How exercise affects the microbiome and intestinal barrier
ROLES OF THE
GUT MICROBIOTA
1. Aid in digestion
2. Educate the immune system
3. Outcompete pathogens
4. Synthesize vitamins
5. Regulate gene expression

EXERCISE AND THE GUT MICROBIOTA
VOLUNTARY
WHEEL RUNNING

SEDENTARY
CONTROL

FORCED
TREADMILL RUNNING

In animal models, exercise tends to:
❖ increase microbial diversity
❖ increase butyrate concentrations
❖ increase relative abundance of butyrateproducing taxa
❖ increase other beneficial genera, such as
Lactobacillus and Bifidobacterium
Inconsistencies in animal strain/species used,
age of animals, diet, and exercise modality

(unweighted UniFrac,
p<0.05)

Species richness
positively correlates
with VO2 max in
healthy young adults

In human cross-sectional studies, athletes have:
❖ increased microbial diversity
❖ increased abundance of Faecalibacterium
prausnitzii and Akkermansia muciniphila
❖ higher turnover of carbohydrates, resulting in
higher fecal SCFA concentrations
Independent effects of exercise still unknown, since
athletes tend to eat differently from non-athletes

The gut barrier is a single layer of epithelial cells that must
absorb nutrients while preventing the influx of dietary proteins,
microbes, and endotoxins into the bloodstream.
A loss of gut barrier integrity can lead to systemic inflammation
and is associated with many chronic diseases.

(multiple regression,
p<0.05)

LPS Binding Protein

Estaki et al. Microbiome (2016)

Exercise training
reduces LPS-binding
protein in the blood of
lean and obese humans.

Increased relative
abundance of A. muciniphila
and F. prausnitzii in active
women compared to
sedentary women

(ANOVA, time main effect
p=0.013)

(t-test, *p<0.05, **p<0.01)

LONGITUDINAL HUMAN STUDIES

After the exercise intervention, a subset of
participants reverted to their sedentary lifestyles.
Fecal samples were collected at baseline, after the
6-week exercise period, and after the 6-week
washout period for microbiota analysis by 16S
sequencing. Diet was controlled before samples.

Hoffman-Goetz et al. BBI (2008)

EXERCISE AND THE GUT BARRIER

During exercise, core temperature rises and blood and
oxygen are diverted away from the gut. The combined
heat stress, ischemia, and hypoxia all contribute to
increased gut permeability.
❖ Zinc, curcumin, glutamine, arginine, and fluids can
reduce exercise-induced gut permeability and damage
❖ Wheat, lactose, casein, quercetin, carbohydrate gels,
sports drinks, NSAIDs, and psychological stress can
exacerbate exercise-induced damage.

Six weeks of VWR or
FTR differentially
altered the mouse
gut microbiota.

CROSS-SECTIONAL HUMAN STUDIES

Lean or obese, previously sedentary adults (n=32)
participated in a 6-week supervised aerobic exercise
intervention. Participants trained 3 times per week
on a bike or treadmill and progressed from 30
minutes at moderate intensity (60% HRR) to 60
minutes at high intensity (75% HRR).

as arbitrary units relative to sedentary)

ACUTE EXERCISE

Allen et al. J Applied Phys (2015)

Allen et al. MSSE 2018

Intraepithelial lymphocyte
expression of IL-10 and TNFα
immediately after exercise or 24
hours post-exercise. (Expressed

Bressa et al. PLOS ONE (2017)
Mailing et al. unpublished data
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Baseline (E0)

LN vs. OB PERMANOVA p=0.03*

39.37%

Post-exercise (E6)

LN vs. OB PERMANOVA p=0.31 ns

❖ Several genera were differentially altered by exercise
depending on obesity status.
❖ In lean participants, exercise increased abundance of
butyrate-producing taxa, including Clostridiales,
Lachnospira, Roseburia, and Faecalibacterium

39.37%

Post-washout (W6)

LN vs. OB PERMANOVA p=0.27 ns

39.37%

Lean and obese microbiomes appeared more
similar after exercise (unweighted UniFrac)

Exercise significantly increased fecal butyrate and acetate levels. SCFA levels tended
to revert to baseline during the washout period. (measured by GC/MS, *p<0.05, # p<0.10)
Lucy Mailing © 2018

Splanchnic blood
flow is significantly
reduced after just
10-20 min of highintensity exercise
but rapidly recovers
upon rest
(gastric tonometry)

Small intestinal
damage parallels
blood flow, but does
not reach significance
until 40 min of highintensity exercise.
(plasma Intestinal-Fatty
Acid Binding Protein)

Van Wijck et al. PLOS ONE (2013)

CHRONIC EXERCISE
However, it’s possible that this is a hormetic effect,
where regular exercise acts an acute stressor that
stimulates positive adaptation.
❖ Trained athletes have higher heat shock
proteins and lower levels of circulating LPS (a
component of bacterial cells walls) in the blood
❖ Few controlled studies have been performed

IMPLICATIONS FOR HUMAN HEALTH
Exercise-induced changes in the gut microbiota
and gut barrier may have benefits for colon
cancer, diverticulosis, IBS, and IBD.
❖ Transplant of an exercised microbiota into
germ-free mice is protective against colitis
❖ Ongoing studies will seek to determine if
exercise can beneficially modulate the gut
microbiota in ulcerative colitis patients
Exercise-induced changes in the gut microbiota
and gut barrier may also benefit the brain, liver,
muscle, skin. More research is needed in
states of health and disease.
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CONTROLLED ANIMAL STUDIES

Exercise promotes immune tolerance in the gut mucosa.
Voluntary wheel running has been shown to:
❖ reduce pro-inflammatory cytokines
❖ increase antioxidant enzymes
❖ increase anti-inflammatory cytokines
Exercise may also improve appropriate immune responses
❖ 6 weeks of exercise enhanced T cell proliferation and
cytokine production upon antigen challenge
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Allen et al. Gut Microbes (2017)

Relative gene expresssion

39 trillion microbial cells
3.3 million bacterial genes
1000 unique bacterial species
+ archaea, fungi, & viruses
100 to 1 microbial genes to
human genes

Butyrate and other short-chain fatty acids (SCFAs) are
produced from the bacterial fermentation of dietary fiber.
Butyrate performs several important roles in the gut:
❖ Acts as the primary fuel for
epithelial cells, increasing cell
turnover
❖ Stimulates secretion of mucus
and antimicrobial peptides,
preventing microbe adherence
to the epithelium
❖ Induces the formation of
regulatory T cells, which
dampen immune responses

% Body weight vs baseline

MEET THE
GUT MICROBIOTA

EXERCISE AND GUT IMMUNITY

BUTYRATE AND THE GUT
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Mice that received an
exercised microbiota (R-EX)
lost less body weight, had
less colonic shortening, and
had a more regenerative
cytokine profile after DSS
colitis insult compared to
mice receiving a sedentary
microbiota (R-SED).

