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An exercise intervention alters stool
microbiota and metabolites among
older, sedentary adults
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Abstract

Background: Physiologic aging has been associated with gut dysbiosis. Although short
exercise interventions have been linked to beneficial changes in gut microbiota in younger
adults, limited data are available from older populations. We hypothesized that exercise
would produce beneficial shifts in microbiota and short-chain fatty acid (SCFA] levels in older
persons.

Methods: Stool samples were collected before and at completion of a supervised 24-week
cardiovascular and resistance exercise intervention among 50-75-year-old participants. SCFA
levels were analyzed by gas chromatography and microbiome by 16S rRNA gene sequencing.
Negative binomial regression models compared pre- and post-differences using false
discovery rates for multiple comparison.

Results: A total of 22 participants provided pre-intervention samples; 15 provided samples

at study completion. At baseline, the majority of participants were men (95%), mean age

58.0 (8.8) years, mean body mass index 27.4 (6.4) kg/m?2. After 24 weeks of exercise, at the
genus level, exercise was associated with significant increases in Bifidobacterium (and other
unidentified genera within Bifidobacteriaceae), Oscillospira, Anaerostipes, and decreased
Prevotella and Oribacterium (p <0.001). Stool butyrate increased with exercise [5.44 (95%
confidence interval 1.54, 9.24) mmol/g, p=0.02], though no significant differences in acetate or
propionate (p=0.09) were seen.

Conclusion: Our pilot study suggested that an exercise intervention is associated with changes
in the microbiome of older adults and a key bacterial metabolite, butyrate. Although some of
these changes could potentially reverse age-related dysbiosis, future studies are required to
determine the contribution of changes to the microbiome in the beneficial effect of exercise on
overall health of older adults. Clinical Trials NCT02404792
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Background

The last decade has experienced a surge of interest
in the role that the gut microbiome plays in health
and disease. The microbiome and measures of gut
health and intestinal permeability have been linked
to multiple different disease processes and comor-
bidities. With aging, additional shifts are seen in

the microbiome, including decreased abundance
of beneficial bacteria [e.g. Bifidobacterium spp. and
short-chain fatty acid (SCFA) producers] and
increased abundance of bacteria with inflamma-
tory potential (pathobionts, e.g. Proteobacteria
spp.).}> While many studies link health outcomes
to the gut microbiome, few studies focus on
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alterations specific to older adults, and even fewer
identify effective interventions that alter the micro-
biome in older adults and improve overall health.

Exercise has numerous benefits on overall health
and physical function among persons of all ages,
including improvements in physical function, and
decrease in cardiovascular disease and diabetes.
Exercise also has known beneficial effects on the
gut, including decreased transit time and lower
rates of colon cancer.? As recently reviewed,?
numerous animal studies have consistently shown
that exercise training also alters the composition
and function of the gut microbiome, with an
increase in the relative abundance (RA) of
butyrate-producing organisms and increased pro-
duction of butyrate, a short chain fatty acid
(SCFA) that promotes gut barrier integrity and
intestinal homeostasis.?> Studies in humans are
primarily limited to cross-sectional studies explor-
ing associations between self-reported physical
activity or fitness and the microbiome. Few
human studies have demonstrated whether initi-
ating exercise has an impact on the microbiome
among previously sedentary adults. A 6-week
aerobic exercise intervention in 17 sedentary
women (mean age 37 years) demonstrated altera-
tions in the microbiome including an increase in
RA of Akkermansia and a decrease in
Proteobacteria.* A separate 6-week aerobic exer-
cise intervention found differing responses among
lean (n=18) or obese participants (r=14),
though both groups had increases in stool butyrate
and butyrate-producing taxa.> An 8-week inter-
vention study of young individuals found no sig-
nificant differences in the microbiota when
comparing aerobic exercise, whey protein, or
both (n=30/group).5

Only two small studies, to the best of our knowl-
edge, have explored the impact of exercise on gut
microbiota in older adults. A total of 33 Japanese
men (aged 62-76 years) assigned to 5weeks of
supervised cycling on a stationary bike had a sig-
nificant decrease in Clostridium difficile and a sig-
nificant increase in Oscillospira.” Sedentary older
women (=65years) assigned to 12weeks of brisk
walking (n=18) or core exercises (n=14), experi-
enced an increase in Bacteroides, in the brisk walk-
ing group only.® Notably, all of the prior
interventional studies were 12 weeks or less, limit-
ing data on the durability of changes in the micro-
biome, and no published studies tested the

combination of aerobic and resistance exercise, as
is recommended for older adults.® As the type,
intensity, and duration of exercise, and underly-
ing dietary differences between populations may
impact microbiome changes in response to exer-
cise, changes in these prior studies may not be
generalizable to other populations.

We have previously demonstrated significant
improvements in physical function following a
24-week supervised exercise intervention com-
bining both aerobic and resistance exercise in
older adults (ages 50-75 years).!9 In this pilot
study, we hypothesized that our 24-week combi-
nation intervention in older adults would have
findings unique to other studies, with a beneficial
shift in microbiota and increased stool SCFA.

Materials and methods

The Exercise for Healthy Aging Study enrolled
older adults with and without HIV infection from
April 2014 to May 2017 (Clinical Trials
NCT02404792).1 All participants were aged
50-75years, sedentary (<60min of physical
activity each week for the preceding 6 months by
self-report), had a body mass index (BMI)
between 20 kg/m? and 40 kg/m?2, and had no con-
traindications to initiating an exercise regimen
(e.g. severe mobility limitation, unstable angina,
supplemental oxygen requirement, uncontrolled
hypertension). Participants with diabetes had
hemoglobin Alc of 7.5% or less; sex hormone
supplementation was restricted to stable, physio-
logic doses for =3 months prior to study entry,
and intramuscular testosterone was excluded. In
a microbiome pilot study, participants could vol-
unteer to complete a dietary log and provide stool
samples at two time points. As we saw significant
differences in the microbiome at baseline by HIV
serostatus, for this analysis we focused only on
those without HIV. The study procedures were
approved by the Colorado Multiple Institutional
Review Board (CO 14-2207). Written informed
consent was obtained from all participants.

As previously published, each participant
attended supervised exercise sessions 3times/
week for 24 weeks at the University of Colorado
Anschutz Medical Campus Exercise Research
Laboratory.1? Participants began with a 2-week
supervised, low-intensity exercise acclimation for
machine familiarization consisting of 20-30 min
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of treadmill walking at 30—40% of maximal aero-
bic capacity (VO, max) and three sets of eight
repetitions of four weight-assisted machine
(Cybex) exercises (e.g. bench press, leg press,
lateral pulldown, and a rotating fourth exercise)
at low intensity [40-50% of the one repetition
maximum (1-RM), the maximum weight that
can be lifted one time with proper range of
motion]. After 2weeks, participants increased
cardiovascular endurance exercise intensity to
40-50% VO, max and time by 5 min every week
to achieve a goal of 50 min/session by the end of
12weeks. Resistance exercise was increased to
60-70% of 1-RM; 1-RM was reassessed every
3weeks and target weight loads adjusted as
needed. At week 12, VO, max measurements
were repeated and participants were randomized
to either continue moderate-intensity exercise or
advance to high-intensity exercise (60-70% of
week 13 VO, max and >80% 1-RM) for the
remaining 12 weeks. Randomization was created
in REDCap and used a random allocation
sequence created by the study statistician. The
investigators enrolling participants were blinded
to the allocation sequence, in blocks by sex, age,
and HIV serostatus. Investigators collecting stool
samples and completing microbiome profiling
and SCFA extraction/analysis were blinded to
the randomization.

Microbiome profiling and SCFA extraction/
analysis

A self-collected stool sample was obtained prior
to the start of intervention and immediately stored
in the participant’s home freezer until the next
visit (typically within a few days), when samples
were transferred to a —80°C freezer. All samples
were processed within 6 months of storage. Stool
bacterial profiles were generated by broad-range
amplification and sequence analysis of bacterial
16S rRNA genes as previously published.!! DNA
was extracted using the QIAamp PowerFecal Pro
DNA Isolation Kit (QIAGEN, Venlo, The
Netherlands). Broad-range polymerase chain
reaction (PCR) amplicons were generated using
barcoded primers targeting the V3V4 variable
region of the 16S rRNA gene: primers 338F (5
ACTCCTACGGGAGGCAGCAG) and 806R
(5 GGACTACHVGGGTWTCTAAT). Illumina
paired-end sequencing was performed on the
MiSeq platform using a 600-cycle (v.3) reagent
kit. Paired-end reads were quality-filtered, demul-
tiplexed, merged, and classified using SINA

(1.3.0-r23838) as previously described.!!
Operational taxonomic units were produced by
clustering sequences with identical taxonomic
assignments. Sequences that could not be classi-
fied to the genus level were assigned to the lowest
taxonomic level to which they could be classified
(e.g. phylum/order/family). These higher level
bins were appended with the term ‘other’ (e.g.
‘Bifidobacteriaceae other’) to clarify that they
represented a subset of unclassified genera within
a family/order/phylum, rather than an entire fam-
ily/order/phylum. Samples were sequenced to the
depth of 131085 sequences/sample (interquartile
range [IQR]: 115717, 167681); all samples had
Goods coverage scores greater than 99.976%,
indicating excellent depth of sequence coverage.
All 16S rRNA gene sequences and associated
metadata were submitted to the National Center
Biotechnology Information (NCBI) sequence
read archive under project accession number
PRJNA657420. Stool SCFA was measured using
gas chromatography as previously described:!1:12
7 g of stool taken from disparate sections of each
sample were dissolved in purified water (1:5,

weight to volume) and homogenized by
vortexing.
Dietary analysis

Participants completed a 3-day dietary survey
designed to quantify macronutrient intake during
the period of stool collection. Raw dietary data
were converted to caloric intake by the Nutrition
Core at the Colorado Clinical and Translational
Sciences Institute.!! Dietary measurements were
averaged over 3 days.

Statistical analysis

This was a pilot study to test the feasibility of
stool collection in the setting of an exercise inter-
vention, and to collect data on the effect size of
exercise on the microbiome and SCFAs with
exercise and by exercise intensity to power larger
studies focused on the microbiome. As sample
collection began after the parent study was under-
way, samples were only available on a limited
number of participants and sample size calcula-
tion was not carried out. Due to the small sample
size, primary outcome was change in the micro-
biota and SCFAs with the intervention (moder-
ate/high intensity combined); the effect of
randomized exercise intensity was considered
secondary. RA was calculated as the number of
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Table 1. Baseline characteristics of participants.

Age, years

Male sex

Body mass index, kg/m?

Race (%)

White

Other or more than one race

Hispanic or Latino ethnicity

58.0 (55.0, 63.8)
21 (95%)
27.4(24.6,31.0)

17 (77)
4(18)
3(14)

Sexual preference (%)

Heterosexual

Men who have sex with men
Smoking status (%)

Current/prior smoker

Never smoker

Food consumed per day, g

Fiber consumed per day, g

16 (73)
6(27)

8 (36)
14 (64)

2395 (1561, 2880)
19.7(14.8, 25.2)

Data reported as number (frequency) or median (interquartile range).

sequences for a specific taxon standardized to the
total number of sequences in that sample; sam-
ples with counts above 0 in less than 2% of the
population were collapsed into a single ‘rare’ cat-
egory. Diversity measures (alpha diversity by
Sobs, Shannon diversity, and evenness), dietary
measures, and SCFA levels were modeled in lin-
ear mixed models with a random intercept for
each subject with time points (pre- versus post-
intervention) as predictors. Alpha diversity indi-
ces were calculated wusing rarefaction and
bootstrapping with 100 replicate resamples using
the tidyMicro package in R.13 Differences between
beta diversity pre- versus post-intervention were
tested using a permutation-based multiple analy-
sis of variance (PERMANOVA) with 1000 per-
mutations constrained to be within individual to
account for the repeated measures study design.
The adonis function in the vegan R package was
used to implement this test with the Bray—Curtis
distance metric.14 Relationships between individ-
ual taxa before and after exercise were evaluated
using generalized linear mixed models assuming a
negative binomial distribution and log link

function and a random intercept for each subject,
with a false discovery rate correction applied at
each taxonomic level to control for multiple com-
parisons. Effect sizes less than 1 indicate a
decrease and greater than 1 indicate an increase
in the outcome. All models were adjusted for age,
to account for age-related differences we have
previously observed in this cohort, and then for
exercise intensity, as a secondary outcome.!!

Results

Stool samples were provided by 22 participants at
baseline and 15 participants (7 high-intensity and
8 moderate-intensity exercise) at study comple-
tion. As shown in Table 1, the majority of partici-
pants were men, white, and non-Hispanic, and,
on average, had an overweight BMI. Participants
without study completion data were similar to
those with data, with the exception of a younger
age (55 years!? versus 62 years;° p=0.09). No par-
ticipants had inflammatory bowel disease, irrita-
ble bowel syndrome, or used probiotics.

Exercise-associated changes in stool

bacterial communities

Measures of microbial alpha diversity, including
stool microbiome richness (Sobs) and overall
diversity (Shannon diversity and evenness) were
minimally changed between baseline and week 24
of supervised exercise after adjustment for age
[Sobs: estimate 0.92 (95% confidence interval
[CI] —2.35, 4.20), p=0.59; Shannon evenness (H/
Hmax): 0.01 (=0.02, 0.04), p=0.50; Shannon’s
H: -0.07 (-0.11, 0.24), p=0.47]. In contrast, sig-
nificant changes in beta-diversity (i.e. differences
in the overall community composition) pre- and
post-exercise intervention (restricted to the n=15
with samples at both time points) were observed
across phyla (p=0.04) by PERMANOVA; no dif-
ferences were noted at the family (p=0.11) or
genus (p=0.19) levels (Figure 1).

The exercise effects on the RA of specific taxa
were determined with negative binomial linear
mixed models. The robustness of the models was
further explored with adjustment separately by
age and exercise intensity. In unadjusted models,
we found no significant changes in individual
phyla. Notably, Firmicutes tended to increase
[estimate 1.12 (95% CI 1.01, 1.25)] and
Bacteroidetes tended to decrease [0.71 (0.49,
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Figure 1. Stacked bar charts representing mean RA at the (a) phylum, (b] family, and (c) genus levels in
individuals with 16sRNA sequencing data pre- and post-exercise intervention (N=15). Taxa with RA<2% were

collapsed into a single category.

PERMANOVA tests stratified by individual were conducted to test whether beta-diversity changed significantly from pre- to

post-intervention.

Acti, Actinobacteria; Bact, Bacteroidetes; Firm, Firmicutes; RA, relative abundance.

1.04)], although neither reached statistical signifi-
cance (p=0.11). Similarly, no significant changes
were observed at the phylum level when adjusting
for age or for exercise intensity (data not shown).

At the genus level, exercise was associated with
significant increases in Bifidobacterium (and other
unclassified genera within Bifidobacteriaceae),
Oscillospira, Anaerostipes, and other genera within
Firmicutes, Lactobacillales and Clostridiales taxa in
unadjusted models, as well as those adjusted for
age and exercise intensity (Figure 2). Exercise was
associated with significant decreases in Prevotella

and Oribacterium in both unadjusted and adjusted
models. Although Solobacterium increased with
the exercise intervention [3.72 (3.67, 3.78),
$»<<0.0001], significance was lost in adjusted
models. Increasing age (but not the intervention)
was associated with increased abundance of gen-
era belonging to the RC9 gut group [6.80 (6.77,
6.84), p<<0.0001]. Higher intensity exercise (but
not the intervention alone) was associated with
lower Succinivibrio [0.33 (0.26, 0.42), p<<0.0001].

With the exercise intervention, increases were
seen with stool butyrate, propionate, and acetate
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Figure 2. Forest plot showing the estimate and 95% Cls for all genus level taxa where the exercise
intervention had a significant effect on RA. Values are shown for unadjusted analyses (light blue dot) as well
as estimates (95% Cl) when adjusted for age (green dot) or exercise intensity (purple dot). Estimates above

1 suggest higher RA of genus taxa following exercise intervention with higher levels at older ages when
adjusting for age and higher levels in the high-intensity group when adjusting for exercise intensity. Estimates
below 1 indicate lower RA with lower levels at higher ages or in the high-intensity exercise group. ‘Other’
refers to all sequences that were classified to the taxa level detailed, but could not be further classified to
specific genus. Cl, confidence interval; FDR, false discovery rate; RA, relative abundance.

concentrations, although only butyrate reached
statistical significance (Table 2). As changes in
diet can impact changes in stool bacterial com-
munities and SCFAs, we also examined changes
in self-reported dietary intake between baseline
and week 24. No significant differences were seen
in the total energy consumed, % protein, % car-
bohydrates, % fat, fiber (soluble and insoluble),
or fat to fiber ratio from baseline to week 24 (all
p=0.26) (Table 3).

Discussion

In a pilot study among older sedentary adults,
after adjusting for age effects, we demonstrated
that 24 weeks of a supervised, combined aerobic
and resistance exercise intervention was associ-
ated with significant increases in abundances of
bacteria with reported gut health benefits (includ-
ing Bifidobacterium, Oscillospira, Anaerostipes) and
decreases in commensal bacterial species with
reported inflammatory properties (including
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Table 2. Effect of exercise intervention on stool short-chain fatty acid levels.

Short-chain fatty acid  Mean (SD) pre-exercise  Mean (SD) post-exercise Estimate of exercise effect 95% Cl p value
(mmol/g)

Acetate 37.7(14.1) 42.7(13.5) 5.40 -3.25, 14.04  0.24
Butyrate 7.7 (6.1) 15.2 (5.9) 5.44 1.54,9.34 0.02
Propionate 10.2 (4.9) 12.5 (4.5) 2.44 -0.22,5.09 0.09

Cl, confidence interval; SD; standard deviation.

Table 3. Change in self-reported dietary intake with the exercise intervention.

Dietary measure
effect (95% ClI, p value)

Estimate of exercise intervention

Estimate of age effect*
(95% ClI, p value)

Estimate of exercise and
age interaction effect*

(95% CI, p value)

Total energy (Kcal) -174.21  -488.84, 140.42
% Carbohydrates 0.33 -3.31, 3.98

% Protein 0.72 -2.3,3.74
Fat/fiber ratio -0.15 -1.03, 0.72

% Fat 22.13 -8.65, 52.91
Fiber (g) 32.08 -6.44,70.6
Soluble fiber (g) 7.74 -4.20, 19.68
Insoluble fiber (g) 25.54 -4.69,55.77

0.30 18.22  -12.53,48.97 0.26
0.86 0.22 -0.46,0.90 0.54
0.65 -0.16  -0.41,0.09 0.22
0.74 0.02 -0.11,0.14 0.81
0.18 0.03 -0.52, 0.59 0.91 -0.36 -0.86,0.14 0.18
0.13 0.17 -0.29,0.62 0.48 -0.56 -1.19,0.07 0.1
0.23 0.05 -0.09,0.19 0.48 -0.15 -0.34,0.06 0.17
0.12 0.19 -0.18, 0.55 0.33 -0.43 -0.93,0.06 0.1

*All models were also tested for an interaction between the exercise intervention and age; when there was an interaction detected (p <0.20), these

values are also reported.
Cl, confidence interval.

Prevotella and Succinivibrio). We acknowledge
that our study sample was small, primarily male,
dietary intake was ad libitum throughout the inter-
vention and, due to the small sample size, we
were unable to adjust for many key covariates that
potentially could have impacted the gut microbi-
ome. However, several provocative findings merit
further discussion and investigation in larger
studies of sedentary older adults.

First, readers may ask what the clinical relevance
is of the specific microbiota that decreased with
exercise in our cohort. A greater abundance of
Prevotella spp. in the microbiome (not limited to
gut) has been associated with a plant-rich, high-
carbohydrate and high-fiber diet, and lower frailty
in some studies,!>18 but has also been linked to

multiple inflammatory diseases.!’® Similar to
Prevotella, Succinivibrio (decreased in models
adjusted for exercise intensity) has also been asso-
ciated with a plant-rich, high-fiber diet.20:21

Among the bacteria that increased with the exercise
intervention, Bifidobacterium spp. are generally con-
sidered to be beneficial, gut-protective bacteria
associated with decreased intestinal inflammation.??
Bifidobacteria promote by cross-feeding greater
production of anti-inflammatory metabolites (such
as butyrate) in the presence of adequate fiber,2324
and are involved in the metabolism of folate and
riboflavin, which may exert beneficial effects on
muscle.’> Of note, physiological aging has been
associated with decreased abundance of various
Bifidobacterium spp.!-2 suggesting that exercise may
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improve some features of age-associated dysbiosis.
Greater abundances of Oscillospira spp. have been
associated with both beneficial (leanness,?> lower
prevalence of inflammatory bowel disease?%:27) and
harmful (Parkinson’s disease,?® lower dietary fiber
content?®) effects. The genus Anaerostipes also
includes butyrate-producing bacteria, though clini-
cal associations are limited.3%3! Thus, based on
prior associations in the literature, our supervised
exercise intervention in older adults was associated
with increases in some bacteria with beneficial
effects on gut health and a decrease in some poten-
tial pathobionts.

The majority of evidence for exercise-related
changes in the gut microbiome comes from pre-
clinical models.?32 Studies in humans have been
primarily cross-sectional, linking the gut microbi-
ome to greater self-reported physical activity levels
or to exercise endurance. In these studies, the gut
microbiome varied by the study population: for
example, compared with healthy controls, profes-
sional rugby players had lower abundances of the
phylum Bacteroidetes and genus Bacteroides, and
higher Akkermansia in addition to a higher abun-
dance of bacteria that decreased with exercise in
our study (Prevotella and Succinivibrio), perhaps
due to age, differences in dietary composition,
muscle mass, or geography.3® Young adults with
greater maximal aerobic capacity had a higher
Firmicutes:Bacteroidetes ratio®* and a lower RA
of Bacteroides spp.3> Although Firmicutes tended
to increase and Bacteroidetes tended to decrease
in the present study, neither were significantly dif-
ferent with exercise. Higher levels of physical
activity were associated with greater Bifidobacterium
in young women, similar to the increase we
observed with our intervention.3%

Few studies have reported microbiome changes
within the context of initiating exercise, particu-
larly among older adults. A 5-week cycling inter-
vention among elderly Japanese men was
associated with significant increases in Oscillospira,”
a genus that also increased in our study, and a
decrease in Clostridium difficile. The increase in
Bifidobacteria that we observed with exercise was
similarly seen in a 6-week exercise intervention
among younger women.* In contrast, we found
minimal change in Bacteroides, while two other
studies found increases in Bacteroides in some par-
ticipants: Bacteroides increased with a brisk walk-
ing intervention (but not core muscle

strengthening) among older women® and increased
among individuals with obesity (but decreased in
lean individuals) in a 6-week aerobic exercise
intervention.> Whereas some microbiome changes
were similar to those seen in our population, dif-
ferences may be due to sex, age, body fat distribu-
tion, intensity of exercise, regional differences in
diet, or the impact of co-medications more com-
monly prescribed among older adults.

Perhaps more important than the changes in bac-
terial communities are the functional changes in
the microbiota and resulting metabolites (i.e.
SCFAs). While the composition of the gut microbi-
ome is a window into gut health, the functions of
certain organisms are dependent upon dietary con-
tent, age, the inflammatory environment within the
gut, stool transit time, and alterations in the gut
immune system. The SCFA butyrate is clearly
linked to exercise-related outcomes: butyrate is anti-
inflammatory, promotes the activation of several
pathways linked to adenosine triphosphate (ATP)
production, and protects against skeletal muscle
catabolism.!337 Interestingly, although we did not
see exercise-induced changes in genera with the
most abundant butyrate-producing species (e.g.
Faecalibacterium, Roseburia, Eubacterium), we did
detect significant changes in the SCFA butyrate
and a modest, non-significant increase in propion-
ate with exercise in our small study of older per-
sons. Studies in young adults have similarly found
that greater physical activity levels3® or exercise
interventions®> were associated with higher levels
or an increase in butyrate-producing species,
SCFAs, or increased expression of butyryl-
CoA:acetate CoA-transferase and methylmalonyl-
CoA decarboxylase gene rRNA. The mechanisms
by which exercise leads to increased stool butyrate
are primarily speculative, but may include altered
gut immunity, improved colonic transit time, or
alterations in the microbiome induced by increased
exercise-induced lactate.>3° Thus the increase in
butyrate with the exercise intervention may pro-
vide additional evidence and mechanisms under-
lying the numerous health benefits of exercise,
particularly among older adults.

We also note that the existing literature linking
physical activity or exercise to changes in the gut
microbiome is limited nearly exclusively to
younger populations, but changes that occur in
the intestinal barrier, the microbiome, and the
effect of interventions on the microbiome can
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differ considerably by age. Weakening of the
intestinal barrier with age is suggested by lower
levels of tight junction proteins and bacterial
products such as lipopolysaccharide (LPS) and
LPS receptors among older compared with
younger adults.*® A prior small study similarly
found a reduction of gene expression involved in
SCFA production among centenarians.*!

Limitations of this pilot study should be noted.
Our small sample size limited adjustment for
potential confounders, thus our results should be
considered exploratory and confirmed in larger
cohorts. Our cohort was nearly all male and did
not include a non-exercise control group. Diet was
ad hibitum, dietary reports did not precisely overlap
with the time of stool collection, and the time from
collection of stool and transfer from home freezer
to —80°C freezer varied and may have impacted
the SCFA results. As the study was not specifically
developed for microbiome assessments, no addi-
tional data on bowel habits were collected.

Conclusion

In summary, multiple studies have demonstrated
shifts in either gut microbiota or microbial metab-
olites in association with increased physical activ-
ity. Results from our pilot study suggest that
exercise resulted in changes in gut microbial com-
position and the metabolite butyrate in older
adults, thus may reverse some reported features
of age-related dysbiosis. Taken as a whole, our
study provides yet another potential mechanism
by which exercise exerts health benefits.
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