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Abstract

Aims: The neuropathophysiology of a debilitating chronic urologic pain condition, bladder pain
syndrome (BPS), remains unknown. Our recent data suggests withdrawal of cardiovagal
modulation in subjects with BPS, in contrast to sympathetic nervous system dysfunction in another
chronic pelvic pain syndrome, myofascial pelvic pain (MPP). We evaluated whether co-morbid
disorders differentially associated with BPS vs MPP shed additional light on these autonomic
differences.

Methods: We compared the presence and relative time of onset of 27 other medical conditions in
women with BPS, MPP, both syndromes, and healthy subjects. Analysis included adjustment for
multiple comparisons.

"Corresponding author: tchelimsky@mcw.edu.
This study was approved by the University Hospitals Cleveland Medical Center Institutional Review Board (Cleveland, Ohio, USA;
approved study 04-09-01).
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Results: Among 107 female subjects (BPS alone=32; BPS with MPP=36; MPP alone=9; healthy
controls=30), co-morbidities differentially associated with BPS included IBS, dyspepsia and
chronic nausea, whereas those associated with MPP included migraine headache and dyspepsia,
consistent with the distinct autonomic neurophysiologic signatures of the two disorders. PTSD
(earliest), anxiety, depression, migraine headache, fibromyalgia (FM), chronic fatigue (CFS), and
irritable bowel syndrome (IBS) usually preceded BPS or MPP. PTSD and the presence of both
pelvic pain disorders in the same subject correlated with significantly increased co-morbid burden.

Conclusions: Our study suggest a distinct pattern of co-morbid conditions in women with BPS.
These findings further support our hypothesis of primary vagal defect in BPS as compared to
primary sympathetic defect in MPP, suggesting a new model for chronic these pelvic pain
syndromes. Chronologically, PTSD, migraine, dysmenorrhea and IBS occurred early, supporting a
role for PTSD or its trigger in the pathophysiology of chronic pelvic pain.

Keywords

Interstitial Cystitis; Painful Bladder Syndrome; Myofascial Pelvic Pain; Chronic Overlapping Pain
Disorders; Autonomic Abnormalities

INTRODUCTION

Recent studies have highlighted the co-morbid nature of chronic pain disorders, such as
fibromyalgia (FM), irritable bowel syndrome (IBS), migraine headache (“migraine”) and
interstitial cystitis/bladder pain syndrome (BPS)1:2, now termed “chronic overlapping pain
conditions”, which removes pathophysiologic assumptions.3 ICEPAC (Interstitial Cystitis —
Elucidation of Psychophysiologic and Autonomic Characteristics), an NIDDK-funded
prospective study of women with BPS, compared these subjects with a comparison group of
women with myofascial pelvic pain (MPP). Major autonomic neurophysiologic differences
emerged between the two pelvic pain disorders. Vagal withdrawal characterized BPS,* while
sympathetic dysfunction typified MPP.> Since the vagus nerve also modulates visceral
afferent sensitivity;% reduced vagal modulation might therefore contribute to visceral pain
syndromes like BPS, and we might expect BPS to segregate prefentially with disorders
involving loss of visceral modulation. In contrast, sympathetic dysfunction would primarily
impact vasomotor function, and we might expect MPP to segregate with disorders with
known impairment of vascular control.

In this light, the current study examined the co-morbid disorders differentially associated
with each of these pelvic pain disorders to glean additional understanding of their
pathophysiology. We carefully phenotyped all subjects for both pelvic pain disorders and for
a large group of comorbid chronic overlapping pain conditions, including their relative time
of onset in the evolution of the pelvic pain syndrome. The goal was to determine whether
this differential association might shed additional light on distinct pathophysiologic patterns
for BPS and MPP. We also were interested in any differences that characterized the time of
onset of the same co-morbid disorder in each pelvic pain syndrome. Somewhat complicating
the analysis, MPP may itself be comorbid with, or misdiagnosed as, BPS.” A large group of
our subjects had both conditions, which was accounted for in the analysis.

Neurourol Urodyn. Author manuscript; available in PMC 2020 June 01.
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Finally, pelvic pain syndromes often develop or worsen in association with stressful life
experiences. For example, adolescents with PTSD have worse dysmenorrhea,® and women
with both BPS and MPP commonly have a history of abuse (about 47%) and PTSD (31%).°
PTSD or its antecedents might therefore contribute in major ways to pelvic pain disorders
and their co-morbidities, an association this study specifically examined.

In this study we hypothesided that reduced vagal modulation might contribute to BPS with
distinct segregation of comorbid conditions prefentially involving loss of visceral
modulation. In contrast, sympathetic dysfunction would primarily impact vasomotor
function, and we might expect MPP to segregate with disorders with known impairment of
vascular control. Our main objective was to compare comorbidities in women with BPS,
MPP, both BPS and MPP, and healthy controls.

METHODS

ICEPAC assessed the presence of 27 other medical conditions.” Women (18-80 years of
age) with BPS or MPP were recruited for this study.

BPS and MPP overlap conceptually in 2 ways: (1) the same person may have both disorders
and (2) the symptoms of one disorder can be confused for the other. With this in mind, we
intentionally adopted separable definitions for each disorder, supported by current literature.
10.11 BPS required symptoms primarily, with exam supportive (tenderness on bladder
palpation), while MPP required exam findings primarily, with history supportive. Thus,
urinary symptoms (which occur in both disorders) played no role in the definition of MPP. In
the same way, a diagnosis of BPS alone (without MPP) was based on the absence of pelvic
floor muscle tenderness, not on the urinary symptoms. As previously detailed’, the complete
definitions of each disorder are outlined below.

MPP required = 3 months non-cyclic chronic pelvic pain unrelated to bladder filling or
emptying, with tender points (TPs) = 4/10 pain numeric rating score in = 2/5 muscles
(bilateral levator ani (puborectalis), obturator internus and midline perineum, examined with
the index finger applying 2kg of pressure.10 Diagnosis of BPS required = 6 months of pelvic
pain, pressure, or discomfort perceived to be related to the urinary bladder accompanied by
at least one other urinary symptom such as urgency or frequency, with confusable diseases
excluded.!! As fewer women or undergoing cystoscopy as a standard evaluation for BPS, we
could not reliably distinguish interstitial cystitis with Hunner ulcers from BPS12, However,
we additionally required that BPS pain be perceived to rise in association with bladder
filling in a further attempt to reduce the possibility that symptoms attributed to BPS in fact
represented MPP (in addition to the examination requirement). We realized this might
reduce sensitivityl3, but would improve specificity and therefore separation of the two
disorders that admittedly overlap in many ways. Pelvic TPs played no role in the definition
of BPS. Participants also could meet criteria for both disorders. All participants received two
pelvic examinations, one by the referring urologist or urogynecologist, and a second
examination by the investigator performing the research visit. We defined FM based on the
1990 American College of Rheumatology criteria, 14 since current criteria include symptoms
confusable with other disorders assessed here, examining the 18 FM TPs using 4kg of
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pressure with the thumb. Healthy control subjects had no pelvic pain, FM or any co-morbid
disorder in the last 5 years.

MEDYSA instrument

Instrument development required several years of collaboration by appropriate specialists
utilizing published criteria for each of 27 diagnoses associated with chronic pelvic pain, FM,
migraine or IBS in emerging literature. The diagnosis of rheumatoid arthritis represented our
best assessment of a “control” disorder, that should not carry a higher frequency of
occurrence among subjects with chronic overlapping disorders on both practical grounds
(association not reported), and theoretical grounds (immunologic disorder with pathologic
changes in joints, in contrast to most COPC’s with unclear pathology). For each co-
morbidity, if the subject had either received the diagnosis or answered a screening question
affirmatively, the investigator ranked the diagnosis as (1) definite (all criteria met) (2)
probable (most criteria met) (3) possible (some criteria met, but diagnosis uncertain) (4)
absent based on history and examination. As in the other major study to assess the time
course of co-morbidities? we recorded year of physician diagnosis and year of symptom
onset. To test the instrument’s usefulness across disciplines and training styles, and to avoid
specialty-based bias to the extent possible, three investigators from different specialties and
training backgrounds (a neurologist, a gastroenterologist and a nurse practitioner) trained
together to assess co-morbidities (the two pelvic pain diagnoses required for study inclusion
had been previously established at study entry by a urologist or uro-gynecologist and
confirmed by the study investigator). Kappa statistic compared the 3 practitioners 2 by 2
across duplicate blinded interviews in a subset of subjects.

Statistical methods

RESULTS

At entry, all 107 subjects were assigned to 1 of 4 groups, Healthy Controls (n=30; age:
39.1+15.1 yrs; BMI: 26+8; mean comorbidity count 0.3), MPP (n=9; age: 36.9+8.9 yrs;
BMI: 29+7; mean comorbidity count 5.6), BPS (n=32; age: 49.4+13.5 yrs; BMI: 28+6;
mean comorbidity count 3.8), or BPS+MPP (n=36; age: 38.9+12.7 yrs; BMI: 30+9; mean
comorbidity count 6.1). ICEPAC’s focus on autonomic features in BPS was originally
powered to detect a 30% difference between groups in autonomic co-morbidities such as
autonomic neuropathy and postural tachycardia syndrome.

The relative chronological position of each co-morbid disorder was assessed pairwise by
computing the frequency it preceded each of the other conditions, when both were present.
This frequency was compared with a null value of 0.5 by Z-test (representing the case when
the disorders were equally likely to precede or follow each other), where > 0.5 indicated
earlier onset and < 0.5 indicated later onset. Assuming a 5% false discovery rate, p-values
were adjusted for multiple comparisons using the Benjamini—-Hochberg—Yekutieli procedure.

Inter-rater diagnostic agreement was excellent with kappa statistics of 0.92, 0.79, and
0.78 for each interviewer pair, and 94% agreement in 1512 ratings.

Neurourol Urodyn. Author manuscript; available in PMC 2020 June 01.
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Common comor bidities included migraine, dysmenorrhea, IBS, FM, CFS, PTSD, TMJD,
dyspareunia and endometriosis as reported previously?. Interestingly, the “control disorder”,
RA, occurred 10-fold more (6%) than expected (0.6%).1> Dysmenorrhea (67% vs. 31%,
p=0.003) and migraine headache (61% vs. 38%, p=0.05) occurred more often in subjects
with MPP (with or without BPS) than in subjects with BPS alone. PTSD occurred twice as
often in subjects with MPP alone (56% vs. 25%, p=0.11), though this did not reach
statistical significance, perhaps related to low number of MPP subjects. Complex regional
pain syndrome (CRPS) and syncopal migraine occurred in subjects with MPP, but not in
those with BPS (p<0.05, 4 subjects only). Dyspepsia (31%) and chronic idiopathic nausea
(22%) occurred in subjects with BPS, but not those with with MPP alone. Having both
diagnoses (Supplementary Table 1) increased rates of CFS, dysmenorrhea, and panic
disorder (p<0.05) with a trend for increases in dyspepsia and FM (p=0.06) as well.

PTSD (at any age) increased the total co-morbid burden, with a mean 7.8 vs. 3.5 additional
co-morbid disorders (4.3 added disorders, Cl 2.9 to 11.5 p=0.0001, Fisher’s exact test;
PTSD, BPS and MPP excluded from this calculation), as did number of pelvic pain
diagnoses (Fig 1). Subjects with PTSD had more (p<0.001) multiple chemical sensitivity,
TMJD, Raynaud’s and generalized anxiety, while dysmenorrhea, FM, small fiber
neuropathy, autonomic neuropathy, migraine, CRPS and syncopal migraine also occurred
commonly (p < 0.05). In contrast, endometriosis, diabetes, asthma, IBS, dyspepsia, CFS
(surprisingly given the known relationship of PTSD and CFS6), and the control disorder of
rheumatoid arthritis appeared uninfluenced by PTSD.

Comorbidity Chronology revealed that dysmenorrhea, migraine and PTSD typically
occurred before 25 years of age, panic, endometriosis, and Raynaud’s before 30 years of
age, and IBS, FM, CFS, MPP around 35 to 40 years of age (Supplementary Table 2). Most
co-morbidities occurred later in subjects with BPS alone than in subjects with both
diagnoses, a discrepancy reaching significance for several disorders. BPS itself occurred 15
years earlier in subjects who also had MPP. Migraine was the only disorder with identical
age of onset.

Probabilistic pairwise comparisons (Supplementary Table 2) show that the earliest disorders,
migraine and PTSD, always preceded other disorders, whereas intermediate disorders,
TMJD and dysmenorrhea, preceded or followed, while most other disorders occurred later.
As previously described,® small fiber neuropathy develops late, after MPP (p= 0.01).

DISCUSSION

This study adds to the emerging literature on the co-morbidities of BPS compared to MPP
and healthy women. To our knowledge, this is the first study? 16: 17 to employ a direct
practitioner assessment (as opposed to a survey or chart review). Utilizing practitioners that
differed in discipline and training reduced specialty-based bias, nonetheless yielding
excellent agreement (94%) across the 3 examiners (Kappa statistic 0.78-0.92). Finally,
chronologic development of these comorbidities has only rarely been examined,? and
clarifying this sequence is likely to shed new light on the potential origins of these chronic
pelvic pain disorders.

Neurourol Urodyn. Author manuscript; available in PMC 2020 June 01.
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We report four major findings. First, the two chronic pelvic pain syndromes were associated
with different comorbidities. Gastrointestinal complaints such as dyspepsia and chronic
idiopathic nausea frequently accompanied BPS, whereas dysmenorrhea, migraine, syncopal
migraine and CRPS occurred more often in subjects with MPP only. Second, antecedents of
total comorbid burden included PTSD and the number of pelvic pain syndromes (Fig 1).
Third, broad trends in co-morbid sequence showed that PTSD and migraine developed
earliest, followed by dysmenorrhea and TMJD. The remaining disorders, including pelvic
pain, occurred later, in general agreement with a previous report, despite differing in
statistical methodology (Fig. 2).2 Finally, most disorders, including BPS itself, occurred
earlier in subjects with MPP (x BPS) (Supplementary Table 2).

Previous studies detailing associations between BPS and comorbidities such as FM, CFS,
migraine, IBS, anxiety and TMJD8 had not distinguished between the chronic pelvic pain
subtypes we examined. The novel phenotyping used in ICEPAC revealed some surprising
differences between BPS (study diagnosis) and MPP (comparison diagnosis). Loss of
parasympathetic (vagal) modulation occured in subjects with BPS, but not in those with
MPP.4 In contrast, a sympathetic autonomic neuropathy was found in MPP but not in BPS.
19, Current findings amplify this theme. The co-morbidities seen in BPS could well reflect
vagal dysfunction, while those seen in MPP may suggest sympathetic dysfunction.

Since one of the vagus nerve many known functions is modulation of visceral afferent
sensitivity;® loss of this process might theoretically contribute to visceral pain. This logic is
in keeping with the association of BPS with upper gut symptoms like chronic nausea and
functional dyspepsia. The higher than expected rheumatoid arthritis frequency could reflect
loss of another vagal role, its anti-inflammatory function29, though this occurred in all pelvic
pain disorders equally. In contrast, sympathetic dysfunction would primarily impact
vasomotor function, potentially explaining MPP’s association with migraine, a neurogenic
inflammatory process involving cranial vessels?! and dysmenorrhea, an intrinsically vascular
process clearly dependent of vascular modulation.22 The association of MPP with CRPS and
syncopal migraine (albeit in just a few subjects), also disorders of vascular regulation, also
favor this concept.

This testable hypothesis provides a new framework for understanding both BPS and MPP,
outlined in table 2. MPP would result from perturbation in local blood flow?3 and loss of
available energy within the muscle, as has been observed for FM.24 Muscle stiffness and
tenderness would result from lack of energy resources, and pelvic floor therapy would work
by reestablishing normal pelvic muscle flow to patients with MPP, another testable clinical
hypothesis. One might also logically expect sympathetic blockade to be helpful.

Finally, when the two disorders occurred in the same subject, additional associations with
CFS and FM emerged, which occurred later in the chronologic sequence of co-morbidity
development. Table 2 incorporates this observation as well, into a theoretical evolution of
COPC based on progressive nervous system changes rather than specific end-organ
involvements. COPCs associated with vagal parasympathetic withdrawal (resulting in
visceral sensitivity) would arise first, followed by those associated with sympathetic
dysfunction (resulting in vascular dysregulation), and ending with disorders of somatic

Neurourol Urodyn. Author manuscript; available in PMC 2020 June 01.
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hypersensitivity like FM. This evolution also implies specific interventions at different
stages of COPC, focusing on vagal function initially, sympathetic function later, and somatic
function last.

The co-existence of BPS and MPP had two additional major effects. First, it increased the
rate of certain disorders, quadrupling panic disorder, tripling syncope and dyspepsia, and
doubling Raynaud’s, chronic idiopathic nausea, and functional abdominal pain. These
differential effects on co-morbid conditions are in keeping with previous work on general
health status as it impacts chronic pelvic pain.2> Second, the co-existence of BPS and MPP
was inexplicably associated with earlier onset for the majority of co-morbidities between 5
and 15 years earlier (Supplementary Table 2), also affecting the onset of BPS itself. Since
MPP typically occurs late in the sequence of disorders, it is unlikely to a direct contributor to
this finding, which more likely reflects some underlying early factor. Factors to consider in
this acceleration include: (1) early occurrence of psychiatric disorders prior to other co-
morbidities (anxiety disorder occurs at 18 vs. 34 years and adjustment disorder at 21 vs. 31
years); (2) trigger of BPS by a central process such as PTSD in contrast to a peripheral
process such as multiple UTI’s; (3) primary vs. secondary dysmenorrhea (18 vs. 25 years).
More accurate epidemiologic sequence information should help to parse these possibilities.

Finally, the association of PTSD with urological symptoms?2® suggests that it may predispose
to pelvic pain, as supported by its early occurrence in the comorbidity sequence. It occurs in
both disorders, with a trend for a higher association in subjects with MPP. Psychiatric
comorbidities often preceded pelvic pain in Clemens’ study?, though they examined panic
disorder, not PTSD. Sexual or physical abuse occurs in 30% to 50% of women with CPPS,
with PTSD in about a third,® comparable to the 30% found here. PTSD influenced total co-
morbid burden, adding a mean 4.3 comorbidities (Fig 1) such as CFS, Raynaud’s, FM,
TMJD, dysmenorrhea, endometriosis, chronic nausea, IBS, migraine, and others. This could
result from PTSD’s known interference with pain-coping strategies,2’ or on pain inhibitory
circuitry. Underlying hypoactivity of the medial prefrontal cortex regions found in both
PTSD and IBS?8 may impair descending nociceptive modulation in the periaqueductal gray
region.28 This in turn could explain accelerated development of comorbidities.

The study has some limitations. There were fewer subjects in the MPP-only group in
contrast to the BPS-only and BPS with MPP cohorts. Further, although the diagnoses were
made by practitioners trained to follow published guidelines (in contrast to other studies
typically utilizing subject responses to questionnaires), investigators did not always have
direct access to laboratory studies or subspecialist consultations typically utilized to exclude
competing diagnoses for some of the subjects, (for example colonoscopy from a different
institution in the context of IBS, or thyroid studies in the context of chronic fatigue
symptoms). Finally, recall bias could influence the chronological order of appearance of
diagnoses or symptoms, which will be more accurate when gathered prospectively.

CONCLUSION

The differences between comorbidities associated with BPS and MPP suggest a novel
theoretical classification of these disorders into visceral, vascular, and somatic

Neurourol Urodyn. Author manuscript; available in PMC 2020 June 01.
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hypersensitivity states, with putative autonomic pathophysiology outlined in Table 2. PTSD
occurs early and predisposes to a higher comorbidity burden, suggesting an important role
for early traumatic events, a state of threat vigilance, or their consequences, opening new
treatment avenues. Novel information also emerged from the sequence of comorbidity
development emphasizing the earlier appearance of some disorders in subjects with both
MPP and BPS, with an impressive 15-year differential in the appearance of BPS. In general,
migraine, PTSD and dysmenorrhea occurred early, depression, anxiety and IBS at
midcourse, and chronic fatigue, fibromyalgia and MPP late.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Co-morbid Burden vs PTSD and Number of
Pelvic Pain Diagnoses (PPD)

10
n=28

n
n=13
i I

No No Yes Yes
1 2 i 2

r of comorbidities per subject based on 2 important determinants of co-morbid

burden: presence or absence of PTSD, and number of chronic pelvic pain disorders (CPPS -
1 or 2). PTSD, BPS and MPP were excluded from the calculation of total co-morbid
disorders. For example, including these in the calculation would increase the total disorders

t0 12.0 in the

last column.
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Figure2:

Comparison in order or onset of comorbidities in our data set and Clemens’ data. 2
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Table 1:

Page 13

Statistically significant ordering of co-mor bidity pairsacrossthe entire population of
subjectswith BPS and/or MPP.

The listing includes disorders where the adjusted p value was less than 0.05, and also where a trend was noted

with an adjusted p value less than 0.1, using the Benjamini—-Hochberg—Yekutieli procedure.

First Co-morbidity Later Co-morbidity n % Adjp UnAdjp
Dysmenorrhea MPP 20 95% 0.001 5.7E-05
Dysmenorrhea CFS 18 94% 0.002 1.6E-04
Dysmenorrhea FM 23 87% 0.003 3.9-04
TMID CFS 11 100% 0.014 9.1E-04
PTSD FM 13 92%  0.025 2.3E-03
PTSD Raynauds 9 100% 0.025 2.7E-03
PTSD MPP 10 100% 0.025 1.6E-03
Dysmenorrhea BPS 28 75%  0.029 8.2E-03
Dysmenorrhea IBS 20 80% 0.029  7.3E-03
Dysmenorrhea Raynauds 11 91% 0.029 6.7E-03
Dysmenorrhea Dyspepsia 10 90% 0.034 1.1E-02
Migraine CFS 18 83% 0.041 4.7E-03
Migraine TMJD 18 83% 0.041 4.7E-03
Migraine Dyspareunia 13 92% 0.041  2.3E-03
Migraine FM 20 80%  0.047  7.3E-03
PTSD BPS 16 81% 0.057 1.3E-02
PTSD CFS 10 90%  0.057 1.1E-02
PTSD Chronic Idiopathic Nausea 6 100% 0.057  1.4E-02
PTSD Dyspepsia 6 100% 0.057 1.4E-02
PTSD TMJD 15 80% 0.059 2.0E-02
PTSD IBS 12 83% 0.059 2.1E-02
PTSD Endometriosis 9 89% 0059 2.0E-02
Migraine IBS 19 79% 0.061 1.2E-02
Migraine Small Fiber Neuropathy 6 100% 0.062  1.4E-02
PTSD Autonomic Neuropathy 5 100% 0.065 2.5E-02
TMJD MPP 10 90% 0.086 1.1E-02
TMJD FM 15 80% 0.101 2.0E-02
PTSD Dysmenorrhea 16 75% 0.106 4.6E-02
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Table 2:

Page 14

New theoretical and testable framework underlying COPC in subjects with CPPS, based on a classification of
comorbidities, with underlying hypothetical physiology and autonomic mechanisms, which connects prior
work from ICEPAC with current observations. COPC: chronic overlapping pain conditions; CRPS: complex
regional pain syndrome; BPS: Interstitial Cystitis/Bladder Pain Syndrome; IBS: irritable bowel syndrome.

Dominant
Comorbidities

Dominant
Classification

Treatment Strategy

Pelvic Autonomic

Pain Mechanism

Type

BPS only Impaired Vagal Afferent & Efferent

Functions[18]

MPP only Sympathetic Autonomic Neuropathy[20]

BPS & MPP  Impairment in both Systems

Dyspepsia, Chronic
Nausea, IBS

Migraine
Headache,
Dysmenorrhea,
CRPS, Syncopal
Migraine

Chronic Fatigue
Syndrome
Fibromyalgia

Visceral Hyper-sensitivity

Vascular Hypersensitivity

Somatic Hypersensitivity

Improve vagal out-flow
with interval training,
auricular vagal stimulation,
yoga, etc.

Improve flow by direct
manipulation or reduce
sympathetic outflow

Combination of both
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