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Abstract

Approximately 20% of adults worldwide experience lower urinary tract symptoms
(LUTS). The prevalence of LUTS increases with age, and in the US, over a quarter of
adults older than 50 years of age are affected. Increasingly severe LUTS are associated
with decreased physical and mental quality of life, stigma and psychological distress,
and falls among older adults. As the US population ages, 42 million US adults are
projected to have LUTS by 2025. Current LUTS treatments target the lower urinary tract
yet are limited by modest efficacy, and a substantial proportion of individuals with LUTS
do not respond to these interventions. This variable response to conventional treatment
suggests that non-urologic factors may be an important underlying mechanism in some

LUT cases. If true, these individuals will require an alternative approach to care.

Central sensitization (CS) has been proposed as a non-urologic mechanism of LUTS.
CS is generally accepted as an underlying mechanism in painful urologic conditions such
as interstitial cystitis/bladder pain syndrome, chronic pelvic pain, and prostatitis.
However, it is unknown whether CS is associated with non-painful LUTS. Emerging
evidence supports an association between CS and non-painful LUTS, although the
majority of studies have been conducted among small clinical samples of women with
overactive bladder. Whether the findings from these studies apply to men or to other
LUTS etiologies is unclear. Therefore, we undertook three research aims to investigate

CS as a possible mechanism of non-painful LUTS in men.



In Aim 1, we used musculoskeletal pain as symptom suggestive of CS to determine
whether the prevalence of musculoskeletal pain was greater among men with LUTS
compared to men without LUTS. Using data from a large US cohort of older, community-
dwelling men, we observed that musculoskeletal pain, especially at multiple locations, is
associated with greater LUTS severity. In Aim 2, we again used musculoskeletal pain as
a proxy measure of CS and asked whether musculoskeletal pain increases the risk for
LUTS progression. Using prospectively collected data from the same large cohort of
community-dwelling men, we found that the presence of musculoskeletal pain and the
extent to which it interferes with daily activities is associated with worsening LUTS.
Finally, in Aim 3, we administered a validated self-report measure of CS-related
symptoms to men with a recent history of urodynamic study for LUTS. We observed a
strong positive association between symptoms suggestive of CS and LUTS severity,

irrespective of LUTS etiology.

This dissertation presents some of the first studies to investigate CS as a possible
mechanism of LUTS in men. We observed that symptoms suggestive of CS are positively
associated with increasingly severe LUTS and increase the risk of worsening LUTS over
time. Our work expands the current literature base of CS-LUTS investigations to include
understudied populations: non-painful LUTS and LUTS etiologies other than over active
bladder. Our findings support the hypothesis that CS may represent a novel and
currently untargeted mechanism of LUTS, and suggest that future investigations of CS

and LUTS should include men with non-painful LUTS and a range of LUTS pathologies.
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Chapter 1. Introduction and Research Aims
Approximately 20% of adults worldwide experience moderate to severe lower urinary
tract symptoms (LUTS).1™3 LUTS are a constellation of symptoms that make it challenging
to void or difficult to store urine, including straining, incomplete emptying, frequency,
urgency, and incontinence.? Increasingly severe LUTS are associated with decreased
quality of life, and the stigma associated with urinary symptoms often leads to negative
self-image and psychological distress.>> By 2025, 42 million US adults are projected to
have LUTS.? Despite their health impact, the pathophysiological mechanisms underlying
LUTS remain poorly understood. As a result, it is not uncommon for LUTS cases to be
deemed idiopathic, with no identifiable cause. Thus, urologic experts have called for an
expansion of LUTS research to determine the biologic, behavioral, neurologic, and
psychosocial factors that may contribute to LUTS etiology.*°

One pathway ripe for examination pertains to a neurological phenomenon called
central sensitization (CS). CS occurs when the nervous system’s threshold for responding
to sensory stimuli is lowered. Under acute stress or heightened arousal, CS is a
temporary and adaptive phenomenon.!! For example, when faced with repeated or
intense noxious stimuli, the nervous system can amplify pain signals to generate a reflex
withdrawal from the stimulus and engage behaviors to avoid potential harm. In the
absence of harm, the system will return to baseline sensitivity over time.?13 However,
several situations can lead to persistent CS in the absence of harm or tissue damage.

Under these circumstances, hypersensitivity to sensory signals continues but is no



longer protective. In this way, CS is considered one of the mechanisms by which acute
sensations become chronic, thereby promoting and maintaining a variety of symptoms
in the absence of the original trigger.

Recently, CS has been proposed as a mechanism of idiopathic LUTS.'* While CS is
most often conceptualized as disordered pain processing, it can also cause the
intensification of non-painful sensory stimuli such as light, odor, and sound.*® Thus, it
has been suggested that CS may amplify bladder sensations such as stretch, warmth,
and pressure such that they result in common LUTS, including urgency, frequency, and
nocturia. Emerging evidence supports this hypothesis, yet most studies have been
conducted in small clinical samples of women.1%718 There is a paucity of epidemiologic
information on this potential mechanistic pathway in men.

The overarching objective of this dissertation research was to investigate CS as a
possible mechanism of LUTS in men. An appropriate first step in this line of inquiry is to
measure the association between CS and LUTS in men. Therefore, we conducted an
epidemiologic investigation using two data sources, a national prospective cohort of
community-dwelling men (The Osteoporotic Fractures in Men (MrQOS) study) and
primary data collected in a clinical urologic setting. To investigate the association

between CS and LUTS, we completed the following aims:

Aim 1 (Chapter 3). Determine the extent to which the prevalence of musculoskeletal

pain is greater among community-dwelling older men with LUTS compared to men



without LUTS. Using baseline data from the MrOS study, we used musculoskeletal pain
as a proxy measure of CS. We hypothesized that the prevalence of musculoskeletal pain
at any of four locations (back, neck, hip, or knee; yes/no) within 12 months prior to
baseline would be significantly higher among men with LUTS compared to those

without.

Aim 2 (Chapter 4). Determine whether musculoskeletal pain is positively associated
with the progression of LUTS severity. Using prospectively collected data from the
MrOS study, we again used musculoskeletal pain as a proxy measure of CS. We
hypothesized that men who reported baseline musculoskeletal pain at any of four
locations (back, neck, hip, or knee; yes/no) would be more likely to experience

worsening LUTS over a 2- and 4-year follow-up period compared to men without pain.

Aim 3 (Chapter 5). Assess the association between symptoms suggestive of central
sensitization and LUTS severity in a clinical sample of men. Using a validated self-report
measure of symptoms commonly experienced by people of CS, we hypothesized that
symptoms suggestive of CS would be positively associated with LUTS severity,

independent of LUTS etiology or lower urinary tract (LUT)/pelvic pain.



Chapter 2: Review of the Literature

2.1 LUTS: Epidemiology

2.1.a Measurement

Lower urinary tract symptoms are typically measured with self-report surveys. The most
widely used surveys in clinical practice and epidemiologic studies are the American

Urological Symptom Index and the International Prostate Symptom Score.

American Urological Association Symptoms Index (AUA-SI)

The AUA-SI is the most widely used measure of male LUTS in clinical care and research
worldwide.? It is a validated, 8-item Likert-type questionnaire of symptom frequency
and bother. Three items pertain to storage symptoms (urgency, frequency, nocturia),
three items pertain to voiding symptoms (straining, weak stream, intermittency), one
item asks about post-micturition (incomplete emptying), and one item measures LUTS-
related quality of life (How would you feel if you had to live with your urinary condition
the way it is now, no better, no worse, for the rest of your life?). The seven symptom-
related items are summed for a total score (range 0-35 points). Scores 0-7 points are
typically categorized as mild symptoms, 8-19 points as moderate symptoms, and scores
20-35 points as severe LUTS. The AUA-SI has demonstrated good internal consistency

(Cronbach’s alpha = 0.86) and test-retest reliability (r = 0.92).%°

International Prostate Symptoms Score (I-PSS)



The I-PSS and the AUA-SI are nearly identical questionnaires. The World Health
Organization and the International Scientific Committee used the first seven items of
the AUA-SI to create the I-PSS. The wording of eighth item about quality of life was
slightly modified from that of the AUA-SI to read: If you were to spend the rest of your
life with your urinary condition just the way it is now, how would you feel about that?
The scoring system is the same for both instruments and they are considered
interchangeable. The I-PSS has been translated and validated for use in many languages,
including Danish, Dutch, Flemish, French, German, Italian, Norwegian, Spanish, Swedish,

Korean, Thai, and Mandarin.20-22

2.1.b Case Definition

LUTS are common, and having a few symptoms (e.g. nocturia 1-2 times a night) may not
be bothersome to some individuals. Thus, a score of 2 8 points on the AUA-SI (moderate
to severe symptoms) is the generally accepted definition of LUTS in clinical and
epidemiologic studies. A 3-4 point change on the AUA-SI is generally accepted as a
clinically relevant change in LUTS.2>2% Urinary bother due to LUTS is measured by the
one quality of life item on the AUA-SI: How would you feel if you had to live with your
urinary condition the way it is now, no better, no worse, for the rest of your life? The 7-
point Likert-scale item responses range from delighted (0) to terrible (6) and are often
categorized as satisfied (0, 1, 2), mixed (3), or unsatisfied (4, 5, 6). Clinically relevant

urinary bother is often defined as a score of > 3.%



2.1.c Prevalence

Worldwide, approximately 20% of adults experience moderate to severe lower urinary
tract symptoms (Table 2.1). In the US, the estimated prevalence of moderate to severe
LUTS is similar among US men and women (18.7% and 18.6%, respectively), and across
racial/ethnic groups (White 18.9%, Black 19.3%, and Hispanic 16.2%).! The prevalence of
urinary symptoms increases with age, and LUTS are associated with injuries that drive

disability and death among older adults (e.g. falls).26-28 By 2025, 42 million US adults are

projected to have moderate to severe LUTS.®

Table 2.1. Prevalence estimates of lower urinary tract symptoms
(LUTS) from population-based studies around the world.

AGE LUTS
RANGE  DEFINED

COUNTRY N (years) AS MEN WOMEN
Denmark?® 5,379 250 > 8 AUA-SI 28.0 20.0
United States? 5,506 230 > 8 AUA-SI 18.7 18.6
Norway?3° 21,694 >20 >8 AUA-SI 158 -
Sweden? 39,928 45-79 28 AUA-SI 185 -
France? 1,829 40-79 28 AUA-SI 16.1 11.0
Netherlands? 2,299 40-79 =8AUA-SI 173 15.0
United Kingdom? 1,891 40-79 = 8 AUA-SI 20.0 19.5
South Korea? 2,720  40-79 =28AUA-SI 125 16.6




2.2 LUTS: Clinical Perspective

2.2.a The Micturition Response

Both somatic and autonomic nervous systems are involved in bladder control.

As part of the autonomic system, one of the primary functions of sensory receptors
located in the bladder is to manage bladder fullness. The detrusor, smooth muscle that
makes up the bladder wall, must be relaxed in order to expand and hold urine. As the
bladder fills, sensory receptors in the detrusor respond to stretch and convey a sense of
bladder fullness to the central nervous system (CNS).** Specifically, sensory information
is relayed from the bladder to the Barrington’s nucleus, a cluster of neurons in the brain
stem responsible for managing the micturition reflex.3! When sensory information from
the periphery reaches the Barrington’s nucleus, neurons release corticotropin releasing
factor into the locus coeruleus, a part of the brain responsible for attention, arousal,
and stress.3? The result is increased arousal and enhanced attention to both bladder
stimuli and the environment.

Some Barrington’s neurons descend and synapse with bladder motor neurons in the
sacral spinal cord which subsequently innervate the bladder wall. Stimulation of the
Barrington’s nucleus neurons in this direction results in detrusor muscle contraction and
micturition. This bidirectional pathway allows for the Barrington’s nucleus to regulate
both bladder tone and one’s response to stimuli, coordinating micturition and voiding
behaviors.33 One must decide “Do | need to urinate?” and if so engage in a variety of

actions that move toward that activity without voiding until appropriately situated.



2.2.b Medical Management

While a score of > 8 points on the AUA-SI is considered clinically relevant LUTS in
research studies, the amount of bother that an individual experiences as a result of their
symptoms typically drives medical management. Thus, the bother question on the AUA-
Sl can be a useful tool to guide conversations about treatment.3* LUTS that cause little
to no bother are often managed with patient education, lifestyle changes (e.g. alteration
in type, timing, and volume of fluid intake), and watchful waiting.3> Bothersome LUTS
are treated with first-line medical interventions, and individuals who do not improve are
typically referred for additional testing to inform second-line or surgical interventions.3®
The majority of current pharmacological therapies target the prostate or bladder and
are limited by side effects, inconsistent outcomes, and the need for ongoing
treatment.'%3’ The long-term use of LUTS medications can be costly over time, and
medications may interact with other drugs, a concern in aging populations where
polypharmacy is common.

The most widely prescribed class of medication for LUTS is an a-adrenergic receptor
antagonist, followed by a 5a-reductase inhibitor.3® a-adrenergic receptor antagonists,
also known as alpha-blockers, work by relaxing smooth muscle in the prostate and the
bladder neck; 5a-reductase inhibitors prevent the conversion of testosterone to
dihydrotestosterone, reducing prostate size over time. The effectiveness of these

pharmaceutical interventions for LUTS is variable. In a one-year observation of 2,351



European men who newly-presented to primary care with LUTS suggestive of BPH, at
least 25% of men prescribed an a-adrenergic receptor antagonist or 5a--reductase
inhibitor did not experience a clinically relevant improvement of symptoms.®° In a
cohort of US men with LUTS followed for a median 13.7 years, some men were treated
with an a-adrenergic receptor antagonist (n=155) or 5a-reductase inhibitor (n=92) after
a median of 8.2 years of observation.*® Before the pharmaceutical intervention, median
symptom scores increased (worsened) over time. After the intervention, median
symptom scores stabilized for a period and then continued to rise, albeit more gradually
than before treatment. The variable response to prostate-centric treatment suggests
that, for some men, LUTS may be a manifestation of non-prostatic causes that require a

different approach to care.

2.2.c Progression

A substantial number of people do not respond to pharmacologic treatment and LUTS
often worsen over time.3%442 Among 1,740 US community-dwelling men initially free
from LUTS/BPH treatment and followed for a mean (sd) 6.9 (0.4) years, 73%
experienced a stable symptom severity profile, whereas 20% of men experienced
progression, 6% remittance of symptoms, and 1% had a mixed symptom pattern
(worsening followed by improvement).*! Similarly, in a prospective study of 5,634

German men with untreated LUTS, 80% reported similar symptom severity scores after



four-years of follow-up, whereas 16% had worsened and 3.6% reported symptom
improvement.*® Frequencies remained similar when an additional 2,187 men treated
with medication or surgery were included in the analyses: 77% remained stable, 17%
worsened, and 6.1% improved. Identifying causes of LUTS progression and non-

response to therapy is essential to inform new therapeutic targets.

2.3 Central Sensitization: Clinical Presentation

As previously described, central sensitization is an increased responsiveness of central
nervous system neurons to afferent sensory stimuli. Several conditions exhibit features
of CS, including fibromyalgia, irritable bowel syndrome, endometriosis, migraines, and
painful urinary conditions such as interstitial cystitis/bladder pain syndrome, chronic
pelvic pain, and prostatitis.***> People with these conditions often experience high
levels of distress about their health, as well as overlapping symptom profiles, including
pain (e.g. during sex, intercourse, or urination), gastrointestinal complaints (nausea,
bloating, constipation), sexual or reproductive symptoms (painful or irregular menses,
premature ejaculation), or neurological deficits (difficulty swallowing, lump in throat,
urinary retention).*® A hallmark of these symptoms is that they often present in the
absence of any detectable organic cause. LUTS often co-occur with CS-related conditions
and a subset of LUTS cases also present in the absence of organic pathology. Whether

CS is a contributing mechanism to these cases is unknown.

10



2.3.a Possible Pathways Linking CS and LUTS
There are several ways in which CS could cause LUTS. First, repeated, noxious sensory
stimuli and/or tissue damage can result in a sensory processing system that “gets stuck”
in a state of elevated reactivity.'#*#’ In the urinary tract, ongoing changes in local pH,
mechanical or chemical trauma, and repeated infections can compromise urothelial
tissues.*® It is hypothesized that these insults could cause CS, resulting in chronic
abnormalities in lower urinary tract sensation and function.*®

A second way in which CS could result in LUTS is through pelvic organ crosstalk.
There is considerable overlap in the neurological pathways that transmit sensory
information from the pelvic organs to the CNS. Pain can be enhanced between any two
organs in which sensory projections innervate the spinal cord at a common location.*?
For example, both bladder and bowel sensory neurons converge in similar thoracic and
sacral regions of the spinal cord and it is suspected that pelvic organ crosstalk may
explain the well-established co-occurrence of IBS and urinary symptoms.>®=>3 Bladder-
bowel crosstalk has been induced in animal studies and is also observed clinically. For
example, constipation can impair bladder emptying and increase the severity of LUTS,
and rectal distention can cause changes in bladder capacity, sensation, and activity.'*

Finally, adverse early life experiences may predispose individuals to CS and LUTS in
later life. A wide body of literature demonstrates that the chronic increase in physiologic
arousal required to manage early life adversity can lead to long-lasting changes in

neural, endocrine, immune, and metabolic physiology.>* For example, a threatening

11



external environment causes a sympathetic stress response that can also influence how
safe one perceives their internal environment to be. In this way, early life adversity may
influence whether signals that originate within the body can be trusted or are cause for
worry. Continued worry about one’s own bodily integrity will maintain a general
perception of threat that can amplify the processing of sensory-related information,
resulting in CS.>>>7 Recent findings support an association between adverse early life

events and CS, chronic conditions that exhibit features of CS,>® and LUTS later in life.>%°

2.3.b Measurement
Because CS is a function of neuronal activity it can be difficult to detect and quantify.

There are three general ways in which CS, or features of CS, are measured.

Quantitative Sensory Testing
The first method used to detect CS is a laboratory technique called quantitative sensory
testing (QST).%* During QST, laboratory participants receive a quantifiable physical
stimulus (e.g. heat, pressure, electric shock) and their perceptual response (e.g.
subjective report of pain, neural response on electroencephalogram) is measured. QST
is used to assess the nervous system’s ability to both enhance and mitigate the
perception of pain.

In response to a repetitive painful stimulus, the nervous system can mitigate the

perception of pain and pain-related reactions through a process called pain

12



habituation.®? Conversely, with repeated or constant noxious stimuli the nervous system
has the capacity to increase the perception of pain through a process called temporal
summation. Both pain habituation and temporal summation can be elicited by
differentiating the strength, frequency, and timing of a repeated stimulus during QST.
Compared to healthy controls, people with CS-related conditions like fibromyalgia,
temporomandibular joint disorder, and migraines often demonstrate decreased pain

habituation and heightened temporal summation on QST.%3

Co-occurrence of Symptoms/Conditions with a Known CS Component

A second method often used to detect the possible presence of CS involves identifying a
co-occurrence of the condition of interest with other symptoms/conditions that have a
known CS component.*’ Several conditions that demonstrate features of CS on QST
frequently co-occur with one another, including fibromyalgia, irritable bowel, migraines,

chronic fatigue, chronic musculoskeletal pain, and other pain syndromes.®

Central Sensitization Inventory (CSl)

The CSl is a validated 25-item Likert-type questionnaire that quantifies subjective
experiences commonly reported among people with CS.#* Respondents indicate their
level of agreement with statements such as “I feel pain all over my body”, “l do not
sleep well”, “I have difficulty concentrating”, and “l am sensitive to bright lights”. Items

are summed for an overall score (range 0-100). The questionnaire was developed based

13



on the lived experience of people with chronic pain, QST was not used in questionnaire
development or initial validation.

A CSl score of > 40 is often used in research investigations to identify individuals with
an increased likelihood of underlying CS.%° This cut point was derived from a study of
patients from a multidisciplinary pain clinic with at least one functional diagnosis
indicative of CS (n=89) and a non-clinical sample of undergraduate students (n=129). A
CSI cut score of 40 distinguished chronic pain patients from graduate students with a
sensitivity of 81% and specificity of 75%.%°

Few studies have assessed the association between CSl scores and the presence of
CS determined by QST. In a sample of people with knee osteoarthritis (n=129), the
sensitivity and specificity of the CSl to correctly identify those with CS diagnosed by
validated laboratory measures was 75% and 63.4%, respectively, with an optimal cut
point of 36.57 Authors observed that the CSI was more strongly associated with
psychological factors (e.g. anxiety and depressive symptoms (r=0.58, p <0.005) and pain
catastrophizing (r=0.30, p<0.005) than QST findings. They concluded that among people
with knee osteoarthritis pain, the CSl is better at identifying psychological symptoms
associated with CS rather than physical nervous system adaptations. In a mixed clinical
sample of people with and without chronic pain conditions (n=77), Caumo et al.
observed an association between CSI scores and QST. Patients who were able to
modulate their pain response on QST had significantly lower mean CSI scores compared

to patients who were unable to modulate their pain response. In contrast, Mibu et al.
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did not observe any correlation between CSI scores and objective QST measures among
individuals with chronic low back pain (n=104) or knee osteoarthritis (n=50).%8 Similarly,
among patients with shoulder pain (n=78), CSI scores were not correlated with QST
findings.®> The inconsistent association between CS| scores and QST findings may be a
result of vast differences in QST methods, as well as variable clinical samples across

studies.

2.3.c Evidence of an Association between CS and LUTS
There is literature to suggest that non-painful LUTS co-occur with conditions that have a
known CS component. The co-occurrence of IBS and urinary symptoms is well
established.>®>3 More recently, evidence of co-occurring LUTS with back pain,8>7°
fibromyalgia,'®’172 chronic fatigue,’! and migraine'®’3 has emerged, suggesting that CS
may be a possible common underlying pathway among these conditions. Much of the
co-occurrence literature stems from small, cross-sectional surveys administered to
women in a clinical setting. Men are underrepresented in these investigations.
Moreover, those who seek healthcare may not be representative of all community-
dwelling adults, and investigations in non-clinical samples, such as community-dwelling
older adults, are needed.

CS is accepted by many as an underlying mechanism of painful urinary conditions
(distinct from LUTS, which are not considered painful). To date, the majority of QST has

been conducted in people with interstitial cystitis/bladder pain syndrome and chronic
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pelvic pain. Compared to controls, individuals with painful urinary conditions exhibit
decreased pain tolerance to mechanical and thermal stimuli,’*7® diminished habituation
to repetitive noxious stimuli,”” hyperalgesia to bladder filling,”” and hypersensitivity to
auditory stimuli.”®

We are aware of three studies that used QST to investigate the presence of CS in
individuals with overactive bladder (OAB), a condition that is not generally associated
with urologic pain. Two of these studies provided evidence in support of a CS-OAB
association. First, women with OAB (n=20) exhibited stronger temporal summation to
thermal stimuli applied to the forearm compared to healthy controls (n=23).1¢ Second,
women with OAB who were refractory to treatment and presented to clinic for third-
line interventions (botulinum toxin bladder injection or sacral neuromodulation (n=39))
had stronger temporal summation to thermal stimuli applied to the forearm compared
to women with OAB who were not seeking third-line interventions (n=55).”° In contrast,
a third study recently reported that, despite 191 participants with OAB scoring
significantly higher than 106 non-OAB controls on a number of self-report symptoms
associated with CS, investigators observed no difference in temporal summation to
thumbnail pressure between the two groups.®°

To our knowledge, the CSI has only been used in one study of lower urinary tract
symptoms. In 177 women with chronic pelvic pain, higher CSI scores were significantly
associated with more severe LUTS.8! We are not aware of any studies that have

administered the CSI to men or to people with non-painful LUTS.
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3.1 Abstract

Background: Features of central sensitization (CS) are present in almost all chronic pain
conditions, including painful urinary conditions and back pain. Recently CS was proposed
as a mechanism of non-painful lower urinary tract symptoms (LUTS). Using
musculoskeletal pain as an indicator of CS, we investigated whether the prevalence of
musculoskeletal pain is greater among community-dwelling men with moderate or

severe LUTS compared to those with mild LUTS.

Methods: We conducted a cross-sectional study of 5,966 men = 65 years who attended
the Osteoporotic Fractures in Men Study baseline visit. LUTS were assessed with the
American Urological Association Symptom Index (AUA-SI) and categorized as none/mild
(0-7), moderate (8-19), or severe (220). Self-reported back, neck, hip, or knee pain
within the 12 months before baseline was categorized as any pain and multi-location
pain. We tested our hypothesis using odds ratios (OR) and 95% confidence intervals (Cl)

estimated from multivariable logistic regression models.

Results: The adjusted odds of any pain were higher among men with moderate (OR
1.49, 95% Cl: 1.29-1.72) and severe LUTS (OR 1.76, 95% Cl: 1.28-2.40) compared to
those with no/mild LUTS. The adjusted odds of pain at > 2 locations were 69% higher
among men with moderate (OR 1.69, 95% Cl: 1.45-196) and more than double among
men with severe LUTS (OR 2.24, 95% Cl: 1.62-3.10) compared to men with no/mild

LUTS.
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Conclusions: Musculoskeletal pain, especially at multiple locations, is associated with
greater LUTS severity among older men. CS may represent a novel shared mechanism of

pain and LUTS.
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3.2 Introduction

Lower urinary tract symptoms (LUTS), which include symptoms of difficulty voiding or
storing urine, affect 20% of adults worldwide.? The stigma associated with urinary
symptoms often leads to psychological distress and LUTS are associated with decreased
quality of life of a similar magnitude to diabetes and heart disease.®’ Despite their
health impact, knowledge about the pathophysiological mechanisms underlying LUTS
are evolving and remain incompletely understood.

The bladder is controlled by both the somatic and autonomic nervous systems,
making it logical to investigate contributions of autonomic nervous system function to
LUTS etiology. One possible explanation pertains to how the nervous system develops
increased responsiveness to primarily noxious stimuli, known as sensitization.
Sensitization is a temporary and adaptive phenomenon.!! For example, when faced with
repeated or intense noxious stimuli, the nervous system can amplify signals, which are
often perceived as pain, to motivate behaviors to avoid potential harm. In the absence
of harm, the system will return to a physiologic baseline sensitivity over time.'3
However, sensitization can become impaired, such that even in the absence of harm the
amplification of sensory signals continues but is no longer protective. This impairment in
the processing of sensory information is called central sensitization (CS). Recently, CS
was proposed as a mechanism of storage LUTS.* Specifically, it has been proposed that
the sensory amplification of bladder stretch or pressure may be perceived as a signal of

harm and translated into common LUTS of urgency, frequency, and nocturia.*
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CS is recognized as an underlying mechanism in painful urinary conditions such as
bladder pain syndrome and chronic prostatitis, as well as several other chronic
conditions, including fiboromyalgia, irritable bowel syndrome, low back pain, and
osteoarthritis.’>*474 These diagnoses tend to co-occur and people with these conditions
often experience overlapping symptom profiles, including depression, anxiety, fatigue,
poor concentration, and pain. What is unknown is whether CS is a mechanism of non-
painful LUTS. We reasoned that if CS is responsible for a portion of non-painful LUTS
cases, then symptoms suggestive of sensitization, such as non-urologic chronic
musculoskeletal pain, would be more prevalent among people with LUTS compared to
those without. Moreover, because widespread bodily pain indicates a disruption in
central nervous system pain regulation,’®> we would also expect a strong association
between LUTS and musculoskeletal pain in multiple sites. These hypotheses have not
been adequately tested. The emerging evidence supporting a possible association
between CS and non-painful urologic conditions is based on inference from studies

conducted in small clinical samples of women'®1882 and may not apply to men.

There is a lack of epidemiologic information on CS as a potential mechanism of LUTS
in men. Therefore, using musculoskeletal pain as an indicator of CS, the objective of this
study was to determine if the prevalence of musculoskeletal pain is associated with
LUTS among community-dwelling older men using baseline data from the Osteoporotic

Fractures in Men (MrOS) study. We hypothesized that the prevalence of
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musculoskeletal pain, particularly pain in multiple sites, would be higher with increasing

LUTS severity.

3.3 Methods

Data Source

We conducted a cross-sectional study with data collected at the baseline visit of the
MrOS cohort. MrOS is designed to identify risk factors for falls, fractures, and prostate
conditions among community-dwelling older U.S. men.83 Eligible participants were
identified through population-based lists (e.g. voting and motor vehicle registries) and
recruited through mass mailings.®* Between 2000 and 2002, 5,994 community-dwelling
men who were at least 65 years old and could walk without the assistance of another
person were enrolled at 6 U.S. academic medical centers in Birmingham, Minneapolis,
Palo Alto, Pittsburgh, Portland and San Diego. At the baseline visit, all men completed a
comprehensive self-administered questionnaire and an in-person study visit. All
participants gave written informed consent and Institutional Review Boards at each

participating institution approved the study.

Independent Variable: Lower Urinary Tract Symptoms
LUTS were assessed with the American Urologic Association Symptom Index (AUA-SI) on
the baseline questionnaire.’® The AUA-SI includes seven items on urinary urgency,

frequency, nocturia, straining, weak stream, intermittency, and/or incomplete emptying
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in the previous 30 days. Item scores are summed for a total score (range 0-35 points).
AUA-S| scores were categorized according to standard practice as no/mild (0-7 points),
moderate (8-19 points), or severe (> 20 points) LUTS.

We also assessed AUA-SI subscales for storage (frequency, urgency, nocturia) and
voiding symptoms (straining, incomplete emptying, intermittency, and weak stream).
For each subscale, we categorized the total subscale score into tertiles because there

are no established thresholds.

Dependent Variables: Musculoskeletal Pain

In four separate questions on the baseline questionnaire, MrOS participants reported on
back, neck, hip, and knee pain within the previous 12 months. We defined two primary
dependent variables for this study. First, any musculoskeletal pain was defined as a
response of “yes” to any of the four pain locations (back, neck, hip, or knee) versus “no”
for all locations. Second, multi-location pain was defined as the sum the number of
“yes” responses to the four individual questions about back, neck, hip, or knee pain (0,

1,>2).

Other Independent Variables
Race was categorized as White, Black, or Other because there were too few men to
examine other racial/ethnic categories separately. Education was categorized as college

degree (yes/no). Cigarette smoking status was categorized as current, former, or never.
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Alcohol consumption was assessed as average intake in a typical week and categorized
as none, >0-7, and >7 drinks per week. Problem drinking was defined as a score of > 2
on the CAGE Substance Abuse Screening Tool.® Scores from the Physical Activity Scale
for the Elderly®® were categorized into quartiles. Mobility limitation was defined as self-
report of any difficulty walking two to three blocks outside on level ground or any
difficulty climbing ten steps without resting. Self-reports of physician-diagnosed
hypertension, diabetes, prostatitis, and prostate cancer were also obtained. We defined
psychological distress as a score of <50 points on the mental health component of the
SF-12 questionnaire.?> Height and weight were measured by study staff 2 and body
mass index (BMI) was calculated as weight in kilograms divided by the square of height
in meters (kg/m?). BMI was assessed as a continuous variable and as categories of
normal/underweight (<25.0) overweight (25.0-29.9), and obese (>30). Prescription
medication use was documented from labels on products brought by participants and
classified using the lowa Drug Information System.*! Current LUTS medication use was
coded as a binary variable indicating use of any alpha-1 adrenergic antagonist, 5-alpha
reductase inhibitor, anticholinergic for storage symptoms, or phosphodiesterase-5
inhibitor. Current pain medication use was coded as binary variable indicating use of
non-steroidal anti-inflammatory drugs, opioids, acetaminophen, or aspirin. Current
antidepressant or anxiolytic medication use was coded as a binary variable indicating
use of selective serotonin receptor inhibitors, serotonin-norepinephrine reuptake

Inhibitors, tri/tetracyclic antidepressants, monoamine oxidase inhibitors,
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benzodiazepines, barbiturates, or pharmaceuticals indicated for treatment of
depression or anxiety that do not belong to one of these categories (e.g. trazodone,
buspirone). Men with missing antidepressant or anxiolytic medication information
(n=239) were coded as non-users, because results with this coding were similar to
results excluding the missing observations. Study site was categorized as the

participant’s recruitment site.

Analytic Cohort

Of the 5,994 participants enrolled at baseline, men who had missing data for LUTS (n=4)
or other independent variables of interest (BMI n=2, smoking status n=1, drinks per
week n=7, physical activity n=3, mobility limitation n=8, psychological distress n=3) were

excluded. The final analytic sample consisted of 5,966 men.

Statistical Analysis
We compared characteristics of the analytic cohort according to LUTS severity using
one-way analysis of variance for continuous variables or chi-square tests for categorical
variables. We also computed the unadjusted prevalence of multi-location pain among
those with no/mild, moderate, and severe LUTS.

Odds ratios (OR) and 95% confidence intervals (Cl) were estimated as the measure
of association between LUTS severity and musculoskeletal pain prevalence. For the

outcome variable any musculoskeletal pain, logistic regression for a binary variable was
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used. For the outcome variable multi-location pain with three categories, multinomial
logistic regression with a reference outcome of no pain and a robust variance estimator
was used to estimate OR for the categories of pain at 1 location and pain at > 2
locations. Stata 14.2 (StataCorp LLC, College Station, TX, USA) was used for all analyses.
We hypothesize that musculoskeletal pain and LUTS do not mutually cause each
other, but rather are associated through a common underlying mechanism, CS, a
phenomenon for which there is no standardized physiologic measure. Therefore, we
created a causal diagram (Supplementary Figure 1) to guide our model building and
variable selection,® summarized briefly as follows. First, we defined potential
confounders as variables associated with LUTS, musculoskeletal pain, or both and that
are unlikely to be caused by CS, including age, race, education, smoking status, alcohol
consumption, physical activity, limited mobility, BMI, diabetes, hypertension, prostate
cancer, and study site. Second, we created base models adjusted for age. Third, the
remaining potential confounders were added to the age-adjusted model in a systematic
and iterative fashion using well-established change in estimate methods.?’ Briefly, each
variable was added to the age-adjusted model one at a time and ranked according to
the strength of confounding. Variables that resulted in > 10% change in the OR were
considered candidate confounders. The candidate confounder that produced the
greatest percentage change in the estimate was retained first. The process was
repeated with the remaining candidate confounders until all variables that produced

confounding were assessed in the presence of variables already in the model. As a result
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of these procedures, age and mobility limitations were retained in the final model as
confounding variables.

Because CS may be a common mechanism of musculoskeletal pain and LUTS,
additional factors may mediate the (unmeasured) associations between CS and pain or
between CS and LUTS (Supplementary Figure 1). Therefore, we added the following
variables separately one at time to the final multivariable model: pain medication use,
LUTS medication use, psychological distress, and prostatitis. The two variables that
resulted in 2 10% change in any OR were use of LUTS medications and history of
prostatitis. We present the OR before and after adjustment for these variables.

Finally, we examined whether the association between LUTS and pain varied across
levels of storage and voiding symptom severity. To perform this analysis, we created a
9-level categorical variable by cross-tabulating storage symptom tertiles and voiding
symptom tertiles. We then repeated our analyses using this as our primary independent
variable; the referent group was men in the lowest tertile of both storage and voiding

symptoms.

Sensitivity Analyses

Prostatitis is a painful urinary condition that may have an underlying CS component.’
Prostate cancer is a risk factor for LUTS and metastasis can result in musculoskeletal
pain. Therefore, we repeated our analyses after excluding men with a history of

prostatitis, prostate cancer, or either condition. Second, because psychological
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comorbidities are common among individuals with CS, pain, and LUTS, we explored
whether the association between LUTS and pain was consistent among men without
psychological distress symptoms by excluding those with psychological symptoms from
the final models. Finally, we assessed the sensitivity of our model estimates to the

inclusion of all independent variables described in Other Independent Variables.

3.4 Results

Nearly half (46%) of the men had moderate or severe LUTS (Table 1). Compared to men
with no/mild LUTS, those with moderate or severe LUTS were on average slightly older,
less physically active, and more likely to have mobility limitations, to use medications for
LUTS and for pain, and to report diabetes, hypertension, and symptoms of
depression/anxiety.

The prevalence of any musculoskeletal pain was greater among men with moderate
or severe LUTS than among men with no/mild LUTS (Figure 1). After adjustment for
confounders, the odds of reporting any musculoskeletal pain were 49% higher among
men with moderate LUTS (OR 1.49, 95% Cl: 1.29-1.72) and 76% higher among men with
severe LUTS (OR 1.76, 95% Cl: 1.28-2.40) compared to those with no/mild LUTS (Table
2). Further adjustment for a history of prostatitis and use of LUTS medication did not
change the association with moderate LUTS and attenuated the OR for severe LUTS to

1.55 (95% Cl: 1.13,2.13), although all associations remained statistically significant.
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With increasing LUTS severity, the unadjusted prevalence of pain at 1 location
decreased and the prevalence of pain at > 2 locations increased (Figure 1). Compared to
men with no/mild LUTS, adjusted odds of reporting pain at 1 location were higher
among men with moderate LUTS, but not among men with severe LUTS (Table 3).
However, compared to men with no/mild LUTS, the adjusted odds of reporting pain at >
2 locations were 69% higher among men with moderate LUTS (OR 1.69, 95% Cl: 1.45-
196) and more than twice as high among men with severe LUTS (OR 2.24, 95% Cl: 1.62-
3.10). Further adjustment for LUTS medication use and prostatitis history did not
materially change the ORs for pain at 1 location, but did attenuate the ORs for pain at >
2 locations to 1.57 (95% Cl: 1.35-1.83) for moderate LUTS and 1.91 (95% Cl: 1.37-2.65)
for severe LUTS.

When men were simultaneously classified by storage and voiding symptom severity,
results were consistent with our primary analysis (Table 4). The association was
strongest among men in the highest tertiles of both storage and voiding subscores; the
odds of reporting any pain were nearly double for this group compared to men with the
lowest storage and voiding scores (OR 2.25, 95% CI: 1.80-2.83). We observed a similar

pattern for the outcome of multi-location pain (Supplementary Table 1).

Sensitivity Analyses
After excluding men with a history of prostatitis (n=1,492), prostate cancer (n=708),

either prostate cancer or prostatitis (n=1,816), or those with psychological distress
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(n=969), our results were materially unchanged (Supplementary Table 2). Our results
were also unchanged after adjusting for all covariates described in the Other

Independent Variables section (Supplementary Tables 3 and 4).

3.5 Discussion

In this large US cohort of community-dwelling older men, the prevalence of any
musculoskeletal pain, and particularly pain at multiple locations, rose with increasing
severity of LUTS. Both the presence and number of locations of musculoskeletal pain
were associated with greater LUTS severity independently of age, mobility limitations,
LUTS medication use, and history of prostatitis. The association was strongest for men
with pain at multiple locations and similar for men who reported predominantly storage
symptoms versus predominantly voiding symptoms. These findings lend support to the
hypothesis that LUTS and musculoskeletal pain may be associated through a common
underlying mechanism of CS.

There is some prior evidence of a positive association between musculoskeletal pain
and LUTS, albeit mostly among women with low back pain and urinary incontinence.8°
The majority of prior studies were cross-sectional, although two prospective studies
suggest an association between back pain and urinary incontinence in women.®%% In
men, back pain has been associated with LUTS progression over time.*! These studies

only assessed back pain at a single site. Our observation that any musculoskeletal pain is
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associated with greater LUTS severity is consistent with these earlier findings and
extends these works by assessing not only back pain but pain at other locations, as well.
Very few studies have assessed an association between LUTS and musculoskeletal
pain at multiple locations. Nearly half of older adults with urinary incontinence report
pain in more than one musculoskeletal location.®* In a clinical sample of adults with
bladder pain syndrome (BPS; n=27), overactive bladder (OAB; n=51), or no/mild LUTS
(n=30), participants were asked to indicate where they experienced pain on a whole
body map.®2 Of those reporting co-occurring pelvic and non-pelvic pain, adults with BPS
were significantly more likely to report non-pelvic pain in multiple locations compared
to those with OAB, who in turn were more likely to report non-pelvic multi-location pain
compared to controls. The authors hypothesized that the presence of bodily pain in
multiple non-pelvic locations indicates a disruption in central systems of pain regulation
and suggests that CS may contribute to a subset of BPS and OAB cases. Our finding that
musculoskeletal pain is most strongly associated with LUTS severity among men who
report pain at more than one location provides further support for this hypothesis.
Features of CS are present in painful urinary conditions.”* What remains unclear is
whether CS also contributes to non-painful LUTS. Most evidence in support of the latter
is derived from studies of women with OAB and storage LUTS.161882 However, we found
that the association between musculoskeletal pain and LUTS severity was similar
between men with predominantly storage symptoms and men with predominantly

voiding symptoms. Moreover, the strength of association between musculoskeletal pain

33



and LUTS was greatest among men with the highest storage and voiding subscores.
Thus, CS may not only be an underlying mechanism of storage symptoms indicative of
OAB as previously suggested, but it may also contribute to the sensory amplification of
voiding LUTS associated with benign prostatic or other obstructive pathologies.

Our observation that musculoskeletal pain is associated with greater LUTS severity
supports the hypothesis that musculoskeletal pain and LUTS may be associated through
a common cause, CS, as described in our supplementary figure. Although our study
employs a cross-sectional design and uses musculoskeletal pain as a proxy of CS rather
than measuring CS directly, some consideration of the mechanisms by which CS could
contribute to LUTS is warranted. Possible ways in which CS may contribute to storage
symptoms and OAB have been well-articulated.'* Briefly, it is suggested that repetitive
mechanical, inflammatory, and/or chemical stimuli that increase urinary afferent
signaling above normal thresholds can, in turn, cause central sensitization.'* Sensitized
neurons may then interpret greater bladder fullness at reduced bladder volumes,
resulting in urinary symptoms of urgency or frequency. We posit that the same
pathophysiologic changes hypothesized to occur with OAB might also occur with
obstructive pathologies such as bladder outlet obstruction (BOO). For example, early in
the course of BOO, increased resistance in urinary outflow can cause bladder
inflammation and tissue remodeling®%>°3 which could, in turn, cause increased afferent
signaling and central sensitization. Thus, it is possible that CS is caused early in the

course of obstruction and contributes to the storage symptoms that accompany voiding
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dysfunction. Indeed, most men with BOO present with a mix of voiding and storage
symptoms - rarely are symptoms purely obstructive.®* If CS is associated with both
storage and voiding pathologies, then prospective investigations are needed to
determine whether CS, or conditions indicative of CS, are positively associated with
worsening LUTS.

Our study has limitations. Recall of pain over 12 months may be prone to
measurement error. If inaccurate recall of pain was similar across all categories of LUTS
severity, the ORs we observed could have been underestimated. Alternatively, if men
with moderate or severe LUTS were more likely than men with no/mild LUTS to recall
other somatic symptoms like pain, our observed ORs could be overestimated.
Nevertheless, the accuracy of pain recall over the past 12 months is generally high on
average, particularly for questions similar to those used in this study (e.g. “did it
happen”) as opposed to more complex constructs like pain intensity, duration, or
interference.®® Second, chronic pain is more indicative of CS than acute pain; but we
were unable to differentiate acute from chronic pain in these analyses. We have no
reason to believe that the reporting of acute pain would be systematically different
across categories of LUTS severity, therefore the inclusion of acute pain in our analyses
could have resulted in an underestimation of ORs. Third, we lacked a measure of urinary
pain and therefore were unable to determine if differences in musculoskeletal pain
prevalence exist among men with painful and non-painful LUTS. Finally, although a

validated measure of CS symptoms now exists,** it was not yet developed at the time
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the MrOS cohort was assembled. Nevertheless, musculoskeletal pain in multiple
locations is a marker of disordered central pain regulation and therefore is an

appropriate surrogate for the presence of CS.1°

3.6 Conclusion

Musculoskeletal pain, especially at multiple locations, is associated with greater LUTS
severity among older men. CS may represent a novel and currently untargeted shared
mechanism of pain and LUTS. Prospective studies and those that objectively investigate

the presence of CS among older men with LUTS are warranted.
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Table 3.1. Baseline characteristics of community-dwelling men aged > 65 years according to lower
urinary tract symptom (LUTS) severity: The MrOS study, USA (N=5,966).

LUTS Severity
Mild Moderate Severe P value®
N (% in cohort) 3,224 (54.4) 2,346 (39.3) 396 (6.6)
Age, years; mean (sd) 73.15 (5.75) 74.17 (5.90) 74.61 (6.18) <0.001
Race 0.05
White 2,889 (89.6%) 2,124 (90.5%) 350 (88.4%)
Black/African American 125 (3.9%) 90 (3.8%) 26 (6.6%)
Other 210 (6.5%) 132 (5.6%) 20 (5.1%)
College Degree 1,704 (52.9%) 1,271 (54.2%) 197 (49.7%) 0.23
BMI 0.51
Under/Normal 901 (27.9%) 636 (27.1%) 98 (24.7%)
Overweight 1,640 (50.9%) 1,214 (51.7%) 202 (51.0%)
Obese 683 (21.2%) 496 (21.1%) 96 (24.2%)
Smoking Status 0.01
Never 1,243 (38.6%) 861 (36.7%) 136 (34.3%)
Past 1,850 (57.4%) 1,425 (60.7%) 247 (62.4%)
Current 131 (4.1%) 60 (2.6%) 13 (3.3%)
Alcohol consumption 0.21
None 1,108 (34.4%) 851 (36.3%) 152 (38.4%)
1-7/week 1,531 (47.5%) 1,110 (47.3%) 183 (46.2%)
>7/week 585 (18.1%) 385 (16.4%) 61 (15.4%)
Problem Drinking 456 (14.1%) 463 (19.7%) 80 (20.2%) <0.001
Physical activity quartiles <0.001
Q1 (Least active) 718 (22.3%) 646 (27.5%) 128 (32.3%)
Q2 783 (24.3%) 610 (26.0%) 99 (25.0%)
Q3 813 (25.2%) 589 (25.1%) 89 (22.5%)
Q4 (Most active) 910 (28.2%) 501 (21.4%) 80 (20.2%)
Mobility Limitations® 342 (10.6%) 387 (16.5%) 103 (26.0%) <0.001
Medication Use
Pain Medications® 1,514 (47.0%) 1,172 (50.0%) 228 (57.6%) <0.001
Diuretic Medications 578 (17.9%) 480 (20.5%) 78 (19.7%) 0.06
LUTS Medications® 349 (10.8%) 594 (25.3%) 157 (39.6%) <0.001
Antidepressant/anxiolytic 5. o Jo0) 226 (9.6%) 59 (14.9%) <0.001

Medications'
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Medical History

Prostatitis 645 (20.0%) 677 (28.9%) 170 (42.9%) <0.001

Diabetes 342 (10.6%) 248 (10.6%) 58 (14.6%) 0.04

Hypertension 1,309 (40.6%) 1,060 (45.2%) 198 (50.0%) <0.001
Psychological distress® 414 (12.8%) 463 (19.7%) 93 (23.5%) <0.001
Any Musculoskeletal Pain 2,520 (78.2%) 1,986 (84.7%) 347 (87.6%) <0.001
Multi-location Pain <0.001

No Pain 704 (21.8%) 360 (15.3%) 49 (12.4%)

Pain at 1 Location 1,090 (33.8%) 703 (30.0%) 90 (22.7%)

Pain at > 2 Locations 1,430 (44.4%) 1,283 (54.7%) 257 (64.9%)

BMI: Body mass index; BPH: benign prostatic hyperplasia; MrOS: Osteoporotic Fractures in Men
Study; NSAIDS: Non-steroidal anti-inflammatory drugs; PASE: Physical Activity Scale for the Elderly

@ p-values estimated from chi-square test for categorical variables or one-way analysis of variance
for continuous variables

b Physical activity assessed with the Physical Activity Scale for the Elderly
¢ Defined as any difficulty walking 2-3 blocks or climbing 10 steps

4Use of non-steroidal anti-inflammatory drugs, opioids, acetaminophen, or aspirin

¢ Use of any alpha-1 adrenergic antagonist, 5-alpha reductase inhibitor, anticholinergic for storage
symptoms, or phosphodiesterase-5 inhibitor

fUse of selective serotonin receptor inhibitors, serotonin-norepinephrine reuptake Inhibitors,
tri/tetracyclic antidepressants, monoamine oxidase inhibitors, benzodiazepines, barbiturates, or

pharmaceuticals indicated for treatment of depression or anxiety that do not belong to one of these

categories (e.g. trazodone, buspirone).
8Defined as a mental health component score of < 50 on the SF-12

38



“siyjeysold 4o Adogsiy pue 5] 18301 0 SUDIIEJIDILW JO 350 “suoeqiwl) Aujiqow a8e oy paisnipy .
"sUClElWI] AYjiqow pue a8e 1o) pajsnipy
syjucw g1 snonald 2yl ul uied 3suy o ‘diy yaau yoeq Aue jo Joday

[EAIZIUL IIUSPIUCT D 03RS SPPO THO JAPNIS Usp U s3Un3zeld Joiodoals SSodm

B - - £CE'Y ETT'T [E30] ULWIN|OD
[ET'Z'ETT) 55T (orz'szT)ost (erz'ovr'T)00C L¥E 6t S1N1 24anas
(eoT'zzT) 19T (zet'szT)6pT (6£°T'SE'T) 55T 086'T 09g S1N1 33e13po

12y 12y 12y DESC 0L SL1M1 Pl
(17 %456) 4O (12 9%56) 4O (12 %56) O (Uyueq  (u) ued
2|geleA Ny 2B LBAIL NN pa1sn(py-a8y Auy oN

ed Auy

"(96"s=N) wsn ‘Apmis S04 Y1 :s1eak 5o = pade uaw uljEmp AJunwwod

Buowe wed |e1ajEysonosnw Aue pue Ajusass (51n7) woidwds 103 AJBULIN 13MO] USEMIS0 UOIIBID0SSY "E°E J|geL

39



40

'siynelsold Jo Alolsiy pue ‘s] 7 18211 01 SUOIIEDIPaW JO asn ‘suolieliw) Alljigow ‘e3e Joy paisnipy ,
‘suonelw| Alljigow pue a3e 10J paisnipy 4

33Uy 10 ‘diy “au Yoeq sapndul ‘syiuow ZT snoaaad syl ul pauiodad sem uled 1841 SUOIIEI0] JO ISQUINY ¢

[BAISIUT 2JURPLUOT 1D FONRI SPPO (MO ‘APNIS USA Ul S2un1aeld 2101odoa1so :SOIN

- - - 0L6T - - - £88'T EIT'T |e10] uwinjo)
(97 eT) 6T (ITET9T)vce  (6SE06T)T9T LST (95°T's£'0)80T  (S9°T'08°0)STT (2L T'€80)0TT 06 61 SLNT2318A8S
(e8T'SET) 4ST (96°T'SP'T) 89T (SOTTST) /LT £87'T (PrTv0T)ZZT  (PTL0T)STT  (6VT'80°T) LTT £0/ 09¢ SLNT21eI8poN
“Joy 13y ‘Joy 0Ev'T 19y 1y 12y 060°T 70/ SLNTPIA
(1D %56) 4O (1D %56) YO (1D %56) 4O (u) suonnio] (12 %56) HO (1D %56) HO (1D %56) YO (u) uonpaoy - (u) uind
J2|qeneArniy @|qeLeALNA pa1snipy-a8y Z €10 uind -3[qELIBAIYNA q9|qELBAILINA pa1snlpy-28y T 1o und oN
uole’o] T

SuoneI07 7 =

¢UIEd UOREIO|-INA

(996°5=N) wSn ‘Apms soInN

ay] :siead g9 2 pade uaw 3ulamp Allunuwiwod Suowe suonedo| 2jdinw 1e uled [e13[2X50[NISNW pue A113A3s (51 MT) woldwAs 10e11 Aleunin 13/Mmo| Usamlaq UoIe1Dossy "€ € ajqel




Percent

100

80
60
40
L
.l ] B
Mild LUTS (n=3,224) Moderate LUTS (n=2,346) Severe LUTS (n=396)
CINo Pain @ Pain at 1 Location M Pain at > 2 Locations

Figure 3.1. Unadjusted prevalence of the number of locations that pain
was reported (back, neck, hip, or knee) within the last year among
community-dwelling men > 65 by severity of lower urinary tract
symptoms. P<0.0001 for a chi square test for a difference in proportions
across LUTS categories. The MrOS Study, USA (N=5,966).
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4.1 Abstract

Background: Musculoskeletal pain, a possible marker of central sensitization, is
associated with higher prevalence of lower urinary tract symptoms (LUTS) among older
men. We investigated whether musculoskeletal pain is independently associated with

LUTS progression.

Methods: We conducted prospective cohort study among 5,569 men age 265 years
enrolled in the Osteoporotic Fractures in Men (MrQOS) Study. Self-reported
musculoskeletal pain within 12 months before baseline was categorized as any pain and
as multi-location pain. Pain interference with normal activities was assessed with the SF-
12 questionnaire. LUTS were assessed with the American Urological Association
Symptom Index (AUA-SI). Men with severe LUTS at baseline were excluded. LUTS
progression was defined as the first occurrence of a 24-point AUA-SI increase during a
two-year follow-up interval. We estimated adjusted incident rate ratios (IRR) and 95%

confidence intervals (Cl) using multivariable pooled logistic regression.

Results: LUTS progression was 37% higher among men with any baseline
musculoskeletal pain compared to men without pain (IRR 1.37, 95%Cl: 1.21, 1.54).
Positive associations were also observed between LUTS progression and baseline pain at
1 (IRR 1.31, 95%Cl: 1.13, 1.48) and 22 locations (IRR 1.42, 95%Cl: 1.24, 1.60). Compared

to men without pain, men with at least moderate pain interference were the most likely
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to experience LUTS progression (minimal interference IRR 1.40, 95%Cl: 1.21, 1.60; >

moderate interference IRR 1.62, 95%Cl: 1.38, 1.86).

Conclusions: Among men initially without severe LUTS, musculoskeletal pain is
associated with an increased risk of LUTS progression. Studies using validated measures

of central sensitization and LUTS progression among men are warranted.
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4.2 Introduction

Approximately 25% of US adults older than 50 years experience lower urinary tract
symptoms (LUTS).! LUTS are a constellation of symptoms experienced during storage or
voiding of urine. Not only are LUTS associated with psychological distress and decreased
quality of life,® they are associated with greater risk of falls among older men.?®
Symptoms often worsen over time®® and, in a substantial proportion of people, LUTS do
not respond to pharmacologic treatment.3®°” The variable response to pharmacologic
interventions that target the lower urinary tract suggests that, for some individuals,
LUTS may be a manifestation of non-LUT causes that require a different approach to
care.' Despite their high prevalence and health impact among older adults, the
pathophysiological mechanisms underlying LUTS onset and progression are not fully

understood.

Central sensitization (CS) is proposed as a mechanism of LUTS.%* CS occurs when the
central nervous system amplifies noxious sensory signals resulting in hypersensitivity to
painful stimuli.!> Features of CS have been identified in almost all chronic pain
conditions, including painful urinary conditions such as bladder pain syndrome and
chronic prostatitis. What is unknown is whether CS also might contribute to a portion of
non-painful LUTS cases or to LUTS progression. CS generally results in the amplification
of painful stimuli and may increase the degree to which pain interferes with an
individual’s ability to engage in physical, social, emotional, or cognitive activities.

However, many people with CS also exhibit hypersensitivity to non-painful stimuli such
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as sound, light, and odor.* Specifically, it has been proposed that the sensory
amplification of bladder stretch or pressure may be translated into storage LUTS, such

as urinary urgency, frequency, and nocturia.4

Chronic conditions that exhibit features of CS, such as fibromyalgia and low back
pain, tend to co-occur.’>** The term chronic overlapping pain conditions (COPCs) is used
to describe the comorbid nature of these conditions and to indicate that CS likely plays a
prominent role in their pathogenesis.’® The co-occurrence of COPCs and painful urinary
conditions like bladder pain syndrome has been documented.®>'% Emerging evidence
demonstrates overlap in the prevalence of COPCs, or symptoms suggestive of CS/COPCs,
and non-painful LUTS,7828889 glthough the majority of these studies were conducted in
women. Recently, we showed that the prevalence of musculoskeletal pain is greater
among community dwelling men with moderate or severe LUTS compared to those with
no/mild LUTS.2%! Further, there was a strong positive association with multi-location
pain and LUTS severity. Together, these findings suggest that CS may be associated with
the presence of LUTS, but whether CS is associated with LUTS progression remains an

unanswered question.

Building on our initial work using musculoskeletal pain as a possible indicator of CS,
the objective of this study was to investigate whether musculoskeletal pain may be a
risk factor for LUTS progression among community dwelling men. We hypothesized that

men who reported musculoskeletal pain and those with higher levels of pain
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interference would be more likely to experience worsening LUTS over time compared to

men without pain.

4.3 Methods

Data Source

The Osteoporotic Fractures in Men (MrQOS) study is a multicenter, prospective cohort
study designed to identify risk factors for fracture and other conditions of aging in
men.83 After identification through population-based lists (e.g. motor vehicle and voting
registries), eligible individuals were recruited through mass mailings.®* Participants were
enrolled at 6 academic medical centers in Birmingham, Minneapolis, Palo Alto,
Pittsburgh, Portland OR and San Diego. Between March 2000 and April 2002, 5,994
community dwelling men who were at least 65 years old and could walk without the
assistance of another person were enrolled in MrOS. At baseline, all men completed a
comprehensive self-administered questionnaire and an in-person study visit. The
guestionnaire was repeated approximately two (July 2002 — March 2004) and four
(March 2005 — May 2006) years after each participant’s baseline enrollment date. All
participants gave written informed consent, and Institutional Review Boards at each

participating institution approved the study.

Exposure Variables: Musculoskeletal Pain
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We defined three primary exposure variables for this study: any musculoskeletal pain,
multi-location pain, and pain interference. In separate questions on the baseline
assessment, MrOS participants reported whether they had any back, neck, hip, or knee
pain within the previous 12 months. We defined any musculoskeletal pain as a response
of “yes” to any of the four pain locations versus “no” for all locations. Multi-location
pain was defined as the sum the number of “yes” responses to the four individual
guestions about back, neck, hip, or knee pain (0, 1, = 2). Pain interference was assessed
with the following question from the SF-12 questionnaire: “During the past 4 weeks,
how much did pain interfere with your normal work (including work outside the home
and housework)?”1%2 Possible responses included “not at all”, “a little bit”,
“moderately”, “quite a bit”, or “extremely”. We combined each participant’s response
to this question with their musculoskeletal pain status (yes or no) to create the following

categories for analysis: no pain, pain with no interference, pain with a little bit of

interference, or pain with at least moderate interference.

Other Independent Variables

Other Independent Variables
Race was categorized as white, Black, or other because there were too few men to examine
other racial and ethnic categories separately. Education was categorized as college degree

(yes/no). Study site was categorized as one of the six academic medical center recruitment sites.
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Height and weight were measured at the in-person baseline study visit using calibrated scales
and a stadiometer®® and used to calculate a standard body mass index (BMI). BMI was assessed
as categories of normal (<25.0 kg/m?) overweight (25.0-29.9 kg/m?), and obese (=30 kg/m?).
Cigarette smoking status was categorized as current, former, or never. Current alcohol
consumption was assessed as average intake in a typical week and categorized as none, 1-7, and
>7 drinks per week. Problem drinking was defined as a score of > 2 on the CAGE Substance
Abuse Screening Tool.® Physical activity was assessed with the Physical Activity Scale for the
Elderly;® scores were categorized into quartiles. Mobility limitation was defined as self-report of
any difficulty walking two to three blocks outside on level ground or any difficulty climbing ten
steps without resting. Prescription medication use was derived from labels on products brought
to the study visits by participants. Product information was entered into an electronic
medications inventory (San Francisco Coordinating Center, San Francisco, CA). Each medication
was matched to its ingredient(s) based on the lowa Drug Information Service (IDIS) Drug
Vocabulary (College of Pharmacy, University of lowa, lowa City, 1A).2% For this study, LUTS
medications were assessed as current use of any alpha-1 adrenergic antagonist, 5-alpha
reductase inhibitor, anticholinergic, or phosphodiesterase-5 inhibitor. Pain medications were
assessed as current use of non-steroidal anti-inflammatory drugs, opioids, acetaminophen, or
aspirin. Current antidepressant or anxiolytic medication use was coded as a binary variable
indicating use of selective serotonin receptor inhibitors, serotonin-norepinephrine reuptake
Inhibitors, tri/tetracyclic antidepressants, monoamine oxidase inhibitors, benzodiazepines,
barbiturates, or pharmaceuticals indicated for treatment of depression or anxiety that do not
belong to one of these categories (e.g. trazodone, buspirone). Men with missing antidepressant

or anxiolytic medication information (n=239) were coded as non-users, because results with this
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coding were similar to results excluding the missing observations. We also assessed the use of
diuretics. Self-report of physician-diagnosed hypertension, diabetes, prostatitis, and prostate
cancer were also obtained. A multimorbidity score was defined as the number of physician-
diagnosed chronic conditions, including: angina, myocardial infarction, heart failure, stroke,
chronic obstructive pulmonary disease, diabetes mellitus, Parkinson’s disease, osteoporosis,
osteoarthritis, hyperthyroidism or hypothyroidism.%* Self-report history of prostate surgery was
categorized as yes/no. We defined psychological distress as a score of <50 on the mental health
component of the SF-12 questionnaire (which does not include the pain interference

question).®

Outcome Variable: Incident LUTS Progression

LUTS were assessed with the American Urologic Association Symptom Index (AUA-SI) at
baseline and two- and four-years of follow-up. The AUA-SI includes seven items on
urinary urgency, frequency, nocturia, straining, weak stream, intermittency, and/or
incomplete emptying in the previous 30 days. Items are summed for a total score of 0-
35 points and LUTS were categorized as no/mild (0-7 points), moderate (8-19 points), or
severe (> 20 points) according to standard practice.'% A 3-4 point change on the AUA-SI
is generally accepted as a clinically relevant change in LUTS.2> We defined incident LUTS
progression as a > 4-point increase from the previous score such that the current AUA-SI

score was at least 8 points. Men who did not experience LUTS progression at the two-
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year follow-up remained at risk for incident LUTS progression at the four-year follow-up
assessment.

Men who withdrew from the study, were lost, or died prior to completing a follow-
up assessment could not be observed for LUTS progression. For men who remained
enrolled in the study, ascertainment of LUTS progression was over 98% complete at

each follow-up assessment.

Analytic Cohort

Of the 5,994 MrQS participants, men with missing data for LUTS severity (n=4) and other
independent variables of interest (n=23) were excluded. Men with severe LUTS at
baseline (AUA-SI > 20; n=398) were also excluded because of a potential ceiling effect
with the AUA-SI and symptom progression may represent a different physiologic process
for them compared to men who progress from mild or moderate LUTS. The analytic
sample consisted of 5,569 men. Each participant contributed follow-up time from
baseline until LUTS progression, date of death, withdrawal, last known contact, or the

four-year follow-up assessment occurred, whichever came first.

Statistical Analysis

We compared characteristics of the analytic cohort according to any musculoskeletal
pain status using one-way analysis of variance (ANOVA) for continuous variables or chi-
square tests of independence for categorical variables. We also computed the
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unadjusted prevalence of pain interference among those with any musculoskeletal pain,
pain at one location, and pain at > 2 locations.
To estimate the association between musculoskeletal pain and LUTS progression we

106 3nd a sandwich

used multivariable pooled logistic regression for grouped failure times
variance estimator. We used this established pooled method because the exact date of
each participant’s LUTS progression was unknown. We then used output from the
pooled logistic regression to estimate the adjusted incidence rate of LUTS
progression.'%” Specifically, the incident rate of LUTS progression for each category of
musculoskeletal pain can be calculated by dividing the pooled number of LUTS
progression events by the pooled person-years at risk in each pain category. The IRR is

then calculated as the incidence rate in the pain category of interest divided by the

incidence rate for the reference category of no musculoskeletal pain.

We hypothesize that musculoskeletal pain, as a proxy for CS, is associated with LUTS
progression. If true, musculoskeletal pain and LUTS progression would be associated
through a common cause, CS, that was not measured in this study. Therefore, we
created a conceptual framework to guide our analysis (Supplementary Figure).8® We
adjusted for factors that confounded the association between musculoskeletal pain and
LUTS progression independent of CS using a change in estimate approach.?” All base
models were adjusted for age. Additional covariables were selected in a series of
iterative and systematic steps,®” First, we specified four groups of candidate

confounders: demographics (race, education), health behaviors (smoking status, alcohol
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consumption, physical activity), health status (mobility limitation, BMI, diabetes,
hypertension, prostate cancer, prostate surgery) and medications (diuretics). We
constructed a full multivariable model adjusted for age and all four candidate
confounder groupings. Then, we removed each candidate grouping from the full model
one at a time and calculated the percentage change in the IRR for each musculoskeletal
pain category. Any group that resulted in 2 10% change in the measures of association
was retained in the model. We then followed a similar process to determine which
individual variables confounded the measure of association. Specifically, for every
confounder grouping retained in the model, each variable within the group was
removed from the model one at a time. If the change in the measures of association was
<1%, the variable was permanently removed. This step was repeated until each group
contained only variables that confounded the final measure of association. As a result of
these procedures, age, history of prostate surgery, hypertension, multimorbidity, and

mobility difficulties were retained in the final model.

Additional factors, including pain medication use, LUTS medication use,
psychological distress, and prostatitis, may lie on the causal pathway between CS and
pain or CS and LUTS progression (Figure 2). To assess the impact of further adjusting for
these factors, we created a second multivariable model. We added the four variables to
the final model simultaneously. We then removed each variable one at a time and
retained only those whose removal resulted in > 1% change in the measure of

association. As a result, age, history of prostate surgery, hypertension, multimorbidity,
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mobility difficulties, prostatitis, psychological distress, and LUTS medication use were
retained in this second model. We updated baseline values with responses from the
two-year assessment to account for changes during follow-up in smoking status, drinks
per week of alcohol, history of prostate surgery, history of prostatitis, and LUTS

medication status.

We anticipated that the loss of data from men who died, withdrew, or were lost to
follow-up during the observation period might induce selection bias in our analytic
sample. Therefore, we used inverse probability of censoring weighting to assign extra
weight to men who were not censored yet had similar covariate patterns to those who
were censored. We used logistic regression to calculate the cumulative probability of
censoring in each follow-up interval as a function of covariate and exposure status.1%®
We then applied stabilized weights to each non-censored observation and repeated our
analyses.'%® A p value of < 0.05 was considered significant for all statistical tests; Stata

14.2 (StataCorp LLC, College Station Tx, USA) was used for all analyses.

Sensitivity Analysis

Our primary analysis estimates the incidence of LUTS progression over a two-year
period, and thus may miss men whose symptoms progress more slowly over a longer
period of time. Therefore, we also assessed whether musculoskeletal pain is associated
with LUTS progression over four years. Specifically, for this analysis, incident LUTS

progression was evaluated at the four-year follow-up assessment and was defined as a >
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4-point increase since the baseline AUA-SI measurement such that the four-year follow-

up AUA-SI score was at least 8 points.

4.4 Results

The majority of men (81%) reported musculoskeletal pain at baseline (Table 1).
Compared to men without pain, those with any musculoskeletal pain were
proportionally less likely to have a college degree, more likely to be obese, report
mobility limitations, and to use medications for pain and LUTS. Men with
musculoskeletal pain were also more likely to report hypertension, prostatitis, a history
of prostate surgery, psychological distress, and had higher mean multimorbidity scores

than men who did not report pain.

Among men with any musculoskeletal pain, nearly half (47%) reported no pain
interference, 30% reported a little interference, and 23% reported at least moderate
pain interference (Table 2). Among men with pain at one location, 64% reported no pain
interference and 12% reported at least moderate interference. In comparison, men with
pain at two or more locations were less likely to report no interference (36%) and more

likely to report at least moderate interference (30%).

In total, 1,838 men experienced LUTS progression over 17,936 observed person-
years at risk (Table 3). Musculoskeletal pain was positively associated with LUTS

progression. After adjusting for potential confounders, the incidence rate of LUTS

56



progression was 37% higher among men with any musculoskeletal pain compared to
men with no pain (IRR 1.37, 95% Cl: 1.21, 1.54). The association of musculoskeletal pain
at one and 2 2 locations with LUTS progression was of a similar magnitude and direction
(one location: IRR 1.31, 95% Cl: 1.13, 1.48; >2 locations: IRR 1.42, 95% Cl: 1.24, 1.60).
The incidence of LUTS progression rose with increasing levels of pain interference. Men
with at least moderate pain interference were the most likely to experience LUTS
progression compared to men with no pain (IRR 1.62, 95% Cl: 1.38, 1.86). Further
adjustment for history of prostatitis, psychological distress, and LUTS medication use did

not materially change these results.

The odds ratios and 95% confidence intervals for these associations estimated after
the application of stabilized weights (Supplementary Table) were nearly identical to the
estimates reported in Table 3.

Sensitivity Analysis

Among men who completed the four-year follow-up, those with any pain were 42%
more likely to experience LUTS progression over four years compared to men with no
pain (adjusted cumulative incidence ratio (CIR): 1.42, 95% Cl: 1.20, 1.65), as were men
with pain at one and two or more locations (CIR 1.30, 95% Cl: 1.07, 1.52; CIR 1.52, 95%
Cl: 1.27, 1.76, respectively). Similar to our primary analyses, men with at least moderate
pain interference were the most likely to experience LUTS progression compared to

men with no pain (CIR 1.71, 95% Cl: 1.38, 2.03).
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4.5 Discussion

In this large US cohort of community dwelling older men, individuals with
musculoskeletal pain had an increased rate of LUTS progression over two years,
independent of age, prostatitis, prostate surgery, hypertension, mobility difficulties,
psychological distress, and LUTS medication use. The association between
musculoskeletal pain and LUTS progression was similar among men with pain at one and
two or more bodily locations. The rate of LUTS progression rose with increasing levels of
pain interference and was highest for those with at least moderate pain interference.
Our results lend further support to the hypothesis that musculoskeletal pain is a risk
factor for progression of non-painful LUTS in older community-dwelling men, perhaps

via CS mechanismes.

There is some prior evidence of a positive association between musculoskeletal pain
and LUTS progression. Two prospective studies suggest an association between incident
back pain and urinary incontinence in older women (mean age 72.5 (SD 1.5) years).%%%°
In older men, those with progressing LUTS trajectories were more likely to have back
pain compared to those with stable trajectories.*! Our observation that musculoskeletal
pain is associated with LUTS progression is consistent with these earlier findings and
extends these works by assessing pain at multiple locations as well as pain interference.

The consistency in associations we observed between musculoskeletal pain outcomes of
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any pain, multi-location pain, and pain interference and LUTS progression further

strengthens the evidence in support of this relationship.

Most of the evidence suggesting CS may play a role in urinary conditions stems from
cross-sectional studies.’* Because CS mechanisms are located in the central nervous
system, the effects of CS are not limited to the anatomic location in which symptoms
present. For example, compared to healthy controls, individuals with painful urinary
conditions exhibit hypersensitivity to pain on laboratory bladder filling”” as well as
decreased pain tolerance to non-pelvic mechanical and thermal stimuli.”*7® Studies
suggest that women with overactive bladder also exhibit similar findings.®’° Together
these results suggest that features of CS are associated with the presence of painful and
non-painful urinary symptoms. Evidence from COPC studies also suggests that CS may
contribute to symptom progression. CS is implicated in the progression of episodic to
chronic migraine'® and tension type headaches.?'° Additionally, having one COPC may
increase the risk of developing future COPCs.!! Thus, the presence of CS might
contribute not only to the worsening of a singular condition such as LUTS, but could also

promote the onset and progression of non-urological symptoms in which CS plays a role.

The majority of current medications for male LUTS have pharmacologic mechanisms
that target the prostate or bladder and are limited by side effects, modest efficacy, and
the need for chronic therapy.1® If CS contributes to a subset of progressive LUTS cases,

these individuals may benefit from interventions that also target the nervous system.
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For example, repetitive transcranial magnetic stimulation (rTMS) is a non-invasive
intervention that stimulates cortical neurons and, over time, can result in structural and
functional synaptic changes.'!? Clinically, rTMS is used to treat pain conditions and it has
been hypothesized that some analgesic effects of rTMS may be derived by acting on CS
mechanisms.''3 Emerging evidence suggests that rTMS applied to cortical areas
associated with the pelvic region may improve LUT function as well as voiding and
storage symptoms in people with multiple sclerosis, Parkinson’s disease, and bladder
pain syndrome.'* Mind-body interventions such as mindfulness training can also alter
neural circuits related to the integration of pain and other sensory signals.’*> While we
are aware of only small mindfulness-based interventions that have been piloted for
women with urge incontinence,'®!7 the approach has improved symptoms in other
conditions with a CS component and could hold promise for LUTS in older men.

Our study has limitations. First, although a validated measure of CS symptoms now
exists,* it was not yet developed at the time the MrOS cohort was assembled so we
used musculoskeletal pain as an proxy for CS. Nevertheless, musculoskeletal pain in
multiple locations is a marker of disordered central pain regulation making it a suitable
surrogate for the presence of CS.*> Further, as a measure of emotional reactivity to pain,
pain interference may be a better indication of CS than the number of locations in which
pain occurred.'® Second, CS is thought to be more likely a mechanism of chronic rather
than acute pain and we were unable to differentiate chronic from acute pain in these

analyses. We have no reason to believe that the reporting of acute pain would be
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systematically different among men whose LUTS subsequently progressed and those
whose LUTS did not, therefore the inclusion of acute pain in our analyses could have
resulted in an underestimation of IRRs. Third, we lacked a measure of lower urinary
tract pain and therefore were unable to determine if the association between
musculoskeletal pain and LUTS progression exists among men with painful urinary
conditions and non-painful LUTS, although we were able to adjust for prostatitis —a
condition that often causes pelvic pain and dysuria. Fourth, LUTS fluctuate over time,
complicating the measurement of symptom change over prolonged periods.
Nevertheless, we observed consistent results when assessing change over two- and
four-year intervals, suggesting our definition was a reasonable measure of LUTS
progression. Finally, MrOS is a cohort of older men and some inevitably died during the
observation period. Our sensitivity analysis, however, suggests that deaths in the follow-

up interval did not affect our findings.

4.6 Conclusion

The presence of musculoskeletal pain and the extent to which it interferes with daily
activities is associated with worsening LUTS among older men. Musculoskeletal pain and
LUTS may share an underlying mechanism, CS. Studies that investigate whether the
validated presence of CS is associated with LUTS progression among older men are

warranted. If future studies identify CS as a risk factor for LUTS progression, then
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opportunities for new non-pharmacologic treatment targets for individuals with specific

LUTS phenotypes or those who do not respond to current LUTS interventions may arise.
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Table 4.1. Baseline characteristics of community-dwelling men aged > 65 years by
musculoskeletal pain status within the previous 12 months: The MrOS study, USA.

No Pain Any Pain P value?
N (% in cohort) 1,064 (19.1) 4,505 (80.9)
Age, years; mean (sd) 73.71 (5.76) 73.54 (5.85) 0.39
Race 0.16
White 949 (89.2%) 4,063 (90.2%)
Black/African American 37 (3.5%) 178 (4.0%)
Other 78 (7.3%) 264 (5.9%)
College Degree 619 (58.2%) 2,355 (52.3%) <0.001
Body Mass index <0.001
Under/Normal (<25.0 kg/m?) 347 (32.6%) 1,190 (26.4%)
Overweight (25.0-29.9 kg/m?) 543 (51.0%) 2,310 (51.3%)
Obese (230 kg/m?) 174 (16.4%) 1,005 (22.3%)
Smoking Status 0.01
Never 448 (42.1%) 1,655 (36.7%)
Past 580 (54.5%) 2,695 (59.8%)
Current 36 (3.4%) 155 (3.4%)
Alcohol consumption® 0.82
None 383 (36.0%) 1,575 (35.0%)
1-7/wk 367 (34.5%) 1,578 (35.0%)
>7/wk 314 (29.5%) 1,352 (30.0%)
Problem Drinking 155 (14.6%) 764 (17.0%) 0.06
Physical activity quartiles® 0.37

Q1 (Least active)

274 (25.8%)

1,124 (25.0%)

Q2

244 (22.9%)

1,144 (25.4%)

Q3

267 (25.1%)

1,125 (25.0%)

Q4 (Most active)

279 (26.2%)

1,112 (24.7%)
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Mobility Limitations® 47 (4.4%) 682 (15.1%) <0.001

Medication Use

Pain Medications® 384 (36.1%) 2,202 (48.9%) <0.001
LUTS Medications' 144 (13.5%) 867 (19.2%) <0.001
Diuretic Medications 170 (16.0%) 868 (19.3%) 0.01

Antidepressant/Anxiolytic Medications® 52 (4.9%) 411 (9.1%) <0.001

Medical History

Diabetes 114 (10.7%) 476 (10.6%) 0.89
Hypertension 378 (35.5%) 1,990 (44.2%) <0.001
Prostatitis 191 (18.0%) 1,131 (25.1%) <0.001
Prostate Cancer 107 (10.1%) 544 (12.1%) 0.07
Prostate surgery 152 (14.3%) 827 (18.4%) 0.002
Multimorbidity; mean (sd)" 0.66 (0.89) 0.96 (1.10) <0.001
Psychological Distress' 100 (9.4%) 776 (17.2%) <0.001

MrOS: Osteoporotic Fractures in Men Study; PASE: Physical Activity Scale for the Elderly

2 p-values estimated from a chi-square test for categorical variables or one-way analysis of variance for

continuous variables

b Defined as a score of > 2 on the CAGE Substance Abuse Screening Tool

¢Physical activity assessed with the Physical Activity Scale for the Elderly

d Defined as any difficulty walking 2-3 blocks or climbing 10 steps

e Use of non-steroidal anti-inflammatory drugs, opioids, acetaminophen, or aspirin

f Use of any alpha-1 adrenergic antagonist, 5-alpha reductase inhibitor, anticholinergic for storage
symptoms, or phosphodiesterase-5 inhibitor

8 Use of selective serotonin receptor inhibitors, serotonin-norepinephrine reuptake Inhibitors,
tri/tetracyclic antidepressants, monoamine oxidase inhibitors, benzodiazepines, barbiturates, or
pharmaceuticals indicated for treatment of depression or anxiety that do not belong to one of these
categories (e.g. trazodone, buspirone).

h Mean number of the following physician-diagnosed conditions: thyroid disease, diabetes, angina,
myocardial infarction, congestive heart failure, stroke, , chronic obstructive pulmonary disease,
Parkinson’s disease, osteoarthritis, and osteoporosis.

iDefined as a mental health component score of <=50 on the SF-12
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Table 4.2. Pain interference according to musculoskeletal pain status at baseline in
community dwelling men aged > 65 years: The MrOS Study, USA.

Pain Interference®

none a little 2 moderate
n n (%) n (%) n (%)
No musculoskeletal pain 1,064 na na na
Any musculoskeletal pain 4,505 2,113 (46.9) 1,355 (30.1) 1,037 (23.0)
Pain at 1 location 1,793 1,142 (63.7) 439 (24.5) 212 (11.8)
Pain at > 2 locations 2,712 971 (35.8) 916 (33.8) 825 (30.4)

MrOS: Osteoporotic Fractures in Men Study; na: Not applicable

2 Original answers for pain interference were “not at all”, “a little bit”, “moderately

“extremely”.

quite a bit”, or
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5.1 Abstract

Aims: Central sensitization (CS) has been examined as a possible mechanism of lower
urinary tract symptoms (LUTS) among women, but studies among men are lacking. Our
objective was to determine the association between symptoms suggestive of CS and
LUTS severity among men.

Methods: We conducted a cross-sectional survey and medical record review of 87 men,
age 18 years or older, who had received a urodynamic study (UDS) for LUTS in the past 3
years. We collected demographic and clinical characteristics, the American Urological
Association Symptom Index (AUA-SI), and the Central Sensitization Inventory (CSI). We
used multivariable linear regression to model the association between symptoms
suggestive of CS (CSI > 40) and AUA-SI score, adjusting for age, neurologic diagnosis,
LUTS etiology on UDS, and history of urologic procedure between UDS and survey

completion.

Results: The mean (standard deviation, SD) age of the sample was 66 (14) years, 29%
had CSl scores > 40, and the mean (SD) AUA-SI score was 15 (9) points. The adjusted
mean AUA-SI score was 6.5 (95%Cl: 2.6,10.4) points higher among men with symptoms
suggestive of CS compared to those without. Results were materially unchanged after
excluding men with a neurologic diagnosis or those with urologic/pelvic pain.
Conclusions: Symptoms suggestive of CS were common among men with a recent

history of urodynamic study for LUTS and were significantly associated with higher AUA-
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Sl scores, independent of existing neurologic and chronic pain conditions. Studies that

use objective measures to assess for CS among men with LUTS are warranted.
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5.2 Introduction

Lower urinary tract symptoms (LUTS) are common, affecting approximately 25% of US
adults older than 50 years of age.! Severe LUTS are associated with decreased quality of
life® and pharmacologic treatments are often limited by modest efficacy, side effects,
and the need for long-term therapy.1° Despite this high prevalence and public health
burden, the pathophysiological mechanisms underlying LUTS onset and progression are
not fully understood. Clinically, urodynamic testing is used to assess how well the
bladder, urethra, and sphincters store and release urine. However, there are non-
urologic factors that can also contribute to LUTS, even among individuals with
pathologic findings on urodynamic study (UDS).° Accordingly, in an effort to improve
our understanding of LUTS risk, prevention, and management, experts have highlighted
the importance of investigating possible effects of psychological and behavioral factors,

comorbid conditions, and non-urologic physiologic processes on LUTS.1°

Central sensitization (CS) has been proposed as a non-urologic mechanism of LUTS.*
CS occurs when the central nervous system amplifies sensory signals, resulting in
hypersensitivity to painful stimuli, as well as non-painful stimuli such as sound, light, and
odor.? Although CS is recognized as an underlying mechanism in painful urinary
conditions such as bladder pain syndrome and chronic prostatitis, whether it also plays a
role in non-painful LUTS is unknown. For example, CS-related sensory amplification of
bladder stretch or pressure could result in storage LUTS, such as urinary urgency,

frequency, and nocturia.'* Studies conducted among women with overactive bladder
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provide emerging evidence that supports an association between CS and non-painful
LUTS.16-187982 However, it is unclear if inferences made from these studies also apply to

men or to LUTS resulting from other etiologies.

The objective of this study was to evaluate the association between symptoms
suggestive of CS and LUTS severity in a clinical sample of men who had received
urodynamic testing for LUTS. We hypothesized that symptoms suggestive of CS would
be positively associated with LUTS severity, independent of LUTS etiology or

urologic/pelvic pain.

5.3 Methods

Study Sample

Participants were recruited from the Oregon Health & Science University (OHSU)
Department of Urology in Portland, Oregon between June-August, 2020. Cis-gendered
men > 18 years of age who underwent UDS to evaluate LUTS within the three years
prior to recruitment received an email or hard copy invitation to complete a survey.
Those who agreed to participate gave permission for study personnel to extract relevant
information from their medical record. The study was approved by the OHSU

Institutional Review Board. All participants provided written informed consent.

Primary Independent Variable: Central Sensitization Symptoms
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Symptoms suggestive of CS were assessed with the validated Central Sensitization
Inventory (CSI).** The CSl includes 25 subjective experiences commonly reported by
people with CS. Respondents indicate their level of agreement with statements such as
“I feel pain all over my body”, “l do not sleep well”, “I have difficulty concentrating”, and
“I am sensitive to bright lights”. Item scores are summed for an overall score (range 0-
100 points). When scoring the CSI, we removed one item that overlapped with our
measure of LUTS severity, “I have to urinate frequently”, and summed for an overall

score of 0-96. CSl scores were categorized as unlikely to have CS (0-30 points) or

symptoms suggestive of CS (>= 40 points).%°

Dependent Variable: Lower Urinary Tract Symptom Severity

LUTS were assessed with the American Urologic Association Symptom Index (AUA-SI).*®
The AUA-SI includes seven items on urinary urgency, frequency, nocturia, straining,
weak stream, intermittency, and/or incomplete emptying in the previous 30 days. Item
scores are summed for a total score (range 0-35 points). For descriptive analyses, AUA-SI
scores were categorized as no/mild (0-7 points), moderate (8-19 points), or severe (> 20
points) LUTS according to standard practice. A change of 3.1 points on the AUA-SI

represents a minimally important difference.?3

Other Independent Variables
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Age was assessed as a continuous variable. Length of time with LUTS was categorized as
a binary variable of more than two years (yes/no). Painful urologic/pelvic symptoms in
the last week (yes/no) included any pain in the perineum, testicles, tip of the penis,
pubic or bladder area, or pain during urination or ejaculation.''® Respondents reported
(yes/no) whether they had ever been told by a healthcare provider that they had a
painful urologic diagnosis, including chronic prostatitis, chronic pelvic pain syndrome, or
bladder pain syndrome/interstitial cystitis. LUTS medication was categorized as a binary
variable indicating current use of any alpha-1 adrenergic antagonist, 5-alpha reductase
inhibitor, anticholinergic, phosphodiesterase-5 inhibitor, or beta-3 adrenergic agonist.
Additional data were extracted from the medical record in duplicate (TL, AW, AS)
using a standardized extraction guide. We extracted any AUA-SI score recorded at the
time of UDS, whether or not respondents had a neurological diagnosis that may
interfere with urinary function (yes/no), and whether participants received a urologic
procedure between the time of their UDS and survey completion (e.g. prostatectomy,
sacral neuromodulation, etc.). We also recorded the diagnostic impression of the
physician (KS) who conducted all of the urodynamic studies. From this, we categorized
LUTS etiology as pathologic (e.g. bladder outlet obstruction due to stricture or enlarged
prostate, neurogenic bladder, etc.), idiopathic, or unclear. Due to sparse data, we
categorized LUTS etiology as a binary variable (pathologic vs. idiopathic/unclear) for

regression analyses.
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Missing Data
Twelve respondents left one item on the CSI blank, two respondents left two items
blank, and one respondent left three items blank. To generate a total CSI score for these
individuals, we conservatively assumed that they did not endorse the blank item
statement and set the item score to O.

Five respondents left one item on the AUA-SI blank. To generate a total AUA-SI score
for these individuals, we replaced their missing item value with the sample median for
that item. One respondent with multiple missing items on the AUA-SI was excluded

from this analysis.

Statistical Analysis
As a descriptive analysis, we compared age and length of time between UDS and study
recruitment between men who did and did not participate in this study. Among
participants, we compared characteristics across categories of LUTS severity and across
categories of CSl score using one-way analysis of variance (ANOVA) for continuous
variables or Fisher’s exact test for categorical variables. We computed the proportion of
the sample with symptoms suggestive of CS. We also explored change in AUA-SI score
among men who had a urologic procedure between UDS and survey completion.

We used multivariable linear regression to estimate beta coefficients (B) and 95%
confidence intervals (Cl) as the measure of association between CSI and AUA-SI scores.

To guide our analyses, we followed a conceptual framework (Figure 1).8¢ Our first model
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estimated the unadjusted association between CSI and AUA-SI scores. Coefficients from
model 2 were adjusted for potential confounding by age, neurologic diagnosis, and LUTS
etiology. Model 3 coefficients were further adjusted for a history of urologic procedure.
Model 4 coefficients were further adjusted for variables that may mediate the
association between CS and LUTS severity, including painful urologic/pelvic symptoms,
history of a painful urologic diagnosis, and current use of LUTS medication. We adjusted
for urologic procedure separately in Model 3 because it could be a confounding factor
or an intermediate variable. Adjusting for urologic procedure could account for any
residual confounding as a result of incomplete adjustment for LUTS etiology, because
LUTS etiology informs the clinical recommendation for a therapeutic procedure.
Alternatively, individuals with CS may be less likely to be prescribed, or agree to, a
procedural intervention for LUTS, which would place urologic procedure in the pathway
between CS and LUTS severity.

As a sensitivity analysis, we re-fitted the models by excluding certain groups of
individuals from the analysis. We excluded men with 1) a neurologic diagnosis, 2)
idiopathic or unclear LUTS etiologies, 3) a urologic procedure between UDS and survey
completion, 4) urologic/pelvic pain symptoms within the week prior to survey, 5) a
history of a painful urologic diagnosis, or 6) either urologic/pelvic pain symptoms or a
history of a painful urologic diagnosis. We reasoned that any observed association of CSI
and AUA-SI score among men with a pathologic diagnosis might vary according to

whether men had a urologic procedure between UDS and the time of survey
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completion. Therefore, we performed a separate sensitivity analysis stratifying by
procedure status among men with a pathologic diagnosis. Due to small sample sizes, we
only adjusted for age in this analysis. Finally, we explored the association between CSI
and AUA-SI scores among men with a pathologic LUTS etiology who did not have a
neurologic diagnosis, representing a subsample of men for whom bladder outlet
obstruction was the primary reason for their LUTS. Due to small sample sizes, we
present the unadjusted difference in mean AUA-SI scores for those with and without
symptoms suggestive of CS.

Stata 14.2 (StataCorp LLC, College Station, TX, USA) was used for all analyses.

5.4 Results

We invited 204 eligible men to participate in this study. Forty-three declined, 73 did not
respond to recruitment efforts, and one was excluded for missing data resulting in a
study sample of 87 men (response 43%). Among respondents and non-respondents,
respectively, average time between UDS and recruitment was 1.97 years and 2.00 years
(p=0.80), whereas average age was 65.6 years and 55.8 years (p<0.0001).

Nearly one third (32%) of participants had severe LUTS, 47% reported moderate
LUTS, and 21% reported no or mild LUTS (Table 1). Men with severe LUTS were more
likely to report painful urologic/pelvic symptoms in the prior week compared to men
with no/mild or moderate LUTS; there was no difference in a history of painful urologic

diagnosis across categories of LUTS severity. Men with no/mild LUTS were more likely
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to have a pathologic LUTS etiology on UDS, and they were also more likely to have had a
urologic procedure between UDS and survey completion. Of the 27 men who had a
urologic procedure, 19 had an AUA-SI score on record at the time of their UDS. For these
men, the mean change (SD) in AUA-SI score was a decrease of 8.4 (8.4) points (p <
0.001) between UDS and our survey.

Compared to men unlikely to have CS, men with symptoms suggestive of CS were on
average younger, more likely to report painful urologic symptoms in the prior week,
more likely to have a neurologic diagnosis, and less likely to have had a urologic
procedure between UDS and study enrollment (Supplementary Table).

The mean (SD) AUA-SI score for the analytic sample was 15.0 (8.8) points. Symptoms
suggestive of CS were observed for 25 respondents, which was 28.7% (95% Cl: 19.5%,
39.4%) of the sample. Symptoms suggestive of CS were observed among 26.6% of men
with a pathologic LUTS etiology and among 33.3% of men with idiopathic or unclear
LUTS etiologies.

Men with symptoms suggestive of CS scored an average of 6.7 points higher on the
AUA-SI than men unlikely to have CS (95% Cl: 2.7, 10.6) after adjusting for age,
neurologic diagnosis, and LUTS etiology (Table 2). Men with symptoms suggestive of CS
were less likely to have had a urologic procedure than men unlikely to have CS (16% vs.
37%, p=0.05); however, further adjustment for urologic procedure slightly attenuated
the B coefficient to 6.5 (95% Cl: 2.6, 10.4). Adjustment for suspected mediators led to

further modest attenuation of the B coefficient to 6.1 (95% Cl: 2.1, 10.1).
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The magnitude of the B coefficient remained relatively stable in the sensitivity
analysis with restricted samples (Table 3). For example, after excluding men with a
neurological diagnosis, the B coefficient was 6.1 (95% CI: 1.1, 11.07; n=57). Upon
excluding men with an idiopathic or unclear LUTS etiology the B coefficient was 8.2 (95%
Cl: 3.5, 12.9; n=60). Likewise, after excluding men who reported urologic/pelvic pain or a
history of painful urologic diagnosis, the B coefficient was 6.3 (95% Cl: 0.8, 11.8; n=52).

The B coefficient also remained stable when we restricted to men with a pathologic
etiology and stratified by urologic procedure. The age-adjusted B coefficient was 7.4
(95% ClI: 1.5, 13.2; n=35) for men who did not have a urologic procedure and 10.6 (95%
Cl: 3.4, 18.1; n=25) for those who had. Among men with a pathologic etiology who did
not have a neurologic diagnosis, the mean AUA-SI score was 12.7 points higher among
those with symptoms suggestive of CS compared to those unlikely to have CS (95% Cl:

5.4, 20.1; n=33).

5.5 Discussion

Using a validated measure of CS symptoms in a clinical sample of men with a history of
UDS, we observed that men with symptoms suggestive of CS on average reported higher
AUA-SI scores compared to those without symptoms suggestive of CS, independent of
age, neurologic diagnosis, LUTS etiology, and history of urologic procedure. The
association between symptoms suggestive of CS and LUTS severity persisted after

excluding men with idiopathic LUTS and those with urologic/pelvic pain. Our results are
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consistent with emerging evidence that CS may be an underlying mechanism for some
men with LUTS.14

Several studies have documented the co-occurrence of LUTS with conditions that
have an underlying CS component.'”828889 Additionally some,'®”° although not all,®°
laboratory studies have demonstrated that individuals with overactive bladder (OAB)
tend to exhibit decreased pain tolerance to non-pelvic mechanical and thermal stimuli
compared to healthy controls. Because the majority of these studies were conducted
among women, it is unknown whether features of CS are also associated with LUTS in
men. Recently, we used musculoskeletal pain as a proxy for CS and showed that the
prevalence of musculoskeletal pain in multiple anatomic locations is greater among
community dwelling men with moderate or severe LUTS compared to those with
no/mild LUTS.120

Our current study extends the prior literature by administering a validated measure
of CS-related symptoms to men with LUTS. To date, only one other study has examined
the CSl in relation to LUTS severity. Specifically, in a clinical sample of 177 women with
chronic pelvic pain, the adjusted odds of moderate to severe LUTS were 4.5 times
greater among women with symptoms suggestive of CS (CSI = 40) than women unlikely
to have CS.8! Our study furthers this work by including men and demonstrating that the
association between CSI and AUA-SI scores exists even among those without

urologic/pelvic pain.
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It has been unclear whether LUTS etiology would impact any association of
symptoms suggestive of CS and AUA-SI scores, which our study also addresses. We
observed a strong association between CSI and AUA-SI scores in this heterogenous
sample of men with neurologic, obstructive, and/or idiopathic findings on UDS. There is
evidence that CS may contribute to urinary symptoms among people with neurologic
conditions, including spinal cord injury, Parkinson’s disease, and multiple sclerosis.?®=%!
However, after removing men with these neurologic diagnoses from our sample, the
association between CSI and AUS-SI scores persisted among men with obstructive or
idiopathic LUTS etiologies. Moreover, a hallmark of conditions in which CS plays a
prominent role (e.g. fibromyalgia, irritable bowel syndrome) is that symptoms often
present in the absence of suggestive organic pathology. For this reason, it is
hypothesized that CS may contribute to idiopathic LUTS, as well.14 Yet in our study, the
strong positive association between CSl and AUA-SI scores remained among a subset of
men for whom most LUTS were attributed to bladder outlet obstruction. Because
symptoms suggestive of CS were positively associated with LUTS regardless of the
exclusions we made, we propose that CS may be associated with a wider range of LUTS
etiologies than has previously been discussed in the literature.

The association of symptoms suggestive of CS and LUTS subtypes among men also
warrants consideration. The ways in which CS may contribute to storage symptoms
associated with OAB have been well-articulated,® yet little attention has been paid to

the possible role of CS in voiding symptoms which typically are associated with
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obstructive pathologies. Our results suggest that CS is associated with obstructive
pathologies, and by extension, may contribute to the severity of voiding symptoms that
often accompany these conditions. While we did not differentiate between storage and
voiding symptoms in this study, in our prior work using musculoskeletal pain as a proxy
for CS we found that the association between musculoskeletal pain and LUTS severity
was similar between men with predominantly storage symptoms and men with
predominantly voiding symptoms.t” Moreover, the strength of association between
musculoskeletal pain and LUTS was greatest among men with the highest storage and
voiding subscores. Taken together, our findings suggest that CS may contribute to the

sensory amplification of voiding LUTS associated with obstructive pathologies.

This study has limitations. This was a small cross-sectional study, causality cannot be
inferred from our findings. The sample size was large enough, however, to identify
important signals of an association between CS symptoms and LUTS severity in men, an
understudied population. Our survey response was 43%. We had limited information on
non-respondents and could only discern that they tended to be younger, on average,
than study participants. Several studies have observed similar or lower mean CSI scores
among older compared to younger adults,*?'7123 thus it is difficult to conceive of a
scenario in which the inclusion of older respondents in this study would have produced
an association between CSl and AUA-SI scores if one truly does not exist. The time
between UDS and survey completion could have been as long as 3 years and the

etiology of an individual’s LUTS may have changed during this time. Further, we were
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able to determine and account for urologic procedures subsequent to UDS that
occurred at our institution, but if men had a procedure at a different location they
would have been misclassified. Finally, we had a heterogeneous sample in terms of age,
comorbidities, and LUTS pathology. Nevertheless, our findings were robust to sample
size limitations and heterogeneity, suggesting that CS may be associated with a broader

set of LUTS cases than has previously been hypothesized.

5.6 Conclusion

We observed a strong positive association between symptoms suggestive of CS and
LUTS severity in a clinical sample of men. Our results suggest that CS could contribute to
non-painful LUTS and LUTS in men with abnormal UDS. Future investigations of CS and

LUTS should include men with a range of LUTS pathologies.
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Urologic Procedure
Between UDS

and Survey:
TURP, Botox, etc.

Age
Neurologic
Diagnosis

LUTS Etiology

S

LUTS

Central Sensitization » Severity

- Painful Urologic/Pelvic Symptoms: -
Anatomic (testes, perineum, penis or bladder)
Functional (urination or ejaculation)

History of Painful Urologic Diagnosis:
Chronic prostatitis, Chronic pelvic pain syndrome,
Bladder pain syndrome

Current use of LUTS Medication
Alpha-1adrenergic antagonist, 5-alpha reductase
inhibitor, anticholinergic, phosphodiesterase-5
inhibitor, or beta-3 adrenergic agonist

Figure 5.1. Conceptual framework for the association between central sensitization (CS)
and lower urinary tract symptom (LUTS) severity. We assessed factors that were
associated with CS, LUTS, or both for potential confounding, including age, neurologic
diagnosis, and LUTS etiology. LUTS etiology informs the clinical recommendation for a
therapeutic procedure. However, individuals with CS may be less likely to be prescribed
or agree to a procedural intervention for LUTS. Thus, an alternative location for urologic
procedure could be on the pathway between CS and LUTS severity.
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Table 5.1. Characteristics of the analytic sample (n=87) according to lower urinary tract symptom
(LUTS) severity.

LUTS Severity
Full . p
None/Mild  Moderate Severe a
Sample value
N (%) of study sample 87 (100%) 18 (21%) 41 (47%) 28 (32%)
Age, mean (SD), years 65.6 (14.0) 65.0(16.5) 66.3(12.5) 65.9(14.8) 0.95
Had LUTS > 2 years 69 (82%) 15 (88%) 30 (77%) 24 (86%) 0.61
Painful urologic/pelvic symptoms 21 (24%) 2 (11%) 8 (20%) 11 (39%) 0.07
History of painful urologic diagnosis 22 (25%) 5(28%) 10 (24%) 7 (25%) 0.95
Current LUTS medication use 35 (40%) 4 (22%) 20 (49%) 11 (39%) 0.17
. . . b
Neurologic diagnosis 30 (34%) 6 (33%) 14 (34%) 10 (36%) 0.99
LUTS Etiology 0.06
Pathologic® 60 (69%) 16 (89%) 30(73%) 14 (50%)
Idiopathic 13 (15%) 1 (6%) 4 (10%) 8 (29%)
Unclear 14 (16%) 1(6%) 7 (17%) 6 (21%)
Urologic procedure since UDS 27 (31%) 11 (61%) 13 (32%) 3(11%) 0.001

UDS: Urodynamic study

3P values comparing the characteristic according to LUTS severity are derived from ANOVA for continuous
variables and Fisher’s exact test for categorical variables.

bNeurologic diagnoses included Parkinson’s (n=11), spinal cord injury (n=7), multiple sclerosis or transverse
myelitis (n=6), spina bifida (n=2), neurogenic bladder as a result of prior surgery (n=2), autoimmune encephalitis
(n=1), and Charcot-Marie-Tooth (n=1).

¢Pathologic LUTS etiologies included benign prostatic obstruction (n=27), neurogenic bladder (n=19), bladder
outlet obstruction (n=8), bladder diverticula (n=2), hostile neuropathic bladder (n=1), complex LUT dysfunction
(n=1), post-prostatectomy complication (n=1), and radical pelvic surgery (n=1).
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Table 5.3. A sensitivity analysis in which various, non-sequential exclusions were applied.

Independent
Variable n (%) B 95% ClI
CSI (0-39 points) 62 (71)
Complete Analytic Sample? (n=87) 6.5 2.6,10.4
CSI (> 40 points) 25 (28)
CSI (0-39 points) 46 (81)
Excludes neurological diagnoses® (n=57) 6.1 11,111
CSI (> 40 points) 11 (19)
Excludes idiopathic/unclear LUTS CSI(0-39 points) 44 (73) 82 35129
etiologies* (n=60) CSl (> 40 points) 16 (27) '
CSI (0-39 points) 39 (65)
Excludes urologic procedure® (n=60) 6.1 1.5,10.7
CSl (= 40 points) 21 (35)
Excludes urologic/pelvic pain symptoms CSI(0-39 points) 52 (79) 75 29122
(n=66) CSI (> 40 points) 14 (21) '
Excludes history of painful urologic CSI (0-39 points) 46 (71) c4 0999
diagnosis (n=65) CSl (2 40 points) 19 (29)
Excludes both urologic/pelvic pain CSI (0-39 points) 42 (81)
symptoms and history of painful urologic 6.3 0.8,11.8
diagnosis® (n=52) CSI (> 40 points) 10 (19)

B: Regression coefficient; Cl: Confidence interval; CSI: Central Sensitization Inventory

aReported as Model 3 in Table 2. Adjusted for age, neurologic diagnosis, LUTS etiology, and urologic

procedure

b Adjusted for age, LUTS etiology, and urologic procedure

¢Adjusted for age, neurologic diagnosis, and urologic procedure

d Adjusted for age, neurologic diagnosis, and LUTS etiology
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Chapter 6. Discussion

6.1 Overview of Dissertation Objectives

The objective of this dissertation research was to investigate CS as a possible
mechanism of non-painful LUTS in men. Emerging evidence supports an association
between CS and LUTS, although the majority of studies have been conducted in small
clinical samples of women with overactive bladder. To our knowledge, the studies
conducted for this dissertation are among the first to specifically interrogate the
association between CS and LUTS among men.

If CS plays a role in LUTS etiology among males, then positive associations among
features of CS and LUTS outcomes should be observable in population-based and clinical
epidemiologic studies. Due to the paucity of existing research, a cross-sectional study
design is an appropriate first step to investigate distributional patterns of variables of
interest. Therefore, we assessed the cross-sectional association between symptoms
suggestive of CS and LUTS severity among community-dwelling men in Aim 1 and a
clinical sample of men in Aim 3. In Aim 1, we hypothesized that the prevalence of
symptoms suggestive of CS would be significantly higher among men with LUTS
compared to those without. In Aim 3, we hypothesized that symptoms suggestive of CS
would be positively associated with LUTS severity.

If symptoms suggestive of CS are more prevalent among men with increasingly

severe LUTS, it raises the question of whether CS might also be a risk factor for LUTS
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progression. Because a cross-sectional design cannot determine if sensitization precedes
the worsening of LUTS symptoms, we utilized a prospective study design in Aim 2 to
investigate the temporal association between CS and LUTS. We hypothesized that
symptoms suggestive of CS would be positively associated with the worsening of LUTS
symptoms over time. Using the same national sample of community-dwelling men from
our first aim, we conducted a prospective cohort study to investigate the association

between CS and LUTS progression.

6.2 Summary of Findings
In our first cross-sectional study (Aim 1, Chapter 3), we measured the association
between musculoskeletal pain, a symptom suggestive of CS, and LUTS severity in a large
US cohort of community-dwelling men. We observed that the prevalence of any
musculoskeletal pain rose with increasing severity of LUTS, independent of age, mobility
limitations, LUTS medication use, and history of prostatitis. The association was
strongest for men with pain in multiple locations and similar for men who reported
predominantly storage symptoms and those who reported predominantly voiding
symptoms.

In our second cross-sectional study (Aim 3, Chapter 5), we administered a validated
measure of symptoms suggestive of CS to a clinical sample of men with a recent history
of urodynamic testing. We observed that, on average, men with symptoms suggestive of

CS reported higher AUA-SI scores compared to those with unlikely CS, independent of
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age, neurologic diagnosis, LUTS etiology, and history of urologic procedure. This
association remained strong, even after excluding men with idiopathic LUTS and those
with urologic/pelvic pain.

Finally, in our prospective cohort study (Aim 2, Chapter 4), we returned to using
musculoskeletal pain as symptom suggestive of CS among community-dwelling older
men. In this study, individuals with musculoskeletal pain had an increased risk of LUTS
progression over two years, independent of age, prostatitis, prostate surgery,
hypertension, mobility difficulties, psychological distress, and LUTS medication use. In
contrast to our Aim 1 results, the association between musculoskeletal pain and LUTS
progression was similar among men with pain at one and two or more bodily locations.
However, the risk of LUTS progression rose with increasing levels of pain interference
and was highest for those with at least moderate pain interference. Together, the
evidence generated from Aims 1 and 2 suggest that there is an association between the
presence of musculoskeletal pain and LUTS severity and progression. These findings are
consistent with emerging evidence that CS may contribute to a portion of LUTS cases.

Our work expands on the current CS-LUTS literature in three important ways. First,
the majority of studies to investigate an association between CS and LUTS have been
conducted in women.'51882 \We present some of the first studies to support this
hypothesis in men. Second, CS has rarely been explored as a risk factor for non-painful
LUTS. As a mechanism of chronic pain conditions, evidence suggests CS contributes to

painful urinary conditions such as chronic pelvic pain and bladder pain syndrome. Only
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recently has the concept of CS come to include a hypersensitivity not only to painful
stimuli, but other sensations like stretch, warmth, light, and sound, as well. Our work
capitalizes on this recent understanding and provides evidence that symptoms
suggestive of CS are highly prevalent among men with non-painful LUTS. Third, prior
studies of CS and non-painful LUTS have primarily been limited to one type of LUTS
etiology: storage symptoms related to OAB. Our work suggests that CS may be
associated with LUTS, independent of LUTS etiology. In Aim 1, we observed that
musculoskeletal pain was just as prevalent among men with primarily storage symptoms
as it was among men with predominantly voiding symptoms. In Aim 3, we found that
symptoms suggestive of CS were associated with AUA-SI scores, even after restricting
our study sample to men with obstructive pathologies on UDS. Taken together, our
findings suggest that future CS-LUTS investigations should not be limited to OAB but
instead include a wide range of LUT etiologies, including obstructive/voiding pathologies

that have received little research attention thus far.

6.3 Limitations and Future Directions

Our Aim 1 and 2 studies were limited in two important ways. First, musculoskeletal pain
was limited as a proxy for CS in that we were unable to verify that pain was current at
the baseline measurement, nor could we distinguish acute from chronic pain. Second,
we were unable to fully assess the association between musculoskeletal pain and non-

painful LUTS because painful urologic conditions were not assessed in the MrOS cohort.
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The MrOS cohort was established in 1998, well before the current interest in CS as a
potential mechanism of non-painful LUTS and prior to development of a validated
measure of CS-related symptoms. Based on our findings, future studies that are
specifically designed to assess for the presence of CS among men with and without LUTS
are essential to advancing the field. A large, prospective cohort that employs validated
gualitative and quantitative measures of CS would be the most appropriate next step to
study the possible effects of CS on LUTS onset, progression, and treatment response.

In Aim 3, we were able to address the primary shortcomings of Aims 1 and 2 by
administering a validated measure of CS-related symptoms and assessing for the
presence or history of painful urologic symptoms or diagnoses. In this way, our Aim 3
findings strengthen our interpretation of our Aims 1 and 2 results. For example, chronic
musculoskeletal pain is likely a stronger indicator of CS than acute musculoskeletal pain.
Had we been able to replace our proxy measure, which did not distinguish between
acute and chronic pain, with the CSI, we would expect the association between CSI| and
LUTS severity and progression to be stronger than what we observed for
musculoskeletal pain.

While we were able to address some of the limitations from Aims 1 and 2 in Aim 3,
the latter also had weaknesses that should inform future study design. First, the data
collection for Aim 3 was originally intended to be prospective; men were to be recruited
as they presented to the OHSU urology clinic for UDS. However, early in the COVID-19

pandemic OHSU postponed UDS procedures. We responded to this challenge by instead
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recruiting men who had received UDS in the 3 years prior to recruitment. With this
design, the etiology of an individual’s LUTS may have changed in the time between UDS
and our survey and some men may have been misclassified. A stronger cross-sectional
study design would have been to administer the survey at the time of the UDS.

Additionally , we began recruiting participants in late summer 2020, just as one of
Oregon’s most destructive wildfire seasons on record was underway.'?* More than 1.2
million acres and over 5,000 homes and commercial structures were destroyed across
the state. Fires and toxic smoke displaced thousands of Oregonians, and more than one
study recruit shared with us that they were unable to participate as a result of needing
to evacuate their home. The COVID-19 pandemic and destructive wildfire season
highlight the limited control we had over the recruitment process and may partially
explain why only 43% of recruited individuals took part in the study. We had limited
information to assess differences between non-respondents and study participants and
were thus unable to fully investigate potential selection bias. Additionally, our sample
size was too small to fully interrogate our original hypothesis that the association
between CSI and AUA-SI scores would be stronger among men with idiopathic LUTS
than those with LUTS that appear to have an organic cause on UDS. A future clinical
study that prospectively recruits a larger study sample under less uncertain
circumstances is an appropriate next step. This study should include both qualitative
and quantitative measures of CS and collect data such that respondents and non-

respondents may be compared and potential selection bias assessed.
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6.4 Public Health Impact

LUTS are highly prevalent and pose substantial medical and economic burden in the US.
Approximately one quarter of men > 65 experience moderate to severe symptoms that
often progress over time.#? LUTS of increasing severity are associated with decreased
mental and physical quality of life.® 78 Compared to similarly aged men, those with
severe LUTS report lower mean quality of life scores than those with hypertension, gout,
angina, or diabetes.” Many men do not respond to pharmacological treatment,*® and for
others, the modest improvement afforded by LUTS pharmaceuticals is limited by side
effects and the need for long-term treatment.'%1?> The direct medical costs of benign
prostatic hyperplasia alone have been estimated to exceed 1 billion dollars annually,
and this estimate excludes the cost of LUTS medications.?® The direct and indirect costs
of LUTS are expected to grow as the population ages. By 2030, 20% of the population is
projected to be > 65,2” making LUTS a relevant public health concern.

Despite the high prevalence and profound personal and public health burden, there
is still a somewhat common perception that LUTS are a consequence of aging that little
can be done to prevent.'?> However, a modest literature base suggests that modifiable
factors, including obesity, physical activity, alcohol consumption, diet, anxiety,
depression, and cardiovascular and/or metabolic comorbidities are associated with LUTS
risk, treatment response, or progression.*128-130 Qur work contributes to the

bourgeoning literature in this area and provides evidence in support of CS as a
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neurobiological mechanism of LUTS severity and progression. A complete understanding
of the mechanisms that contribute to LUTS etiology and natural history is important for
public health because this knowledge may lead to new treatments and approaches to

prevent this highly prevalent and burdensome condition.

6.5 Clinical Urology Impact

Patients with CS and related conditions often struggle with uncertain diagnoses and feel
misunderstood in their search for symptom relief.13%132 These encounters can also
frustrate doctors, delay appropriate care, and increase medical costs.'33-35 |[f CSis a
driver of some LUTS cases, then screening, diagnosis, and treatment of CS could
improve a subset of LUTS clinical encounters for patients and doctors alike. We
demonstrated a strong association between symptoms suggestive of CS and LUTS using
the CSI, a validated measure of CS-related symptoms. The CSl is freely available!3® and
easy to administer in a clinical setting, making it a useful tool to screen for individuals
who might benefit from additional CS workup.'3” Patients with idiopathic LUTS and/or
LUTS that do not respond to standard of care could benefit from understanding how CS
might contribute to their symptoms.

If CS is a driver of some LUTS cases, then the nervous system may be an
appropriate adjunctive or alternative treatment target for these men. The evidence in
support of repetitive transcranial magnetic stimulation and mindfulness-based
interventions to treat LUTS with a possible CS component was presented in Chapter 4.
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While it has yet to be used in a study of LUTS, cognitive behavioral therapy (CBT) has
shown benefit for conditions in which CS plays a prominent role, including fibromyalgia,
migraine, IBS, and somatoform disorders.'3¥14! Of note, individuals with comorbid
anxiety or depression, limited self-efficacy, decreased symptom acceptance, or
excessive worry about their symptoms are less likely to experience a positive CBT
outcome.'®? Thus, addressing cognitive, emotional, behavioral, and social factors that
influence how patients perceive, manage, and respond to their symptoms may improve
their response to CBT and other psychosocial interventions.'#? Ultimately, our work
suggests that a wholistic, multidisciplinary approach for individuals with high CSI scores

and LUTS that do not respond to first-line interventions may be warranted.

6.6 Conclusions

This dissertation presents some of the first studies to investigate CS as a possible
mechanism of LUTS among men. Our findings suggest a possible association between CS
and LUTS in both older, community-dwelling men from a geographically diverse sample
and those who presented to a urology clinic for evaluation and treatment. We observed
that symptoms suggestive of CS occur with increasingly greater prevalence among men
with mild, moderate, and severe LUTS and are associated with worsening LUTS over
time. Our results expand the current literature base of CS-LUTS investigations to include
non-painful LUTS and LUTS in men with abnormal UDS. Future investigations of CS and
LUTS should include men with non-painful LUTS and a range of LUTS etiologies.
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Appendices

Appendix A. Supplementary materials for Chapter 3
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Supplementary Figure. Modified causal diagram for the association between
musculoskeletal (MSK) pain and lower urinary tract symptom (LUTS) severity. Dotted
line represents a non-causal association that would result from central sensitization (CS)
as a common cause. To assess whether CS may be a common underlying mechanism of
musculoskeletal pain and LUTS severity, we assessed factors that were associated with
LUTS, musculoskeletal pain, or both and that were unlikely to be caused by CS for
potential confounding (variables in the box). We statistically adjusted for variables that
confounded the association between musculoskeletal pain and LUTS severity. Additional
factors may lie on the causal pathway between CS and musculoskeletal pain or CS and
LUTS. For example, depression/anxiety symptoms may occur as a result of CS, and
individuals with sensitization may be more likely to present for care and receive medical
treatment for somatic complaints such as pain or LUTS. And, evidence suggests that
sensitization may be cause of chronic painful urinary conditions, such as prostatitis.
Therefore, we assessed the potential for these variables to confound the association
between musculoskeletal pain and LUTS in a separate model.
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Appendix B. Supplementary materials for Chapter 4

LUTS Progression

Supplementary Table. Association between musculoskeletal pain and the progression of lower urinary
tract symptoms (LUTS) over two years among community-dwelling men aged >= 65 years: The MrOS
Study, USA. Estimates were generated using stabilized inverse probability of censoring weights.

interference

Person-years No. Multivariable? Multivariable®
n of follow-up  Progressed IRR (95% Cl) IRR (95% Cl)
Any Pain
No Pain 1,064 3,580 272 ref ref
Any Pain 4,505 14,356 1,566 1.37(1.21, 1.54) 1.33(1.17, 1.49)
Multi-location pain
No Pain 1,064 3,580 272 ref ref
Pain at one location 1,793 5,768 579 1.31(1.13,1.48) 1.28 (1.11, 1.45)
Pain at > location 2,712 8,588 987 1.42 (1.24, 1.60) 1.37(1.19, 1.54)
Pain Interference
No Pain 1,064 3,580 272 ref ref
Pain, no
. 2,113 6,916 666 1.27(1.11,1.44) 1.24(1.08, 1.40)
interference
Pain, minimal
. 1,355 4,368 480 1.40(1.21,1.60) 1.37(1.18, 1.56)
interference
Pain, > moderate
1,037 3,072 420 1.62 (1.38, 1.86) 1.54 (1.31, 1.77)

AUA-SI: American Urological Association Symptom Index; IRR: Incidence rate ratio; Cl: Confidence

interval

@ Adjusted for age, hypertension, multimorbidity, mobility difficulties, and history of prostate surgery.

b Adjusted for age, hypertension, multimorbidity, mobility difficulties, history of prostate surgery,
history of prostatitis, psychological distress, and LUTS medication use.
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Supplementary Figure. Conceptual diagram for the association between musculoskeletal (MSK)
pain and lower urinary tract symptom (LUTS) progression. Dotted line represents a non-causal
association that would result from central sensitization (CS) as a common cause. To assess
whether CS may be a common underlying mechanism of musculoskeletal pain and LUTS severity,
we assessed factors that were associated with LUTS, musculoskeletal pain, or both and that were
unlikely to be caused by CS for potential confounding (variables in the box). We statistically
adjusted for variables that confounded the association between musculoskeletal pain and LUTS
severity. Additional factors may lie on the causal pathway between CS and musculoskeletal pain
or CS and LUTS. For example, depression/anxiety symptoms may occur as a result of CS, and
individuals with sensitization may be more likely to present for care and receive medical
treatment for somatic complaints such as pain or LUTS. And, evidence suggests that sensitization
may be a cause of chronic painful urinary conditions, such as prostatitis. Therefore, we assessed
the potential for these variables to confound the association between musculoskeletal pain and
LUTS in a separate model.

115



Appendix C. Supplementary materials for Chapter 5

Supplementary Table. Characteristics of the study sample (n=87) across categories
of the Central Sensitization Inventory (CSl) score.

CSl Score
0-39 points 2 40 points value

N (%) of study sample 62 (71.3%) 25 (28.7%)
Age, mean (sd), years 68.0 (13.0) 60.8 (15.3) 0.03
Had LUTS > 2 years 50 (85%) 19 (76%) 0.34
Painful LUT/pelvic symptoms 10 (16%) 11 (44%) 0.01
History of painful LUT diagnosis 16 (26%) 6 (24%) 0.86
Current LUTS medication use 28 (45%) 7 (28%) 0.14
Neurologic diagnosis 16 (26%) 14 (56%) 0.01
LUTS Etiology 0.43

Pathologic 44 (71%) 16 (64%)

Idiopathic 10 (16%) 3 (12%)

Unclear 8 (13%) 6 (24%)
LUT procedure since UDS 23 (37%) 4 (16%) 0.05

2P values comparing the characteristics across categories of the CSl score are derived from
ANOVA for continuous variables and Fisher’s exact test for categorical variables.

116



Appendix D. Institutional review board documentation
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Research Integrity Office
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\PPROVAL OF SUBMISSION
Tune 10, 2020
Diear Investizator:

On 61072020, the [RB reviewed the following submizsion:

IEE ID: | STUDY 00021448
Type of Review: | Inrtial Study
Title of Study: | Awareness and Parception of Intamal Senzation
Arnong Men with Lower Urninary Tract Syvmptoms: &
Crozs-sectional Survey
Prmeipal Investizator: | Lynn Marshall
Funding: | None

IMD, IDE, or HDE: | None
Documents Reviewed: | » (uestionnaire - Contact Information pdf
+ Protocol - v1.2_6.5.20.doe
+ Feecruitment - Letter v1.1_3.13.20.pdf
+ Recrmitment - Eemimder Phone
Seript_v1.0_4.10.20 pdf
+ Questionnaire - 4 CEs pdf
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« BEQ
+ HIPA A Prep-to-Fesearch Form_3.31.20.doex
+ Conzent - Information Sheet_v1.2_531.20 pdf
+ Recruitment - Phone Serpt_v1.0_4.10.20 pdf
+ Questionnaire - CECQ paf

The IEE gramted final approval on &/ 102020, The studv requires vou to submit a check-
in before 6/8/2023.

Review Category Exempt Categoriez 52 & 4

Verzion Date: 06302016 Page l of 2
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Even though thera iz IRB approval for thiz activity, stady teams must continue to follow
mstitutional policy regarding COVID-19 restrictions.

Copiaz of all approved documents are available in the study's Final Documents (far night
column under the documents tab) Lizt in the =IEB.

Ongomg IRB submizzion requirements:

#  21x to tan weeks before the eIEB svstem axpiration date, submit a check-in..

¢ Any changes to the project must be submitted for IRB approval prior to
implementation.

# Feportable New Information must be submittad per OHEU policy.

¢ Zubmit a check-in to closa the study when your research 1s completed.

Guidelines for Study Conduct

In conducting this study, vou are raguirad to follow the gmdalines in the document

entitled, "Foles and Fesponsibalities in the Conduct of Fesearch and Admumstration of
Sponsored Projects,” as well as all other applicabls OHSU IEB Policies and Procadures.

Reguirementz under HIPAA

If vour study mvobres the collection, uze, or disclosure of Protected Health Information
(PHIL), yvou must comply with all applicable requirementz under HIPA S Sea the HIPA S
and Research wabsita and the Information Prvacy and Secunty websits for more
information.

IEE Compliance

The OHEU [EE (FWALOOD016]1; IRBO0000471) complias with 43 CFR Part 46, 21 CFR
Parts 50 and 36, and other federal and Oregon laws and regulations, as apphicabls, as well
as I[CH-GCP codes 3.1-3.4, which outlne Responsibilibes, Composition, Functions, and
Operationz, Procedurss, and Fecords of the IRE.

Smesrely,

The OHEU IREE Office

Verzion Date: 063072016 Page 2 of 2
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OREGON Information Sheet and Authorization

HEALTH&SCIENCE

IRB#21449

TITLE: Awareness and Perception of Internal Sensation Among Men with Lower Urinary
Tract Symptoms: A Cross-sectional Survey

PRINCIPAL INVESTIGATOR: Lynn Marshall, ScD (503) 494-3990

CO-INVESTIGATORS: Angela Senders, ND, MCR (503) 552-1765

Kamran Sajadi, MD (503) 346-1500

WAHY IS THIS STUDY BEING DONE?

You have been invited to be in this research study because you have been seen for
evaluation of urinary symptoms at the OHSU Urology Clinic. The purpose of this study is
to learn more about how lower urinary tract symptoms are perceived by the nervous
system.

Data collected from/about you in this study will not be used and/or shared for future
research.

WHAT PROCEDURES ARE INVOLVED IN THIS STUDY?

This study consists of several questionnaires. You will be asked questions about your
medical history, adverse experiences you may have had as a child, symptoms that you
currently experience (including urinary), how you feel when you experience these
symptoms, and whether symptoms cause you a great deal of worry or not. You can
answer the questionnaires at home, they will take about 30 minutes to complete.
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If you agree to participate in this study we will obtain information about you from your
medical record, including the results of cystoscopy or urodynamic testing. Examples of
these measures include prostate size and volume, how much urine the bladder can hold,
bladder pressure upon filling, and how full it is when the urge to urinate begins. We will
also verify some of the information you share with us, including information about your
medical history and any medications you might take.

If you have any questions, concerns, or complaints regarding this study now or in the
future, contact Lynn Marshall at (503) 494-3990 or Angela Senders at (503) 552-1765.

WHAT RISKS CAN | EXPECT FROM TAKING PART IN THIS STUDY?

Although we have made every effort to protect your identity, there is a minimal risk of
loss of confidentiality. Some of the questions on the questionnaires may seem sensitive
or personal. They may upset you. You may refuse to answer any of the questions that
you do not wish to answer.

WHAT ARE THE BENEFITS OF TAKING PART IN THIS STUDY?

You will not benefit from being in this study. However, by serving as a subject, you may
help us learn how to benefit patients in the future.

WHAT ARE THE ALTERNATIVESTO TAKING PART IN THIS STUDY? You may choose not
to be in this study.

WILL | RECEIVE RESULTS FROM THIS STUDY?

The results of research tests will not be made available to you because the research is
still in an early phase and the reliability of the results is unknown.

WHO WILL SEE MY PERSONAL INFORMATION?

We will take steps to keep your personal information confidential, but we cannot
guarantee total privacy. Information that you share with use is stored in a secure
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research data-base that only study staff have access to. Any paper copies of
guestionnaires that you provide will be labeled with a number and not your name.

We may have to release this information to others for example, if the study is audited.
However, we would try to do so without information that could identify you. This
release could be to the Institutional Review Board (ethics review committee) at OHSU or
Office of Human Research Protection (agency that oversees research).

If your information goes outside of OHSU, it might not be protected under federal law
from being used or further shared. Your information will be maintained indefinitely but
will be destroyed at the end of the study. If you decide you don’t want us to use your
name and information for this research, you can request this by contacting us at:

Angela Senders
2220 SW 1%t Avenue
Portland, OR 97201

senders@ohsu.edu

Your request will be effective as of the date we receive it. However, health information
collected before your request is received may continue to be used and disclosed to the
extent that we have already acted based on your authorization.

You do not have to allow the use and disclosure of your health information in the study,
but if you do not, you cannot be in the study. If you choose not to participate, or if you
decide to stop at any time, that will not affect your ability to receive health care at
OHSU or insurance coverage.

WILL ANY OF MY INFORMATION FROM THIS STUDY BE USED FOR ANY COMMERCIAL
PROFIT? Information about you or obtained from you in this research may be used for
commercial purposes, such as making a discovery that could, in the future, be patented
or licensed to a company, which could result in a possible financial benefit to that
company, OHSU, and its researchers. There are no plans to pay you if this happens. You
will not have any property rights or ownership or financial interest in or arising from
products or data that may result from your participation in this study. Further, you will
have no responsibility or liability for any use that may be made of your information.
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WHERE CAN | GET MORE INFORMATION?

This research is being overseen by an Institutional Review Board (“IRB”). You may talk to
the IRB at (503) 494-7887 or irb@ohsu.edu if:

e Your questions, concerns, or complaints are not being answered by the research
team.

* You want to talk to someone besides the research team.
* You have questions about your rights as a research subject.

* You want to get more information or provide input about this research.

You may also submit a report to the OHSU Integrity Hotline online at
https://secure.ethicspoint.com/domain/media/en/gui/18915/index.html or by calling
toll-free (877) 733-8313 (anonymous and available 24 hours a day, 7 days a week).

DO | HAVE TO TAKE PART IN THIS STUDY?

You do not have to join this or any research study. If you do join, and later change your
mind, you may quit at any time. If you refuse to join or withdraw early from the study,
there will be no penalty or loss of any benefits to which you are otherwise entitled.

HOW DO I TELL YOU IF | WANT TO TAKE PART IN THIS STUDY?

Please indicate whether you provide your consent to participate in this study:

(__) Yes, | AGREE to participate in the study.

(__) I do not agree to participate in the study.
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