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ABSTRACT

As with much of science, the female athlete is under researched, particularly in the area of
gastrointestinal (GI) physiology. Gut function is of pivotal importance to athletes in that it
supports digestion and absorption of nutrients, as well as providing a barrier between the
external environment and the circulation. While sex-derived differences in Gl structure and
function have been well characterised at rest, there remains a paucity of data examining this
during exercise. The wider impact of the Gl system has begun to be realised and it is now
widely acknowledged to play a role in more systemic bodily systems. In the current review, we
discuss localised issues including the Gl structure, function, and microbiome of male and
females. We also discuss Gl-related symptoms experienced by athletes, highlight the differences
in incidence between males and females, and discuss contributing factors. We then move
beyond the gut to discuss wider biological processes that have been shown to have both sex-
related differences and that are impacted by the Gl system. Some of these areas include
immune function and risk of illness, sleep, hormones, bone health and the gut-brain-axis. The
magnitude of such effects and relationships is currently unknown but there is enough
mechanistic data for future studies to consider a more central role that the gastrointestinal tract
may play in overall female athlete health.

KEYWORDS
Physiology; nutrition; gender

Highlights

o There are both clear similarities and differences in male-female gastrointestinal structure and
function.

o Females typically reported a greater prevalence of gastrointestinal symptoms at rest, in
particular during menstruation, but not during exercise.

¢ The links between female microbiome, oestrogen, and systemic physiological and biological
processes are yet to be fully elucidated.

e Many of the male-female differences seen (e.g. in immune function) may be, at least in part,
influenced by such Gl related differences.

Introduction the gut-brain axis (Eisenstein, 2016). This gut micro-

The canonical role of the gastrointestinal (Gl) tract is
digestion and absorption. Adequate macro- and micro-
nutrients must be consumed and, subsequently,
digested and absorbed in order to maintain health and
athletic performance. However, the GI tract has also
been shown to have wider-reaching physiological
effects. For example, evidence has shown that the GlI
microbiome contributes to our immune function, regu-
lates systemic levels of inflammation, and it has even
been suggested to affect higher cognitive functions via

biome can be manipulated, for better or worse,
through many everyday activities including diet, exer-
cise, and antibiotics (Dalton, Mermier, & Zuhl, 2019).
Despite the size and multitude of functions of the Gl
tract, it has rarely been thought of as an athletic
organ. Comparatively less research has been conducted
on Gl structure and function in athletes compared with
other physiological systems (e.g. the musculoskeletal
system) and compared with the number of studies in
clinical conditions (e.g. obesity, IBS). Recently it was
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Figure 1. The gut and beyond: the central and systemic role of the gut in female athlete health. The Gut — While many aspects of Gl
structure and function are well characterised for females (particularly at rest), others are not (mainly during exercise). At a population
level, there appear to be differences in the microbiome between males and females but data in regards to the exact taxonomic differ-
ences are inconsistent. Females generally suffer more Gl symptoms at rest and there is a greater incidence of irritable bowel syndrome
(IBS) in females compared to males. Beyond — there appears to be interconnected relationships between the gut, the brain, and
female sex hormones. Given that there are known mechanisms by which these can affect other bodily systems, might they
explain other differences between males and females in different aspects of athlete health?

demonstrated that the gut microbiome of athletes
differs from non-athletes at a molecular and metabolic
level (Barton et al., 2018). However, as with many areas
of athletic research, the majority of studies investigating
the Gl system within the areas of sport and exercise have
far fewer female participants. In addition, the effects of
the Gl tract exhibited beyond the gut have tended not
to be considered in regard to sex differences in athletes
(Figure 1). The aim of the current review is to evaluate
our current understanding of female-specific consider-
ations in regard to Gl function and highlight more sys-
temic areas of female athlete health that may be
affected by the gut.

Structure, function, and transit time

Differences exist between males and females in relation
to transit times through the Gl tract, although it should
be acknowledged that there is large inter-individual
variability (Graff, Brinch, & Madsen, 2001). Under
resting conditions, gastric emptying and colonic transit
times have been found to be slower in females, while
differences in small bowel transit have been shown by
some but not others (Graff et al., 2001; Southwell,
Clarke, Sutcliffe, & Hutson, 2009). Differences in transit
time may in part be due to differences in average size

and length of digestive tract segments. The transverse
colon is typically longer in females than males (Freire,
Basit, Choudhary, Piong, & Merchant, 2011) and likely
explains the increased colonic and total gut transit
time. There may also be differences in colonic activity
between males and females, with reduced motor activity
in females (Rao, Sadeghi, Beaty, Kavlock, & Ackerson,
2001).

Studies investigating the effects of sex hormones on
Gl transit are inconclusive; some evidence suggests
colonic transit time is prolonged during the luteal
phase of the menstrual cycle, when progesterone
levels are highest, whilst other studies show no differ-
ence in transit time throughout the menstrual cycle
(Freire et al., 2011). For athletes, it is important to con-
sider if such differences might impact nutrition guide-
lines and practices such as the timing and total
volume of food consumed, before, during, and after
training and competition. For example, there have
been no differences reported in the capacity for
females to absorb and utilise exogenous carbohydrates
during exercise compared to males (Wallis, Dawson,
Achten, Webber, & Jeukendrup, 2006). However, there
are many other facets of sports nutrition that have pre-
dominantly been researched in males, such as protein
absorption and subsequent muscle protein synthesis



post exercise, ketone ingestion during exercise, and sup-
plemental buffers (e.g. sodium bicarbonate) that require
further exploration in females.

Gastrointestinal integrity

At the onset of exercise, blood is redistributed from the
gastrointestinal tract to be used by more metabolically
active tissues (e.g. skeletal muscle) (van Wijck et al.,
2012). This redistribution can thus lead to Gl ischemia
and initiate epithelial injury, bacterial translocation,
and an inflammatory cascade (reviewed in van Wijck
et al, 2012 and Costa, Snipe, Kitic, & Gibson, 2017). A
recent meta-analysis reported no sex-based differences
on the effects of exercise on indirect markers of Gl
damage and permeability, although only 12% of partici-
pants from the included studies were female (Chantler
et al,, 2020). In a study investigating sex-based differ-
ences on Gl integrity and subsequent inflammatory
response to 2 h of running, no differences were seen
between males and females (Snipe & Costa, 2018). In
this study, however, all-female participants were in the
follicular phase of the menstrual cycle. To date, data
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analysing exercise-associated Gl integrity and menstrual
cycle phase or contraceptive use are sparse.

The gut microbiome

The gut microbiome plays a pivotal role in our body’s
digestive, endocrine and immune functions. Recently
the role of the microbiome in athletic performance has
been explored, with increased microbial diversity and
increases in species and metabolites associated with
muscle turnover, recovery and protein breakdown
being discovered (Barton et al., 2018; Scheiman et al.,
2019). However, as with other areas of research the
majority of these and other microbiome studies are in
male-dominated studies. Research comparing the gut
microbiomes of male and females in the general popu-
lation are limited and inconclusive but many animal
and human studies have shown sex differences in the
microbiome (Kim, Unno, Kim, & Park, 2020). There is a
general consensus that at the population level, the com-
position of the gut microbiota differs between sexes,
where the a-diversity (i.e. Chao and Shannon) appears
to be greater in females. However, exact differences in
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Figure 2. Overall gut microbiome composition was identified as varying between female and male cohorts. Multidimensional scaling
(MDS) plot of microbial composition (species present) reveals clustering of individual samples from within the female cohort away
from the male cohort. Individual samples represent those taken at a single time point from an individual. (O’'Donovan et al., 2020)
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microbial taxa between sexes are inconsistent, and so it
is difficult to draw conclusions. This is mirrored in athlete
cohorts in that some studies show no differences (O’
Donovan, Connor, Madigan, Cotter, & O’Sullivan, 2020)
and others show differences between genders at the
diversity level (O’ Donovan et al., 2020). This may be
due to the type of sport studied, as it has been demon-
strated that different sports have varying effects on the
microbiome (O’ Donovan et al., 2020). In these prelimi-
nary analyses of athletes though, it has been shown
that when the microbiome composition of females and
males are examined, there is a clustering between
these groups (Figure 2). That is, these data demonstrate
that female athletes are more similar to each other than
they are to male athletes. As can be seen in these plots
though, there is large variability within the male and
female groups. This highlights the difficulties and com-
plexities of interpreting microbiome data given a large
number of confounding factors that can modify the
microbiome (diet, medications, living environment)
and the effects of inter-study variability. Even when
differences exist between males and females, there are
a number of factors likely affecting sex differences in
the gut microbiome. For example, gut transit time
(described above) has been shown to correlate with a
number of genera (Kim et al., 2020). Given that transit
time more closely relates to body mass and size than
with biological sex, other factors may have a greater
impact on sex-derived differences in microbiome, such
as sex hormones.

One of the likely factors that would contribute to sex
differences in the microbiome is sex hormones. An
apparent bi-directional relationship between oestrogen
levels and the gut microbiome has been identified
(Markle et al., 2013) and, in mice, such associations
have been shown to a greater extent in females than
males (Kaliannan et al., 2018). Thus, there seems to be
a reciprocal interaction between gut microbiota and
sex hormones. It has been suggested that gut micro-
biota are capable of synthesising steroids, modifying
oestrogen, and expressing hydroxyl-steroid dehydro-
genases; enzymes responsible for regulating a balance
between the active and inactive steroids (Jaggar, Rea,
Spichak, Dinan, & Cryan, 2020). GI microbiome transfer
from adult male mice to immature female mice was
shown to not only alter the microbiota but also increase
levels of testosterone (Markle et al., 2013).

Gl symptoms - gender differences at rest and
during exercise

It is important to consider the type and severity of Gl
symptoms for athletes; either those associated

specifically with exercise or experienced during daily
life. Such a difference is important to highlight given
that the underlying aetiology, and subsequent thera-
peutic approaches, may be different. Although the
majority of studies to date have focused on exercise-
associated Gl symptoms, there has been some limited
data highlighting other functional Gl symptoms experi-
enced by athletes at rest. In a group of international
level athletes, there was no significant difference in
the prevalence of any of the Gl symptoms examined
between male and female athletes (O’'Donovan et al.,
2020). However, these Gl symptoms were as a result
of travel and only included 37 athletes (14 female). In
a larger group of elite athletes (n=249, 80 females),
females reported a greater prevalence of nausea,
hunger pains, bloating, and feelings of incomplete eva-
cuation than males (Pugh, Fearn, Morton, & Close,
2018a). Such sex differences in GI symptom prevalence
have long been established in the general population
(Lovell & Ford, 2012). Although unexplored specifically
in athletes, the potential mechanisms for such differ-
ences include differences in gut motility and transit
time (as described above), visceral hypersensitivity,
behavioural stress response, changes in gut micro-
biome, psychological factors, alterations in inflamma-
tory and immune function, increases in Gl
permeability, intestinal motor and sensory functions,
and hormones (Kim & Kim, 2018).

Gl symptoms experienced by females have also been
shown to increase during menstruation. Young, eume-
norrheic female populations using oral contraception
have reported increases in stool frequency, abdominal
pain, diarrhea, and indigestion on the first day compared
to any other day of the menstrual cycle (Judkins, Dennis-
Wall, Sims, Colee, & Langkamp-Henken, 2020). A recent,
large scale (n = 6812) investigation of exercising females
reported that “stomach cramps” and “bloating/increased
gas” was reported by over 30% of respondents during
menstruation (Bruinvels et al., 2021). Elite female ath-
letes referenced that Gl symptoms associated with the
menstrual cycle resulted in disrupted or altered training
(Brown, Knight, & Forrest, 2021). Future work should
consider the stage of the menstrual cycle when evaluat-
ing Gl symptoms while more research is needed for the
management of menstrual-related Gl symptoms in
female athletes.

Another factor to consider in athletes is the potential
for undiagnosed incidences of irritable bowel syndrome
(IBS). IBS is a chronic gut disorder that affects significant
numbers of people in the general population. Meta-
analysis data shows a prevalence of 11.2% amongst
the general population, with females having a slightly
higher prevalence (14.0%) compared to males (9.87%)



(Lovell & Ford, 2012). To date, there is no data on the
potential prevalence of IBS amongst elite athletes. A
recent investigation found that IBS was underdiagnosed
amongst competitive endurance athletes, with females
having 4.9 times higher odds of IBS diagnosis (Killian &
Lee, 2019). While differences in symptom prevalence
between males and females were found at rest, there
was no significant difference between symptoms experi-
enced during or after training and competition. This dis-
tinction between those Gl symptoms experienced at rest
and those during exercise is of importance given the
likely different aetiologies.

In regard to symptoms experienced during exercise,
whilst a laboratory-based controlled study has shown a
higher prevalence of Gl symptoms in female athletes
(Costa et al., 2017), field-based and observational
data comparing male and female athletes is equivocal.
For example, in recreational marathon runners,
females have been shown to be more likely to report
lower (e.g. abdominal cramps, diarrhoea, the urge to
defecate) and upper Gl symptoms (e.g. nausea) com-
pared to males, (Keeffe, Lowe, Goss, & Wayne, 1984).
More than twice as many female runners reported
such symptoms negatively affected their running per-
formance (Halvorsen, Lyng, Glomsaker, & Ritland,
1990). However, many of the studies that have
reported differences in exercise-related Gl symptoms
have limitations and/or confounding factors, including
a substantially lower number of female participants;
with females tending to have less training experience,
something that has been reported to be an indepen-
dent factor associated with Gl symptom prevalence
(ten Haaf et al., 2014). In a study, where males and
females both had a substantial training history
(median 10 and 12 vyears for males [n=70] and
females [n=75], respectively), no difference in Gl
symptom prevalence during training was seen
between male and female runners (Wilson, 2017).
These results are in agreement with data showing no
difference in Gl symptoms between male and female
runners during a marathon race (Pugh, Kirk, Fearn,
Morton, & Close, 2018b). Finally, in one of the few lab-
oratory-controlled studies, eumenorrheic females in
the follicular phase of the menstrual cycle had similar
Gl and systemic cytokine responses to males during a
2-hr run in the heat (Snipe & Costa, 2018). Therefore,
while early studies appeared to show a greater preva-
lence of Gl symptoms in female athletes compared to
males, more recent investigations have shown no
difference in exercise-associated Gl symptoms. These
studies have begun to better address the potential
confounding factors of sample size proportion, train-
ing history, and menstrual cycle timing. Future

EUROPEAN JOURNAL OF SPORT SCIENCE . 5

studies should focus on disparities in other areas
such as habitual intake during exercise as participants
may self-adjust in order to prevent Gl symptoms. In
addition, studies to date have been limited to endur-
ance-based athletes and so it is unknown if there are
sex differences in exercise-associated Gl symptoms in
other forms of exercise.

A final consideration for Gl-related symptoms is low
energy availability (EA). Adequate EA, ensures that ath-
letes have energy available for basic physiological func-
tions, and it is known to positively impact health and
performance (Mountjoy et al., 2018). The term Relative
Energy Deficiency in Sports (RED-S) has been described
and refers to low EA (LEA) in both male and female ath-
letes, although it is more common in females compared
to male athletes (Mountjoy et al., 2018). GI complaints
are also commonplace in athletes where RED-S or the
Female Athlete Triad is observed and is specifically
included as a symptom that is assessed (Mountjoy
et al., 2018). Specifically, delayed gastric emptying, con-
stipation and increased intestinal transit time have all
been reported (Melin et al.,, 2014). The mechanisms for
such findings have not been well explored. While the
research to date is limited to Anorexia Nervosa, there
is growing evidence suggesting that related starvation
is associated with profound alterations of the gut micro-
biome (Morkl et al,, 2017). As this data may relate to
extreme LEA, changes to the gut microbiome should
be examined following a more modest period of low
EA, or low EA that is characterised by very high energy
expenditure rather than severely restricted energy
intake.

Beyond the gut - do sex differences in the Gl tract
impact other bodily systems?

There are many sex-related differences in a number of
sport-related measures. For example, there are differ-
ences in the incidence of particular injuries and illness,
differences in bone health, differences in sleep patterns,
the gut-brain-axis and, more specifically for females,
oestrogen. While there are clearly many factors that
might explain some of the variance, the role of gut has
often been unexplored. In the wider literature, there is
an increasing appreciation that the Gl tract has further
reaching, systemic effects on human health. There are
numerous mechanisms by which the Gl tract likely inter-
acts either directly or indirectly with these bodily process
beyond the gut (Figure 2). In the sections below, we
highlight some of these areas, as well as speculate
how sex-derived gut differences may play a role (of
unknown magnitude) in sex-derived differences in
these other bodily systems.
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Oestrogen

In athletes, low oestrogen levels have been associated
with reduced bone mineral density (Wolman, 1990).
This is a result of the negative effect of low oestrogen
levels has on calcium absorption from the Gl tract,
thereby reducing the availability of calcium for bone
reabsorption, leading to continued bone loss (Nelson
et al,, 1986). Conversely, high levels are associated with
reduced power and performance, through the negative
effect on connective tissue stiffness, which can also
result in higher injury rates (Chidi-Ogbolu & Baar,
2019). This is best exemplified by the higher rates of
anterior cruciate ligament rupture in the pre-ovulatory
and ovulatory phases of the menstrual cycle, when oes-
trogen levels are highest (Lefevre, Bohu, Klouche,
Lecocq, & Herman, 2013). Oestrogen concentrations
are associated with gut microbiome alpha diversity
and fecal Clostrdia taxa (Flores et al., 2012). A reduction
in the diversity of the gut microbiome negatively
impacts B-glucuronidase activity and subsequent levels
of oestrogen (Baker, Al-Nakkash, & Herbst-Kralovetz,
2017). The resultant hypo-oestrogenic pathologies may
include metabolic syndrome, obesity, cardiovascular
disease, and cognitive decline. Changes in oestrogen
levels can also modulate synaptic plasticity and neuronal
circuits that can ultimately influence stress and behav-
iour (Jaggar et al., 2020). The short-chain fatty acid
(SCFA) producing genera Prevotella, Ruminococcus and
Roseburia are reported to depend on sex and hormonal
status (Jaggar et al., 2020). Studies to date though have
focused on animal models, clinical populations and
menopausal females. Future studies may then consider
the bidirectional relationship between the microbiome
and oestrogen levels in female athletes and the role
this may play in aspects of physical and psychological
wellbeing and, subsequently, performance.

The gut-brain-axis

Activation of the sympathetic and parasympathetic div-
isions of the autonomic nervous system (ANS) result in
an increase in noradrenaline and other neurotransmit-
ters which flood the peripheral tissues, including the
Gl tract. This link with the Gl tract is known as the gut-
brain-axis, which is the term given to link between the
central (CNS) and enteric nervous systems (ENS), which
further incorporate the ANS and the immune and endo-
crine systems to facilitate communication. Alterations in
the gut microbiome can be communicated to the CNS
directly via the vagus nerve, resulting in an appropriate
CNS response (Dalton et al., 2019), or via other pathways,
including neurotransmitters. While data in female ath-
letes is lacking, the bi-directional relationship between

some neurotransmitters and the Gl tract could in part
explain differences in Gl function and symptom preva-
lence between male and female athletes. For example,
gamma-aminobutyric acid (GABA) is the predominant
inhibitory neurotransmitter in the CNS and can be pro-
duced by commensal gut bacteria (Clarke et al., 2013).
In the Gl tract, it affects motility, oesophageal sphincter
relaxation and transit time (Hyland & Cryan, 2010). Jiang
and colleagues (2019), reported that, in mice, higher cir-
culating oestrogen resulted in reductions in gastric moti-
lity via differences in the modulation of GABAergic
modulation of vagal output to the stomach.

Beyond Gl symptoms, the gut-brain-axis may have
further-reaching impact. The demands of exercise can
evoke a large stress response, which activates the adre-
nomedullary and hypothalamus—pituitary-adrenal (HPA)
axes (Dalton et al., 2019). The downstream effects
include a release of catabolic and stress hormones and
inflammatory cytokines. The HPA axis is activated to a
greater extent in females compared to males, believed
to be, in part, due to the effect of oestrogen, with ovari-
ectomy and oestradiol substitution showing attenuated
and stimulatory effects of the HPA, respectively (Verma,
Balhara, & Gupta, 2011). There are also sex-related differ-
ences in concentrations and effects of a number of gut-
derived neurotransmitters including GABA, dopamine,
and serotonin (Clarke et al., 2013), and such differences
have begun to be linked to disease risk and resilience
throughout the lifespan (Jasarevi¢, Morrison, & Bale,
2016). While speculative, this may play a role in the
differences between males and females regarding ill-
nesses, recovery or the stress response evoked by
exercise.

Immunity. There has been increasing interest in the role
of the gut microbiome and the potential role that host
microbes play in a healthy immune system. There is
growing evidence showing that the microbiota plays
important roles in the maturation of the immune
system and protection against some infectious agents
(Hooper, Littman, & Macpherson, 2012) and from an
immunology perspective, compromise of the micro-
biome and subsequent immunopathology has been
associated with atopic and allergic conditions such as
asthma (Rankin, O’Donavon, Madigan, O’Sullivan, &
Cotter, 2017). These allergic reactions can increase the
risk of upper respiratory symptoms (URS), which are
some of the most common medical complaints
affecting athletes. Recurrent or persistent respiratory
iliness can have a negative impact on the health and per-
formance of athletes undertaking high levels of strenu-
ous exercise (Gleeson & Pyne, 2016. It has also been
noted that elite female athletes are more likely to



suffer with illness at competition than their male
counterparts (Soligard et al., 2017). Gender differences
in immune response have been shown, in animal
models, to be connected to the interaction of sex hor-
mones and the microbiome (Rizzetto, Fava, Tuohy, &
Selmi, 2018), although translational investigations in
humans are lacking.

The link between the gut microbiome specifically
and the potential for reducing respiratory illness has
been a driver for the use of gut health foods and sup-
plements such as pre- and pro-biotics. Probiotics rep-
resent a potential means for beneficially influencing
the gut microbiota composition/function and can
also impact the overall health of the host including
reductions in Gl symptoms, upper respiratory tract
infections, and recovery from exercise. Of note, in a
recent position stand, from 22 studies investigating
the effects of probiotics on immune function in ath-
letes, 14 showed positive outcomes (Jager et al,
2019). However, one study has shown sex differences
on the effects of probiotic supplementation on URS
symptoms which did not favour females. Competitive
cyclists (n =64 male; n=35 female) were given Lacto-
bacillus fermentum for 11 weeks. Respiratory symptoms
were reduced in male compared to female athletes
and, in fact, increased in the female group (West
et al., 2011). The authors were unable to give any
explanation for the higher number and duration of
self-reported symptoms of lower respiratory illness in
females supplementing with the probiotics, but do
indicate that further work is required to clarify this
apparent discrepancy between the sexes in physiologi-
cal and clinical responses to probiotic supplemen-
tation. It has been shown that the response to
probiotic supplementation may be related to an indi-
vidual’s indigenous microbiome, although the exact
compositional nature is yet to be elucidated (Zmora
et al., 2018). As with the aforementioned differences
in immune function between males and females, any
sex-derived differences in response to probiotic sup-
plementation is likely due to the inherent differences
in the microbiome. Information as to the exact
genera, species, strains, or global taxonomy that
might explain these differences, or promote increases
in immune function is still lacking.

Bone health

The skeletal system is oftentimes the subject of a variety
of stresses, which can impact the structural integrity of
the bones. To minimise the impact of these strains, the
body continually remodels bones. The homeostasis of
this physiological process can be regulated by gut
microbiota, potentially via effects on nutrient absorption
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(Ibafiez, Rouleau, Wakkach, & Blin-Wakkach, 2019). For
instance, Lactobacillus and Bifidobacteria in the Gl tract
can increase the absorption of calcium, magnesium,
and phosphorus resulting in an increase in bone
mineral density (BMD) (Rodrigues et al., 2012). Gut
microbes can also alter the pH of the Gl tract, assist
with the synthesis of B vitamins, vitamin K and the
metabolism of bile salts, thereby affecting nutrient
absorption, bone health and calcium absorption,
respectively (Quigley, 2013). SCFAs, produced in the Gl
tract, have been shown to regulate osteoclast pro-
duction, thereby reducing bone resorption, resulting in
improved bone health in lab mice (Ding, Hua, & Ding,
2020).

Female athletes are at greater risk of stress fractures
compared to males, attributed in part to lower BMD,
poor energy availability, and reduced calcium and
vitamin D intake (Taunton, Ryan, Mackenzie, Lloyd-
Smith, & Zumbo, 2002). In the athletic population, the
incidence of osteoporosis in females is believed to be
greater due to reduced bone accretion, resulting in a
lower peak bone mass which can be exacerbated if
RED-S is also present (Warren & Stiehl, 1999). Given the
ways in which the GI tract can affect bone health, this
is an under-researched area for female athletes. Differ-
ences in the gut microbiome could, in part, explain
some of the variance seen between males and females,
and indeed between females, in their susceptibility to
skeletal injury.

Sleep. Sleep is not only vital for exercise recovery, but
adequate quantity and improved quality have been
shown to beneficially affect sports performance
(Watson, 2017). Recent research has shown that the
gut microbiome can affect sleep. Smith and colleagues
(2019) reporting a positive correlation between micro-
biome diversity and sleep time in males. In addition,
the Bacteroidetes and Firmicutes phyla were positively
associated with sleep efficiency. On the other hand,
sleep deprivation negatively correlates with microbiome
diversity (Benedict et al.,, 2016). Another way in which
the Gl microbiome could affect sleep is via the neuro-
transmitter serotonin. Over 95% of the body’s serotonin
is produced in the Gl tract by commensal bacteria, where
it acts to regulate a host of physiological responses
(Eisenstein, 2016). Elevated levels of serotonin are associ-
ated with sleep disturbance and fatigue, which can
hamper physical performance (Best, Nijhout, & Reed,
2010). Differences in sleep between males and females
is recognised to be influenced by sex hormones (Orff,
Meliska, Martinez, & Parry, 2014). While males and
females have similar sleep needs, the risk and type of
sleep disorders may vary with females tending to have
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comparatively impaired ability to fall asleep and stay
asleep. Given the acknowledgement of differences in
the microbiome, and gut-derived neurotransmitters,
these may play some part in potential sex-derived differ-
ences in sleep quality.

Conclusion and future recommendations

We have described clear similarities and differences
between male-female Gl tract structure and function.
Motility through the stomach and large intestine
have been shown to be slower in females. This likely
in part explains the higher incidence of Gl symptoms
such as bloating, stomach cramps and constipation
reported by females at rest, although no difference is
seen during exercise. Symptoms appear to also be
linked to menstruation and so this suggests a role of
sex hormones. With the exception of carbohydrate
intake, differences in Gl motility and absorption
during exercise has received little research in females
and so many nutritional recommendations still rely
on data derived from male participants. In regards to
the Gl microbiome, there does appear to be a differ-
ence between males and females, which may be due
to differences in oestrogen concentrations. Given the
multitude of factors that can impact the microbiome,
it is difficult to quantify this difference. However, that
such a difference exists could give the Gl tract a
more central role in female athlete health and
explain sex-derived differences in other physiological
and biological processes. We have highlighted here a
number of these processes and have shown the poten-
tial mechanisms by which the GI tract might explain
differences seen between males and females (in
immune function and incidence of illness for
example). It is important that researchers consider
the effects of multiple factors (e.g. hormonal, psycho-
logical, dietary) which may have an impact on the
future research results with female athletes. While evi-
dence suggests that some sports nutrition recommen-
dations appear universal for males and females from a
Gl tract perspective (e.g. CHO feeding during exercise),
there is a lack of data for such recommendations for
many other facets of dietary intake, particularly in
relation to the wider aspects of female health. Future
research may result in personalised interventions for
females based upon, amongst other things, hormonal
and microbiome-related measures.
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