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Abstract

Bacteria residing in the human gastrointestinal (Gl) tract has a symbiotic relationship with its host.
Animal models have demonstrated a relationship between exercise and gut microbiota
composition. This was the first study to explore the relationship between cardiorespiratory fitness
(maximal oxygen consumption, VO,max) and relative gut microbiota composition [Firmicutes to
Bacteroidetes ratio (F/B)] in healthy young adults in a free-living environment. Twenty males and
18 females (25.7+2.2 y), who did not take antibiotics in the last 6 months, volunteered for this
study. VOomax Was measured using a symptom-limited graded treadmill test. Relative microbiota
composition was determined by analyzing DNA extracted from stool samples using Quantitative
Polymerase Chain Reaction (QPCR) that specifically measured the quantity of a target gene (16s
RNA) found in Firmicutes and Bacteroidetes. Relationships between F/B and potentially related
dietary, anthropometric, and fitness variables were assessed using correlation analyses with
appropriate Bonferroni adjustment (p<0.004). Average F/B ratio in all participants was 0.94+0.03.
F/B ratio was significantly correlated to VO,max (/=0.48, p<0.003) but, no other fitness, nutritional
intake, or anthropometric variables (£>0.004). VO2max explained ~22% of the variance of an
individual’s relative gut bacteria as determined by F/B ratio. These data support animal findings,
demonstrating a relationship between relative human gut microbiota composition and
cardiorespiratory fitness in healthy young adults. GI bacteria is integral in regulating a myriad of
physiological processes, and greater insight regarding ramifications of exercise and nutrition on
gut microbial composition may help guide therapies to promote human health.
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INTRODUCTION

The human body contains a vast number of bacteria cells (Sender et al., 2016) and the
composition of bacteria in the gut (i.e., gut microbiota) is linked to a variety of physiological
functions (Sommer et al., 2013) and diseases, such as obesity (Ley et al., 2006). Firmicutes
and Bacteroidetes compose the vast majority of the bacterial species residing in the human
gastrointestinal tract, and as such the relative ratio between Firmicutes to Bacteroidetes
(F/B) has been used as a measure of gut microbiota health (Koliada et al., 2017). Although
obesity has been associated with an elevated F/B (Ley et al., 2006), exercise training has
similarly been proven to increase bacterial species within the Firmicutes phyla (Choi, et al.,
2013; Queipo-Ortuno et al., 2013), illustrating the lack of consensus on an optimal F/B
proportion.

Recent findings suggest a dynamic relationship between gut microbiota and physical activity
levels (Allen et al., 2017; Choi et al., 2013; Clarke et al., 2014; Estaki et al., 2016; Evans et
al., 2014; Lambert et al., 2015; Petersen et al., 2017; Petriz et al., 2014; Queipo-Ortuno et
al., 2013), with professional athletes and higher fit individuals exhibiting more diverse
composition compared to their sedentary or less fit counterparts (Clarke et al., 2014; Estaki
et al., 2016). Exercise training has further been shown to increase the abundance of bacterial
species associated with butyrate production (Allen et al., 2017), including Clostridales, a
bacterial order under the Firmicutes phylum. Butyrate production may be important as it is
linked to improving the intestinal barrier, which is responsible for sequestering toxic agents
and bacteria within the intestine (Peng et al., 2009). Taken together, these findings suggest
that exercise may elicit a greater abundance of healthy bacterial species (i.e., butyrate
producers) that may help to fortify the intestinal epithelium and prevent the translocation of
noxious bacterial species into circulation which would have a wealth of deleterious systemic
ramifications.

To the best of our knowledge, no study has examined if F/B is associated with
cardiorespiratory fitness, as assessed by maximal oxygen consumption (VO2max),
independent from dietary or anthropometric measures. The purpose of this exploratory study
was to identify potential relationships among relative gut microbiota composition (F/B) and
VOsmax, body composition, or dietary intake among healthy young adults in a free-living
environment.

MATERIALS AND METHODS

This study was conducted in accordance with the Declaration of Helsinki and approved by
San Francisco State University’s Institutional Review Board (approval number X16-67b).
Thirty-seven healthy participants (20 males, 17 females; age 25.7+2.2y) provided written
informed consent and completed pre-participation, exercise history, and demographics
questionnaires (data presented in Table 1). Participants were instructed to follow their
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normal diet for 7 days and track dietary intake with MyFitnessPal.com (MyFitnessPal Inc.,
San Francisco, CA). Participants were given a kit for stool collection at home (DNA
Genotek Inc., Ontario, Canada) and were instructed on proper use. Participant’s stool
samples and dietary logs were given to the researchers and body composition was measured
using air displacement plethysmography (BOD POD: Life Measurement, Inc., Concord, CA,
USA). Participant’s cardiorespiratory fitness was measured using a symptom-limited
maximal graded treadmill exercise test to determine VOomax (Quark CPET: Cosmed, Inc.,
Rome, Italy). They warmed up (3 minutes of walking, 4.8 km/hr) then started jogging at a
self-selected pace for 3 minutes. To obtain VO,nax, the treadmill incline was increased by
2% every 2 minutes while keeping the speed constant until either the participant reached
volitional exhaustion. To ensure a maximal effort was given, researchers observed a failure
for heart rate to increase with additional workload, plateau in VOZ2, or a Rating of Perceived
Exertion (RPE) on the Borg Scale >17.

Fecal samples were collected using OMNIgene Gut stool collection kits (DNA Genoteck
Inc., Onatrio, Canada) which can keep samples stable at room temperature for up to 60 days
(Doukhanine et al., 2016). All participants were asked to record the date and time of
collection, and samples were returned within 72 hours to ensure DNA extraction was
performed within 7 days. This method has proven to deliver high quality DNA without
introducing bias for potential downstream applications (Doukhanine et al., 2014).

DNA was extracted from fecal matter using a PowerSoil DNA Isolation Kit (MO BIO
Laboratories, Carlsbad, CA, USA) and yield and purity was determined using a
Nanodrop2000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). The
relative F/B for each participant’s sample was determined by real-time quantitative
Polymerase Chain Reaction (QPCR) using a StepOnePlus Instrument (Applied Biosystems
Inc. USA). Each sample was assayed in triplicate using the FAST SYBR Green Master Mix
(Applied Biosystems Inc, USA) using 200 nm of both forward and reverse primers. These
primers targeted the 16S rRNA sequences of Firmicutes and Bacteroidetes, primers and
cycling conditionings as described previously (Bahl et al., 2012; Guo et al., 2008; Payne et
al., 2011). Standard curves were generated from known concentrations of plasmid DNA
containing the 16S rRNA sequence of Firmicutes or Bacteroidetes.

Statistical analysis was performed with IBM SPSS Statistics (version 24, SPSS Inc.,
Chicago, IL, USA). Only participants who completed all aspects of the investigation were
included in the final analyses (/7=37) and one individual’s data was dropped because their
BMI was >2 SD above the mean. Descriptive statistics were run on all variables and
displayed as mean + SD when applicable. Relationships between relative gut microbiota
composition and dietary, anthropometric, and fitness variables were assessed via Pearson’s
correlation coefficients (), with significance set at p<0.004 based on an appropriate
Bonferroni adjustment. A linear regression was run to determine the variance between the
variables. Analyses were performed on the total sample and separately by gender.
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Males had a significantly higher VOomax (0=0.004) and fat free mass percentage (p<0.001)
compared to females (anthropometric values displayed in Table 1). Average F/B in all
participants was 0.94+0.03 (median and interquartile ranges of bacteria can be found in
Table 2) and average VOymay Was 46.4 + 8.0 ml-kg~Imin~1. F/B was significantly correlated
to VOymax for all participants (/=0.48, p<0.003) as displayed in Figure 1; however, when
analyzed separately, neither males (/=0.543, p<0.05) or females (r=0.621, p<0.01) exhibited
a statistically significant correlation between F/B and VO,ax. NO other fitness, nutritional,
or anthropometric variables were significantly correlated to F/B as shown in Table 3
(1>0.004). VO,max accounted for approximately 22% of the variance in relative gut
microbiota composition.

DISCUSSION

This was the first investigation to determine if there was a relationship between VOoax and
F/B in healthy young adults in a free-living environment. We found that VO3, Was
associated with an increase in F/B and accounted for a significant portion of the variance
(~22%). No other variables (i.e., diet, body composition, or other fitness measures) were
significantly correlated to relative gut microbiota composition among these healthy young
adults.

The observed relationship between cardiorespiratory fitness and gut microbiota composition
supports previous research suggesting that exercise training may promote an increase in
bacterial strains in the Firmicutes phylum (Allen et al., 2017; Estaki et al., 2016). These
findings aid in attempting to understand the intricate relationship between physical activity,
gut microbial composition, and overall organism health. As microbial transplantation has
proven to help restore health status in disease populations (Smith et al., 2013), the growing
body of literature on physical activity and gut health may help to inform future bacterial
therapeutic interventions attempting to restore microbial homeostasis and preserve
physiological systems (e.g., aging skeletal muscle size and function) (Grosicki et al., 2017).

In agreement with previous findings by Finucane et al., (2014), we observed no association
between body composition, or Body Mass Index (BMI) and F/B (Finucane et al., 2014).
However, these findings contradict those in a classic study by Ley and colleagues (Ley et al.,
2006). This difference may be explained by inter-study participant differences; our
participants exhibited healthy body compositions (BMI = 23.7+3.6), while all participants in
the Ley study were obese as defined by a BMI over 30. As obesity is strongly associated
with metabolic derangement, the relationship between BMI and F/B observed by Ley et al.
may be related to dysfunctional interactions between gut microbiota and bioenergetic
pathways (Musso et al., 2011).

Moreover, we did not find an association between macronutrient intake and F/B. A potential
explanation for this was the relatively low fat (average of 78+27 g of fat consumed per day)
and homogenous macronutrient intake by our participants, as fat intake has been proposed to
contribute to microbial dysbiosis in animal models (Martinez et al., 2017; Murphy et al.,
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2015). Thus, the association between macronutrient intake and F/B observed in previous
reports may be a product of diets that are high in fat (= 60%) compared to the diets
consumed by our healthy young subjects (~36%).

A couple limitations of this investigation should be noted. First, several variables in this
study were obtained through subjective self-reports, such as the dietary intake. Objective
measures of dietary intake should be used in future studies to more reliably establish the
presence or absence of the relationships among gut microbiota, fitness, and nutrition.
Second, this study did not utilize a randomized control trial, so it cannot be concluded that
the relationships presented here are a product of exercise training or that the observed
microbial characteristics predispose someone to achieving a higher fitness level.

Recent findings have demonstrated the importance of gut microbiota in various
physiological systems, highlighting the need for continued exploration of the relationship
between physical activity and gut health. Our results are consistent with recent reports
(Allen et al., 2017; Estaki et al., 2016) suggesting that exercise training may elicit favorable
shifts in gut microbial composition in young healthy adults. Gut microbiota is integral in
regulating a myriad of physiological processes, and greater insight regarding the beneficial
effects of exercise training for gut microbial composition may help guide therapies to
promote human health.
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Figure 1:
Correlation between Firmicutes to Bacteroidetes ratio (F/B) and cardiorespiratory fitness

(maximal oxygen consumption, VO,max) in healthy young adults [Men = black circles;
Women = white circles]. Linear regression lines are shown for all participants (solid line),
men (dashed line), and women (dotted line).
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Participant anthropometric and demographic characteristics. Values are means + standard deviations (ranges).
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All Participants (n=37) Male (n=20) Female (n=17)
Anthropometric Measures
170.6 +9.9 1776+7.1 162.3+5.3
Height (cm)
(154.0 — 190.5) (166.4—-190.5)  (154.0-178.8)
69.3+14.0 76.2+14.1 61.0+8.7
Body Mass (kg)
(47.7-108.1) (56.1-108.1) (47.7-75.2)
23.7+3.6 241+4.0 23.2+3.0
BMI (kg/m?)
(17.9-31.4) (17.9-31.4) (18.3-28.1)
23.1+9.1 18.3+9.2 28.7+5.2
Body Fat %
(7.0-38.0) (7.0-37.2) (21.0-38.0)
16.2+8.0 148+99 17.7+49
Fat Mass (kg)
(4.1-40.2) (41-40.2) (11.3-27.0)
53.0+11.4 61.2+8.0 43.3+5.8
Fat Free Mass (kg)
(33.7-80.1) (32.3-64.0) (33.7-58.1)
. 46.4+£8.0 496+7.38 425+6.7
VO;max (MI/kg/min)
(32.3-64.0) (32.3-64.0) (33.1-59.9)
Demographic Characteristics
Age (years) 25.7+22 25927 254+1.8
(22-32) (23-32) (22 - 28)
Ethnicity
White/Caucasian 37.8% 45.0% 29.4%
Hispanic/Latino 21.6% 20.0% 23.5%
Asian/Pacific Islander 21.6% 10.0% 35.3%
Two Or More Ethnicities 16.2% 20.0% 11.8%
Other 2.7% 5.0% 0.0%
Education
Some College 13.5% 15.0% 11.8%
Bachelor’s Degree 70.3% 65.0% 76.5%
Graduate Degree 10.8% 15.0% 5.9%
Doctorate Degree 5.4% 5.0% 5.9%
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Table 2:

Phylum Median and interquartile ranges for all participants.

Firmicutes
Bacteroidetes
F/B Ratio

0.0063  (0.0017-0.0143)
0.0117  (0.0037-0.0197)
0.9216  (0.6469-1.1966)
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