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Abstract

Purpose of review: To provide a focused analysis of the challenges to gut health in athletes
and examine recent research aimed at determining the impact of probiotics on preventing
gastrointestinal (Gl) symptoms and loss of barrier function in athletes. Recent findings:
Frequency and severity of GI symptoms during training or competition were reduced by
approximately one third in studies demonstrating efficacy. Improvement of Gl symptoms with
probiotic supplementation was measured in both single strain Lactobacillus and multi-strain
Lactobacillus and Bifidobacterim probiotics, while improvement in gut barrier function was only
measured for multi-strain probiotics. Likelihood of efficacy increased with duration of
supplementation. Summary: The greatest efficacy for reducing GI symptom frequency and
severity, as well as improving or preserving gut barrier function during exercise training and
competition appears to be for multi-strain Lactobacillus and Bifidobacterium probiotic cocktails

supplemented for at least 11 weeks.
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Introduction

The physiologic and nutritional demands of exercise training and competition may be
beneficially impacted by probiotic supplementation to support gut health. A healthy gut is both
free from pathology and robustly functional. A unique challenge facing athletes is that the gut is
designed to function optimally at rest when blood flow is increased and function is stimulated by
parasympathetic activation, while athletes need the gut to function optimally during exercise
when blood flow is reduced and functional capacity is limited by sympathetic activation [1, 2].
The gastrointestinal (Gl) tract competes for blood flow with the cardiorespiratory,
musculoskeletal, integumentary, and other systems of the body during exercise [3, 4].
Fortunately for survival but unfortunately for the gut during exercise, the Gl tract is at a
disadvantage in this competition for resources. As a result, aspects of gut function that are
challenged during exercise are 1) digestion and absorption, 2) unidirectional transit of
gastrointestinal contents, 3) barrier function to prevent entry of gut microbial toxins, and 4)
protection against ingested pathogens [2, 5]. Coupling the demands and stresses of exercise
with ingestion of foods that require extra effort and resources to process increases the likelihood
of surpassing functional limits of the gut to induce gastrointestinal problems [1, 3, 5]. As a result,
athletes may benefit from supplements, such as probiotics, that promote gut health and
resilience to exercise-induced symptoms and impairments.

In 2018, the International Olympic Committee (IOC) identified probiotics as a supplement
moderately effective in supporting immune health to reduce the impact of respiratory tract
infections and a need for further research to clarify impact on gut related issues and infections
[6, 7]. A recent position stand of the International Society of Sports Nutrition (ISSN) provides an
excellent summary of the mechanisms and available research regarding the use of probiotic
supplements in athletes for promotion of health, improvement in sports performance, and
recovery from exercise [5]. The purpose of this review is to provide a focused analysis of the

challenges to gut health in athletes and examine recent research aimed at determining the



impact of probiotics on preventing gastrointestinal symptoms and loss of barrier function in
athletes.
Search Strategy and Selection Criteria

For the review of current research studies relating to probiotics and gut health in
athletes, PubMed was searched using the terms [athlete or “exercise training” or sport] and
probiotic with filtering to select clinical trials and meta-analyses. Screening of titles and abstracts
was used to narrow the search to original research articles that included measurements relating
to gut health including barrier function, gastrointestinal disturbances, and mucosal immunity.
Search results were validated by cross checking with recent systematic reviews [5, 8-10].
Additional research articles related to gut health, probiotics, and the gut microbiome were used
to describe and explain background and mechanisms.
Probiotics and Research Limitations

Probiotics are broadly defined as “live microorganisms that, when administered in
adequate amounts, confer a health benefit on the host” [11]. Gut function for digestion and
absorption of nutrients, preventing bacterial toxins from entering the body, and immune function
are heavily influenced by the gut microbiota, a diverse community of microorganisms residing in
the Gl tract [12]. The aim of probiotic supplementation is to increase the relative abundance of
bacteria in the gut that favorably impact gut health and function. For a microbe to be classified
as a probiotic, it must be safe, functional, and usable [13]. The key elements of safety are a
history of safe use and no risk of promoting resistance to antibiotics with regulatory status
equivalent to “generally regarded as safe”. To be functional, a microbial strain must be able to
withstand the acidic environment (low pH) and antimicrobial defenses within the gut, compete
with the existing gut microbiota to survive, adhere and colonize within the gut, and provide
benefits such as antagonism toward pathogenic microbes. Additionally, for the practical
purposes of producing and distributing probiotic supplements, a microbe that meets the criteria

to be a probiotic must also have the capacity to be mass produced and then stable in its



supplemental form, e.g. in a capsule. There are a number of different bacterial genera used as

probiotics, including Lactobacillus, Bifidobacterium, Lactococcus, and Enterococcus [13].

While safety and usability of probiotics are straightforward concepts, a more complex
consideration regarding efficacy of probiotics is that individual differences in the gut microbiota
impact colonization (lasting presence) and effectiveness of probiotics. The environment in Gl
tract influences survival and microbial colonization and is largely impacted by the cumulative
influence of the resident microbes. For example, individual microbial species compete for
available resources (fuel) create a hostile environment for their competitors in a way that can
make it difficult for newly introduced species to survive. As a result, the vast inter-individual
variability in composition and relative abundance of species within the gut microbiota contributes
to variability in the quantity of probiotic microbes that subsequently are available to manifest
changes in gut health. Recovery of a probiotics in fecal samples is an indication that the
probiotic has colonized and differs by probiotic strain [14]. Two studies by West et al. provide
examples to illustrate the impact of inter-individual variability in response to probiotic
supplementation [15, 16]. In one study the researchers measured a range of 2- to 43-fold for the
increase in one of the strains, Lactobacillus paracasei, and no change in the remaining three
species in the cocktail (Bifidobacterium animalis, Lactobacillus acidophilus, and Lactobacillus
rhamnosus) after 21 days of supplementation in physically active, health males . Further,
interindividual variability was high (standard deviations often greater than the mean) and means
of several genera changed by several orders of magnitude between pre- and post-testing in
both probiotic and placebo groups. In a second study of endurance cyclists, the researchers
measured a range of 3- to 21-fold increase in men and a 0.7- to 47-fold increase in women after
11 weeks of supplementation with Lactobacillus fermentum. Thus, there is substantial inter-
individual variability in the colonization of supplemented probiotics, which may be paralleled by

the magnitude of impact on gut health. Unless studies report changes in the probiotic, which



most studies do not, it is difficult to know whether probiotic supplements that fail to demonstrate
efficacy have failed because the probiotic did not colonize sufficiently or because the probiotic
colonized but did not have a measurable benefit.

Gastrointestinal symptoms of nausea, vomiting, cramping or discomfort, and diarrhea in
athletes may be caused by infections, adverse reactions to ingested food, or stresses to the gut
during exercise. The mechanisms through which probiotics could prevent these symptoms
differs by cause. Without specific testing to identify pathogens or specific food intolerances and
dietary controls, it is not possible to definitively link a specific cause to symptoms athletes
experience before, during or after exercising. While it is difficult to link symptoms to cause,
probiotics have the potential to improve immune function and resistance to infections,
particularly respiratory tract infections [5, 6, 7]. However, gastrointestinal infection episodes are
relatively rare in athletic populations and may be caused by viruses, bacteria, parasites, and
other pathogens [5, 17]. Thus, it is likely that symptoms commonly experienced during and soon
after exercise are linked to the stresses of exercise rather than infection. In addition to gut
barrier function impaired in large part by exercise-induced splanchnic hypoperfusion [4], this
review of probiotic efficacy is focused on symptoms, regardless of underlying cause.

In summary, it is important to be aware of the challenges and limitations of research
assessing the efficacy of probiotics on gut health in athletes. With that in mind, a review of
available research in the following sections does find that some probiotics may favorably impact
Gl symptoms and gut barrier function given a sufficiently long duration of supplementation. The
impact of probiotics on gut health in athletes is an emerging area of research with current gaps
that include focused research on individuals prone to Gl issues during exercise, specific Gl
symptoms, dietary controls, inter-individual variability in colonization of probiotics, the impact co-
supplementation with pre-biotics to support colonization of probiotics.

Impact of Probiotics on Gastrointestinal Symptoms During Training



There is only modest evidence to suggest that single strain Lactobacillus probiotics
protect athletes from Gl symptoms when comparing episodes, duration, and severity of Gl
symptoms during several weeks intensive training (Table 1). For example, in a randomized,
placebo-controlled, parallel trial in which 119 individuals training for a marathon kept symptom
logs for three months before and one month after the race, Kekkonen et al. measured Gl
symptoms in 27% and 32% of runners with the average duration of symptoms of 2.9 versus 4.3
days (p=0.35) for the probiotic (Lactobacillus rhamnosus GG) compared to placebo group
during 3 months of marathon training [18]. However, the probiotic group reported 57% fewer
days of Gl symptoms during the two weeks following completion of the marathon, indicating a
potential benefit. In a similar research design, Gleeson et al. monitored Gl symptoms for 65
recreationally active individuals during a 16-week period of supplementation and measured 2%
versus 3% of days for the probiotic (Lactobacillus casei Shirota) compared to placebo. In
contrast, West et al. monitored 88 male cyclists and triathletes supplemented with probiotic
(Lactobacillus fermentum PCC) or placebo using daily symptom logs during 11 weeks of training
and measured twice as many Gl symptom episodes with longer duration, but potentially lower
symptom severity in the probiotic compared to placebo group [15]. No differences were
measured in female cyclists and triathletes in this same study. These studies do not specifically
report the temporal relationship of the symptoms to training bouts to speculate as to whether
symptoms are infectious episodes or exercise-induced symptoms, but the overall narrative is for
little if any impact of probiotics on Gl symptoms.

In contrast to these single strain Lactobacillus probiotics, evidence to support potential
reductions in Gl infections during training is a bit stronger for multi-strain probiotics (Table 1).
While multiple studies of Lactobacillus and Bifidobacterium multi-strain probiotic regimens have
reported no or little impact on number, duration, or severity of GI symptom episodes [19-21],
there are two studies measuring benefits from these multi-strain regimens. Roberts et al.

compared a multi-strain probiotic cocktail with and without added antioxidants and found about



one third lower symptom counts and ratings of symptom severity during triathlon training [22].
Pugh et al. also measured lower Gl symptoms with a similar probiotic supplement in
recreational runners preparing for a marathon [23]. The cocktail regimens that were not effective
at reducing Gl symptoms overlap in some strains and differ in others compared to the cocktails
that were effective, so it is difficult to sort out the most beneficial strains. However, the two
effective cocktails both shared Lactobacillus acidophilus CUL-60 and CUL21, Bifidobacterium
bifidum, and Bifidobacterium animalis lactis CUL34, suggesting that these four probiotic strains
are candidate strains that may be the most beneficial for attenuating Gl symptoms with exercise
training.
Impact of Probiotics on Gastrointestinal Symptoms During Competition

Many athletes experience Gl symptoms and resulting performance impairment during
competition, particularly for endurance events such as marathons and triathlons. Symptoms
experienced during endurance competition are likely caused by a combination stresses
including splanchnic hypoperfusion (reduced blood flow to the gut), mechanical jarring
(bouncing up and down), dehydration, and ingestion of food and drink, particularly high
osmolality (concentration of solutes such as sugars and electrolytes, e.g. consuming
concentrated gels) drinks [1, 3, 24]. With variation in severity and impact on performance from
mild discomfort to termination of competition, the range of athletes reporting Gl symptoms
during endurance events is from 5 to 95% with a general consensus that 30-50% is somewhat
typical [3]. Some athletes are more prone to Gl problems during competition; however, no
studies have focused on the use of probiotics in prone individuals or included historical
competition symptomology in the analysis of probiotic efficacy. Relatively little research has
been performed on the efficacy of probiotics to prevent or attenuate Gl symptoms during
competition or a single event.

With few studies investigating the impact of probiotics on GI symptoms during

endurance competition, the evidence of probiotic efficacy is mixed (Table 1). The same



Lactobacillus and Bifidobacterium multi-strain cocktail that lowered Gl symptoms during training
also attenuated symptoms during the final third of a marathon [23]. With four weeks of probiotic
supplementation prior to a triathlon, global Gl severity scores during the final third of the race
were reduced by approximately one third for the probiotic compared to placebo group, without
specific information regarding which symptoms runners experienced. Using a different
Lactobacillus and Bifidobacterium multi-strain cocktail, Shing et al. found no difference between
probiotic and placebo in a cross-over study comparing Gl symptoms during a run to fatigue in
the heat. Run time was increased in the probiotic compared to placebo trial condition and
ratings of Gl symptoms averaged just above 1 on a 4-point scale in which 1 corresponded to
“no/hardly any complaint”. Thus, it would not have been possible for probiotic to be lower than
placebo for this trial in which participants appeared to tolerate the exercise well regardless of
treatment. These studies do not provide sufficient evidence to draw conclusions about the
efficacy of probiotics to reduce Gl symptoms during competition, but they do provide a rationale
for further investigation focused on athletes prone to Gl symptoms during competition.
Impact of Probiotics on Gut Barrier Function

Manipulation of the gut microbiota with probiotic supplementation to improve barrier
function could be beneficial to athletes in many ways. The composition and function of the gut
microbiota impacts integrity of the mucosal barrier preventing translocation of toxins and other
compounds from the gut into the systemic circulation [25]. Several studies have demonstrated
that exercise increases permeability of the gut to allow translocation of toxins from the gut into
the systemic circulation [26]. Increased gut permeability has been measured with relatively low
exercise stresses such as 20 minutes of running at 80% of VO.max or 60 minutes of cycling at
70% of VO;max, but it is generally accepted that prolonged exercise (= 2 h) has the greatest
impact on gut permeability [2, 4, 26]. Exercise-induced gut permeability is exacerbated by
dehydration, heat stress, and ingestion of non-steroidal anti-inflammatory drugs [25, 27]. The

main consequence of increased permeability is increased levels of bacterial endotoxin, a potent



pro-inflammatory stimulus, in the systemic circulation after marathon running, exercise in the
heat to a body core temperature of 39.5 °C and above, long-distance triathlon [28-30].
Increased endotoxin coincides with increases in inflammatory cytokines and acute phase
proteins [29-31]. Further, Brock-Utne et al. reported that marathon runners with the highest
post-race endotoxin levels were four times more likely to experience nausea, vomiting, and or
diarrhea compared to runners with lowest endotoxin levels [32], however, this association is not
consistent across all studies [33]. Thus, improved barrier function enhances resilience against
exercise-induced endotoxemia and inflammation, and possibly against gastrointestinal
disturbances and heat stress.

Several research studies have been undertaken to determine the efficacy of probiotics to
improve gut barrier function in athletes (Table 1). While the overall picture of probiotic impact on
gut barrier function appears mixed, closer analysis suggests that single strain probiotics are not
effective, multi-strain cocktails for six weeks or shorter are not effective, and there are multi-
strain cocktails overlapping in composition that when supplemented for 12-14 weeks may lower
gut permeability during training and prevent increased permeability during prolonged endurance
competition. It should be noted that there is substantial inter-individual variability and research
focusing on those athletes most susceptible to exercise-induced loss of gut barrier function is
most likely to be demonstrate probiotic efficacy. Lamprecht et al. measured elevated zonulin, a
marker of compromised gut barrier function, in all athletes prior to treatment and a 20%
reduction in those treated with a multi-strain probiotic for 14 weeks [34]. The probiotic cocktail
consisted of Lactobacillus acidophilus W22, Lactoabcillus brevis W63, Lactococcus lactis W58,
Bifidobacterium bifidum W23, Bifidobacterium lactis W51, and Enterococcus Faucium W54, in
which Lactobacillus acidophilus and Bifidobacterium bifidum overlap with the probiotics that
reduced Gl symptoms during training and a marathon [22, 23] and prevented an exercise-
induced increase in permeability during a triathlon [22]. While more research to confirm potential

benefits of probiotics on gut health are needed, available research suggests that 12-14 weeks of



supplementation with a multi-strain probiotic containing Lactobacillus acidophilus and
Bifidobacterium bifidum may be effective while shorter durations of supplementation and or
alternative probiotic strain cocktails are not effective.

Probiotic Strains and Duration of Supplementation Effective for Gut Health Benefits in
Athletes

Studies demonstrating efficacy for gut health were either single strain Lactobacillus or
multi-strain Lactobacillus and Bifidobacterium probiotics. One common characteristic of these
strains is that they are lactic acid producers, and lactic acid bacteria are known to improve
resistance to food borne bacterial infections, lactose tolerance, innate and acquired immunity,
and other benefits [35]. Lactobacillus and Bifidobacterium genera contain many species that are
used as probiotics with general functions of producing antimicrobial peptides, digesting some
fibers, competitive exclusion of pathogenic bacteria in the gut, enhancement of mucosal
immunity [36]. Further, as probiotics, all are considered to be well-tolerated, beneficial to health,
and beneficial to the composition of the gut microbiome, with few if any negative side effects
[35]. The probiotic strains investigated that were found to confer benefit in more than one study
include Lactobacillus acidophilus, Bifidobacterium bifidum, and Bifidobacterium animalis lactis
[22, 23, 34]. The specific attributes of these probiotic (sub)strains that may have made them
particularly beneficial over other Lactobacillus and Bifidobacterium (sub)strains are not readily
apparent, however, there are a number of Gl health benefits attributed to each that may be
relevant to the benefits measured:

Lactobacillus acidophilus. This strain of bacteria is capable of creating antimicrobial
compounds and lowering pH, which may contribute to its potential to enhance abundance of
symbiotic bacteria within the gut microbiome. Some strains of Lactobacillus acidophilus have
been shown in vitro to be foodborne disease agents, e.g. Staphylococcus aureus, and

Salmonella typhimurium [37]. Among the established benefits of this probiotic are improved



lactose tolerance, attenuation of small intestine bacterial overgrowth, decreased colonic
tumorigenesis, enhancement of mucosal immunity, and anti-inflammatory effects [35, 38, 39].

Bifidobacterium bifidum. This strain of bacteria is one of the most abundant in breast
milk and has many established benefits for neonatal health [36]. Some strains of
Bifidobacterium bifidis have been demonstrated to suppress irritable bowel syndrome and
allergic responses [36].

Bifidobacterium animalis lactis. Relatively few studies have focused on this particular
subspecies of Bifidobacterium animalis, but in addition to the two clinical trials described herein
on athletes, other studies have identified no effect on eczema [40], lowering of respiratory tract
infections [41], and established that it is safe for women to use during pregnancy [42].

Effective probiotics strains may have additional benefits that have not been identified, or they
may be particularly adept at surviving through the digestive process, adhering to the colonic
mucosa, and colonizing in the gut, all of which are characteristics required of successful
probiotics.

While there were a variety of probiotic strains that produced some benefit, the
overwhelming similarity across studies that demonstrated Gl benefit in athletes was duration of
supplementation (Table 1). Four out of five studies reporting attenuation of Gl symptoms or
protection of gut barrier function had supplement durations of at least 11 weeks. One of five
studies reporting benefit supplemented with a multi-strain cocktail for four weeks. One study
with multi-strain supplementation for 27 weeks showed no benefit in rugby players, but Gl
symptoms were not a problem in this population and improvement with a probiotic was not likely
[20]. This was the only multi-strain probiotic study with supplementation greater than 11 weeks
that did not show some gut health benefit. The majority of studies reporting no GI benefit had
supplement durations of one to eight weeks, with one single-strain supplement study reporting

no gut related benefit even with supplementation of 12 weeks.



Conclusions

Gastrointestinal symptoms and impairment of gut barrier function during exercise
training and competition may be favorably impacted by probiotics to support gut health in some
athletes. A variety of Lactobacillus and Bifidobacterium probiotic strains showed a degree of
efficacy to reduce frequency and severity of Gl symptoms, but greatest efficacy appears to be
for multi-strain probiotic cocktails supplemented for at least 11 weeks. Efficacy of probiotics to
improve or maintain gut barrier function in athletes has only been demonstrated for multi-strain
cocktails supplemented for a minimum of 12 weeks. Additional research is needed to determine
the impact of probiotics in athletes prone to Gl symptoms and or exercise-induced endotoxemia,
inter-individual variability in colonization of probiotics, and potential strategies to co-supplement

prebiotics that may enhance probiotic efficacy.
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Table 1. Impacts of probiotic supplementation on gut health in athletes.

Impact of Probiotics on Gastrointestinal Symptoms During Training

(W), n=46 [19]

Lactobacillus delbrueckii
bulgaricus, Bifidobacterium
bifidum, and Streptococcus
salivarus thermnophilus (1.6 x 10"

cfu/d); enriched yogurt

Athletes Duration | Single or Bacterial Strains (Dosage); Outcome

of Suppl | Multi-strain | Form
Marathon runners 12 Single strain | Lactobacillus rhamnosus GG (4 x | Frequency of symptoms
(M&W), n=119 [18] weeks 10"° cfu/d); Milk-based fruit drink Severity of symptoms
Cyclists, triathletes, 11 Single strain | Lactobacillus fermentum (PCC®) Frequency of symptoms
n=88 [15] weeks (1 x 10° cfu/d); capsule Severity of symptoms
Recreational to 16 Single strain | Lactobacillus casei Shirota (6.5 x Frequency of symptoms
competitive weeks 109 cfu/d); drink
endurance athletes
(M&W), n=84 [43]
Endurance swimmers | 8 weeks | Multi-strain | Lactobacillus acidophilus, Frequency of symptoms

Severity of symptoms




Rugby players (M),

n=30 [20]

4 weeks

Multi-strain

Lactobacillus gasseri (2.6 x 10°
cfu/d), Bifidobacterium bifidum (2 x
108 cfu/d), Bifidobacterium longum

(2 x 108 cfu/d); gelatin capsule

Frequency of symptoms

Triathletes (M&W),

n=30 [22]

12

weeks

Multi-strain

Lactobacillus acidophilus CUL-60
(1 x 10" cfu/d), Lactobacillus
acidophillus CUL-21 (1 x 10"
cfu/d), Bifidobacterium bifidum
CUL-20 (9.5 x 10° cfu/d)
Bifidobacterium animalis ssp lactis

(5 x 108 cfu/d); capsule

Frequency of symptoms

Severity of symptoms

Runners (M&W), n=20

[23]

4 weeks

Multi-strain

Lactobacillus

acidophilus CULG0, L. acidophilus
CUL21, Bifidobacterium

bifidum CUL20, and
Bifidobacterium animalis ssp.
Lactis CUL34 (2.5 x 1010 cfu/d);

capsule

Frequency of symptoms




Rugby players (M),

n=19 [21]

27

weeks

Multi-strain

Lactobacillus rhamnosus,
Lactobacillus casei, Lactobacillus
acidophilus, Lactobacillus
plantarum, Lactobacillus
fermentum, Bifiodbacterium lactis,
Bifidobacterium bifidum,
Streptococcus thermophilus (6 x

10" cfu/d); capsule

Frequency of symptoms

Impact of Probiotics

on Gastrointestinal Symptoms During a Single Event

Event

Duration

of Suppl

Single or

Multi-strain

Bacterial Strains, Dosage, and

Form

Outcome

Marathon (M&W),

n=20 [23]

4 weeks

Multi-strain

Lactobacillus

acidophilus CULG0, L. acidophilus
CUL21, Bifidobacterium

bifidum CUL20, and
Bifidobacterium animalis subsp.
Lactis CUL34 (2.5 x 1010 cfu/d);

capsule

Severity of symptoms (during final

1/3 of marathon race)




Run to fatigue in the

heat [44]

4 weeks

Multi-strain

Lactobacillus acidophilus (7.4 x
10° cfu/d), L. rhamnosus (1.6 x
10"° cfu/d), L. casei (9.5 x 10°
cfu/d), L. plantarum (3.2 x 10°
cfur/d), L. fermentum (1.4 x 10°
cfu/d), Bifidobacterium lactis (4.1 x
10° cuf/d), B. breve (1.4 x 10°
cfu/d), B. bifidum (5 x 108 cfu/d)
and Streptococcus thermophilus

2.3 x 10° cfu/d); capsule

Severity of symptoms

Impact of Probiotics on Gut Barrier Function During

Training

Athletes

Duration

of Suppl

Single or

Multi-strain

Bacterial Strains, Dosage, and

Form

Outcome

Endurance athletes

(M), n=23 [34]

14

weeks

Multi-strain

Bifidobacterium bifidum W23,
Bifidobacterium lactis W51,
Enterococcus faecium W54,
Lactobacillus acidophilus W22,

Lactobacillus brevis W63, and

Zonulin (increases as barrier

function decreases)




Lactococcus lactis W58 (1 x 10"
cfu/d); sachet powder added to

water

Physically active (M),

n=22 [16]

3 weeks

Multi-strain

Lactobacillus paracasei subs
Paracasei (4.6 x 108 cfu/d),
Bifidobacterium animalis ssp lactis
(6 x 108 cfu/d), Lactobacillus
acidophilus LA-5 (4.6 x 108 cfu/d),
4.6 x 108 Lactobacillus
rhamnosus GG (4.6 x 108 cfu/d);

capsules

Lactulose:mannitol (increases as

barrier function decreases)

Runners in training

(n=8) [45]

1 week

Single strain

Lactobacillus casei (1 x 10" cfu/d);

drink

Serum endotoxemia

Swimmers (W), n=17

[46]

6 weeks

Single strain

Bifidobacterium longum 35624 (1 x

10° cfu/d); capsule

Serum endotoxemia

Impact of Probiotics

on Gut Barrier Function During Competition or Event

Competition or

Event

Duration

of Suppl

Single or

Multi-strain

Bacterial Strains, Dosage, and

Form

Outcome




Run to fatigue in the

heat [44]

4 weeks

Multi-strain

Lactobacillus acidophilus (7.4 x
10° cfu/d), L. rhamnosus (1.6 x
10"° cfu/d), L. casei (9.5 x 10°
cfu/d), L. plantarum (3.2 x 10°
cfu/d), L. fermentum (1.4 x 10°
cfu/d), Bifidobacterium lactis (4.1 x
10° cuf/d), B. breve (1.4 x 10°
cfu/d), B. bifidum (5 x 108 cfu/d)
and Streptococcus thermophilus

2.3 x 10° cfu/d); capsule

Serum endotoxemia
Serum claudin (increases as

barrier function decreases)

Marathon (M&W),

n=30 [22]

12

weeks

Multi-strain

Lactobacillus acidophilus CUL-60
(1 x 10" cfu/d), Lactobacillus
acidophillus CUL-21 (1 x 10"
cfu/d), Bifidobacterium bifidum
CUL-20 (9.5 x 10° cfu/d)
Bifidobacterium animalis
subspecies lactis CUL-34 (5 x 108

cfu/d); capsule

Serum endotoxemia
Lactulose:mannitol (pro <,

placebo 1)




Marathon (M&W), 4 weeks | Multi-strain | Lactobacillus acidophilus CULG0, Lactulose:mannitol
n=20 [23] L. acidophilus CUL21,
Bifidobacterium bifidum CUL20,
and Bifidobacterium animalis
subsp. Lactis CUL34 (2.5 x 10

cfu/d); capsule

M=men; W=women; Suppl=supplementation; cfu/d = colony forming units per day; ssp.= subspecies





