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Abstract

Background—While limited data suggest that the fecal microbiota in healthy people are stable
over time, the intra-individual variability of the fecal microbiota in constipated patients is
unknown.

Methods—This study evaluated the intra-individual reproducibility of fecal microbiota analysed
with 16S rRNA gene sequencing in two stool samples collected without and after a laxative,
respectively, in 25 healthy people and 25 constipated women. Participants completed a food record
for 3 days before the stool collection. Colonic transit was measured with scintigraphy.

Key Results—The constipated patients were older (48+15 versus 39+10 years, P=.02) than
healthy participants but had a similar BMI. The total daily caloric intake was less (P=.005) in
constipated (1265+350 kcal) than healthy participants (1597+402 kcal). Fourteen patients but only
2 controls (A<.005), had delayed colonic transit. For most measures of alpha (e.g., Observed OTU
number, Shannon index) and beta diversity (e.g., Bray-Curtis dissimilarity, UniFrac, phyla level
abundance), the ICCs between 2 stool samples were high, indicating moderate or strong
agreement, and similar in healthy people and constipated patients. The ICC for the weighted
UniFrac distance, which is weighted by abundance, was lower than its unweighted counterpart,
indicating that the unweighted measure is more robust and reproducible.

Conclusions & Inferences—The intra-individual reproducibility of fecal microbiota in
constipated patients is high and comparable to healthy participants. For most purposes, evaluating
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the fecal microbiota in a single stool sample should generally suffice in adequately powered
studies of healthy and constipated patients.

Abbreviated abstract

The intra-individual reproducibility of fecal microbiota in constipated patients is high and
comparable to healthy participants. For most purposes, evaluating the fecal microbiota in a single
stool sample should generally suffice in adequately powered studies of healthy and constipated

patients.
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Alterations in the gut microbiome have been associated with or implicated in the
pathophysiology of several gastrointestinal and liver diseases such as antibiotic-associated
diarrhea, chronic constipation, irritable bowel syndrome (IBS), inflammatory bowel disease,
obesity, colorectal cancer, and liver inflammation.1=® While it has been suggested that each
individual has a unique gut microbiota profile,8 the evidence suggesting that the fecal
microbiota profile is stable within individuals over time is limited and mixed. For example,
in 9 healthy participants studied twice over 3 months, the inter-individual variability
exceeded the intra-individual variability.” In another study, fecal samples evaluated with the
low-error amplicon sequencing (LEA-Seq) technique were stable in 37 healthy adults
sampled 2 to 13 times up to 296 weeks apart.8

By contrast, the fecal microbiota profile varied considerably over 6 and 15 months in 2
healthy people.? Among 43 healthy individuals, single nucleotide polymorphism variations,
but not the bacterial species in 88 fecal metagenomes, were stable over 37-378 days.1°
Longitudinal sampling in 85 healthy adults at weekly intervals over 3 months disclosed
considerable temporal variability.11 Similar to the composition of the individual
microbiome, this too is personalized. Data from the Human Microbiome Project indicate
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that only approximately 30% of samples, as defined by taxa abundance-based metagenomic
‘codes’ and a measure of beta diversity, were stable for up to 450 days.® Conceivably,
temporal variations in the microbiota profile may be related not only to the disease state but
also to alterations in diet, drugs, colonic transit, body mass index (BMI), and antibiotic
use.3 12-15 Hence, longitudinal assessments may be useful to more rigorously characterize
fecal microbiota profiles in disease states.1® In IBS, particularly in diarrhea-predominant
IBS, the fecal microbiota evaluated with older methods, not 16S rRNA techniques, were
unstable over time.17-19 Therefore, it is necessary to evaluate the intra-individual stability of
the fecal microbiota with 16S rRNA techniques in IBS and chronic constipation. Indeed,
because there is an association between stool consistency and the composition of
microbiota, 20 it is conceivable that alterations in the fecal microbiota at least partly explain
the temporal fluctuation in symptoms, most frequently from constipation- or diarrhea-
predominant IBS to mixed type IBS or vice versa.2!

In view of this, the objectives of this study were to (i) compare the intra-individual
variability in human fecal microbiota over 2 samples taken one week apart, in healthy people
and constipated patients, and separately, in people with normal or slow colonic transit and
(i) assess the reproducibility of the association between fecal microbiota and diet and
physiological parameters (e.g., colonic transit and breath methane production). Our
hypotheses were that (i) assessments of fecal microbiota in healthy people, patients with
constipation, normal, and slow colonic transit are highly reproducible within individuals; (ii)
the intra-individual variability of fecal microbiota in patients with constipation, and
separately, with normal or slow colonic transit is not significantly different to that in healthy
people; and (iii) the associations between the fecal microbiota and physiologic parameters
(e.g., breath methane production and colonic transit) are also reproducible.

MATERIALS AND METHODS

Study Design and Participants

From February 2013 through April 2014, 25 female patients with chronic constipation and
25 healthy women, all non-smokers and aged between 18-80 years, consented to participate
in this study that had been approved by the Institutional Review Board at Mayo Clinic.
Patients had Rome 111 symptom criteria for a lower functional gastrointestinal disorder with
significant constipation 22. Twenty of 25 patients reported having symptoms for at least 4
years before the study. Twenty-four of the 25 patients lived within 350 miles of Mayo Clinic,
Rochester, MN; 21 of these lived within 150 miles. Neither the healthy participants nor the
constipated patients had clinical evidence of significant systemic (e.g., cardiovascular)
disease that could potentially interfere with the objectives of the study and/or pose safety
concerns; prior gastric, intestinal, or colonic resection; inflammatory bowel disease;
gastrointestinal cancer; antibiotic or probiotic use within 3 months prior to or during the
study.

Assessment of Dietary Intake

Before starting study procedures, a registered dietitian advised participants to maintain a
stable diet for 1 week before and throughout the study; and to follow a low fiber diet and
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avoid dairy products, high fructose corn syrup, fruits, fruit juices, honey, "sugar-free"
candies, gums or products containing sorbitol, and live or active cultured-containing foods
for 24 hours prior to the lactulose breath test. Participants were instructed to complete a food
record for 3 days before the stool collection. Nutrition analysis of the food records was
performed using the ESHA Food Processor software (Version 10.14, ESHA Research,
Salem, OR). All study participants were instructed to not use pre or probiotics during the
study. Only 1 patient was on a probiotic of doubtful efficacy that was discontinued 1 week
before the study.

Scintigraphic Assessment of Colonic Transit

Colonic transit was measured with a standard, validated scintigraphic method 23 24, using a
methacrylate-coated, delayed-release capsule containing indium-111 (111In) adsorbed on
activated charcoal particles. Colonic transit was summarized as the colonic geometric center
(GC), which is the weighted average of counts in the different colonic regions at 24 (GC24)
and 48 (GC48) hours. A higher GC reflects a faster colonic transit.

Stool Collection

Standardized instructions and stool kits were provided to patients for collecting stool
samples, which were frozen and stored in a —80°C freezer. The first stool sample was
collected without a laxative in all participants, with the exception of one patient who
required an enema and another patient who required a laxative before providing the first
sample. The second stool sample was collected within 7 days of the first sample; magneisum
hydroxide (60 mL) and bisacodyl (5 mg) was administered to all participants the night
before sample collection.

Sequencing and Analytical Methods

DNA was extracted from stool with a commercial kit (MoBio DNA extraction kit, Carlsbad,
CA\) following standard Human Microbiome Project guidelines.?® After extraction, total
DNA was quantified using a Qubit assay kit (Life Technologies Corporation, NY, USA); in
all cases, this was >100 ng/uL, with an average yield of 3799 (range 134 — 40,800) ng/uL for
the first stool samples, and 2543 (range 87-11,600) ng/jL for the second. 16S-based
sequencing was performed with an Illumina MiSeq sequencer (Illumina, San Diego, CA).
Phylotype profiles of the microbiota from healthy and constipated populations were
generated using deep rDNA hypervariable tag sequencing of the hypervariable V3-V5
region of the small subunit (SSU) rRNA gene, which has been validated for use with human
microbiota and is the preferred technique by the Human Microbiome Project. With the
longer reads from the MiSeq (300x300 paired end reads), sequencing included the V3-V5
regions, thereby optimizing the phylogenetic analysis 26; the 300 base pair reads ensured
optimal phylogenetic identification. Barcoding of samples prior to sequencing yielded an
average of 49,186 reads for the first stool sample (range 9438 — 161,117) and 48,237 for the
second stool sample (range 17,465 — 164,321), ensuring detection of both dominant (core
microbiota) and poorly-represented taxa (variable microbiota). Paired end reads were
stitched, aligned, and classified using a custom pipeline (TORNADO v2.0) 7. Briefly, low
base quality reads were either trimmed or discarded,2® and these reads were not classified as
a bacteria kingdom?2® or matched to the bacteria 16S rRNA secondary structure.39 To
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evaluate the microbial diversity and abundance, UPARSE was used for Operational
Taxonomical Units (OTU) clustering,3! and FastTree was used for phylogeny.32 The 16S
data were clustered into OTUs at 97% sequence similarity, and the taxonomy was assigned
using the Ribosomal Database Project classifier and Greengenes database (v13.5)

Statistical analysis

The temporal stability of the stool microbiome over the two visits was quantified with an
intraclass correlation coefficient (ICC) for established parameters of microbiota, i.e., (i)
measures of alpha diversity (number of observed OTUs and Shannon index); (ii) measures of
beta diversity (top principal coordinates analysis [PCoA] component for unweighted
UniFrac, generalized UniFrac,33 weighted UniFrac, and Bray-Curtis distance); and (iii) Taxa
relative abundance at the phylum and genus level (square-root transformed). The ICC is
defined as

2
T

==
oy t+o?

where 7 represents the biological variability, i.e., individual-to-individual variability, and o

represents the temporal variability. The estimates of 57 and »2 could be obtained by fitting a
linear mixed effects model

yqj'j:bi‘i’fij (Z:1 A R E 2)
biNN(u,ag), EijNN(O,O'?),

where yj;is the measurment (e.g. alpha-diversity) of 7th subject (/=1 ... 77) and jth visit (j=
1, 2), bjis subject-level random effects and e;;is the random error, which in our case
represents the subject-specific temporal variation. Specifically, the ICC values were
estimated using the R package ‘ICC’ along with the 95% confidence interval (CI) for each
subgroup of samples, and were truncated at 0 in case of negative values. The strength of
agreement was based on ICC values and defined as follows: ICC values of 0-0.2 indicate
poor agreement, 0.3-0.4 indicates fair agreement, 0.5-0.6 indicates moderate agreement,
0.7-0.8 indicates strong agreement, and >0.8 indicates excellent agreement. While these
parameters for agreement are widely used, they have not been specifically defined for
evaluating microbiota. The assessment of statistical significance for the difference in ICC
was based on the standard errors of the estimates using normal approximation. Boxplots of
Spearman correlations between the OTU abundance of the two samples were also used to
assess the OTU-level reproducibility. Further, differences in genus-level abundance between
the first and second sample was assessed with a Wilcoxon signed rank test with false
discovery rate control based on the Benjamini-Hochberg procedure to correct for multiple
testing. The Wilcoxon signed rank test is a non-parametric test that does not assume a
parametric distribution of the abundance data and thus is more robust than parametric tests.
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To investigate the reproducibility of association between the fecal microbiota and variable
clinical and demographic variables, PERMANOVA on the distance matrices was conducted
using the first and second sample, respectively. The permutational multivariate analysis of
variance (PERMANOVA) approach (‘adonis’ function in the R package ‘vegan’) was used
to identify associations between microbial community profiles and variables of interest (e.g.,
constipation status, colonic transit). For all variables, statistical significance of the
PERMANOVA results was assessed using 1,000 random microbial community/variable
permutations.

To assess the impact of different ICC values, we estimated the sample size required to detect
a weak, medium, and strong difference (i.e., effect size) in microbiota measurements with
80% power at different ICC values based on two sample t-test. All statistical analyses were
performed in R-3.0.2 (R Development Core Teams, Vienna, Austria).

Patient Characteristics

The demographic and clinical characteristics of the study participants have been detailed
previously.? Salient findings are as follows (Table 1). Of the 25 patients, 13 had symptoms
of functional constipation, 6 had IBS-C, and 6 had mixed IBS, predominantly constipation,
by Rome Il1 criteria. The constipated patients were older (48+15 versus 39+10 years, P=.02)
than healthy participants but had a similar BMI. The total daily caloric intake was less (P=.
005) in constipated (1265+350 kcal) than healthy participants (1597+402 kcal). Compared
to patients, healthy participants also consumed more carbohydrate (~=.054), protein (P=.
002), fat (P=.03), and fiber (P=.01) when expressed as an absolute amount, but not as a
proportion of the total calorie intake. Gastric emptying at 2 hours, but not at 4 hours, was
lower (P<.01) in constipated patients than in healthy participants. There was no difference in
small intestinal transit between the two groups. Fourteen patients (9 with functional
constipation, 3 with IBS-C, and 2 with mixed IBS) but only 2 controls (P<.005), had delayed
colonic transit. Six healthy participants but no patients had rapid colonic transit. Colonic
transit (GC24) was directly correlated with total calorie intake (r=0.31, A<.05) and total fiber
intake (r=0.36, A<.05), and inversely correlated with age (r= —0.32, /<.05).

Reproducibility of Overall Composition of Fecal Microbiota

With some exceptions, the ICCs for most measures of alpha and beta diversity were high and
similar in healthy participants and constipated patients (Table 2, Figure 1). The alpha
diversity measures the species richness and evenness of microbiota within a sample. In all
cohorts (i.e., healthy and constipated participants, normal and slow colonic transit), the ICC
for number of observed OTUs, which is an unweighted measure that reflects richness, was
numerically greater than the Shannon index, which also measures the relative abundance of
different species. To be noted, the ICC for the Shannon index was numerically lower in
healthy people (ICC 0.43, 95% CI 0.10-0.76) than in constipated patients (ICC 0.67, 95%
Cl 0.43-0.90).
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In contrast to alpha diversity, the beta diversity reflects the diversity between samples. The
ICC for the Bray-Curtis dissimilarity, which measures the species overlap between two
populations, and for the unweighted UniFrac distance, which measures the shared OTU
membership on a phylogenetic tree, was high in all cohorts (Table 2). By comparison, the
ICC for the weighted UniFrac distance, which is a more quantitative assessment and weights
the OTUs by their abundance, was generally lower than its unweighted counterpart,
indicating that unweighted measures was more robust and reproducible. The ICC for
weighted UniFrac was noticeably lower (P=.03) in participants with normal (ICC 0.0, 95%
C1 0.0 - 0.52) as opposed to slow colonic transit. Similarly, the ICC for the Generalized
UniFrac distance, which attenuates the weights on the dominant OTUs, was also lower (~=.
1) in participants with normal compared to slow colonic transit.

Reproducibility of Taxonomic Composition of Fecal Microbiota

The ICCs for taxonomic abundances were moderate to high. At the phylum level, the ICC
for Proteobacteria was lower (P=.01) in healthy participants than in constipated patients. By
contrast, the ICCs for Bacteroidetes and Firmicutes were not significantly different between
constipated patients and healthy participants, and between participants with normal and slow
colonic transit. The taxa which accounted for these lower ICCs at the genus level were also
identified (Table 3).

The OTU-level abundance profile in the first and second samples was significantly
correlated in the entire cohort as well as in subgroups (i.e., healthy participants, constipated
patients, and participants with normal or slow colonic transit) (Figure 2).

We next tested for the effect of laxative treatment on the microbiota composition. Based on
PERMANOVA, we did observe a significant effect (P=0.05, unweighted UniFrac),
indicating that the temporal variance could be partially explained by the laxative treatment.
Paired Wilcoxon tests suggested that at the genus level, Oscillospirawas more abundant in
the first sample (before laxative treatment), while Phascolarctobacterium, Veillonella, and
Erwinia were more abundant in the second sample (after laxative treatment). These
differences were significant before (£<.05) but not after adjusting for multiple testing using
FDR control.

Reproducibility of Associations between Fecal Microbiota and Other Variables

We next studied the reproducibility of the associations we observed in our previous study
using the first sample.3 We focused on the univariate association tests based on
PERMANOVA. With a few exceptions, univariate associations between the fecal microbiota
and other parameters were comparable in the first and second stool samples (Table 4). The
fecal microbiota profile was associated with total calorie intake in the first but not in the
second stool sample.

Sample Size Requirements

The sample size required to identify differences between fecal microbiota measurements in
two groups with a two-sample t-test was first estimated assuming no measurement error
(ICC=1.0). At 80% power and an alpha level of 0.05, 25, 50 and 100 individuals per group
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are required to detect hypothetically defined large, intermediate, and small differences (i.e.,
effect sizes) between groups. When the ICC for the reproducibility of microbiota parameters
is incorporated into the sample size assessment, a greater sample size is required, as the ICC
declines (Figure 3) to a comparable extent for all 3 hypothetical effect sizes. For example, to
identify a strong difference, 25 samples per group are required when the ICC is 1.0. As the
ICC (i.e., reproducibility) declines, the required sample size increases, for example to 63
samples per group for an ICC of 0.4.

DISCUSSION

In this study, we used ICC to quantify the temporal stability of the stool microbiota based on
several microbiota measurements. Besides the ICC measure, other measures that define the
temporal variation are also possible. For example, Jalanka-Tuovinen et al. used the
coefficient of variation (CoV) to study the temporal stability of the core gut microbial taxa in
healthy subjects.3* The reason we chose the ICC measure over other measures is that ICC is
directly related to statistical power, a key issue in the study design. Similar approaches have
also been used to study the reproducibility and stability of various fecal sampling
methods.35-39

Overall, the agreement between two fecal samples for all measures of alpha and beta
diversity in healthy people and patients with chronic constipation was moderate or strong.
The ICC for number of observed OTUs, which reflect the richness of microbiota, indicated
strong agreement. For the Shannon index, which reflects the richness and evenness of fecal
microbiota, the agreement between two stool samples was moderate. Similarly, for most
measures of beta diversity, the ICCs suggested moderate or strong agreement. Extending
previous studies,’ these observations suggest that for most diversity indices of microbiota
composition, a single sample is cost-effective, not only in healthy people but also in
constipated patients. However, if the sample size is the major constraint, statistical power
could be improved moderately by using several technical replicates. The study also
suggested that the composition of fecal microbiota was affected by a laxative.

For some measures of B diversity, i.e., the unweighted UniFrac which reflects the presence
or absence rather than their abundance in OTUs, and the Bray-Curtis metric, which attaches
an equal weight to all OTUs, the agreement was moderate or strong in all cohorts, including
patients with normal colonic transit. Agreement for the weighted UniFrac and the
generalized Unifrac distance was also moderate or strong in healthy people, constipated
patients, and patients with slow colonic transit. However, the agreement for the weighted
UniFrac and generalized Unifrac distances in patients with normal colonic transit was poor,
possibly because of stochastic fluctuations related to a small sample size; only 19
participants had normal colonic transit. An alternative or additional explanation is that the
weighted UniFrac and generalized Unifrac distances are influenced, respectively,
predominantly and partly, by the most abundant lineages. Confirming this, the
reproducibility of the phyla Bacteroidetes and Firmicutes was also lower in patients with
normal colonic transit. These observations are consistent with the observation that bowel
cleansing with a purgative prior to colonoscopy reduced the abundance of taxa belonging to
Bacteroidetes and Firmicutes but not the overall diversity of microbiota.*0 At the genus
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level, variations in Bacteroides, Lactococcus, and Streptococcus explained the low ICC in
participants with normal colonic transit. Conceivably, this poor reproducibility may be partly
explained by the effects of laxatives on colonic transit and stool consistency, which, to
speculate, may be more pronounced in people with normal compared to slow colonic transit.
The fecal microbiota, stool consistency, and colonic transit are known to be univariately
associated with each other. Alterations in colonic transit affect stool consistency.*1 42 Stool
consistency is associated with several measures of microbiota composition, i.e., species
richness, enterotypes and taxonomic composition.#3 Indeed, in a study of 3948 people, stool
consistency had the largest effect size on the variation of fecal microbiota.*4 Polyethylene
glycol significantly increased the relative abundance of Bacteroidesin ex-germ free mice
colonized with human fecal microbiota.®

The univariate associations between the fecal microbiota and other variables were mostly
comparable for the first and second stool samples. This provides further evidence for the
intra-individual reproducibility of fecal microbiota and also supports the association between
fecal microbiota and colonic transit as well as with breath methane production.3 However,
minor differences were observed, which can again be explained by stochastic fluctuation
related to a small sample size. However, alternative explanations are also possible. For
example, in contrast to the first stool sample, total calorie intake was not significantly
associated with the unweighted Unifrac distance, perhaps because the caloric intake was
recorded for 3 days before the first stool sample and not thereafter. Acute changes in caloric
intake are known to affect the stool microbiota.14 46

These data will be useful for selecting the sample size in future studies.1® 47 The sample
size depends on the effect size of the proposed intervention of disease state and the intra-
subject variability.#” For a conservative ICC of approximately 0.5, which is lower than the
observed ICC for most parameters in this study, the ideal sample size required to detect a
given effect size will be approximately twice of that required for a perfect ICC (ICC=1.0).
However, constrained by the absence of a standardized approach to report effect sizes or
unknown effect sizes, pilot studies may often be required to estimate effect size.16

These measurements were obtained using state-of-the-art techniques from a carefully
characterized cohort of healthy participants and constipated patients. However, the two stool
samples were collected at 7-day intervals. Additional studies are necessary to ascertain if the
fecal microbiota is stable over longer time periods, particularly since bowel symptoms may
change over time, most frequently from constipation- or diarrhea-predominant IBS to mixed
type or vice versa.?! Similar to a previous study,*® dietary caloric intake was lower in
constipated than healthy participants. However, the reported average daily caloric intake in
constipated participants was 1265 Kcal. We cannot exclude the possibility that this 3-day
dietary assessment period was not representative of their regular caloric intake.

In conclusion, measurements of fecal microbial diversity are mostly reproducible in healthy
people and constipated patients. A few measures of microbial composition were not
reproducible in people with normal colonic transit.
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KEY POINTS

. The intra-individual reproducibility of fecal microbiota in constipation is
incompletely understood.

. The agreement between two fecal samples for all measures of alpha and beta
diversity in healthy people and patients with chronic constipation was
moderate or strong.

. For most purposes, evaluating the fecal microbiota in a single stool sample is

generally sufficient in adequately powered studies.
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Figure 1.

Comparison of intraclass correlation coefficients (ICC) between two stool samples for
different measures of fecal microbiota composition. The bars represent the absolute value of
the ICC, i.e., the degree of similarity between the two stool samples for the corresponding
measure microbiota composition. Most measures of alpha and beta diversity were similar
across the 2 stool samples, and this was comparable in healthy participants and constipated
patients.
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Spearman correlations between observed operational taxonomic unit (OTU) abundances in
the second stool sample compared to the first stool sample in healthy controls, constipated
patients, normal colonic transit, and slow colonic transit.
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Figure 3.
Effect of ICC on sample size requirements. As reproducibility decreases, i.e. ICC is lower, a

larger sample size is required to detect all 3 effect sizes with 80% power at an a level of
0.05. For example, when the ICC is 0.6, a sample size of 1.5*25=x, 1.5*50= x, and
1.5*100= x is sufficient to detect strong, medium, and weak effects, respectively.
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Summary of Patient Characteristics *

Table 1

Variable Healthy (N=25) Constipated (N=25) P value
Age, y 39+10 48+15 02
BMI, kg/m? 26+4 25+4 13
Total caloric intake, kcal 1597+402 1265+350 .005
Carbohydrate, g 188+54 155+62 .054
Protein, g 7519 6026 .002
Fat, g 60+26 46+15 .03
Fiber, g 17413 1244 .01
Carbohydrate (% of total calories) 479 49+12 24
Protein (% of total calories) 2016 20+7 .88
Fat (% of total calories) 3346 3246 .85
Breath methane (AUC, ppm “min) ~ 14882895 41006656 20
Colonic transit, GC24 2.6+1.1 1.6+0.8 .0006
Colonic transit, GC48 3.9+0.9 2.8+1.0 .001

Page 18

Abbreviations: AUC, area under the curve; BMI, body mass index; GC24, geometric center of colonic transit at 24 hours; GC48, geometric center

of colonic transit at 48 hours

*
All data presented as mean+SD
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Variable Stool-1

Unweighted UniFrac *

Weighted UniFrac *

Stool-2

Unweighted UniFrac *

Weighted UniFrac *

Univariate analyses

Age, y .03
BMI .62
Calories .04
Carbohydrate .26
Fat 31
Constipation status .049
Colonic transit .22
Breath methane <.001

Multiple variable analyses

Constipation status (adjusted for age, .50
BMI, diet, and colonic transit)

Colonic transit (adjusted for age, BMI, .92
diet, and constipation status)

Breath methane (age, BMI, <.001
constipation status, colonic transit, diet)

.02
15
14
.09
.07
.09
.008
.02

.39

.08

.03

.02
71
15
.20
.07
.01
.05
<.001

.38

72

.03

.09
.08
.16
.30
48
.03
.04
12

.66

.57

.30

*
Pvalues

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); UniFrac, a distance metric for

comparing two microbial communities.
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