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Abstract

OBJECTIVES: Brain-derived neurotrophic factor (BDNF) has been implicated in central
neurological processes. We hypothesize that greater pain catastrophizing is associated with higher
urinary BDNF levels in women with bladder pain syndrome.

METHODS: Secondary analysis of a database of women with urinary urgency. We identified
women who met AUA criteria of bladder pain syndrome. Urinary symptoms, pain catastrophizing,
and neuropathic pain were measured using the Female Genitourinary Pain Index (F-GUPI),

Pain Catastrophizing Scale (PCS) and painDETECT questionnaires respectively. Relationship

of catastrophizing score with urinary BDNF (primary outcome) and other urinary biomarkers
including nerve growth factor (NGF), vascular endothelial growth factor (VEGF) and osteopontin
was evaluated using univariable and multivariable analyses.

RESULTS: In 62 women with bladder pain syndrome, 15 (24%) reported pain catastrophizing
symptoms (PCS score >30). Higher catastrophizing scores were associated with worse urinary
symptoms, greater pelvic pain, greater neuropathic pain, and worse quality of life scores (all
p<0.01). On multivariable analysis, after controlling for age, BMI and urinary symptoms, higher
pain catastrophizing score was associated with lower BDNF (p=0.04) and lower VEGF levels
(p=0.03). Urinary urgency was associated with higher NGF level (p=0.04) while bladder pain was
associated with higher levels of NGF (p=0.03) and VEGF (=0.01).

CONCLUSIONS: Neuroinflammatory mechanisms contribute to the central processing of pain in
women with bladder pain syndrome. Worse urinary symptoms are associated with higher NGF and
VEGF levels, but worse pain catastrophizing is associated with lower BDNF and VEGF levels.
Urinary BDNF levels may be useful in phenotyping women who have central augmentation of
pain processing.
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INTRODUCTION

Bladder pain syndrome (BPS), characterized by bladder pain, urinary urgency, and
frequency in the absence of known underlying pathology, is a chronic debilitating pain
condition that affects 2-6% of adult women in the United States.12 In BPS, urinary
symptoms are commonly associated with central symptoms such as depression, anxiety, and
insomnia, however, the underlying mechanism of co-existing urinary and central symptoms
are poorly understood.3

Animal studies have revealed that BPS is characterized by inflammation in both the
peripheral and central nervous systems.* Peripheral neuroinflammation is indicated by
chronic activation of C-afferent pain fibers, while activation of the somatosensory cortex
and limbic system in the central nervous system in animal models of BPS resulted in bladder
sensitization.>6 In women with BPS, neuroimaging studies have identified changes in gray
matter density in the somatosensory cortex and regions of the brain involved with processing
emotional response, specifically the amygdala and hippocampus within the limbic system.’
In addition, Kilpatrick et al reported increased functional connectivity of the somatosensory
and viscerosensory cortices to the frontal cortex, a finding that correlated with evoked

pain during bladder filling.8 These findings suggest that the sensorimotor component of

pain in women with BPS is closely associated with cognitive function including emotional
processing, and central augmentation of pain likely occurs in women with BPS.

Catastrophizing is a maladaptive, self-reported coping mechanism that occurs in response
to the central processing of afferent pain stimuli and shapes an individual’s experience

of pain.? Catastrophizing can be measured in three domains including rumination,
magnification, and helplessness using the validated Pain Catastrophizing Scale.19 In BPS,
hypersensitivity to the visceral stimulus of bladder filling has been shown to be associated
with a catastrophizing response and worsening chronic pain. Patients with high scores on
the Pain Catastrophizing Scale report higher pain severity, greater physical disability, and
lower pain thresholds.12 When associated with overwhelming helplessness and rumination,
catastrophizing in patients with BPS has been implicated in higher rates of depression,
anxiety and suicidal ideation.13 A peripheral urinary biomarker of pain catastrophizing
would both help to elucidate underlying mechanism of this complex neurobehavioral
symptom and potentially allow early identification of these patients.

Brain-derived neurotrophic factor (BDNF) is a biomarker of neurogenic dysfunction and
progressive decline of neuronal activity.14 BDNF production is primarily concentrated
within the limbic system, specifically, the hippocampus.1® In an animal model, systemic
change in serum BDNF reflected changes in BDNF expression within the central

nervous system.1® Furthermore, in a BDNF knockout mouse model with chronic
neuropathic inflammation, BDNF depletion signaled hypersensitivity to pain stimuli and
the development of chronic pain syndromes.16 Given that prior studies have reported
elevated BDNF levels in adults with lower urinary tract symptoms, a common mechanism
may explain the co-existence of urinary and central nervous symptoms in women with
BPS.17 Several other urinary neuropeptides known to be associated with lower urinary
tract inflammation including nerve growth factor (NGF), vascular endothelial growth factor
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(VEGF) and osteopontin have also been implicated in central nervous system conditions
including cognitive dysfunction, anxiety, and major depression.18-20 |nvestigating the
relationship between the level of pain catastrophizing and urinary neuropeptides could help
elucidate the mechanisms of central augmentation of pain processing in women with BPS.

Our primary hypothesis was that in women with chronic bladder pain, pain catastrophizing,
a central neurobehavioral symptom, was associated with elevated levels of urinary BDNF.
We also explored the relationship of pain catastrophizing with other urinary neuropeptides
including NGF, VEGF, and osteopontin.

METHODS

Our study was approved by the Institutional Review Board at the University of
Pennsylvania. We conducted a secondary analysis of a database of adult women with
urinary urgency without incontinence. Subjects in this database were enrolled from the
Urogynecology Division at the Hospital of the University of Pennsylvania and the Pelvic
and Sexual Health Institute from March to July 2013. Inclusion criteria for the original
database were: women age 18 years or older and who had moderate or severe urinary
urgency on the Indevus Urgency Severity Scale (score >2).21 The Indevus Urgency Severity
Scale is a four point (0 to 4) validated questionnaire used to assess urinary urgency.?! For
the secondary analysis performed in the present study, we identified women who met the
American Urologic Association diagnostic criteria of BPS (pain in the bladder associated
with other urinary tract symptoms for more than 6 weeks duration in the absence of urinary
tract infection). Bladder pain was defined as pain of severity =3 on a visual analog scare
(VAS) from 0 to 10.22 Exclusion criteria were neurogenic bladder, kidney stones, recent or
acute urinary tract infection and recent pregnancy (<3 months postpartum).

Demographic data including history of anxiety and depression were extracted from the
database.

Data on urinary biomarkers NGF, BDNF, VEGF and osteopontin levels normalized to
urinary creatinine (Cr) concentration (NGF/Cr, BDNF/Cr, VEGF/Cr and osteopontin/Cr
levels) were extracted from database. Collection technique of urine specimens and
laboratory analysis have been previously described.28

Data on urinary symptoms, pain catastrophizing, and neuropathic pain measured using the
following validated questionnaires were also extracted.

The Pain Catastrophizing Scale (PCS) is a 13-item validated questionnaire that measures
severity of catastrophizing thoughts in patients with chronic pain. Each item in the PCS
measures severity of thoughts on a scale of 0 to 4 (total score range 0 to 52). PCS contains
three subscales: rumination (0 to 16), magnification (0 to 12) and helplessness (0 to 24).10
Rumination subscale measures the attention to pain symptoms and perseverating painful
thoughts. Magnification measures catastrophizing thoughts that the pain will worsen or
transform into a more serious problem. Helplessness measures concerns that the pain will
never improve.10 Total pain catastrophizing scores > 30 correspond to the 75 percentile of
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chronic pain respondents and subjects with score > 30 are classified as demonstrating pain
catastrophizing.

The Female Genitourinary Pain Index (F-GUPI) is a 9-item validated questionnaire that
measures bladder pain and lower urinary tract symptoms with a total score ranging from 0
to 45. The F-GUPI contains three domains: pain (0 to 23), urinary symptoms (0 to 10) and
quality of life (0 to 12). The pain domain contains a 10-point VAS which was used as study
inclusion criteria. Higher F-GUPI scores indicate worse lower urinary tract symptoms and
pain.23

The Interstitial Cystitis Symptom and Problem Index (ICSI and ICPI) are validated indices
to quantify severity of lower urinary tract symptoms consistent with interstitial cystitis/BPS.
ICSI and ICPI measure urinary urgency, frequency, nocturia and bladder pain. Total score
for each instrument ranges from 0 to 20 with higher scores indicating worse symptoms and
greater impact on quality of life.24

The PainDETECT questionnaire is a 9-item validated instrument to measure the severity of
neuropathic pain (score range from -1 to 38). PainDETECT measures the following seven
sensory neurologic symptoms: paresthesia, burning, pain associated with light touch and
pressure, thermal hyperalgesia, numbness and electric shocks. Two additional items assess
the course and radiation of pain. Neuropathic pain is diagnosed based on a score =19.25

Based on the PCS total score, women with BPS were divided into two groups: high pain
catastrophizing score (score > 30) and low pain catastrophizing score (score <30). We
compared baseline demographic data, clinical questionnaire results and urinary biomarker
levels between subjects with high and low catastrophizing scores using parametric and
non-parametric t-tests. Categorical variables were compared using Pearson Chi-square and
Fisher Exact tests. We determined the relationship between pain catastrophizing and urinary
BDNF levels (primary outcome) and other neuropeptides (NGF, VEGF, osteopontin) using
univariable and multivariable linear regression analysis. The a priori multivariable regression
model based on prior analysis included age, BMI, bladder pain severity, neuropathic pain
and urinary urgency.26 Statistical analyses were conducted using STATA 15.1 (Stata Corp,
College Station, TX).

RESULTS

A total of 62 women met inclusion criteria of BPS out of the total of 103 women in the
database. Of the 62 women with completed questionnaires, 51 (82.3%) provided urinary
samples. Eleven women did not return proper urine specimens.

Mean (SD) age, BMI, and median (range) parity for the 62 women in the BPS cohort was
44.1 (+/-2.3), 24.4 (+/-4.9), 0 (0-5) respectively. The mean (SD) pain catastrophizing score
for the cohort was 18.8 (+/-13.0). The mean (SD) for the PCS subscales were as follows:
rumination 6.4 (+/-5.0), magnification 3.6 (+/-3.0) and helplessness 8.9 (+/-6.4).

Fifteen subjects (24.2%) were categorized in the higher pain catastrophizing score group
(PCS score >30) and 47 (75.8%) were in the lower pain catastrophizing group (PCS score
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<30). There were no significant differences in age, race, BMI, parity, menopausal status or
current treatments for BPS, antidepressants, and anxiolytics between the higher and lower
pain catastrophizing score groups (Table 1). Women in the higher pain catastrophizing score
group were more likely to have a concomitant diagnosis of vulvodynia and less likely to
have undergone hysterectomy. There were no significant differences in other co-morbidities
including anxiety and depression (Table 1).

Urinary symptom score as measured by the ICSI and ICPI were not significantly different
between the higher and lower pain catastrophizing groups (Table 2). Similarly, there were no
significant differences in the urinary subscale scores of the F-GUPI and the Indevus urgency
scale scores between groups. The higher pain catastrophizing score group had significantly
higher (worse) scores for the pain and quality life domains of the F-GUPI and higher
(worse) bladder pain/burning on the ICSI than the lower pain catastrophizing score group.
The mean neuropathic pain score as measured by painDETECT was greater in the higher
pain catastrophizing group but did not reach significant levels.

We noted significant association between total catastrophizing score and neuropathic
painDETECT score (Table 3). Higher rumination and helplessness subscale scores of the
PCS were associated with higher painDETECT scores, however, no significant relationship
was noted with the Magnification subscale.

Mean neuropeptide levels between the higher and lower pain catastrophizing score groups
were not significantly different (Table 2). The relationship between urinary neuropeptides
and selected clinical variables are presented in Table 4. On univariable analysis, we observed
a significant association of pain scores (bladder pain and neuropathic pain) with NGF and
VEGF levels (Table 4). Urinary urgency was also associated with NGF levels.

Catastrophizing total and subscale scores were not significantly associated with urinary
neuropeptide levels on univariable analysis. On multivariable analysis, after controlling for
age, BMI, urinary urgency, and bladder pain, pain catastrophizing score was negatively
associated with BDNF (p=0.04) and VEGF levels (p=0.03) (Figure 1).

DISCUSSION

We rejected our hypothesis that pain catastrophizing is associated with higher urinary BDNF
levels in women with BPS. This was based on our finding that pain catastrophizing, a central
neurobehavioral representation of an individual’s experience of pain, was significantly
associated with higher bladder pain and neuropathic pain scores, but lower urinary BDNF
level. Specifically, two domains of pain catastrophizing, rumination and helplessness, were
associated with higher neuropathic pain scores, a clinical biomarker of neuroinflammation.
Additionally, higher total pain catastrophizing scores were associated with lower urinary
BDNF level after controlling for confounding effects of age and BMI. Taken together,

these findings suggest that neuroinflammatory mechanisms may be involved in the central
processing of chronic bladder pain.

Pain catastrophizing is conceptualized as a negative cognitive—affective response to pain.2’
Clinically, catastrophizing should not be viewed simply as a maladaptive response. Prior
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studies suggest that helplessness and rumination domains of catastrophizing are significantly
associated with major depression and suicidal ideation.3 In our study, we noted significant
association of pain catastrophizing with the severity of bladder pain and neuropathic

pain scores. These findings have useful clinical implications. First, neuropathic pain was
associated with the rumination and helplessness but not the magnification domain of

pain catastrophizing. These findings should reassure clinicians that women with BPS

are not exaggerating their bladder pain experience. Next, given the close relationship of
helplessness and rumination with depression and suicidal ideation, our findings suggest

that patients who report severe bladder pain and/or neuropathic pain should be evaluated

for pain catastrophizing using the PCS questionnaire that takes less than 5 minutes to
complete.13 Finally, our findings could help to guide treatment for subjects who report

pain catastrophizing. According to the appraisal theory, rumination (persistent thinking
about pain) reflects a primary appraisal and evaluation of a painful stimulus as extremely
threatening, whereas helplessness reflects secondary appraisal of inability to cope.28
Accordingly, catastrophizing may represent reduced self-efficacy to control a stimulus
perceived as extremely threatening.12 These findings suggest that even relatively simple
measures such as urinary analgesics that improve self-efficacy for controlling pain in the
short-term could help reduce central symptoms in women with BPS. In the long-term,
subjects with pain catastrophizing would likely benefit from interventions that improve their
ability to cope with pain such as cognitive behavioral therapy.

We noted a significant negative association between higher pain catastrophizing scores and
urinary BDNF levels after adjusting for the confounding effect of age and BMI. Though
several studies have investigated a variety of psychosocial factors in pain catastrophizing,
relatively few have examined whether pain catastrophizing is associated with alteration

in endogenous pain modulation.29:30 The limbic system, specifically the hippocampus,
contains the primary concentration of BDNF within the cerebral cortex.1® In animal
models, chronic emotional stress resulted in neuronal dysfunction and apoptosis within

the hippocampus, in addition to a decrease in serum BDNF levels.3! In BPS patients,

fMRI studies demonstrate altered gray matter and abnormal functional connectivity of the
hippocampus.32 Our findings that catastrophizing is associated with urinary BDNF levels
suggest that central neurogenic inflammatory processes contribute to central symptoms in
women with BPS. Furthermore, given that higher catastrophizing scores were associated
with lower urinary BDNF levels, presence of BDNF in the urine of women with BPS could
serve as a clinical predictor of less severe central augmentation. Larger studies in which
urinary and affective symptoms are correlated with BDNF levels are required to confirm our
findings.

We also explored the relationship between pain catastrophizing and other urinary biomarkers
such as NGF, VEGF, and osteopontin. Consistent with prior studies, we noted significant
associations of urgency with NGF levels, and between bladder pain and NGF and VEGF
levels.33:34 Similar to BDNF, pain catastrophizing was negatively associated with lower
urinary VEGF levels. In adults with major depression, a decrease in gray matter density
within the hippocampus has been shown to be associated with decreased systemic VEGF
levels.35 Therefore, similar underlying central neuroinflammatory mechanisms may explain
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lower BDNF and VEGF levels in the urine of women with BPS and who exhibit prominent
pain catastrophizing.

Our study provides evidence that BPS patients with higher pain catastrophizing also have
higher rates of vulvodynia. The rate of pelvic floor dysfunction, irritable bowel syndrome
and fibromyalgia was also higher in women with higher PCS scores, and although not
statistically significant, these findings contribute to a theory of pelvic organ crosstalk.
Cross-sensitization between urinary and reproductive organs may explain our findings. The
convergence of pain stimuli from urinary and reproductive organs are mediated by peripheral
and central mechanisms.36 Supraspinal mechanisms of cross-sensitization are processed
within the thalamus and limbic system which results in hyperexcitability and hyperalgesia
of pelvic organs.3” In addition, NGF has been implicated in pelvic organ crosstalk. Elevated
levels of bladder NGF was associated with enhanced sensitivity of other pelvic organs
outside the bladder.38 Cross-sensitization between the bladder and vulva may explain our
findings of higher pain catastrophizing due to hyperalgesia and central processing of pain.
However, the role of urinary biomarkers and supraspinal pain processing among pelvic
organs requires further investigation.

Strengths of our study include a clearly defined cohort of women with BPS. We purposely
excluded patients with minimal to no bladder pain in order to capture pain catastrophizing
symptoms in women with recent pain episodes. We utilized validated questionnaires

to measure clinical variables and urinary neuropeptides that were previously studied in
women with lower urinary tract symptoms. Our study is limited by the research design

of a secondary analysis, limited sample size, and absence of a control group. Due to

the nature of a retrospective secondary analysis, we were only able to extract urine
biomarker levels and serum biomarker values were not available in the database. Therefore,
we used serum creatinine to normalize urinary biomarker values. Future directions may
include investigation of serum BDNF and VEGF in patients with BPS and catastrophizing
symptoms.

In conclusion, our study offers evidence that neuroinflammatory mechanisms in women with
BPS contribute to the central processing of bladder pain. Our study also demonstrates that
urinary BDNF and VEGF could potentially be developed as biomarkers for phenotyping
subjects with consequential central symptoms such as catastrophizing.

The study was supported by a grant from International Urogynecological Association (IUGA), and by R01
DK121506 (to A.P.M)
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Figure 1.
Relationship of pain catastrophizing scale (PCS) total scores with urinary BDNF (A) and

VEGF (B) levels. Pvalues adjusted for age, BMI, urinary urgency, bladder pain, and
neuropathic pain.
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Demographics of patients with bladder pain syndrome (N=62).

Table 1.

Page 11
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Lower Pain Catastrophizing score (PCS<30) | Higher Pain Catastrophizing score (PCS>30) P_value
N =47 N =15
Age (years) 44.7 (+/-2.2) 42.1 (+/-3.7) 0572
Race (N, %)
Caucasian 41 (87.2) 14 (93.3) 0.68b
African American 4(8.5) 1(6.7)
Other 2(4.3) 0(0.0)
BMI (kg/m?) 25.0 (+/-5.2) 22.6 (+/-3.5) 0.10%
Parity (median, range) 0 (0-5) 0(0-2) 0.93°
Postmenopausal (N, %) 19 (40.4) 6(40.0) 0.997
Current Treatment(s) (N, %)
SSRIs/SNRIs 14 (30.0) 4(26.7) 0557
Tricyclic Anti-depressants 10 (21.2) 3(20.0) O.62d
Anxiolytics 13 (27.7) 8 (53.3) 0.07b
Antipsychotics 2(4.3) 0(0.0) 0_570’
Lamotrigine 2(4.3) 0(0.0) O.57d
Gabapentin 4(8.5) 2(13.3) 0.240’
Antihistamines 14 (29.8) 5(33.3) 0_7917
Anticholinergics 2(4.3) 0(0.0) 0'530’
Analgesics 20 (42.6) 6 (40.0) O.86b
Pentosan polysulfate 7(14.9) 3(20.0) 0. 46d
Bladder Instillations 3(6.4) 4 (46.7) 0.050’
Botox 1(2.1) 0(0.0) O.76d
Interstim 0(0.0) 0(0.0)
Past Surgical History (N, %)
Hysterectomy 11 (23.4) 0(0.0) 0.03 d
Prolapse 1(2.1) 0(0.0) 0.76d
Incontinence Procedure 1(2.1) 1(6.7) 0_430’
Oophorectomy 6 (12.8) 0(0.0) O.18d
Appendectomy 10 (21.3) 1(6.7) 0_190’
Past Medical History (N, %)
Depression 11 (23.4) 5(33.3) 0.3417
Anxiety 14 (29.8) 6 (40.0) O.46b
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Lower Pain Catastrophizing score (PCS<30) | Higher Pain Catastrophizing score (PCS>30) P-value
N =47 N=15

Vulvodynia 2(4.3) 4 (26.7) 0.03 d
Pelvic Floor Dysfunction 3(6.4) 4(26.7) 0_050’
Fibromyalgia 3(6.4) 4 (26.7) 0.050’
Chronic Fatigue Syndrome 4(8.5) 1(6.7) 0.65d
Migraine 8 (17.0) 6 (40.0) 0.06b
Irritable Bowel Syndrome 12 (25.5) 6 (40.0) 0.28b
Diabetes 3(6.4) 0(0.0) 0. 430’
Hypertension 4(8.5) 1(6.7) 0.65d

alndependent t-test

bChiz test

c . .
Equality of medians

dFisher exact test
Statistical significance for all tests, p<0.05

PCS=pain catastrophizing scale
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SSRIs/SNRIs=selective serotonin reuptake inhibitors/serotonin and norepinephrine reuptake inhibitors
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Table 2.

Urinary symptoms and urinary biomarker levels of patients with bladder pain syndrome (N=62).

Page 13

Lower Pain Catastrophizing score Higher Pain Catastrophizing score P-value
(PCS<30) N =47 (PCS>30) N =15
Clinical Symptoms
Indevus Urgency Severity Scale
Mild 17 (36.2) 5(33.3)
Moderate 19 (40.4) 6 (40.0) 0.96%
Severe 11 (23.4) 4(26.7)
Interstitial Cystitis Symptom Index (ICSI) 9.4 (+/-4.6) 11.5 (+/-5.5) 0 1517
Total Score '
Urgency (ICSI, Question 1) 1.8 (+/-1.5) 1.9 (+/-1.5) 0 89b
Frequency (ICSI, Question 2) 3.1(+/-1.6) 3.1 (+/-1.5) 0 97b
Nocturia (ICSI, Question 3) 2.8 (+/-1.9) 3.5 (+/-2.1) 0 2317
Pain/burning in bladder (ICSI, Question 1.7 (+/-1.7) 2.9 (+/-2.1) 0.03 b
4) :
Interstitial Cystitis Problem Index (ICPI) 8.7 (+/-3.9) 9.0 (+/-6.2) 0 80b
Total Score '
Female Genitourinary Pain Index (F-GUPI) 26.4 (+/-6.2) 33.3 (+/-6.4) <0.01 b
Total Score '
Pain Subscale 13.3 (+/-3.3) 17.3 (+/-2.8) <0.01 b
Urinary Subscale 5.0 (+/-2.9) 6.2 (+/-3.2) 0 18b
Quality of Life Subscale 8.1 (+/-2.3) 10.0 (+/-2.3) <0.01 b
PainDETECT Total Score 12.6 (+/-8.0) 16.2 (+/-9.5) 0 15b
Neuropathic pain® 10(21.3) 6(400) 0.15%
Urinary Biomarkers N= 36 N=15
BDNF 3.13 (+/-3.46) 3.28 (+/-4.79) 0 9017
NGF 0.23 (+/-0.61) 0.47 (+/-0.74) 0.237
VEGF 0.35 (+/-0.45) 0.40 (+/-0.54) 0 72b
Osteopontin 3.89 (+/-3.98) 3.34 (+/-5.32) 0 ng

aChiZ test

b,
Independent t-test

Statistical significance for all tests, p<0.05

cNeuropathic pain defined as painDETECT score =19

PCS=pain catastrophizing scale
NGF= nerve growth factor

BDNF= brain-derived neurotrophic factor
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VEGF= vascular endothelial growth factor
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Relationship between neuropathic pain and pain catastrophizing scale in patients with bladder pain syndrome

(N=62).

Table 3.

Neuropathic Pain®

Coefficient” (95% ciy | P value
Pain Catastrophizing Scale (PCS) Total Score 0.22 (0.06-0.38) 0.01
Rumination Subscale 0.48 (0.05-0.09) 0.03
Magnification Subscale 0.54 (-0.17-1.24) 0.13
Helplessness Subscale 0.51 (0.19-0.83) <0.01

aNeuropathic pain is defined as painDETECT Total Score 219.

Univariable linear regression analysis, statistical significance p<0.05
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Relationship of clinical variables with urinary neuropeptide levels: Univariable and Multivariable Analyses

Table 4.

Coefficient® (95% C1) | 7 V&Y€ | Coefficient” (959 c1) | P Value

Pain Catastrophizing Scale

BDNF -0.07 (-0.15-0.01) 0.09 -0.10 (-0.19- -0.003) 0.04

NGF 0.001 (-0.01-0.01) 0.99 -0.01 (-0.03-0.01) 0.16

VEGF -0.01 (-0.02-0.003) 0.17 -0.01 (-0.03- -0.001) 0.03

Osteopontin 0.05 (-0.14-0.04) 0.29 -0.11 (-0.23-0.02) 0.09
Urinary Urgency ¢

BDNF 2.13 (-0.10-4.35) 0.06 0.77 (-1.34-2.88) 0.47

NGF 0.38 (0.006-0.76) 0.04 0.22 (-0.18-0.63) 0.27

VEGF 0.09 (-0.19-0.37) 0.54 -0.01 (-0.30-0.29) 0.96

Osteopontin 0.89 (-1.70-3.48) 0.49 0.28 (-2.64-3.19) 0.85
Bladder Pain a

BDNF 0.27 (-0.38-0.92) 0.41 0.42 (-0.28-1.11) 0.23

NGF 0.11 (0.01-0.22) 0.03 0.11 (-0.02-0.24) 0.10

VEGF 0.08 (0.003-0.16) 0.04 0.13 (0.04-0.22) 0.01

Osteopontin 0.51 (-0.21-1.23) 0.16 0.85 (-0.08-1.79) 0.07
Neuropathic Pain €

BDNF 0.48 (-2.04-3.00) 0.70 0.57 (-1.74-2.88) 0.62

NGF 0.44 (0.04-0.84) 0.03 0.39 (-0.04-0.81) 0.08

VEGF 0.06 (~0.24-0.36) 0.67 -0.01 (-0.32-0.30) 0.95

Osteopontin 0.96 (-1.81-3.73) 0.49 0.40 (-2.69-3.19) 0.80

a. . . . . . e
Univariable linear regression analysis, statistical significance p<0.05

A priori multivariable linear regression controlled for age, BMI, urgency, bladder pain and neuropathic pain, statistical significance p<0.05

c . .
As ascertained from the Indevus Urgency Severity Scale

dlnterstitial Cystitis Symptom Index (ICSI, Question 4)

e L ) .
Neuropathic pain defined as painDETECT Total Score =19

NGF= nerve growth factor

BDNF= brain-derived neurotrophic factor

VEGF= vascular endothelial growth factor
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