leading to an increase in
lean body mass through adaptive changes
in the rat metabolism (40). Another study
by Petriz et al. reported exercise-induced
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changes in gut microbiota composition of
obese rats, suggesting a possible therapeutic
role of physical activity in obesity treatment
(41). Furthermore, Kang et al. investigated
the effects of high fat diet and exercise on
gut microbiota diversity and their influence
on cognitive and psychological functions.
They found that diet and exercise influence
independently anxiety and cognition
modulating the concentration of specific
bacterial species in the gut of mice (42).

Physical activity and gut microbiota in
humans

Several studies have shown that exercise
can determine changes in qualitative
and quantitative microbial microbiota
composition in humans and that athletes
have greater microbiota biodiversity.

In 2014, Clarke et al. reported the
results of an investigation carried out
among professional rugby players and two
control groups composed by sedentary
individuals having a BMI <25 and a BMI >28
respectively. The study showed an enhanced
diversity of the athletes’ microbiota, with
22 phyla detected, respect to both control
groups (11 and 9 phyla detected); this
diversity correlated with exercise and dietary
protein consumption (50). It should be noted
that athletes and the low BMI group had
significantly higher proportions of the genus
Akkermansia, which is a mucin-degrading
bacterium that resides in the mucus layer
and whose abundance inversely correlates
with obesity and associated metabolic
disorders in mice and humans (51, 52).
Similar results were found by Bressa et al.
in active women compared with sedentary
controls (53). By analyzing the bacterial and
fungal communities in gut microbiota of
186 healthy Slovenian adults, Mahnic and
Rupnik found that higher levels of physical
activity were positively related with higher
total fungal diversity and lower abundance of
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S. cerevisiae, while no significant differences
were detected in bacterial composition
(14). Two studies have tried to analyze the
gut microbiota composition as a function
of cardiorespiratory fitness: Estaki et
al. showed that individuals with higher
levels of cardiorespiratory fitness have
enhanced microbiota diversity and higher
concentrations of butyrate-producing taxa
regardless of diet, while Durk et al. found that
a higher ratio of Firmicutes to Bacteroidetes
ratio is significantly correlated with maximal
oxygen uptake (54, 55).

In 2018, Allen et al. explored the effects
of exercise on gut microbiota providing
a 6-week supervised endurance exercise
program to 32 sedentary adults lean or obese
(56). They found that exercise may alter
the abundance of several taxa and species
depending on BMI status: exercise increased
Faecalibacterium species and decreases
Bacteroides species in lean subjects while
the contrary was registered in obese subjects;
butyrate-producing taxa were also increased
in lean subjects, but these effects were
transient and vanished in the subsequent
sedentary washout period. In the same year,
Cronin et al. explored the effects of a short-
term aerobic and resistance exercise program
with or without protein supplementation
on gut microbiota of overweight and obese
adults (57). Even if their results did not show
any significant microbiota changes related to
exercise, the Authors concluded that a fitness
enhancement in sedentary individuals may
lead to modest but detectable changes in gut
microbiota composition.

A further research published by Munukka
et al. showed that a 6-week endurance
exercise program resulted in an increase of
Akkermansia and a decrease in Proteobacteria
among previously inactive overweight
women (58). In addition, several studies have
demonstrated that gut microflora has a role in
structural and histological function of human
body and is involved in muscle fibers and
epithelial cells growth and differentiation
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and can encourage the reversion of cells to
a non-neoplastic phenotype (59, 60). These
findings suggest that exercise influences
the human gut microbiota independently of
diet, fostering specific microbial profiles,
and that the microbiota of lean individuals
may be more responsive to exercise than
that of overweight or obese individuals.
This is in line with the evidence-based
ongoing configuration of physical activity
as a fundamental tool in the prevention of
multifactorial diseases and underlines the
need for public health strategies focused on
the exercise (61, 62).

Conclusions

Current evidences show that gut
microbiota, physical activity and eating
habits/weight status interact with a complex
relationship. However, further studies,
especially longer longitudinal investigations,
are required to confirm and clarify these
findings. In particular, it is necessary to
explore in depth how specific diet, foods,
nutrients or supplements may modulate the
possible influence of exercise on microbial
diversity in the gut. Considering that the
practice of exercise or sport is frequently
associated with the assumption of dietary
supplements or doping agents, the possible
role of gut microbes in the metabolism of
these substances as well the influence that
these drugs may have on gut microbiota
composition should be characterized.
Improving knowledge about the effects and
the interactions of these factors can offer
new opportunities to maintain health, reduce
risk of diseases and develop personalized
therapeutic approaches.
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Riassunto

Associazione tra attivita fisica e composizione del
microbiota intestinale: una revisione delle attuali
evidenze scientifiche

Il microbiota intestinale ¢ implicato nei processi dige-
stivi, metabolici e immunologici dell’ ospite. Le funzioni
fisiologiche e patofisiologiche del microbiota intestinale
dipendono dalla sua composizione, e diversi fattori indi-
viduali o esterni possono essere associati alla presenza di
alcune categorie, phyla, generi o specie di microrganismi
nell’intestino. In particolare, due phyla batterici - Firmicu-
tes and Bacteroidetes — sono predominanti nell’intestino
umano e le loro concentrazioni relative sembrano essere
correlate con I’eta, il genere, le abitudini alimentari e lo
stato ponderale. Negli ultimi anni numerosi studi hanno
provato a caratterizzare il possibile ruolo dell’attivita
fisica nel determinare la composizione qualitativa e
quantitativa del microbiota intestinale.

Questa revisione analizza le attuali evidenze circal’as-
sociazione tra attivita fisica e composizione del microbio-
ta intestinale in modelli animali e nell’uomo. Risultano
necessari ulteriori studi per chiarire le interazioni tra
esercizio fisico, dieta, assunzione di supplementi nutri-
zionali o sostanze dopanti e microbiota intestinale.

References

1. Eckburg PB, Bik EM, Bernstein CN, et al.
Microbiology: diversity of the human intestinal
microbial flora. Science 2005; 308 (5728):
1635-8.

2. Marchesi JR, Adams DH, Fava F, et al. The
gut microbiota and host health: a new clinical
frontier. Gut 2015; 65(2): 330-9.

3. Grenham S, Clarke G, Cryan JF, Dinan TG.
Braingut-microbe communication in health and
disease. Front Physiol 2011; 2(94): 1-15.

4. Bickhed F, Ley RE, Sonnenburg JL, Peterson
DA, Gordon JI. Host-bacterial mutualism in
the human intestine. Science 2005; 307 (5717):
1915-20.

10.

11.

12.

13.

14.

15.

16.

17.

18.

587

LiH, HeJ, Jia W. The influence of gut microbiota
on drug metabolism and toxicity. Expert Opin
Drug Metab Toxicol 2016; 12(1):31-40.

Noh K, Kang YR, et al. Impact of gut micro-
biota on drug metabolism: an update for safe
and effective use of drugs. Arch Pharm Res
2017;40(12):1345-55.

Toor D, Wsson MK, Kumar P, et al. Dysbiosis
Disrupts Gut Immune Homeostasis and Pro-
motes Gastric Diseases. Int J Mol Sci 2019;
20(10): 2432.

Nie P, Li Z, Wang Y, et al. Gut microbiome in-
terventions in human health and diseases. Med
Res Rev 2019; [Epub ahead of print].

Belkaid Y, Hand TW. Role of the microbiota in
immunity and inflammation. Cell 2014; 157(1):
121-41.

Fulbright LE, Ellermann M, Arthur JC. The
microbiome and the hallmarks of cancer. PLoS
Pathog 2017; 13(9): e1006480.

Gasbarrini G, Dionisi T, Simeoni F, Mosoni C.
Trapianto fecale: come, quando e perché. Atti della
Accademia Lancisiana 2019; 63(1): 97-110.
Arumugam M, Raes J, Pelletier E, et al. En-
terotypes of the human gut microbiome. Nature
2011; 473(7436): 174-80.

Flint HJ, Duncan SH, Scott KP, Louis P. Inter-
actions and competition within the microbial
community of the human colon: links between
diet and health. Environ Microbiol 2007; 9:
1101-11.

Mahnic A, Rupnik M. Different host factors are
associated with patterns in bacterial and fungal
gut microbiota in Slovenian healthy cohort.
PLoS One 2018; 13(12): €0209209.

Jandhyala SM, Talukdar R, Subramanyam C,
Vuyyuru H, Sasikala M, Nageshwar Reddy
D. Role of the normal gut microbiota. World J
Gastroenterol 2015; 21(29): 8787-803.

Louis P, Young P, Holtrop G, Flint HJ. Diversity
of human colonic butyrate-producing bacteria
revealed by analysis of the butyryl-CoA:acetate
CoA-transferase gene. Environ Microbiol 2010;
12(2): 304-14.

Barcenilla A, Pryde SE, Martin JC, et al. Phy-
logenetic relationships of butyrate-producing
bacteria from the human gut. Appl Environ
Microbiol 2000; 66(4): 1654-61.

Louis P, Flint HJ. Diversity, metabolism and mi-
crobial ecology of butyrate-producing bacteria
from the human large intestine. FEMS Microbiol
Lett 2009; 294(1): 1-8.



588

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ridlon JM, Kang DJ, Hylemon PB. Ridlon JM,
Kang DJ, Hylemon PB. Bile salt biotransforma-
tions by human intestinal bacteria. J Lipid Res
2006; 47(2): 241-59.

Walker AW, Ince J, Duncan SH, et al. Dominant
and diet-responsive groups of bacteria within the
human colonic microbiota. ISME J 2011; 5(2):
220-30.

Schell MA, Karmirantzou M, Snel B, et al. The
genome sequence of Bifidobacterium longum re-
flects its adaptation to the human gastrointestinal
tract. Proc Natl Acad Sci U S A 2002; 99(22):
14422-7.

Rowland I, Gibson G, Heinken A, et al. Gut
microbiota functions: metabolism of nutrients
and other food components. Eur J Nutr 2018;
57(1): 1-24.

Gibson SA, McFarlan C, Hay S, MacFarlane
GT. Significance of microflora in proteolysis in
the colon. Appl Environ Microbiol 1989; 55(3):
679-83.

Tlaskalova-Hogenova H, Stepankova R, Hu-
dcovic T, et al. Commensal bacteria (normal
microflora), mucosal immunity and chronic in-
flammatory and autoimmune diseases. Immunol
Lett 2004; 93: 97-108.

Hoskins LC. Mucin degradation in the human
gastrointestinal tract and its significance to
enteric microbial ecology. Eur J Gastroenterol
Hepatol 1993; 5(4): 205-13.

Round JL, Mazmanian SK. The gut micro-
biota shapes intestinal immune responses during
health and disease. Nat Rev Immunol 2009; 9:
313-23.

Cebra JJ, Periwal SB, Lee G, Lee F, Shroff
KE. Development and maintenance of the gut-
associated lymphoid tissue (GALT): The roles
of enteric bacteria and viruses. Dev Immunol
1998; 6: 13-8.

Hill DA, Artis D. Intestinal bacteria and the
regulation of immune cell homeostasis. Annu
Rev Immunol 2010; 28: 623-67.

Stappenbeck TS, Hooper LV, Gordon JI. Devel-
opmental regulation of intestinal angiogenesis by
indigenous microbes via Paneth cells. Proc Natl
Acad Sci U S A 2002; 99: 15451-5.

Mariat D, Firmesse O, Levenez F, et al. The
Firmicutes/Bacteroidetes ratio of the human
microbiota changes with age. BMC Microbiol
2009; 9: 123.

Koliada A, Syzenko G, Moseiko V, et al.
Association between body mass index and

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

F. Gall¢ et al.

Firmicutes/Bacteroidetes ratio in an adult
Ukrainian population. BMC Microbiol 2017;
17(1): 120.

Ley RE. Prevotella in the gut: choose carefully.
Nat Rev Gastroenterol Hepatol 2016; 13(2):
69-70.

Flint HJ, Scott KP, Louis P, Duncan SH. The
role of the gut microbiota in nutrition and health.
Nature Rev Gastroenterol Hepatol 2012; 9(10):
577-89.

Ley RE, Turnbaugh PJ, Klein S, Gordon JI. Mi-
crobial ecology: human gut microbes associated
with obesity. Nature 2006; 444(7122): 1022-3.
Payne AN, Chassard C, Lacroix C. Gut microbial
adaptation to dietary consumption of fructose,
artificial sweeteners and sugar alcohols: implica-
tions for host-microbe interactions contributing
to obesity. Obes Rev 2012; 13(9): 799-809.
Remely M, Aumueller E, Jahn D, Hippe B, Brath
H, Haslberger AG. Microbiota and epigenetic
regulation of inflammatory mediators in type
2 diabetes and obesity. Benef Microbes 2014;
5(1): 33-43.

Monda V, Villano I, Messina A, et al. Exercise
Modifies the Gut Microbiota with Positive
Health Effects. Oxid Med Cell Longev 2017;
2017: 3831972.

Mailing LJ, Allen JM, Buford TW, Fields CJ,
Woods JA. Exercise and the gut microbiome: a
review of the evidence, potential mechanisms,
and implications for human health. Exerc Sport
Sci Rev 2019; 47(2): 75-85.

Evans CC, LePard KJ, Kwak JW, et al. Exercise
prevents weight gain and alters the gut micro-
biota in a mouse model of high fat diet-induced
obesity. PLoS ONE 2014; 9(3): €92193.

Mika A, Van Treuren W, Gonz alez A, Herrera
JJ, Knight R, Fleshner M. Exercise is more ef-
fective at altering gut microbial composition and
producing stable changes in lean mass in juvenile
versus adult male F344 rats. PLoS ONE 2015;
10(5): e0125889.

Petriz BA, Castro AP, Almeida JA, et al. Exercise
induction of gut microbiota modifications in
obese, non-obese and hypertensive rats. BMC
Genomics 2014; 15: 511.

Kang SS, Jeraldo PR, Kurti A, et al. Diet and
exercise orthogonally alter the gut microbiome
and reveal independent associations with anxiety
and cognition. Mol Neurodegen 2014; 9: 36.
Lambert JE, Myslicki JP, Bomhof MR, Belke
DD, Shearer J, Reimer RA. Exercise training



Gut microbiota and physical activity

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

modifies gut microbiota in normal and diabetic
mice. Appl Physiol Nutr Metab 2015; 40(7):
749-52.

Denou E, Marcinko K, Surette MG, Steinberg
GR, Schertzer JD. High intensity exercise train-
ing increases the diversity and metabolic capac-
ity of the mouse distal gut microbiota during
diet-induced obesity. Am J Physiol Endocrinol
Metab 2016; 310(11): €982-93.

Matsumoto M, Inoue R, Tsukahara T, et al.
Voluntary running exercise alters microbiota
composition and increases n-butyrate concentra-
tion in the rat cecum. Biosci Biotechnol Biochem
2008; 72(2): 572-6.

Campbell SC, Wisniewski PJ, Noji M, et al. The
effect of diet and exercise on intestinal integrity
and microbial diversity in mice. PLoS ONE
2016; 11(3): 1-17.

Allen JM, Miller MEB, Pence BD, et al. Vol-
untary and forced exercise differentially alters
the gut microbiome in C57BL/6J Mice. J Appl
Physiol 2015; 118(8): 1059-66.

Forsythe P, Bienenstock J, Kunze WA. Vagal
pathways for microbiome-brain-gut axis com-
munication. Adv Exp Med Biol 2014; 817:
115-33.

Queipo-Ortu™no MI, Seoane LM, Murri M, et al.
Gut microbiota composition in male rat models
under different nutritional status and physical
activity and its association with serum leptin and
ghrelin levels. PLoS ONE 2013; 8(5): e65465.
Clarke SF, Murphy EF, O’Sullivan O, et al.
Exercise and associated dietary extremes impact
on gut microbial diversity. Gut 2014; 63(12):
1913-20.

Everard A, Belzer C, Geurts L, et al. Cross-talk
between Akkermansia muciniphila and intestinal
epithelium controls diet-induced obesity. Proc
Natl Acad Sci USA 2013; 110: 9066-71.
Karlsson CLJ, Onnerfilt J, Xu J, et al. The mi-
crobiota of the gut in preschool children with
normal and excessive body weight. Obesity
2012; 20: 2257-61.

Bressa C, Bailén-Andrino M, Pérez-Santiago J,
et al. Differences in gut microbiota profile be-

54.

55.

56.

57.

58.

59.

60.

61.

62.

589

tween women with active lifestyle and sedentary
women. PLoS One 2017; 12(2): e0171352.
Estaki M, Pither J, Baumeister P, et al. Cardio-
respiratory fitness as a predictor of intestinal
microbial diversity and distinct metagenomic
functions. FASEB J 2016; 30(1): 1027-35.
Durk RP, Castillo E, Marquez-Magaiia L, et al.
Gut microbiota composition is related to cardio-
respiratory fitness in healthy young adults. Int J
Sport Nutr Exerc Metab 2018; 29(3): 249-53.
Allen JM, Mailing LJ, Niemiro GM, et al.
Exercise alters gut microbiota composition and
function in lean and obese humans. Med Sci
Sports Exerc 2018; 50(4): 747-57.

Cronin O, Barton W, Skuse P, et al. A prospective
metagenomic and metabolomic analysis of the
impact of exercise and/or whey protein supple-
mentation on the gut microbiome of sedentary
adults. mSystems 2018; 3(3): e00044—18.
Munukka E, Ahtiainen JP, Puighé P, et al. Six-
week endurance exercise alters gut metagenome
that is not reflected in systemic metabolism in
over-weight women. Front Microbiol 2018; 9:
2323.

Prakash S, Rodes L, Coussa-Charley M, Tomaro-
Duchesneau C. Gut microbiota: next frontier in
understanding human health and development
of biotherapeutics. Biologics 2011; 5: 71-86.
Rankin A, O’Donovan C, Madigan SM,
O’Sullivan O, Cotter PD. ‘Microbes in sport’
-The potential role of the gut microbiota in ath-
lete health and performance. Br J Sports Med
2017; 51(9): 698-9.

Romano-Spica V, Macini P, Fara GM, Giam-
manco G; GSMS - Working Group on Movement
Sciences for Health Italian Society of Hygiene
Preventive Medicine and Public Health. Adapted
Physical Activity for the Promotion of Health
and the Prevention of Multifactorial Chronic
Diseases: the Erice Charter. Ann Ig 2015; 27(2):
406-14.

Romano Spica V, Di Rosa E, Savino G et al.
Erice 2018 Charter on the role of the National
Health Service in the prevention of doping. Ann
Ig 2019; 31(6): 523-32.

Corresponding Author: Francesca Galle, Department of Movement Sciences and Wellbeing, University of Naples
“Parthenope”, Via Medina 40, 80133, Naples, Italy
e-mail: francesca.galle @uniparthenope.it



