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KEY POINTS

e The human gut microbiome is an important and often under-appreciated aspect of human health and may have a significant impact on athletic

performance.

e High-level athletes often experience negative health consequences due to high levels of physical activity, many of which may be directly or

indirectly linked to the gut microbiome.

e The gut microbiome of high-level athletes undergoes a number of stressors due to their lifestyle, causing high variability and, potentially,

long-lasting changes.

e Utilizing microbiome modifying treatments may be of great benefit to elite athletes, especially if used in conjunction with microbiome monitoring.

INTRODUCTION

The human gut microbiome, once an under-appreciated component of
human health, over recent years has been the subject of increasingly
in-depth investigations. Multiple studies have demonstrated that the
gut microbiome has significant and far-reaching effects on gut health,
immunity and neurological health (Mohajeri et al., 2018). In recent years,
another aspect of the gut microbiome is garnering great attention, its
relation to exercise and athlete health as well as performance. This
Sports Science Exchange article will discuss how the gut microbiome
can affect athletic performance, what the implications are for elite
athletes, and suggest potential approaches to monitor and modify the
gut microbiome.

THE GUT MICROBIOME

The human gut microbiome, defined as the microbial community
inhabiting the human gut, is known to be an important influencer in
human health, playing arole inimmunomodulation, digestion, and vitamin
uptake (Berg et al., 2020; Valdes et al., 2018). The gut microbiome is
subject to change, with perturbations in composition and/or function
potentially having significant and long-term consequences for health,
such as chronic inflammation or the development of conditions such as
inflammatory bowel disease (Axelrad et al., 2019; Elias-Oliveira et al.,
2020). Under certain circumstances, the gut microbiome may also be
positively modified through dietary interventions, exercise or through
the use of pro-/pre- or synbiotics, products that contain, or favour the
proliferation of, health-promoting organisms (Bengmark, 2001).

It is for these reasons that microbiome profiling has become a quickly
growing market, currently valued at over 110 million dollars, and
estimated to reach over 800 million dollars by 2030 (InsightAce Analytic
Pvt. Ltd, 2022). Many individuals are becoming increasingly interested
in tracking their own microbiome development and the implications for
their health.

Gut microbiome health is also highly relevant for high-level athletes,
who have been noted to have both highly distinct and variable gut
microbiome compositions, thought to be caused by the extremes of
exercise, diet, and travel they endure (O’Donovan et al., 2020; Xu et
al.,, 2022). For these reasons it is to be expected that there will also be
increased interest among high-level athletes and their support teams
with respect to the options that are available to monitor and modify their
microbiome to ensure optimal health and performance.

THE RELEVANCE OF MICROBIOME HEALTH FOR
ATHLETES

The gut microbiomes of athletes and non-athletes have been noted to
be significantly different, both in terms of composition and functional
capabilities. Athletes’ gut microbiomes are generally more diverse,
contain greater levels of health-promoting bacteria (e.g., Akkermansia,
Bifidobacterium) and have greater potential to produce certain
important bacterial metabolites (Mohr et al., 2020). This implies that
physical activity may have a positive effect on gut health. However, this
relationship is not as simple as it first seems.

Exercise is believed to have a dose-dependent effect on gut health
and immune function, with moderate amounts/intensity of exercise
having a positive effect on health, but extreme levels having negative
effects, such as increased gastrointestinal distress (Keirns et al.,
2020). This is thought to be partially due to intestinal ischemia, the
process of redistribution of the blood from the gut to skeletal muscles
during intense exercise, increasing gut permeability, allowing bacterial
endotoxins to enter the bloodstream, and causing chronic inflammation
with knock-on effects for immunity and gastrointestinal health (Moses,
2005).

These negative effects of strenuous exercise can have significant
consequences in terms of quality of life and performance for high-level
athletes. This is perhaps most pronounced in the extremes of exercise,



such as ultra-marathon runners. One study reported that 96% of the
participants in a 161 km (100 mile) ultramarathon experienced some
form of gastrointestinal symptoms during the race (e.g., belching,
nausea, vomiting), with 35.6% of non-finishers attributing their failure
to finish the race to these symptoms (Stuempfle and Hoffman, 2015).
In addition to this, it is well known that elite athletes suffer from a higher
incidence of upper respiratory tract infections (URTI) during training
seasons, likely due to the negative effects of extreme exercise on
immune function mentioned above (Nieman, 1997). Thankfully, multiple
studies have shown that certain probiotics can mitigate both of these
negative effects. Schreiber et al. (2021) showed that a multi-strain
probiotic (Lactobacillus helveticus Lafti L10, Bifidobacterium animalis
ssp. lactis Lafti, Enterococcus faecium R0026, Bifidobacterium longum
RO175, and Bacillus subtilis R0179) reduced both gastrointestinal
distress and levels of perceived exertion when administered to
professional cyclists. Tavares-Silva et al. (2021) showed that a 30-day
course of another multi-strain probiotic (Lactobacillus acidophilus LB-
G80, Lacticaseibacillus paracasei LPc-G110, Lactococcus subp. lactis
LLL-G25, B. animalis subp. lactis BL-G101, and Bifidobacterium bifidum
BB-G90) significantly reduced URTI symptoms in marathon runners.

These studies indicate that microorganism-based interventions that act
via the gut can have a significant effect on athlete health/performance.
In conjunction with this, it is thought that not only can microbiome-
based interventions mitigate negative health effects, but they can also
improve athletic performance by enhancing muscle growth, endurance,
or other functions.

One such microbiome-based function thought to be important in
athletic performance is the production of short-chain fatty
acids (SCFAs) which are a group of bacterial metabolites
thought to be important in human health, largely produced
by the bacterial fermentation of dietary fibre. The three
most abundant SCFAs produced by the gut microbiome
are acetate, propionate, and butyrate, and are thought
to provide both additional energy and play a vital role in
multiple bodily functions (Silva et al., 2020). Butyrate is
arguably the most important for health in general and has
been noted to be anti-inflammatory and modulate important
metabolic functions (Amiri et al., 2022). SCFA production,
and especially butyrate, has been noted to be increased in
the gut microbiomes of athletes (Mohr et al., 2020). Multiple
human and animal studies have hypothesised that SCFAs
may have a significant effect on athletic performance, aside
from their theorized more general positive health effects.
One such study noted that peak oxygen uptake in humans,
a measure of cardiorespiratory fitness, strongly correlated
with the abundance of key butyrate-producing bacteria
(Estaki et al., 2016). Furthermore, a study using germ-free
mice showed that lean muscle mass could be increased by
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SCFA production has also been noted to be closely linked to bacterial
protein metabolism, with many of the undigested proteins we consume
being fermented to SCFAS by our gut microbiome. It is thought that
bacterial proteolysis not only produces SCFAs, but also increases amino
acid availability to the host, potentially further increasing lean muscle
gain (Wu et al., 2021). Indeed, studies using a Weizmannia coagulans
(previously Bacillus coagulans) probiotic support this hypothesis,
by showing increased levels of serum amino acids after a two-week
course of the probiotic (Stecker et al., 2020).

A number of studies have noted that gut microbiome composition and
microbiome modifying treatments can positively influence endurance.
One of the most influential studies in this area noted that Veillonella
atypica, a bacterial species known for its lactate metabolism, was
enriched in the gut microbiomes of marathon runners post-race
(Scheiman et al.,, 2019). Furthermore, this same study showed that
this bacteria could significantly improve run-to-exhaustion time in
mice when administered as a probiotic. The authors theorized that the
lactate metabolism of Veillonella atypica was improving lactate turnover,
decreasing lactic acid build-up in muscles, and thereby improving
endurance. While this is an exciting prospect, further study is needed
to fully understand this interaction, with some arguing that the choice
of control in this paper (Lactobacillus delbrueckii subsp. bulgaricus) may
have skewed the results (Fernandez-Sanjurjo et al., 2020).

Regardless, when taken together, these studies indicate that a healthy
gut microbiome can play a role in an athlete’s performance and, thus,
there is the potential to enhance performance through the informed use
of microbiome modifying treatments (Figure 1).
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MICROBIOME PROFILING

Microbiome profiling is the process of using sequencing technologies to
take a “snapshot” of microbiome composition and, in some instances,
the functional potential of this microbiome, facilitated by the emergence
and rapidly decreasing cost of next-generation sequencing (NGS)
technologies (Hamady & Knight, 2009). These technologies allow for
the large-scale sequencing and identification of genetic information
encoded by the gut microbiome. There are currently multiple companies
offering at-home microbiome profiling services, with varying specialties
and quality, although without a focus on the relationship between
athletics and the microbiome, and in addition to this, few fully utilize
longitudinal microbiome profiling, largely focusing on single time point
profiling.

While single-point  microbiome profiling is useful in certain
circumstances, it fails to capture changes in microbial composition,
and the implications thereof. While generally stable, the human gut
microbiome can change in accordance with diet, age, and disease.
These changes are missed when relying on single-point or highly
infrequent microbiome profiling (Aleman & Valenzano, 2019). In
addition to this, longitudinal microbiome profiling also provides the
added benefit of tracking the impacts of pre-/probiotic products, or
other modulators including broader dietary changes or the negative
impact of antibiotics on the gut microbiome, and also allows for more
informed health decisions.

However, it is also vital to note that the field of microbiome profiling is
still in its infancy. While multiple correlations between gut microbiome
composition and disease states have been noted, there is a need to more
fully understand the associated mechanisms involved. This is partially
due to the high interindividual variability of the gut microbiome, often
making it difficult to tease out significant correlations/patterns (Staley
et al., 2018). This arguably increases the importance of longitudinal
microbiome monitoring, as while it is difficult to determine significance
between two individuals, it is more practical to detect gut microbiome
perturbations within a single individual over time.

THE VOLATILITY OF THE ATHLETE GUT MICROBIOME AND
THE IMPORTANCE OF GUT MICROBIOME MONITORING

As mentioned above, the gut microbiome is a highly plastic system,
which can be sensitive to extreme lifestyle changes. Despite this
plasticity, the gut microbiome composition of healthy individuals is
generally stable over time, with large perturbations in microbiome
composition and diversity generally associated with negative effects or
significant lifestyle changes (Fassarella et al., 2021). One study which
analysed the microbiome composition of 101 individuals over a one-
year time period, noted that microbiome composition and functional
capabilities remained relatively stable over time, but certain disease-
associated bacteria (e.g. Escherichia coli) were highly variable, even in
healthy individuals (Olsson et al., 2022). This supports the hypothesis
that longitudinal microbiome monitoring is highly valuable for reliable
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assessments of microbiome health. This is especially relevant to
professional athletes who often subject their microbiomes to the
extremes of diet, exercise, and other lifestyle choices.

An athlete's diet and levels of physical activity can change drastically
between on-season and off-season (Renard et al., 2021). Diet is a well-
known modulator of the gut microbiome and has been observed to
cause significant compositional changes within 24 hours of changing
diet (Leeming et al., 2019). Based on this, there is potential for
extreme and sudden dietary and lifestyle changes to have an impact
on an athlete’s gut microbiome. While research in this area is relatively
limited, partially due to the lack of longitudinal studies on elite athletes,
there is evidence of such a transformation in non-athletes training for
a competition. Barton et al. (2021) noted that two individuals who
previously described themselves as non-athletes but undertook the
challenge to train to complete a marathon and triathlon, respectively,
experienced notable shifts in their microbiome diversity in concurrence
with training, although in this case, the subjects’ diets remained
relatively stable. In addition to this, the travel that professional athletes
undertake can have a significant impact on gut microbiome stability
and performance. One study from O’Donovan et al. (2020) noted high
variability in athletes’ microbiomes associated with travel to specific
countries, which in turn was associated with gastrointestinal distress.
These studies indicate that the lifestyle choices of professional athletes
can have significant effects on the variability of their gut microbiomes,
with potential knock-on effects on performance.

Due to the intense stressors athletes often endure, it is a well-
known issue that high-level athletes in some sports overuse certain
medications, such as anti-inflammatories (Lippi et al., 2006). Frequent
use of non-steroidal anti-inflammatory drugs (NSAID) can have a
drastic impact on health and the gut microbiome, either by directly
affecting the microbiome or by causing gastrointestinal damage, albeit
the mechanisms are not yet fully understood (Maseda & Ricciotti,
2020). Multiple studies have shown some promise in being able to
mitigate these negative effects through the use of specific probiotics,
with some studies showing that specific probiotics could reduce the
need for NSAID use in the first place via anti-inflammatory properties
(Fu et al., 2021; Maseda & Ricciotti, 2020).

These points indicate that the gut microbiome of elite athletes is more
at risk of sudden changes than that of a healthy non-athlete. This
emphasises the potential value of consistent microbiome monitoring
to high-level athletes. By monitoring the microbiome, any perturbations
caused by the above factors could potentially be addressed through
the use of microbiome modifying treatments, preventing any potential
decrease in performance.
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CONCLUSION

Athletes undergo extreme amounts of stress as part of their lifestyle.
These stressors, such as changes in diet, travel and extremes of physical
activity can have drastic effects on the gut microbiome, which in turn
can have knock-on effects on an athlete's performance. For these
reasons, the gut microbiome may become an increasingly important
aspect to be considered for any athlete. Therefore, close monitoring
and careful modification of the gut microbiome may become necessary
to achieve optimal performance. However, a substantial amount of
research is still required to untangle the relationship between exercise
and the gut microbiome before these methods can be fully exploited.
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PRACTICAL APPLICATIONS
e Athletes should carefully consider the potential impacts of
certain lifestyle choices on their gut microbiome, and the
knock-on effects on their performance.

e (Certain microbiome modifying treatments may be an avenue
for regulating microbiome stability.

e |ongitudinal microbiome monitoring may become an
important tool in maintaining a healthy athlete microbiome.
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