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Abstract

Introduction and hypothesis To investigate differences in urine cholinergic metabolites in women with urinary urgency incon-
tinence (UUI) and responders (R) and non-responders (NR) to anti-cholinergic medications (AC).

Methods Patients with UUI and age-matched controls were evaluated pre- and post-treatment using OABSS, UDI-6 and 11Q-7.
Controls were defined as having a cumulative OABSS of zero. Patients with UUI were treated with AC and followed for
12 weeks. Responders were those with a > 50% decrease in the total OABSS score. Urine samples were collected from all
participants for evaluation. Metabolite detection was accomplished using commercial assay kits. Wilcoxon-rank sum test and
Fisher’s exact test were used to express differences between groups. Spearman’s rho correlation coefficient was used to determine
the relationship between acetylcholine (Ach), choline (Ch), acetylcholinesterase (AchE) and questionnaire scores.

Results We recruited 39 with UUI and 33 controls. We found concentrations of Ch [29.0 (IQR: 24.2-42.5) umol vs. 15.2 (IQR:
7.5-24.1) umol] and Ach [65.8 (IQR: 30.4—101.8) nmol and 33.1 (IQR: 11.9-43.8) nmol] were higher in the UUI group
compared to controls (»p=0.003 and p <0.001, respectively] and no differences in AchE concentrations. In the UUI group,
43.6% responded to AC after 12 weeks of therapy. There were no differences in Ch or AchE levels between R and NR; Ach
levels were higher in the R group [82.1 nmol (IQR: 54.8-118.1) vs. 50.3 nmol (IQR: 29.9-68.2), p = 0.007]. Ch and Ach were
positively associated with pre-treatment OABSS parameters.

Conclusions Urine Ach is higher in responders to anti-cholinergic therapy, and urine cholinergic metabolites were higher in the
UUI patients compared to controls.
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Introduction those older than 65 years complained of UUI [1]. Women aged

60 to 80 years are among the fastest growing segment of the

Overactive bladder with urinary urgency incontinence (UUI) is
estimated to affect millions of women globally; in a national
survey of 5000 households, 9.3% of all women and 19.1% of
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female population, and thus the prevalence and economic burden
of UUI, estimated at nearly $25 billion annually, is projected to
rapidly increase over time [2, 3]. Additionally, not only does UUI
have a significant negative impact on quality of life (QOL), but it
is also associated with a higher burden and prevalence of anxiety
and depression compared to similar groups without lower urinary
tract symptoms [4].

While some patients with UUI have an identifiable under-
lying cause such as neurodegenerative disease, dementia, pel-
vic floor prolapse, outlet obstruction and medications, in the
majority of cases its etiology is unknown and classified as
“idiopathic” [5]. However, accumulating evidence now sug-
gests that idiopathic UUI is likely due to sub-clinical dysfunc-
tion of a variety of organ systems including the central, pe-
ripheral and autonomic nervous systems, cardiovascular
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system, endocrine system and musculoskeletal system [6-9].
However, regardless of the underlying causes, the same UUI
care pathway consisting of behavioral modification, pelvic
floor physical therapy, pharmacotherapy and third-line thera-
py is universally applied to patients presenting with UUI be-
cause of the difficulty of discerning the dominant cause for
their complaints [10, 11]. This often leads to patient frustration
and attrition [12].

As a result, increased attention is being focused on how to
best identify the most suitable treatment for individual patients
using a patient-centered rather than a “one size fits all” ap-
proach. Researchers are exploring utilizing specific bio-
markers including interleukins, tumor necrosis factor-alpha
and nerve growth factor to guide therapeutic intervention;
however, none of these biomarkers consider the fact that the
primary pharmacologic mediators of OAB are anti-
cholinergic medications [13]. Previously, our group investi-
gated the relationship between urinary choline (Ch) and ace-
tylcholine (Ach) in patients with and without UUI as well as in
patients who responded to anti-cholinergic therapy versus
those who did not. In these studies we found that concentra-
tions of urinary Ch differed between patients with and without
UUI but not between responders and non-responders and that
patients who responded to anti-cholinergic therapy had higher
levels of pre-treatment Ach in their urine [14, 15]. While our
previous studies demonstrated statistically significant find-
ings, they had several limitations, including the inability to
assess urinary Ach levels in patients without UUI because of
the lack of sensitive assay, small sample size and no evalua-
tion of acetylcholinesterase (AchE) activity. In this study we
aimed to measure urinary Ach, Ch and AchE concentration
differences in a larger group of patients, with and without
UUIL, as well as differences in these urinary markers in re-
sponders and non-responders to anti-cholinergic therapy.

Materials and methods

This was a prospective observational cohort study conducted
between September 2019 and April 2020, approved by the
Institutional Review Board (IRB# 01-17-27). Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines were adhered to in the preparation of
this manuscript [16].

Patients presenting to female pelvic medicine and recon-
structive surgery (FPMRS) clinics for UUI were recruited for
study participation if they met the following inclusion criteria:
were 18 years or older, with symptoms of urgency inconti-
nence for a minimum of 3 months and were eligible for treat-
ment with anticholinergic medications with no prior history of
sacral or posterior tibial neuromodulation and/or intradetrusor
botulinum toxin injection for OAB, current behavioral and/or
formal pelvic floor physical therapy, or undergoing treatment
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with anti-cholinergic or beta—3-agonists within 4 weeks of
recruitment and had an OABSS score > 0. Patients with
mixed-urinary incontinence (MUI) were included if their ur-
gency incontinence was the dominant complaint based on
patient report, and patients with stress-dominant MUI were
excluded. Patients performing self-directed Kegel exercises
were allowed to participate. The control group included wom-
en presenting to FPMRS clinics for complaints related to pel-
vic organ prolapse or stress incontinence, annual follow-up
after pelvic reconstructive surgery and annual well woman
examinations and who had a total OABSS score = 0.

Any women in the OAB or control group meeting the fol-
lowing criteria were excluded from the analysis: pregnant
within 12 months of study recruitment; currently breast feed-
ing; post-void residual > 200 ml; a history of bladder augmen-
tation, anti-incontinence surgery or any acquired or congenital
neurologic disorder, except for migrainous and non-
migrainous headaches, including but not limited to neural tube
defects, multiple sclerosis and other demyelinating disorders,
Parkinson’s disease, stroke, brain tumor, traumatic spinal cord
or brain injury, myasthenia gravis and diabetes mellitus; also
excluded were those being treated with non-bladder-specific
medication that had anticholinergic properties, a diuretic, local
or systemic estrogen or selective estrogen receptor modula-
tors; women who had a history of liver disease, alcohol abuse,
narrow-angle glaucoma, clinical diagnosis of chronic kidney
disease or serum creatinine > 1.5 mg/dl; women who were
currently being evaluated or treated for recurrent urinary tract
infections, interstitial cystitis or painful bladder syndrome de-
fined as the presence of pelvic or suprapubic pain or discom-
fort associated with irritative voiding symptoms for > 6 weeks,
chronic pelvic pain and/or dyspareunia or those who had a
history of genitourinary malignancy. Patients were also ex-
cluded if urinalysis data were concerning for urinary tract
infection and/or demonstrated hematuria.

If patients met all exclusion and inclusion criteria, they
were invited to participate in the study, and, if they agreed,
written informed consent was obtained. The criteria used to
include patients in the study were reviewed by the principal
investigator (DS) prior to inclusion in the final analysis to
ensure that uniform methods were used to obtain the UUI
and control groups. Demographic and clinical characteristics
were collected for each participant including: age, BMI, parity
menopausal status, pelvic surgery history and smoking status
from the electronic medical record and by history. All patients
were asked to complete the Overactive Bladder Symptom
Score (OABSS), the Urogenital Distress Inventory-6 (UDI-
6) and Incontinence Impact Questionnaire-7 (IIQ-7) [17, 18].
The OABSS score ranges from 0 to 15, and UDI-6 and 11Q-7
range from 0 to 100, with higher scores indicating greater
symptom severity. All patients underwent standard pelvic ex-
amination as part of the assessment of their presenting com-
plaint, which included pelvic organ prolapse quantification
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(POP-Q) while in semi-recumbent position and with Valsalva
maneuver. Patients also underwent evaluation of a post-void
residual by ultrasound to exclude urinary retention.

Patients were initiated on the maximum dose of an anti-
cholinergic and treated for approximately 12 weeks. They
were contacted by telephone and were again asked to com-
plete the I1Q-7, UDI-6 and OABSS questionnaires. Treatment
success was defined as at least > 50% decrease in the total
OABSS score [19]. The original study protocol was designed
for patients to come to the clinic to submit a post-treatment
urine sample; however, with the onset of the coronavirus pan-
demic many patients voiced concern about office visits, and
shortly before the final group of patients was scheduled to
submit samples, elective in-person clinic visits were tempo-
rarily shut down. As a result, there were insufficient samples
to conduct a post-treatment urinary analysis.

Sample collection, storage and analysis

The protocol for specimen collection is as follows. Specimens
were collected mid-stream into 120-ml containers per routine
protocol for urinalysis (UA) in the office and were evaluated
for blood, nitrites, and moderate or high leukocyte esterase;
samples positive for any of these findings were excluded from
analysis. To account for differences in urinary dilution, sam-
ples that were too dilute, had specific gravity (SG) < 1.015,
were too concentrated or had SG > 1.030 were excluded from
the study [20]. Samples were stored in a freezer in the clinic at
—20 °C for a period of 4 to 6 h, transported to the proteomics
laboratory and stored at —80 °C. Transit time from the clinic
site to the laboratory was < 30 min.

The method for evaluating urinary Ach and Ch was described
in a previous paper [15]. Acetylcholinesterase (AchE) levels
were measured using an ELISA kit (Human ACHEELISA Kkit,
Aviva Systems Biology) and following the manufacturer’s pro-
tocol. All incubation steps were carried out at 37 °C. Briefly,
urine samples were thawed and centrifuged at 2000x g for
5 min, and 100 pl was added in duplicate along with a standard
curve to microtiter plate wells pre-coated with capture antibody.
They were then incubated for 2 h. Liquid was removed and
100 pl of biotinylated detector antibody added, followed by in-
cubation for 1 h. Liquid was again removed and the plate washed
three times; 100 pl avidin-horseradish peroxidase conjugate was
added to the wells and incubated for 1 h. After five more plate
washes, 90 pl of TMB substrate was added and the plate incu-
bated in the dark for 15-30 min until the wells turned gradations
of blue. Color development was stopped and changed to yellow
by adding 50 pl of stop solution. O.D. absorbance at 450 nm was
read within 5 min on a microplate reader (accuSkan FC, Fisher
Scientific). AchE was quantified by comparing sample absor-
bance at 450 nm with that of the standard curve using microplate
reader software (Skanlt RE 4.0, Thermo Scientific).

Statistical analysis

Based on our previous studies, we determined that we would
need 14 patients in the responder and non-responder groups to
detect statistically significant (p < 0.05) differences in acetyl-
choline levels with 80% power, using a median §3.1 nmol
acetylcholine concentration in the responder group and as-
suming a minimum of 50% lower Ach concentration in the
non-responder group [14, 15]. To account for patient attrition
and given a 40-50% treatment failure rate, we determined we
would need to recruit a total of 40 patients with urgency in-
continence [21, 22]. These were matched to patients without
urgency incontinence by age. Groups were compared first by
presence or absence of UUI, and a sub-group analysis of re-
sponders and non-responders was performed. Descriptive sta-
tistics are expressed as medians and interquartile ranges.
Pairwise analysis using Wilcoxon rank sum test for continu-
ous variables and Fisher’s exact test for categorical variables
were used as appropriate to express differences between
groups with statistical significance set at p <0.05.
Spearman’s rho correlation coefficient was used to determine
the relationship between Ach, AchE and Ch concentrations
and pre- and post-treatment OABSS scores for daytime fre-
quency, urgency incontinence episodes, nocturia episodes, to-
tal OABSS score, UDI-6 and IIQ-7 scores as well as age, BMI
and parity. All statistical analysis was performed using
STATA version 14.1 (Stata Corp, College Station, TX).

This publication was made possible by the Clinical and
Translational Science Collaborative of Cleveland,
UL1TR002548, from the National Center for Advancing
Translational Sciences (NCATS) component of the National
Institutes of Health and NIH Roadmap for Medical Research.
Its contents are solely the responsibility of the authors and do
not necessarily represent the official views of the NIH.

Results

Eighty-nine women were screened during the study period
and 72 were enrolled in the study, 39 with urgency inconti-
nence and 33 controls. The most common reason for exclu-
sion was opting for therapy with mirabegron or behavioral
modification only; additional reasons for exclusion included
abnormal UA findings, previous therapy with third-line mo-
dalities for OAB or current diuretic use (Fig. 1).

Patients with UUI were similar in age to controls (63 IQR:
52-74 and 64 IQR: 5277, p = 0.96, respectively) and did not
differ on the basis of race, smoking status, comorbid stress
incontinence, post-void residual and prior pelvic floor surgery
(Table 1). Patients with UUI had higher BMIs than controls,
33.8 (IQR: 29.2-37.8) kg/m” versus 28.5 (IQR: 25.8-31.2)
kg/mz, p =0.006; had fewer children, p =0.001 and were less
likely to have anterior wall and apical descent (p =0.001 and
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Total Number Screened

N=88

Therapy with mirabegron or
behavioral modification
(other than modifying
drinking habits)

N=7
Eligible Patients

N=81

Abnormal Urinanalysis
(positive nitrites, leukocyte
esterase, or blood)

N=6

Eligible Patients

N=75

Previous third-line
therapy (Botox, sacral
neuromodulation)
N=2
Eligible Patients
N=73
Current Diuretic Use
N=1
v

Eligible Patients

N=72

Fig. 1 Flow chart of patient inclusion and exclusion criteria

p=0.008, respectively). For patients with UUI the median
pre-treatment OABSS score was 11 (IQR: 9—12), the median
pre-treatment UDI-6 score was 47.9 (IQR: 37.5-58.0), and the
median pre-treatment 11Q-7 score was 60.2 (IQR: 42.8-71.5).
The concentrations of Ch 29.0 [(IQR: 24.2—42.5) umol versus
15.2 (IQR: 7.5-24.1) umol] and acetylcholine 65.8 [IQR:
30.4-101.8) nmol and 33.1 (IQR: 11.9-43.8) nmol] were sig-
nificantly higher in the UUI group compared to controls (p =
0.003 and p < 0.001, respectively).

Of the 39 patients with UUIL, 43.6% (n=17) had a > 50%
decrease in OABSS scores after 12 weeks of therapy, and the
remainder did not. The responder group had lower BMI,
29.5 kg/m* (IQR: 25.1-33.9), compared to non-responders,
36.0 kg/m” (IQR: 32.1-42.9), p = 0.03, Table 2. The groups did
not differ in age, parity, smoking history, comorbid stress inconti-
nence, surgical history or POP-Q. The responder group also had
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higher pre-treatment nocturia scores, with a median three or more
episodes per night, versus a median of two episodes per night for
non-responders. Both groups had similar pre-treatment OABSS,
UDI-6 and 1IQ-7 scores. Three (17.6%) patients in the responder
group and four (18.2%) in the responder group were previously
treated with an anti-cholinergic for OAB; the median number of
medications tried prior to study inclusion was 0 (IQR: 0—
0) in both groups. The most common medication used for
treatment of UUI in both groups was oxybutynin, ac-
counting for 66.9%, and the remainder were prescribed
trospium. The median number of medications trialed prior
to initiation of anti-cholinergic therapy was 0 (IQR: 0-0).

The median time to follow-up was approximately 90 days
for both groups, p = 0.65; the median post-treatment OABBS
score in the responder group was 4 (IQR: 2-5) and 11 (IQR:
9-12) in the non-responder group, p <0.001. The median
post-treatment UDI-6 score was 30 (IQR: 17-52) and 50
(IQR: 42-58), p =0.002, in the responder and non-responder
groups, respectively. The median post-treatment 11Q-7 scores
were 49 (IQR: 36-61) in the responder group and 65 (IQR:
48-76) in the non-responder group, p =0.01. There was no
difference in Ch (p=0.38) or AchE (p=0.85) between
groups; acetylcholine levels were higher in the responder
group, 82.1 nmol (IQR: 54.8-118.1), compared to the non-
responder group, 50.3 nmol (IQR: 29.9-68.2).

Table 3 demonstrates the clinical characteristics and urine
metabolite levels in the control group compared to responders
and non-responders. Both responders and non-responders had
fewer children compared to controls, p=0.01 and p =0.02, re-
spectively. Non-responders had significantly higher BMI com-
pared to controls, 36.0 kg/m” versus 28.5 kg/m” with p=0=
0.001, while BMI was similar between controls and responders.
The responder and non-responder groups both were more likely
not to have anterior or apical prolapse compared to the control
group, where the median value of Aa was —1 and C was —6. The
Ch and Ach levels in responders and non-responders were sig-
nificantly higher than in the control group.

The relationships between Ach and Ch levels and patient
characteristics are shown in Table 4. Age was not found to be
associated with levels of either metabolite; however, BMI had
a weak positive correlation with choline, Spearman p = 0.369,
p=0.001. Both choline and acetylcholine demonstrated sig-
nificant but predominantly weak positive associations with
pre-treatment frequency, urgency, UUI and nocturia scores
as well as the total OABSS score. The strongest of these as-
sociations was between acetylcholine and pre-treatment ur-
gency, Spearman p = 0.426, p =0.03.

Discussion

In this prospective cohort study, we found that women with
UUI have significantly higher levels of choline and



Int Urogynecol J (2022) 33:1165-1174 1169
Table 1 Patient characteristics stratified by presence of urgency urinary incontinence

Urgency incontinence  No urgency incontinence P

N=39 N=33
Age (years), median (IQR*) 63 (52-74) 64 (52-77) 0.96
Body mass index (kg/m?), median (IQR) 33.8(29.2-37.8) 28.5(25.8-31.2) 0.006
Parity, median (IQR) 2 (1-2) 324 0.001
Non-white race 11(28.2) 15 (45.5) 0.05
Current smoker 8 (20.5) 6 (18.2) 0.52
Presence of stress urinary incontinence 22 (56.4) 16 (48.5) 0.86
Constipation 4(10.2) 309.1) 0.62
Post-void residual (ml), median (IQR) 34 (0-69) 15 (0-44) 0.17
History of hysterectomy 10 (25.6) 11 (33.3) 0.89
Prior history of pelvic organ prolapse repair 5(12.8) 9(27.3) 0.70
Apical 2(5.1) 1(3.0)
Anterior 2(5.1) 5(15.2)
Posterior 1(2.6) 3.1
Post-menopausal status 28 (71.8) 25 (75.8) 0.91
Aa, median (IQR) -3 (-3--2) -1 (=3-1) 0.001
C, median (IQR) -8 (—8-6) —6 (—8—-3) 0.008
Pretreatment OABSS frequency score (range 0-2), median (IQR) 1(0-2) 0 -
Pretreatment OABSS Nocturia Score (range 0—3), median (IQR) 3(2-3) 0 -
Pretreatment OABSS Urgency Score (range 0-5), median (IQR) 4 (3-5) 0 -
Pretreatment OABSS Urgency Incontinence Score (range 0-5), median (IQR) 324 0 -
Pretreatment OABSS Total (range 0—15), median (IQR) 11 (9-12) 0 -
Pretreatment Urogenital Distress Inventory-6 Score (range 0—100), median (IQR) 47.9 (37.5-58) - -
Pretreatment Incontinence Impact Questionnaire-7 Score (range 0—100), median (IQR)  60.2 (42.8-71.5) - -
Pretreatment Urine Specific Gravity, median (IQR) 1.015 (1.015-1.020) 1.020 (1.015-1.020) 0.79
Pretreatment choline (micromoles), median (IQR) 29.0 (24.2-42.5) 15.2 (7.5-24.1) 0.003
Pretreatment acetylcholine (nanomoles), median (IQR) 65.8 (30.4-101.8) 33.1(11.9-43.8) < 0.001
Pretreatment acetylcholinesterase (ng/ml), median (IQR) 0.14 (0.06-0.40) 0.18 (0.05-0.39) 0.90

Values expressed as median (interquartile range) or N (%)

*IQR: interquartile Range

acetylcholine in their urine compared to women without any
urgency symptoms and that women with UUI who respond to
anti-cholinergic therapy, based on a>50% decrease in
OABSS scores, have higher levels of urinary acetylcholine
compared to women who do not respond. No differences in
acetylcholinesterase activity were noted between any of the
groups. The results build on our previous work on evaluation
of cholinergic urinary metabolites in women with and without
UUI and in responders and non-responders [14, 15].

In the prior study evaluating these metabolites in women
with and without UUI, acetylcholine could not be measured
because of lack of a sensitive assay for measuring the acetyl-
choline levels; since then, an essay has been acquired by our
laboratory with increased sensitivity to Ach allowing these
measurements. In this study, Ach levels were found to be
higher among women with UUI, as were Ch levels, which
differs from our prior results despite using an identical

measurement technique in both studies [15]. The difference
in Ch levels between the two studies may be related to differ-
ences in the demographics of women, with women in this
study being a median of 10 years older and more likely to be
post-menopausal. Indeed, there is a negative correlation be-
tween Ch and age, indicating that levels may decrease with
age; however, this would need to be formally evaluated in a
much larger patient cohort, and this has not been previously
investigated.

Acetylcholine is the primary neurotransmitter involved in
normal and dysfunctional detrusor contraction, and neuronal
acetylcholine has classically been associated with OAB [23].
However, there is increasing evidence that the urothelium is a
metabolically active region of the bladder, capable of produc-
ing its own non-neuronal acetylcholine and has been implicat-
ed both in dysfunction detrusor contraction and as a target of
anti-cholinergic medications [24, 25]. While in this study we

@ Springer



1170 Int Urogynecol J (2022) 33:1165-1174
Table2 Comparison of patients with urgency urinary incontinence who did and did not respond to anti-cholinergic therapy

Responder N=17 Non-responder N=22 P
Age (years), median (IQR) 63 (55-79) 57 (47-72) 0.21
Body mass index (kg/mz), median (IQR) 29.9 (25.1-33.9) 36.0 (32.1-42.9) 0.03
Parity, median (IQR) 2(1-3) 2(1-2) 0.98
Non-white race 5(29.4) 6(27.2) 0.43
Current smoker 3(17.6) 5(22.7) 0.51
Presence of stress urinary incontinence 12 (70.6) 10 (45.4) 0.11
Constipation 3(17.6) 14.5) 0.21
Post-void residual (ml), median (IQR) 17 (0-37) 50 (14-76) 0.07
History of hysterectomy 5(29.4) 5(22.7) 0.45
Prior history of pelvic organ prolapse repair 2 (11.8) 3 (13.6) 0.69
Apical 1(5.9) 1(4.5)
Anterior 1(5.9) 1(4.5)
Posterior 0(0.0) 1(4.5)
Post-menopausal status 13 (76.4) 15 (68.2) 0.30
Aa, median (IQR) -3 (3—1) -3 (3—1) 0.49
C, median (IQR) -8 (—8—0) -8 (—8—18) 0.35
Number of prior medications trialed 0(0-0) 0 (0-0) 0.92
Medication trialed
Oxybutynin 12 (70.1) 14 (63.6) 0.21
Trospium 5(29.4) 6(27.2) 0.45
Pretreatment OABSS Frequency Score (range 0-2), median (IQR) 1(1-2) 1(0-1) 0.23
Pretreatment OABSS Nocturia Score (range 0—3), median (IQR) 3(3-3) 2(2-3) 0.03
Pretreatment OABSS Urgency Score (range 0-5), median (IQR) 4(4-5) 4 (3-4) 0.79
Pretreatment OABSS Urgency Incontinence Score (range 0-5), median (IQR) 3(24) 2 (1-4) 0.40
Pretreatment OABSS Total (range 0—15), median (IQR) 11 (9-11) 12 (9-13) 0.15
Pretreatment Urogenital Distress Inventory-6 Score (range 0-100), median (IQR) 56 (42-67) 50 (42-58) 0.09
Pretreatment Incontinence Impact Questionnaire-7 Score (range 0—100), median (IQR) 67 (54-75) 69 (48-81) 0.13
Posttreatment OABSS Frequency Score (range 0-2), median (IQR) 0 (0-0) 1(1-2) 0.006
Posttreatment OABSS Nocturia Score (range 0-3), median (IQR) 1(0-2) 2 (2-3) 0.001
Posttreatment OABSS Urgency Score (range 0-5), median (IQR) 2 (1-2) 3(24) 0.001
Posttreatment OABSS Urgency Incontinence Score (range 0-5), median (IQR) 1(0-1) 2 (2-4) < 0.001
Posttreatment OABSS Total (range 0—-15), median (IQR) 4 (2-5) 11 (9-12) < 0.001
Posttreatment Urogenital Distress Inventory-6 Score (range 0—100), median (IQR) 30 (17-52) 44 (33-51) 0.002
Posttreatment Incontinence Impact Questionnaire-7 Score (range 0—100), median (IQR) 49 (36-61) 65 (48-76) 0.01
Duration of therapy (days), median (IQR) 89 (84-93) 91 (84-96) 0.65
Pretreatment urine specific gravity, median (IQR) 1.020 (1.015-1.020)  1.020 (1.015-1.020) 0.93
Pretreatment choline (micromoles), median (IQR) 37.8 (14.3-54.1) 27.0 (21.7-36.2) 0.38
Pretreatment acetylcholine (nanomoles), median (IQR) 82.1 (54.8-118.1) 50.3 (29.9-68.2) 0.04
Pretreatment acetylcholinesterase (ng/ml), median (IQR) 0.13 (0.08-0.21) 0.13 (0.03-0.40) 0.85

Values expressed as median (interquartile range) or N(%)

were unable to ascertain whether the acetylcholine measured
is neuronal or non-neuronal, the acetylcholine levels were
directly related to choline levels, which were elevated in both
UUI relative to controls and in responders relative to non-
responders. Choline is an essential nutrient and the primary
precursor molecule of acetylcholine, and it is not excreted into
urine by the kidneys. Thus, the choline measured in this and

@ Springer

our prior studies may be directly related to choline being uti-
lized by the urothelium [26, 27].

Additionally, there is an emerging link between the
microbiome and urinary choline and acetylcholine. Several
studies have identified differences in the urinary microbiome
and in women with and without UUI as well as those who do
and do not respond to medications. Specifically several
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Table 3  Comparison of clinical characteristics and urine metabolites of responders and non-responders relative to patients without urgency
incontinence
No urgency incontinence Non-responder P* Responder P
N=33 N=22 N=17
Age (years), median (IQR) 64 (52-77) 57 (47-72) 0.32 63 (55-79) 0.54
Body mass index (kg/m?), median (IQR) 28.5(25.8-31.2) 36.0 (32.1-42.9) 0.001  29.9 (25.1-33.9) 0.35
Parity, median (IQR) 324 2 (1-2) 0.02 2 (1-3) 0.01
Non-white race 15 (45.5) 6(27.2) 0.18 5(29.4) 0.25
Current smoker 6 (18.2) 5(22.7) 0.68 3(17.6) 0.92
Presence of stress urinary incontinence 16 (48.5) 10 (45.4) 0.82 12 (70.6) 0.17
Constipation 39.1) 14.5) 0.52 3(17.6) 0.41
Post-void residual (ml), median (IQR) 15 (044) 50 (14-76) 0.06 17 (0-37) 091
History of hysterectomy 11 (33.3) 522.7) 041 5(294) 0.89
Prior history of pelvic organ prolapse repair 9 (27.3) 3 (13.6) 0.64 2(11.8) 0.58
Apical 1(3.0) 1 (4.5) 1(5.9)
Anterior 5(15.2) 1(4.5) 1(5.9)
Posterior 3.1 1(4.5) 0(0.0)
Post-menopausal status 25 (75.8) 15 (68.2) 0.54 13 (76.4) 0.63
Aa, median (IQR) -1 (=3-1) -3 (3—1) 0.002 -3 (3to—1) 0.01
C, median (IQR) -6 (—8—3) -8 (—8——18) 0.01 -8 (—8—6) 0.03
Pretreatment urine specific gravity, median (IQR) 1.020 (1.015-1.020) 1.020 (1.015-1.020) 0.89  1.020 (1.015-1.020) 0.92
Pretreatment choline (micromoles), median (IQR) 152 (7.5-24.1) 27.0 (21.7-36.2) 0.001  37.8(14.3-54.1) 0.002
Pretreatment acetylcholine (nanomoles), median (IQR) 33.1(11.9-43.8) 50.3 (29.9-68.2) 0.007  82.1(54.8-118.1) < 0.001
Pretreatment acetylcholinesterase (ng/ml), median (IQR)  0.18 (0.05-0.39) 0.13 (0.03-0.40) 0.85 0.13 (0.08-0.21) 0.86

Values expressed as median (interquartile range) or N (%)

*Comparison of patients without urgency incontinence to non-responders

' Comparison of patients without urgency incontinence to responders

studies have found that women with UUI have higher levels of
uropathogenic bacteria, in particular Profeus and Aerococcus
species, and lower levels of Lactobacillus species without
overt evidence of infection [28-30]. Furthermore, there is ev-
idence that some bacterial species which make up the urinary
microbiome can synthesize and release neurotransmitters, in-
cluding Ach [31]. Thus, the link between UUI and the
microbiome could be related to bacterial production of cho-
linergic metabolites, though this concept needs to be further
investigated.

The findings of higher acetylcholine levels in responders to
anti-cholinergic therapy compared to non-responders may
suggest that there is a sub-type of OAB, which is primarily
mediated by cholinergic signaling mechanisms and may, at
least in part, explain why certain patients have dramatic im-
provements with anti-cholinergic treatment, whereas others
with seemingly identical clinical characteristics do not.

This study has several strengths. First, this is the largest
cohort to date to investigate differences in cholinergic urine
metabolites in women with and without overactive bladder.
Second, we were able to reproduce our results with a different
study population demonstrating higher levels of acetylcholine

and choline in women who respond to anti-cholinergic med-
ications compared to those who did not. We were also able to
link choline and acetylcholine levels to OABSS scores, which
have been shown to be predictive of the treatment response to
anti-cholinergic medications [32].

The study results should be interpreted with the following
limitations in mind. Presently, the impact of age and BMI on
urine levels of choline and acetylcholine, both of which are
associated with OAB, is not well understood [33, 34]. Though
we accounted for differences in age with matching,, in this
analysis there were significant differences in BMI between
controls and patients with UUI and responders and non-re-
sponders. BMI demonstrated a weak, but statistically signifi-
cant correlation with choline, which given the fact that choline
is an essential dietary nutrient, may indicate a relationship
between obesity, diet and bladder function [25, 26]. Notably
BMI and acetylcholine levels were not found to have a cor-
relative relationship, and the BMI levels of responders to anti-
cholinergic and controls were not statistically different and
there were no differences in choline concentrations between
responders and non-responders, though the sample size was
very small, and a significant relationship may be found with
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larger studies. Future studies should make an effort to adjust
for BMI between groups and to investigate the relationship
between BMI, diet, cholinergic metabolites and overactive
bladder symptoms. Second, one of the original objectives of
this study was to evaluate whether acetylcholine and choline
levels changed after treatment with anti-cholinergic therapy
and whether this change was statistically different between
responders and non-responders; however, due to the
COVID-19 pandemic and a moratorium on patient-related
research activities, this could not be accomplished. Thus, we
are not yet able to determine whether there is a causal rela-
tionship between higher choline and acetylcholine levels and
anti-cholinergic response. Finally, we are not able to discern
whether the choline and acetylcholine levels reflect differen-
tial neuronal or urothelial activity, and this would likely re-
quire a radio-labeled study to evaluate.

In summary, this study identified higher levels of urinary
choline and acetylcholine in patients with UUI compared to
controls and higher levels of acetylcholine among responders
compared to non-responders. Acetylcholine could potentially
serve as a marker for selection of candidates who may respond
to anti-cholinergic therapy, while patients with low levels may
be prescribed other therapies. However, a further study in
larger cohorts and controlling for genetic ancestry and BMI
and led by different investigator teams is recommended to
both confirm and expand on these findings.
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