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Abstract

Background: The urogenital microbiome is associated with urgency and mixed urinary
incontinence symptoms and differential treatment response to pharmacotherapy for urgency
urinary incontinence.

Objective: To describe whether the preoperative urinary and vaginal microbiomes were
associated with treatment response 12-months after mid-urethral sling surgery in women with
mixed urinary incontinence.

Study Design: This cohort study compared the preoperative microbiome compositions of urine
and vaginal samples from a subset of women undergoing mid-urethral sling surgery in the
ESTEEM (Effects of Surgical Treatment Enhanced with Exercise for Mixed Urinary Incontinence)
trial (NCT01959347) and compared the microbiota in women who were surgical responders
versus surgical non-responders. Twelve-month objective response was defined as a =270%
reduction from baseline urinary incontinence episodes on three-day diary. Subjective response
was defined as change from baseline in Urogenital Distress Inventory scores. Bacterial abundance
and beta diversity were assessed using 16S rRNA (ribosomal ribonucleic acid) sequencing. The
primary differential abundance analysis described predominant bacterial operational taxonomic
units associated with responders vs. non-responders using unadjusted and age-adjusted linear
models.

Results: Objective non-responders (N=28) compared to responders (N=72) were older
(58.5+£10.7 vs 51.6+10.2 years) and more likely post-menopausal without hormone use (Odds
Ratio [95% Confidence Interval] 6.4 [1.8-22.6]). Vaginal and urinary microbiota beta diversity
was associated with age (p<0.05) for both responders and non-responders. Overall predominant
operational taxonomic units (genera) were: Lactobacillus, Gardnerella, Tepidomonas, Escherichia,
Streptococcus, and Prevotella. Operational taxonomic units from baseline urine samples were

not significantly associated with treatment response. A greater abundance of baseline vaginal
Lactobacillus was associated with objective response(p=0.04) and Prevotella with objective non-
response (p=0.01). Adjusting for age, only a greater abundance of baseline vaginal Prevotellawas
associated with objective non-response (p=0.01). Less abundant vaginal operational taxonomic
units were also associated with objective and subjective responses and persistent urinary
incontinence symptoms (p<0.05).

Conclusions: Women meeting a 70% reduction of urinary incontinence treatment episodes
(objective responders) had greater vaginal Lactobacillus at the time of surgery, however
controlling for age diminished this association. Women not meeting a 70% reduction of urinary
incontinence episodes one year after mid-urethral sling surgery had greater vaginal Prevotella at
the time of mid-urethral sling surgery. Further research is needed to determine whether therapy
altering the vaginal microbiome may impact surgical treatment response in women with mixed
urinary incontinence.

Condensation:

At the time of surgery, the vaginal microbiome was associated with the success of mid-urethral
sling in women with combined stress and urgency urinary incontinence.
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Introduction

The urogenital microbiome is associated with lower urinary tract health, although the
relationship is complicated. While some investigators have found that urgency urinary
incontinence (UUI) symptoms are associated with the urinary microbiome,-2:3 a more
complex relationship has been found in women with mixed urinary incontinence (MUI).4
Specifically in women <51 years of age, urinary microbiome community types with fewer
Lactobacillus (<61% of genera) was associated with MUI while a higher proportion of
controls had High-Lactobacillus communities (89% Lactobacillus).*

We recently demonstrated that the composition of the urinary microbiome is correlated with
the vaginal microbiome in women with MUL.5 This complements prior genome-level work
showing that vaginal and bladder microbiota are functionally distinct from gastrointestinal
microbiota, but similar to each other.® The inter-relatedness of the vaginal and urinary
microbiomes may offer unique opportunities to optimize lower urinary tract health and
treatment outcomes.>%.7 For example, vaginal therapies could have beneficial downstream
effects on the urinary microenvironment and treatment outcomes. Alternatively, just as
differences in the urinary microenvironment are associated with differential treatment
response to medication for UUI,2 the vaginal microenvironment at the time of mid-urethral
sling surgery in women with MUI could be related to differential treatment outcomes. This
is plausible given that surgical outcomes following pancreatic and colon surgery may be
associated with specific gut microbiome compositions and targeting of the gut microbiome
has been suggested as a means of improving surgical outcome. 8910

This is a planned secondary analysis in a subset of women participating in the Effect of
Behavioral and Pelvic Floor Muscle Therapy Combined with Surgery versus Surgery Alone
on Incontinence Symptoms Among Women With Mixed Urinary Incontinence (ESTEEM)
Trial (NCT01959347).11 The objective of this study was to describe pre-operative urinary
and vaginal bacterial taxa associated with 12-month responses after mid-urethral sling
surgery in women with MUI. It was hypothesized that relative abundance of Lactobacillus
among preoperative urinary or vaginal microbiota would be associated with surgical
treatment response.

Materials and Methods:

Study population

After Institutional Review Board approval and written informed consent were obtained,
catheterized urine and vaginal bacterial samples were collected from a subset of women
(126/480) with MUI enrolled in the ESTEEM trial at one time-point, prior to surgery. As
previously described, ESTEEM participants were randomized in a 1:1 ratio to either mid-
urethral sling surgery or mid-urethral sling plus perioperative behavioral and pelvic floor
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muscle therapy.12 Baseline and follow-up lower urinary tract symptoms were obtained using
the 19-item Urogenital Distress Inventory (UDI),13 a validated questionnaire measuring
symptom severity, and three-day bladder diary characterizing incontinence episodes. Two
subjective measures and one objective measure of response were evaluated. The binary
subjective response was defined as a reduction in UDI score from baseline to 12 months
meeting the minimal clinically important difference (MCID) threshold (-26.1 points).12
The second subjective measure was change from baseline in UDI score (AUDI) at 12
months. For participants who underwent additional urinary incontinence treatment prior

to 12 months, AUDI was determined using the participant’s UDI score from the last
questionnaire completed before initiation of additional treatment. Binary objective response
to treatment was defined as =70% reduction from baseline in urinary incontinence episodes
on the three-day diary at 12 months, as well as no additional treatment, as previously
described.1

Sample processing

Sample processing has previously been described.?15 Briefly, after DNA (Deoxyribonucleic
Acid) extraction, the 16S rRNA variable region 4-6 was amplified using PCR (Polymerase
Chain Reaction) primers 515F and 1114R and sequenced with 300 bp paired-reads on the
Illumina MiSeq®. Sample duplicates in 10% of the samples were performed and negative
controls were included for quality control. Operational taxonomic unit (OTU) counts were
generated using the Illumina BaseSpace 16S Metagenomics App (v1.01) for sequencing data
from urine and vaginal samples. The pipeline classified OTUs to the genus level using the
Ribosomal Database Project (RDP) Classifier,16 and a curated version of the Greengenes
database.

Statistical analyses

Clinical and demographic differences between surgical responders and non-responders were
assessed using unadjusted general linear and logistic models and Wilcoxon rank-sum tests
implemented in SAS statistical software version 9.4 (SAS Institute, Inc., Cary, North
Carolina). OTU count data were normalized using total sum scaling to calculate relative
abundances. To evaluate beta diversity differences associated with clinical and demographic
characteristics and treatment response, Bray-Curtis dissimilarity metrics were calculated for
urinary and vaginal sequencing data and analyzed using permutational multivariate analysis
of variance.1”18 These analyses were implemented in R (v3.6.0) using the vegdist and
adonis functions in the vegan package (v2.5-6).1° Beta diversity was examined for each
clinical and demographic variable independently. Multivariate models were used to identify
covariates to be included in subsequent differential abundance analyses.

The primary differential abundance analysis focused on characterizing the most prevalent
genera, defined as being the predominant OTU in urine or vaginal samples. For this
analysis, only the OTUs present in three or more subjects were considered. Differential
abundance of predominant genera (N=6) were compared between treatment responders and
non-responders, using the normalized and arcsine square-root transformed OTU data with
unadjusted and adjusted generalized linear models (GLM) implemented with MaAslin20
with a significance threshold of p-value < 0.05. GLM implemented in MaAslin was also
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used to evaluate the relationship between differential OTUs and participant characteristics
selected as model covariates.

The differential abundance analysis was then expanded to include an analysis of less
abundant OTUs, defined as presence in at least 10% of the samples and a minimum
abundance (normalized OTU count) of 0.0001. False discovery rate (FDR) adjustment
was used as a multiple testing correction using the Benjamini-Hochberg procedure.?! For
discovery purposes, an FDR corrected p-value threshold of 0.10 was applied. Differential
OTUs were annotated using Medical Subject Headings (https://www.nIm.nih.gov/mesh/
meshhome.html, annotated files created 7-20).

An exploratory analysis was performed to characterize whether the relationships between
genera and treatment response were more closely associated with the stress or urgency
components of Ul. The relative abundance of four OTUs of interest were compared between
woman who had persistent stress urinary incontinence (SUI), UUI, MUI, or none (defined

as reporting only SUI, only UUI, both, or neither on the 12-month diary) using unadjusted
and adjusted analysis of variance (ANOVA) and Tukey’s HSD (honest significant difference)
tests. All analyses and plots were performed in R version 3.6.0 unless otherwise noted.

Of 126 women with MUI who contributed urine and vaginal samples, N=100 provided
objective treatment response data and 104 provided subjective response data at 12-months.
Nearly all participants (93%) met the MCID criteria for the reduction from baseline UDI
score at 12 months. Therefore, due to the small number of non-responders, this binary
subjective outcome was not analyzed further and change in UDI (AUDI) score was assessed
as the subjective outcome.

Obijective non-responders (N=28), compared to responders (N=72), were older and more
likely to be post-menopausal not on hormones. Other clinical and demographic variables
are noted in Table 1. Mean Ul episodes at 12 months were higher in non-responders by
2.9 incontinence episodes per day (95% CI 2.0 to 3.8). Responders had a greater reduction
in leaks from baseline with a mean difference of 2.2 incontinence episodes per day (95%
Cl 0.8 to 3.6). Objective responders had greater improvements in UDI score at 12 months
overall and by Ul subtype (Table 2).

Significant differences in microbiome composition (beta diversity) were found in vaginal
specimens with respect to objective response, along with age and menopausal status (all
p<0.05). Significant differences in microbiome composition were found in urine specimens
with respect to age (p=0.001; Table 3). When age, menopausal status and hormonal status
were analyzed together, only age remained significant. Therefore, only age was included in
adjusted models.

Six predominant OTUs, defined as the most abundant OTU in 3 or more samples, were
identified, four of which were predominant in both urine and vagina (Lactobacillus,
Prevotella, Gardnerella and Streptococcus) and two were predominant in only urine
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(Escherichiaand Tepidimonas). There were no significant associations of urinary OTUs
with objective and subjective (AUDI) treatment responses (data not shown).

In unadjusted models, both vaginal Lactobacillus and Prevotella were associated with
objective treatment response. After controlling for age, Prevotella remained the only
predominant vaginal OTU associated with objective treatment response, and no genera were
associated with subjective response (Table 4, Figure 1). A lower abundance of Lactobacillus
was associated with older age and Lactobacillus was inversely associated with Prevotella
(Figure 2).

Differences in microbiome composition beyond the most predominant OTUs were
investigated, hypothesizing that less abundant genera may also influence response to
treatment. None of the 274 less abundant OTUs present in urine were associated with
treatment responses (data not shown). However, 16 of the 133 less abundant vaginal OTUs
were significantly associated with objective response. Four were significantly associated
with subjective treatment response, and two (Campylobacter and Facklamia) were associated
with both outcomes (Supplemental Table S1-S2). These less abundant OTUs were all
inversely correlated with Lactobacillus (Figure 3) and were all increased in women with
worse response to treatment (e.g., objective non-responders).

The relationship between vaginal OTUs and incontinence resolution or persistence at 12
months based on incontinence subtypes (SUI, UUI, MUI), irrespective of responder status,
was also explored. Due to small numbers, subjects with SUI-only persistence (N=3) were
not included in the analysis. ANOVAs were performed comparing selected vaginal OTUs in
those subjects with neither SUI nor UUI episodes (N=57) and those with MUI (N=11) and
UUI-only (N=26) at 12 months. No significant associations between incontinence subtype
persistence and vaginal Lactobacillus or Prevotellawas seen (Supplemental Figure S1;
Supplemental Table S3). Less abundant vaginal OTUs associated with both objective and
subjective response, Campylobacterand Facklamia, were more abundant in the persistent
MUI and UUI-only groups compared to the group without SUI or UUI (Supplemental Table
S3). However, these OTUs did not distinguish persistent MUI from UUI alone.

Structured Discussion/Comment

Principal Findings:

Results:

This planned secondary analysis of the ESTEEM trial characterizes the urogenital
microbiome of women undergoing mid-urethral sling surgery for mixed urinary
incontinence. Greater abundance of vaginal Prevotella, more commonly found in non-
responders, was associated with a lack of objective treatment response, even after adjusting
for age. Less abundant vaginal OTUs were also associated with objective and subjective
treatment response. The urinary microbiome was not associated with surgical treatment
response.

This study found that two predominant OTUs in the vagina, Lactobacillus and Prevotella,
were associated with objective treatment response. Lactobacillus was associated with
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women attaining a 270% improvement in Ul episodes although this association was not
statistically significant after adjusting for age. Greater abundance of vaginal Prevotella

was associated with women failing to meet this threshold of Ul episode improvement

and this relationship remained significant after adjusting for age. Interestingly, although

a relationship existed between predominant vaginal OTUs and treatment response, a
relationship between the urinary microbiome and responder status was not noted.
Exploratory analyses also revealed a relationship between less abundant vaginal OTUs with
regard to objective and subjective outcomes and persistent/recurrent Ul symptoms at 12
months.

Clinical Implications:

Taken together, the study findings suggest a framework in which the vaginal microbiome
may modulate treatment response following mid-urethral sling surgery.

Significant evidence exists surrounding the protective nature of Lactobacillusin stabilization
of the vaginal environment. There is greater abundance of Lactobacillusin well estrogenized
pre-menopausal women compared with atrophic post-menopausal women. Lactobacillus
plays a role in many lower urinary tract disorders including urinary tract infections and also
in protection from certain vaginal infections.?2:23 Prevotella, a gram-negative anaerobe, is a
common vaginal commensal bacteria, but its association with bacterial vaginosis, (especially
Prevotella bivig), also suggests a role in vaginal dysbiosis.24 It is plausible that an increase
in pathogenic bacteria (either predominant or less abundant genera) in women with mixed
urinary incontinence could create a more inflammatory milieu modulating the response to
surgical intervention for women with MUI similar to its impact on other genitourinary
conditions, such as urinary tract infections. A potential conceptual model is that, as age
increases, the associated decrease in Lactobacillus (especially in the absence of estrogen
replacement) results in dysbiosis associated with suboptimal response to surgical treatment.
It is important, however, to note that in this analysis one cannot attribute treatment responses
to a single genus or increased pathogenic genera as a whole. Further research is necessary

to show whether modulation of the vaginal microbiome, either by probiotics or vaginal
estrogen therapy, would be associated with improved surgical treatment outcomes.2

Since the vaginal and urinary microbiota are related as previously demonstrated,

one might presume that dysbiosis in the vagina would be reflected in the urinary
microenvironment.#>:6 Differences were identified in the vaginal microbiome that were
associated with surgical treatment response, but associations were not identified in the
urinary microbiome. The lack of a relationship between the urinary microbiome and
responder status in the current study may be due to the relatively small numbers of non-
responders or the fact that the bacterial community in the urine is somewhat isolated from
the connective tissue environment of the mid-urethral sling.

It is also possible that technical factors in urinary microbiome assessment in this study
limited the sensitivity of our analysis to find associations between urinary microbiota and
treatment response. Compared to the vaginal environment, which is considered to be a
“high biomass” environment, the urinary bladder is “low biomass” with fewer bacteria
overall. With fewer bacteria, and the known variability among individual samples, it may be
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harder to discern statistical differences among groups when using low biomass samples.26
Alternatively, it may be that our findings hold true and vaginal microbiota are associated
with outcomes after mid-urethral sling while urinary microbiota are not, but these urinary
results are a surrogate for a different interaction. It is possible that higher Prevotella exists
in the vagina in the setting of decreased Lactobacillus, in the bladder a different anaerobic
genus may increase when Lactobacillusis decreased. In both cases, there is a shift to a more
anaerobic environment but with different genera predominant in the vagina and bladder.
Larger studies using both expanded culture and genomic techniques may be required to sort
out the differential relationship of urinary and vaginal microbiota with respect to surgical
responder status.

In exploratory, hypothesis-generating analyses, it was noted that several of the less
abundant OTUs were significantly associated with objective treatment response (e.g.,
Sphingomonas, Campylobacter, Varibaculum, Arcobacter, and others). Interestingly, two,
Campylobacterand Facklamia, were increased in both objective and subjective non-
responders. Campylobacteris a gram negative spiral zoonotic bacterium and major

cause of human gastroenteritis worldwide. It has also been found to cause infections in

the reproductive and lower urinary tracts, and is associated with pulmonary and brain
infections.2” Facklamia are gram positive facultative anaerobic cocci that have been isolated
from vagina, urine and cerebrospinal fluid. Though the genus may be a part of the

normal flora in the female genital tract, it has been associated with the development of
chorioamnionitis.28:29 Prevotella, Campylobacter and Facklamia have all been found in the
urinary microbiome associated with bladder cancer.39 As less abundant OTUs can suffer
from sequencing biases in compositional data, these data should be interpreted with some
caution despite using standard data normalization and transformation techniques.

Treatment response decreased with age, as did Lactobacillus abundance. Whether
Lactobacillusis a determinant or marker of improved treatment response cannot be
ascertained in this study due to its close association with age, and due to the nature

of the study that included only baseline OTU information. Similarly, it cannot be stated
that Prevotella, or Campylobacterand Facklamia among the less abundant genera, are
determinants of treatment non-response, only that they are noted to be associated with
treatment response.

Research Implications:

There are abundant opportunities for continued evaluation of treatment outcomes associated
with the genitourinary microbiome. Future work will be required to explore whether
increasing Lactobacillus abundance with vaginal supplementation or manipulation will
improve treatment outcomes and whether this would affect the abundance of OTUs
associated with poor treatment outcomes. Additionally, with advancement in microbiome
research, future studies will likely include repeated analyses, newer databases and newer
bioinformatic approaches which could yield further insight into these publicly available
files.
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Strengths and Limitations:

Strengths of this study include the use of well-established standardized genetic assessment
methodology to a novel population looking at clinically important outcomes. This study
population was well characterized with validated questionnaires to define subjective
responder status and with bladder diaries to characterize objective responder status. A
standardized protocol was utilized across sites for the collection of samples and processing
performed at one core lab reducing technical artifacts. Weaknesses of this study include its
relatively smaller subset of women recruited from its larger main trial as all participants
were asked to participate until the sample size of this study was achieved.*> However, we
maximized our ability to find associations by looking at subjective response to treatment as
a continuous trait for both the urine and vaginal samples. The study is limited by utilization
of the retired Greengenes database; however, this analysis was a standard approach at trial
design and was applied to all samples limiting bias in the comparison of surgical responders
and non-responders. Additionally, analyses of rare OTUs can be biased due to differences
in sampling, so caution should be used when interpreting the association of specific, less
abundant OTUs and these results should be considered exploratory. Finally, the definition
of the objective outcome precludes a definitive conclusion regarding which component of
MUI is responsible for non-responder status. The attributes of the study population are of
value to the research community with sequencing files that are now publicly available at
https://www.ncbi.nim.nih.gov/bioproject/PRINA703967/.

Conclusions:

In conclusion, the genera Lactobacillus and Prevotella were associated with objective
treatment response and after controlling for age, one predominant (Prevotella) and other less
abundant OTUs were associated with surgical treatment non-response in women undergoing
mid-urethral sling surgery for MUI. Further research is needed in order to corroborate the
current findings and to further explore potential clinical applications in the setting of surgery
for pelvic floor disorders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Take Home Message

In women with mixed urinary incontinence, urinary microbiota were not associated
with outcomes after mid-urethral sling surgery. However, vaginal microbiota at the
time of surgery were associated with subjective and objective treatment responses one
year later. Those with greater vaginal Prevotella, which was correlated with decreased
Lactobacillus, had less reduction of incontinence. Research is needed to determine
whether altering the vaginal microbiome impacts surgical outcomes.
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AJOG at a Glance:
Why was the study conducted?

. To evaluate whether preoperative urinary or vaginal microbiomes are
associated with surgical response at 12 months in women with mixed urinary
incontinence undergoing mid-urethral sling placement.

What are the key findings?

. Older and post-menopausal women without hormone replacement more
commonly were surgical non-responders

. Greater abundance of pre-operative vaginal Lactobacillus was associated
with improved objective surgical response (decreased urinary incontinence
episodes); this effect diminished after adjusting for age

. Greater abundance of pre-operative vaginal Prevotella was associated with
worsened objective surgical response even after adjusting for age

. Urinary microbiota were not associated with surgical treatment response
What does this study add to what is already known?

. Baseline vaginal microbiome findings were associated with treatment
response to mid-urethral slings in women with mixed urinary incontinence
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Associations of Vaginal Lactobacillus and Prevotella with Objective Response at 12 Months
P-values were calculated using an age-adjusted generalized linear model testing for the
association of normalized and transformed Lactobacillus and Prevotella counts and objective

response (N=97).
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Figure 2: Association of Vaginal Lactobacilluswith Age and Vaginal Prevotella
P-values were calculated using a generalized linear model testing for the association of

normalized and transformed vaginal Lactobacillus OTU counts with age and with vaginal
Prevotella.
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Figure 3: Correlation matrix of genera associated with response to treatment and age
Correlation matrix showing the relationship of the most significant genera associated

with objective non-response and change in UDI in the vagina, including predominant
(Lactobacillus and Prevotella; Table 4) and less abundant (Supplemental Tables S1-2)
OTUs. The correlation matrix shows the negative correlation between Lactobacillus and
other genera, the interrelatedness of the individual OTUs, and their correlation with age and
response to treatment.
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Baseline Characteristics of HMS-ESTEEM Participants with 12 Month Objective Response Data

Unadjusted Mean or
Median Difference

Objective Non- Objective or Odds Ratio [95%
Variable Category Total (N=100) responders (N=28)  Responders (N=72) Cl]
Age, mean (SD), y 53.5 (10.8) 58.5 (10.7) 51.6 (10.2) 6.9[2.2,11.6]
Body Mass Index, mean 32.3(7.2) 34.2(7.2) 31.6(7.1) 2.6 [-0.6, 5.8]
(SD)
Race, No. (%) White 71 (71.0) 16 (57.1) 55 (76.4) ref.
More than one race 1(1.0) 1(3.6) 0(0.0) -
Asian 2(2.0) 1(3.6) 1(1.4) 3.410.2, 60.3]
Black/African 12 (12.0) 5 (17.9) 7(9.7) 25[0.7,8.9]
American
American Indian/ 1(1.0) 0(0.0) 1(1.4) -
Alaskan Native
Other 13 (13.0) 5(17.9) 8 (11.1) 2.1[0.6, 7.6]
Ethnicity, No. (%) Not Hispanic/Not 72 (72.0) 18 (64.3) 54 (75.0) ref.
Latina
Hispanic/Latina 26 (26.0) 10 (35.7) 16 (22.2) 1.9[0.7, 4.9]
Unknown/Not 2(2.0) 0(0.0) 2(2.8) -
Reported
Smoking status, No. (%) Never smoked 58 (58.0) 16 (57.1) 42 (58.3) ref.
Quit smoking six or 29 (29.0) 9(32.1) 20 (27.8) 1.2[0.4,3.2]
more months ago
Quit smoking less 2(2.0) 0(0.0) 2(2.8) -
than six months ago
Currently smoking 11 (11.0) 3(10.7) 8(11.1) 1.0[0.2,4.3]
Current UTI symptoms, 2(2.0) 0(0.0) 2(2.8) -
No. (%)
Vaginal deliveries, median 210, 8] 210, 6] 210, 8] 0[-1,1]
[min, max], No.
Menopause and hormone pre-menopausal 31(31.0) 4(14.3) 27 (37.5) ref.
status, No. (%)
post-menopausal w/ 19 (19.0) 4(14.3) 15 (20.8) 1.8[0.4,8.4]
ahormones
post-menopausal w/o 33(33.0) 16 (57.1) 17 (23.6) 6.4 [1.8, 22.6]
hormones
not sure 17 (17.0) 4(14.3) 13(18.1) 2.1[0.4,9.8]

-- Could not be calculated due to small sample size; UTI = Urinary Tract Infection
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Outcomes of HMS-ESTEEM Participants with 12 Month Objective Response Data
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Objective Non- Objective Responders
Variable Total (N=100) responders (N=28) (N=72

Unadjusted Mean

Difference [95% CI]

Daily Urinary Incontinence Episodes (UIE)from 3-Day Diary

Total UIEs
Baseline, mean (SD) 5.2 (3.0) 5.7(3.2) 5.0 (2.9)
12 Months, mean (SD) 1.0(1.8) 3.1(23) 0.2(0.4)
Change from baseline to 12 -4.2 (3.0 -2.6(3.2) -4.8(2.8)
months, mean (SD)
Stress UIEs
Baseline, mean (SD) 23(1.7) 2117 2.4 (1.6)
12 Months, mean (SD) 0.2 (0.7) 0.7 (1.2) 0.0 (0.1)
Change from baseline to 12 -2.1(1.8) -1.3(2.0) -2.4(1.6)
months, mean (SD)
Urge UIEs
Baseline, mean (SD) 2.4(2.4) 3127 22(2.3)
12 Months, mean (SD) 0.6 (1.4) 1.9 (2.0) 0.1(0.4)
Change from baseline to 12 -1.8(2.3) -1.1(2.4) -2.1(2.3)

months, mean (SD)

Urogenital Distress Inventory

Total Score
Baseline, mean (SD) 179.2 (42.4) 181.3 (39.3) 178.4 (43.7)
12 Months, mean (SD) 46.3 (60.2) 118.0 (60.3) 19.5 (31.5)
Change from baseline to 12 -132.9 (69.0) —63.3 (55.3) -159.0 (54.0)

months, mean (SD)

Stress Subscore

Baseline, mean (SD) 86.0 (17.4) 83.3 (18.5) 87.0 (17.1)
12 Months, mean (SD) 19.5 (28.5) 48.8 (31.7) 8.6 (17.5)
Change from baseline to 12 -66.5 (33.5) -34.6 (33.6) -78.5(24.5)

months, mean (SD)

Irritative Subscore

Baseline, mean (SD) 66.9 (18.6) 72.0 (19.0) 65.0 (18.2)
12 Months, mean (SD) 20.0 (27.2) 53.3 (27.0) 7.6 (13.2)
Change from baseline to 12 -46.9 (28.1) -18.7 (24.7) -57.5(21.3)

months, mean (SD)

0.7[-0.7,2.1]
2.9[2.0,3.8]
2.2[0.8,3.6]

-0.3[-1.1,05]
0.7[0.2, 1.1]
1.0[0.2,1.9]

0.9 [-0.3,2.0]
1.8[1.0, 2.6]
0.9[-0.1,2.0]

2.9[-155,21.2]
98.5[73.7, 123.3]
95.6 [70.7, 120.6]

-3.7[-11.9, 45]
402 [27.1,53.3]
43.9[29.5,58.3]

7.0[-16, 15.5]
457 [34.7,56.8]
38.8[27.9, 49.6]
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Microbiome Beta Diversity Analysis Results (global association)

Table 3:

Urine Vagina

Variable R?  P-value R? P-value
Age, mean (SD), y 0.04 0.001 0.06  0.001
Body Mass Index, mean (SD) 0.01 0.15 0.01 0.30
Race 0.01 0.83 0.01 0.67
Ethnicity 0.01 0.80 0.01 0.64
Current smoking 0.01 0.10 0.01 0.23
Current UTI symptoms 0.004 0.96 0.01 0.73
Ever pregnant 0.01 0.46 0.01 0.60
Menopause and hormone status 0.03 0.08 0.05 0.01
Oral or patch hormone use 0.01 0.72 0.01 0.14
Vaginal cream/tablets hormone use ~ 0.01 0.76 0.01 0.46
Any hormone use 0.01 0.47 0.01 0.19
AUDI at 12 M 0.02 0.09 0.02 0.07
Objective Response 0.01 0.39 0.02 0.03

Page 20

Beta diversity analyses were conducted using permutational multivariate analysis of variance implemented in Adonis with a significance threshold

of p-value<0.05. Results shown are from unadjusted analyses of one demographic or clinical variable at a time.
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Associations of Predominant OTUs in Vagina with Objective and Subjective Response at 12-Months

Objective Response (27 Non-responders / 70

Subjective Response (N=101)

Responders)
Vagina
Predominant in N (%) P-value Unadjusted P-value Age- P-value Unadjusted P-value Age-
of Samples model adjusted model model adjusted model
Lactobacillus 78 (63%) 0.04 0.25 0.22 0.69
Prevotella 11 (10%) 0.01 0.01 0.91 0.99
Gardnerella 12 (11%) 0.97 0.65 0.22 0.41
Streptococcus 6 (5%) 0.97 0.26 0.32 0.92

For each sample, the predominant OTU was defined as the OTU with the highest relative abundance. This analysis included OTUs that were
predominant in 3 or more samples in either the urine or vagina. P-values were calculated using unadjusted and age-adjusted generalized linear
models implemented with MaAslin, testing for the association of normalized and transformed OTU data and each outcome. 7epidimonas was
filtered from the vaginal OTU analysis because it did not meet relative abundance thresholds (present in at least 10% of the samples with a
minimum abundance (normalized OTU count) of 0.0001). Results in bold met the significance threshold of 0.05.
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