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Summary

A subtype of women with dysmenorrhea have a profile suggesting heightened risk for chronic 

pelvic pain including somatic and visceral hypersensitivity, and diminished pain modulation.

Introduction

Menstrual pain, known as dysmenorrhea, impairs quality of life in one-third of reproductive 

age women [45,55] and is among the leading risk factors for the development of chronic 

pelvic pain conditions [31]. A better understanding of the underlying mechanisms 

responsible for dysmenorrhea and the transition to chronic pelvic pain is needed because 

current treatments are often ineffective. Proposed factors for the chronification of pain 

include exaggerated peripheral organ inflammation [8], impaired central processing of 

noxious stimuli [28], and hypervigilance associated with psychological distress [47,59],

Several studies of dysmenorrhea have discussed impairments in nociceptive processing 

using quantitative sensory testing (QST: see Payne et al. [41] for a systematic review). There 

are, however, multiple limitations in these prior studies. For example, studies often have not 

accounted for potential confounders such as psychosocial dysregulation or menstrual cycle 

influences on pain sensitivity. Additionally, it is essential to use multiple modes of QST to 

establish whether somatic or visceral mechanisms are responsible for increased sensitivity in 

dysmenorrhea, given prior disparate results [6]. Although the large scale OPPERA study 

failed to identify meaningful relationships between alterations in QST and risk for the 

development of temporomandibular joint disorder (TMD), there was an association between 

widespread reductions in pressure pain sensitivity and the persistence of TMD[48], which 

the authors conclude points to a critical role for central nociceptive mechanisms. Recently, 

we have identified that a significant subset of dysmenorrhea sufferers harbor silent, 

Corresponding Author: Dr. Kevin M. Hellman, Walgreen’s Bldg 1507, Department of Obstetrics & Gynecology, Evanston Hospital, 
2650 Ridge Ave. Evanston, IL, USA 60201 Office: 872 226 7124; Fax: 847 570 1846; www.thegyrl.org; khellman@uchicago.edu. 

The authors have no conflicts in interest to report.

HHS Public Access
Author manuscript
Pain. Author manuscript; available in PMC 2021 June 01.

Published in final edited form as:
Pain. 2020 June ; 161(6): 1227–1236. doi:10.1097/j.pain.0000000000001826.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.thegyrl.org


comorbid bladder pain hypersensitivity (DYSB) [26], but we have not yet established 

whether hypersensitivity extends to somatic pelvic sites or affects the entire body. In patients 

with DYSB, QST impairments in select peripheral sites might suggest a focal pathology, 

whereas widespread alterations in QST may point more to the early emergence of central 

changes that have been implicated in the transition to chronic pelvic pain[58].

Based on prior studies with more severe pain phenotypes, we recruited a cohort of 

dysmenorrhea sufferers and controls to test the hypothesis that women with DYSB would 

have reductions in bodily pain pressure thresholds and impaired conditioned pain 

modulation, indicative of impaired descending inhibition [58]. Temporal summation was 

used to investigate hypersensitivity mediated by spinal sensitization [13] and pressure 

algometry was used to test for increased regional somatic pain sensitivity adjacent to the 

visceral site [27]. We conducted these assessments while also capturing key potential QST 

covariates (anxiety, age, catastrophizing, menstrual cycle status). To establish which specific 

nociceptive mechanisms observed in dysmenorrhea are also linked to the enhanced bladder 

sensitivity phenotype, we compared DYSB participants to participants with only 

dysmenorrhea or healthy controls. Finally, to establish the potential clinical relevance of 

QST, we examine the correlation between of these measures to self-report of urination-, 

bowel-, and sex-related pain.

Methods

Overview

The prospective observational study Chronic Pain Risk Associated with Menstrual Pelvic 

Pain (CRAMPP) was designed to characterize uterine cross-organ influences on bladder pain 

in reproductive-age women, and extend characterization of a group of women found to have 

both dysmenorrhea and silent bladder pain (DYSB). NorthShore University HealthSystem’s 

Institutional Review Board approved this study. Participants were recruited through 

advertisements posted on public transit and throughout the community, through the Illinois 

Women’s Health Registry, and by referral from NorthShore gynecology clinics. Trained 

research assistants telephone screened potential participants to determine eligibility for the 

screening visit. After eligibility was confirmed, participants signed a consent form, 

completed a screening visit, tracked a daily menstrual symptom diary for 1-2 months, and 

then participated in an assessment visit during their luteal phase.

Participants

All participants completed an initial phone screen before the screening visit. Those who 

rated their menstrual pain ≥5 on 0–10 numeric rating scale (NRS 0: no pain, 10: worst pain 

imaginable) without concurrent chronic pain diagnoses were defined as potentially eligible 

to participate in this study as a dysmenorrhea participant. This pain threshold was chosen 

initially because we have established in a different cohort that this intensity of menstrual 

pain is associated with a markedly higher likelihood of meeting criteria for DYSB (see 

below) [52]. Menstrual pain status was further confirmed with diary data (see the section on 

confirmation below).
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A subset of dysmenorrhea participants who rated their bladder pain (>15 on 0-100 VAS) 

during a bladder filling test (see QST below) on the assessment visit were formally 

designated as dysmenorrhea with bladder hypersensitivity (DYSB). Since we met our target 

for DYS participants before DYSB participants after two years into the study, we declined 

assessment visits to 52 participants who did not report any provoked bladder pain 

hypersensitivity during the screening visit. The statistical basis of our selected bladder pain 

threshold and enrichment strategy is discussed in our earlier paper [26].

Participants who rated their average menstrual pain ≤3 on a 0–10 NRS without chronic pain 

diagnoses were designated as healthy controls (HC). Participants with overt BPS met the 

American Urological Association (AUA) diagnostic criteria, and had to report bladder pain 

≥3 on a 0-10 NRS for more than 3 consecutive months[23]; these women often had 

comorbid pain conditions (e.g., fibromyalgia, irritable bowel syndrome, endometriosis). As a 

positive control group, a cohort of participants with clinically symptomatic chronic pain (but 

without BPS), were recruited to assess the validity of our conditioned pain modulation task 

(CPM), and were required to have general pain ≥5 on a 0-10 NRS for more than 3 

consecutive months [23]. This group (n=23) was not included in the primary analyses, but 

we included their effect sizes to help validate our CPM measures, for reference, in a 

secondary analysis.

Participants were excluded for the presence of active pelvic or abdominal malignancies, 

absence of regular menses (except the chronic pain without BPS group), active genitourinary 

infection in the last four weeks, inability to read or comprehend the informed consent in 

English, refusal to undergo pelvic examination/testing, hypertension, or refusal to withdraw 

from oral contraceptives for two months prior to the study visit. An overview of study 

enrollment is shown in Figure 1.

Screening Visit

Details regarding the screening visit for CRAMPP have already been published [26]. 

Participants completed questionnaires including medical, surgical, psychological, and 

gynecological history via REDCap [24]. Participants completed validated short-form 

PROMIS inventories for Pain Behavior, Pain Interference, Anxiety, and Depression [10]. 

Additionally, participants completed validated pain questionnaires such as the O’Leary-Sant 

Interstitial Cystitis Symptom Index, [40], the Pain Catastrophizing Scale [51], and the Brief 

Symptom Inventory subscale for somatic symptoms [12]. To identify potential secondary 

causes of dysmenorrhea, a gynecologist specializing in pelvic pain performed a pelvic exam 

on the first 98 dysmenorrhea participants. Ultrasonography was performed to follow up on 

participants with potential clinical exam findings to rule out secondary causes for 

dysmenorrhea. In this initial cohort, only three participants had small pelvic cysts (<3.0 cm), 

and one had subserosal and intramural leiomyomata (<2.5 cm). In order to reduce participant 

burden, these exams were discontinued once we confirmed that the screen rarely identified 

occult pathology in these women with only cyclical pain.

Participants also underwent a validated rapid bladder filling test at this visit to evaluate the 

likelihood of having dysmenorrhea with bladder pain hypersensitivity (DYSB). The detailed 

methods of this task have been published previously [26]. This task is similar to the bladder 
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task employed during the assessment test (described below) except that participants were not 

monitored with ultrasound and did not have to reach maximum capacity.

Confirmation of menstrual pain and cycle status

To track pain intensity, all participants completed web-based daily diaries during the month 

preceding their assessment visit. They rated intensity of menstrual pain over the past 24 

hours on a 0-10 NRS (0 = no pain and 10 = the worst pain imaginable) each day. All 

dysmenorrhea participants were required to have at least one menses pain score ≥3, while all 

healthy control participants were required to report pain <3. The lower threshold for 

dysmenorrhea was used for this specific prospective validation, because the use of 

medications and completion of the pain diary at the end of the day were associated with 

lower pain report in our pilot studies. Because the menstrual cycle phase may have some 

influence on experimental pain thresholds, the diary was also used to schedule the timing of 

the assessment visit (15–25 days after onset of menses). To confirm that participants were in 

their luteal phase, they were provided with luteinizing hormone (LH) urinary assay kits 

(Wondfo, Willowbrook, IL) and instructed to begin using them on day 10 of their cycle. The 

utilization of LH assays and cycle timing of visits follows prior guidelines for pain testing in 

women[20].

Assessment Visit

Participants were asked to avoid taking short-acting, over-the-counter analgesics (such as 

NSAIDs), opioids, and caffeine for at least six hours before the assessment visit. We also 

asked them to not consume longer-acting NSAIDs for twelve hours before the study visit. 

During this visit, participants underwent a noninvasive bladder filling test and completed 

additional QST measures described below.

Comprehensive validation and methods for the bladder assessment task have been published 

[26,52,54]. In brief, after voiding, participants had a transabdominal three-dimensional 

sonographic measurement of their bladder. Afterward, participants drank 20 oz of water 

within 5 minutes and were instructed to report when they reached three standard cystometric 

urgency thresholds: first sensation, first urge to void, and maximum capacity [2]. At each of 

these thresholds, the bladder volume was sonographically measured again, and participants 

rated their bladder pain and urgency on a 0–100 VAS using a tablet computer. On average, 

participants finished questionnaires 13 ± 5 minutes before rating “first urge” pain on the 

bladder task.

Pressure pain thresholds (PPT) were performed following our standardized, previously 

published protocol [54]. One examiner (FT) with over five years’ experience in performing 

both external and transvaginal pressure algometry trained two female examiners in the 

protocol, and testing on model patients yielded Cronbach’s α ≥ 0.9 across sites before the 

start of testing [53,54]. One female examiner (EG) conducted 224/232 (97%) of the exams. 

For all examiners, we calculated a final Cronbach’s α ≥ 0.89 at all sites. Our methods for 

pelvic PPTs have been previously published [27]. PPTs were measured at four transvaginal 

pelvic floor sites (right and left iliococcygeus, anteriorly against the bladder, and posterior 

anorectal raphe) using a 1 cm2 diameter force sensing resistor (Trossen Robotics, Downers 
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Grove, IL) mounted inside the examiner’s glove with a ramp rate of 0.5 Newtons (N)/s with 

a computer generated visual guide. Body PPTs were evaluated with a digital algometer 

(Wagner Instruments, Greenwich, CT) with a 1 cm2 rubber tip applied at a ramp rate of 4 

N/s with a computer generated visual guide. We assessed three external measurement sites 

corresponding to American College of Rheumatology guidelines for fibromyalgia tender 

point sites: the right trapezius, the right medial knee fat pad, and the right greater trochanter, 

as well as an additional location at the mid-forehead as a control [57]. Each site was 

measured in the same order with 10 seconds between each internal site, 15 seconds between 

each external site, and a two-minute break between repeat measurements. Two trials were 

performed at each site, and the average was used for analyses.

Conditioned pain modulation (CPM) testing involved repeating PPT testing in the presence 

of a heterotopic stimulus, as a measure of possible alterations in brainstem-mediated 

descending modulation of noxious stimulus awareness. We used ice water as a conditioning 

stimulus, similar to others [33-35]. Initially, baseline PPTs were determined for the left 

medial knee fat pad and trapezius. After a 2-minute break, the conditioning stimulus was 

presented by instructing the participant to insert their right hand up to their wrist into a 

bucket of water maintained between 0-6°C with a high-speed water circulation pump. After 

10s of immersion, participants were asked to rate their hand pain on a 0-10 NRS scale. We 

used this value as a measure of cold pain sensitivity. After 20s of immersion, PPTs were 

measured at the knee while participants kept their hand in the water. Once the knee threshold 

was reached, participants removed their hand from the water and the trapezius site was 

tested. CPM was calculated by the standardized differences in pain threshold (Newtons) for 

each site between pre-immersion and post-immersion. Initial analysis of the data suggested 

that knee CPM was more variable even in healthy controls (knee SD: 11.1, trapezius SD: 

9.1; knee range: −9.2 to 35.0 N, trapezius range: −7.4 to 26.4 N). Also, we noted the overall 

effect sizes of CPM across the groups was greater with knee CPM (knee x2 = 1.1, trapezius 

x2 = 9.5). Because trapezius CPM (which took place following removal of the hand) 

appeared to be less variable and more discriminative, we opted to include only trapezius 

CPM in these analyses.

Temporal summation [9] was then tested over the right medial knee fat pad. A software-

based metronome was used to guide the application of a series of 10 pressure pulses at 4 

N/s, 1 second apart. Each pulse was applied until the initial threshold for pain was achieved. 

Patients reported pain on a 0-10 NRS. Trials were also terminated early when participants 

reached a score of 6 or higher. The amount of temporal summation was determined by the 

tenth or final pain rating.

Power analysis

Our overall recruitment was guided by a primary power analysis (http://clinicaltrials.gov/ct2/

show/NCT02214550) for the central study objectives which indicated a need for 255 

reproductive age women across 5 different groups to demonstrate hormonal suppression for 

menstrual pain reduces bladder pain sensitivity. To show the effect sizes for QST typically 

seen in pain studies (Cohen’s d=1 or higher), for this planned subanalysis, we calculated a 

minimum sample size of 25 per group for ANOVA accounting for 4 multiple comparisons 
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(DYS vs Healthy Control [HC], DYSB vs HC, BPS vs HC, DYSB vs DYS: α=0.05 /4; β=1 - 

0.8). In practice, we over-recruited dysmenorrhea participants to ensure adequate sample for 

the overarching interventional aim of the study, which targeted 60 DYSB participants, and 

these participants cannot be identified until they are formally assessed for bladder sensitivity. 

Ultimately, our effect sizes were lower and the QST measures had skewed distributions 

necessitating use of nonparametric tests. Therefore, we confirmed we had 80% power to 

detect a minimal effect of d=.55 for HC vs DYS, d=.63 for HC vs DYSB, d=.51 for DYS vs 

DYSB, and d=.75 for BPS vs HC using Kruskal-Wallis tests.

Statistical Analyses

Data was analyzed in Stata 13.1 (College Station, TX) and graphics were generated in R 

3.4.2 [44]. Complete data was obtained for all participants, except for vaginal PPT 

measurements (n=3 DYSB, 2 DYS, 1 HC, 1 BPS) because they had opted out of 

participating in this aspect of the study, and CPM (n=11 DYSB, 31 DYS, 13 HC, 9 BPS) 

because of delayed implementation. Differences in characteristics across the groups were 

evaluated with ANOVA when normally distributed, or the Kruskal-Wallis test with Sidak 

adjustments for multiple comparisons. To identify correlations between confounding 

variables, QST measurements, and pain outcomes, we used Spearman correlations with 

Sidak correction for multiple comparisons because many of the variables were skewed or 

heteroskedastic. Ordered logistic regression was used to adjust for potential confounders 

when confounders were correlated to outcome variables. Proportional odds ratios (pOR ± 

standard error of the mean) were reported for confounder analyses.

Results

Demographics, pain, and psychological characteristics

There were no significant differences in age or race between HC, DYS, or DYSB 

participants (Table 1). Consistent with the literature, participants with BPS were older, by a 

decade roughly, and more likely to be white (p's <0.01). DYSB participants shared some 

symptoms of BPS, such as pain on urination and reduced bladder capacity. However, DYSB 

participants rarely reported bladder symptoms outside of menses (8% DYSB vs. 88% BPS). 

DYSB participants also reported less pain on urination than BPS participants {median 13 

[interquartile range (IQR) 5 −32] vs 32 [IQR 16 - 66] on 0-100 VAS, respectively}. Anxiety 

and somatic symptoms were significantly greater in all symptomatic groups (DYS, DYSB 

and BPS), whereas depression scores were elevated only in DYSB and BPS participants.

QST differences across groups

These analyses add 24 DYS, 25 DYSB and 25 BPS participants on top of our earlier 

published study of experimental bladder sensitivity in this cohort [26]. This permitted us to 

reconfirm whether levels of bladder sensitivity in DYSB were heightened and compare them 

for the first time to a BPS cohort (Fig 2). Provoked bladder pain in DYS participants was 

minimal and comparable to healthy controls (Figure 2). In contrast, DYSB participants 

reported significantly greater provoked bladder pain than healthy controls at all cystometric 

thresholds (Figure 2; p’s < 0.01). Their pain intensity notably was comparable to women 

with BPS.
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Next, we assessed somatic pain sensitivity. DYS participants had lower vaginal PPTs at 2 

sites (p's < 0.05) and more after-pain sensation (p = 0.031) than healthy controls (Figure 3). 

Compared to healthy controls, DYSB and BPS participants had significantly lower vaginal 

PPTs at all sites and significantly worse after-pain sensation (p's < 0.01).

Following the pelvic assessments, we examined body PPTs, temporal summation, cold pain 

(10 s of hand immersion in ice water, obtained when applied as the conditioning stimulus for 

CPM), and CPM (Figure 4). Although DYS participants reported greater cold pain than 

healthy controls (p = 0.026), there were no significant differences from healthy controls in 

body PPTs (p = 0.180), temporal summation (p = 0.290), or CPM (p = 0.700). In contrast, 

DYSB participants had significantly lower body PPTs (p = 0.002) and increased cold pain 

report (p = 0.002). DYSB participants also had reduced CPM compared to healthy controls 

(p = 0.045), suggesting less efficient pain modulation. Notably, PPTs at forehead and hip 

(p’s <0.05) and CPM magnitude (p = 0.005) were lower in DYSB participants even when 

compared to DYS participants. Compared to healthy controls, cold pain was increased in 

BPS participants (p = 0.025), but body PPT and CPM contrasts were nonsignificant. 

Interestingly temporal summation was elevated in BPS compared to healthy controls (p = 

0.044).

To better understand these discrepant CPM findings in the two enhanced pain groups (DYSB 

and BPS), we analyzed results from a positive control group (a mixed diagnosis chronic pain 

cohort; see Figure 1 recruitment diagram and Supplemental Table 1). This group of 23 

women [median age 26 (IQR 22 – 31), 9% minority race] had a mixed pattern of pain 

presentations (e.g., back pain, fibromyalgia, endometriosis) except BPS, but all had chronic 

pain [median pain intensity 4 (IQR 3-6) on a 0-10 NRS, median duration 5 (IQR 2-9) years]. 

Although the strength of CPM in participants with chronic pain was numerically lower than 

all other groups [1.2 (IQR −2.8 – 8.4 N)], the smaller number of both BPS, and chronic pain 

patients did not provide sufficient power to test this contrast adequately (p = 0.070; 

Supplemental Table 1). Nevertheless, the effect size of CPM impairment in this chronic pain 

cohort was d = −0.54 (95% CI −0.10 - 0.98). Thus, although we may have been 

underpowered to detect impairment of CPM in BPS [d = 0.30 (95% CI −0.20 - 0.80); n=16], 

the magnitude of the effect in the mixed chronic pain cohort was consistent with the 

observed CPM deficit in DYSB [d = −0.52 (95% CI −0.18 - −0.86); n=38].

Contribution of potential confounders

We also sought to confirm if any confounding might explain the observed QST differences. 

There were not significant differences between individual examiners (p’s > 0.05) and QST 

group differences reported earlier were still significant after re-analysis within a single 

examiner who conducted most of the exams (p’s <0.05). To establish whether demographic 

or psychological factors contributed to QST we generated a correlation matrix (Table 2). 

Among all psychological covariates, only the relationship between catastrophizing and 

vaginal PPTs (r = −0.24) was significant. However, ordered logistic regression confirmed 

that DYSB participants had lower vaginal PPTs (proportional odds ratio (pOR) = 0.3 ± 0.1; 

p = 0.003) even accounting for catastrophizing (pOR = 1.0 ± 0.1; p = 0.003).

Hellman et al. Page 7

Pain. Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Even though pain testing was only conducted during the luteal phase, we did additional 

testing to ensure that cycle phase effects on pain sensitivity could not explain our group 

differences. We assessed for confounding both by exact cycle day (between 15-25) and by 

the presence of an LH surge. Although there was a correlation between cycle day and cold 

pain (r = 0.25), there was no difference in average cycle day tested across the study groups. 

Using the interpretable urine dipstick data available from 61% of the cohort (125/209), there 

was no difference in the presence of LH surge across the groups (p = 0.12) and no difference 

in QST outcomes (Supplemental Table 2). Some participants did not document performing 

an LH test. Participants missing LH data had increased after-pain (p = 0.009) and cold pain 

(p = 0.036). To ensure that misclassification of cycle phase did not bias results and because 

DYS participants were more likely to miss documenting LH (Supplemental Table 2: 

p<0.001), we confirmed DYSB participants still had more after-pain (pOR = 4.6 ± 2.4 ;p = 

0.004) than DYS or healthy controls even after adjusting for missing LH status (pOR = 0.5 ± 

0.2; p = 0.036). Similarly, DYSB participants had more cold pain (pOR = 3.3 ± 1.3; p = 

0.002) than DYS or healthy controls after adjusting for missing LH status (pOR = 0.5 ± 0.2; 

p = 0.036; pOR = 0.4 ± 0.1; p = 0.001). Thus, all assessed QST covariates did not cause 

confounding and had little influence on pain sensitivity.

Provoked bladder pain hypersensitivity is robustly associated with multiple pelvic pain 
symptoms

To explore how sensory mechanisms influence clinical pelvic pain report, we compared how 

much psychosocial factors vs. QST responses each predicted VAS ratings of menstrual, 

overall pelvic, bowel, urinary, and coital pain. Initially, we only analyzed healthy controls, 

women with DYS, and DYSB participants because the inclusion of BPS participants would 

largely skew correlation coefficients, reflective of demographic differences (the BPS group 

is older than the other groups) rather than uncover potential factors for increased pain in an 

at-risk cohort. After corrections for multiple comparisons, psychological factors were not 

correlated with menstrual, pelvic, urination, or intercourse pain. However, significant 

correlations were observed between bowel pain and anxiety (r = 0.31) and depression (r = 

0.28).

Similarly, we looked at the relationship between QST and self-report of pelvic pain. 

Provoked bladder pain hypersensitivity was a robust predictor of all reports of pelvic pain 

(Table 3, Figure 5). Even among participants with DYSB, participants with worse provoked 

bladder pain had worse urination, bowel, and coital pain (Figure 5). Afterpain (pain after 

vaginal PPT testing) was correlated with coital pain (r=0.31) and bowel pain (r=0.33). 

However, no PPT measures significantly correlated with clinical outcome variables other 

than bowel pain (Table 3). Afterpain (pain after vaginal PPT testing) was correlated with 

coital pain (r=0.31). Thus, comparing psychological profiles with QST responses, provoked 

bladder pain sensitivity was the most robust factor associated with worse pelvic pain 

symptoms.
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Discussion

We found that dysmenorrheic women with provoked bladder pain hypersensitivity exhibit 

increased pelvic and external body site mechanical sensitivity, and inefficient conditioned 

pain modulation. The group differences in pain sensitivity in both dysmenorrhea and DYSB 

participants were not explained by psychological factors, ovulatory status or age. Notably, 

among all of the forms of QST we evaluated, provoked bladder pain hypersensitivity had the 

strongest and most consistent associations to patient-reported pelvic pain symptoms among 

those without chronic pain. Although we have previously established that a subset of women 

with dysmenorrhea have silent bladder pain hypersensitivity [26,52], these analyses directly 

show that they have provoked bladder pain intensity approaching that of full blown BPS 

(Figure 2).

By using a broad array of QST methods and a significantly larger sample of dysmenorrhea 

sufferers, this study clarifies some inconsistencies in the earlier uterine pain literature. Both 

the presence and absence of mechanical, thermal or visceral hypersensitivity have been 

reported in women with dysmenorrhea [1,4,5,15,17,32,42,49]. Adding to a systematic 

review that highlights key potential confounders (ovulatory status, psychological factors, 

etc.) of QST findings [41], our results suggest future mechanistic studies should also account 

for comorbid visceral sensitivity. In the limited prior work, one study reported that women 

with dysmenorrhea have increased sensitivity to rectal distension (n=21) [7], but another 

study failed to show this (n=39) [6]. We should also be cautious drawing strong conclusions 

from studies with smaller sample sizes, which may yield cohorts with skewed proportions of 

women with comorbid pelvic sensitivity.

The differences in experimental sensitivity in isolated cases of dysmenorrhea versus the 

enhanced phenotype with bladder sensitivity raise intriguing implications. Although 

reductions in vaginal PPTs and increases in vaginal after-pain were observed in both DYS 

and DYSB participants, only DYSB participants show hypersensitivity at extrapelvic sites. 

This suggests that a regional sensory sensitivity is already progressing to a more widespread 

dysregulation in DYSB. The reduction in CPM we observed in DYSB along with the 

absence of exaggerated temporal summation, suggests that aberrant descending modulation 

is a key feature of altered central nociceptive processing in these women [58]. Mixtures of 

peripheral and central components for pain have similarly been reported for related 

conditions - urologic chronic pelvic pain syndromes [25] and irritable bowel syndrome [56]. 

This is distinct from other somatic pain conditions which may have predominately 

peripheral (e.g. neuropathic pain) or central components (e.g. fibromyalgia) as suggested by 

QST [18,50]. Conversely, since DYSB appears to exhibit dysregulated central and peripheral 

pain mechanisms, treatment could have reciprocal effects. For example, treating 

dysmenorrhea has been shown to improve fibromyalgia [11]. Further investigation of the 

DYSB cohort would help establish the relevant mechanisms underlying these treatment 

effects.

We did have some inconsistent findings regarding evidence of descending inhibition across 

other pain states, notably, no significant finding in BPS patients. First, we recognize our 

sample size of BPS participants was not necessarily planned to assess all QST differences. 
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Similarly, the sample size in the chronic pain control cohort we recruited to validate our 

CPM methodology was insufficient for formal contrast. Using a different CPM technique 

with a thermal stimulus, Ness and colleagues were able to identify CPM impairments (effect 

size = 0.99) in a small pilot study of 28 women [38]. Using this same technique, Grinberg et 

al. replicated these findings (effect size = 1.01) in a slightly larger cohort (n=41) [22]. 

Notably, they further identified a similar effect in participants with vestibulodynia (n= 18). A 

possible explanation for these CPM discrepancies is that the BPS cohorts in Grinberg and 

Ness et al. had more severe form of BPS and less CPM. Whereas in Grinberg et al. BPS 

participants had an average pain catastrophizing score of 28.7, our BPS participants only had 

a median score of 18. In Ness et al. 67% of BPS participants were on daily opioids, but only 

24% of our participants took opioids even occasionally. Since CPM is correlated with 

severity of the pain phenotype [14,22,37], our sampled BPS phenotype may not have been 

severe enough to manifest a deficit in CPM.

The effect size for CPM is also known to vary across chronic pain states. For example, meta-

analyses suggest an effect size of 1.36 for chronic orofacial pain [36], 0.89 for irritable 

bowel syndrome [3] , and 0.57 for fibromyalgia [39]. If the actual effect size for the CPM 

methodology used here is lower than that for a thermal-based paradigm, we are likely 

underpowered for studying this particular contrast. Given that the observed effect size in our 

chronic pain controls was comparable to women with DYSB participants, we conclude that 

our CPM methodology (which is less resource intensive) is generally robust for identifying 

significantly symptomatic chronic pain patients vs. healthy controls. However, this approach 

for assessing CPM may have limitations for assessing some cohorts of BPS participants, a 

syndrome which is not only defined in part by pain symptoms, but also by bladder irritative 

symptoms (urgency, frequency) [21,46]. Our smaller BPS cohort, compared to these other 

studies may have met diagnostic criteria moreso through irritation-dominant symptoms, 

which likely reflect a different set of neurological mechanisms. More importantly, the 

overall difference in magnitude of CPM in our primary target condition, DYSB, is consistent 

with the estimates noted above for chronic pain conditions.

Key strengths of our study include ethnic diversity, the use of positive control groups (i.e. 

BPS, chronic pain) and the use of multiple blinded QST assessments. Our study extends a 

recent study of 32 women with dysmenorrhea that found increased thermal pain sensitivity 

in women with dysmenorrhea compared to healthy controls [42], by further demonstrating 

group differences in mechanical sensitivity in 147 dysmenorrheic women. Importantly, our 

study also addresses potential confounders (anxiety, depression, catastrophizing, ovulatory 

status, cycle day of testing) that have been concerns in prior studies [41]. The relative ease of 

measuring provoked bladder sensitivity pain should make these findings more easily 

reproducible and translatable for future research studies. Although we and others have 

identified reduced vaginal pressure thresholds in pelvic pain conditions [27,43], the current 

data set extends those findings with a larger number of healthy controls and women with 

dysmenorrhea.

We should note some key limitations. The naturalistic bladder filling test represents a 

stimulus of increasing intensity, unlike balloon distension of hollow organs (e.g. colon) in 

which stimulus intensity can be varied randomly. In the absence of bladder hypervigilance, 
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however, the bladder filling test should not be heavily susceptible to bias since it reflects a 

routine physiological process. We could not confirm if any dysmenorrhea participants had 

occult endometriosis which could contribute to reduced response thresholds, but a structured 

physical examination by a trained gynecological surgeon minimizes the chance of missing 

meaningful deep infiltrating endometriosis [26]. This is a cross-sectional study of mostly 

younger women, with very few having had a prior vaginal delivery, or having exposure to a 

sexually transmitted disease, so future work is needed to establish the long-term trajectory of 

QST profiles in general, and in populations with more gynecological issues.

In the aggregate, our present results extend previous work showing broad bladder 

hypersensitivity and aberrant psychosocial profiles [26,52] in this potential subphenotype, 

dysmenorrhea associated with provoked bladder pain hypersensitivity. This phenotype 

exhibits distinctive patterns of PPTs not only showing the vaginal hypersensitivity seen in 

dysmenorrhea, but also widespread body pressure hypersensitivity as seen in other chronic 

pain syndromes. This is consistent with a broader finding in the NIDDK-funded 

Multidisciplinary Approach to Pelvic Pain study suggesting that both peripheral and central 

pain phenotypes exist, and that the latter has overall worsened clinical presentation [29]. 

Peripheral sensitization as seen in dysmenorrhea, is widely accepted to underlie emergence 

of many cases of broader, central sensitization [19,30]. Our study suggests that readily 

identifiable reductions in pelvic PPTs could precede BPS, since dysmenorrhea generally has 

an earlier onset than these conditions. The DYSB phenotype is characterized by a level of 

severity between healthy controls and women with bladder pain syndrome, but further work 

is needed to identify whether they represent a transitional subgroup. If this group is 

prospectively found to harbor greater risk for developing chronic pain, an urgent clinical 

research question will be to test if such enhanced sensory sensitivity can be reversed by 

suppression of cyclical menstrual pain. Indeed, prior studies suggest that hormonal and 

surgical amelioration of dysmenorrhea improves other visceral pain conditions [16] and 

fibromyalgia [11].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Recruitment Flow Chart
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Figure 2: Participants with dysmenorrhea and bladder pain hypersensitivity report pain 
comparable to participants with bladder pain syndrome.
Participants in each of the 4 groups rated their bladder pain across cystometric thresholds. 

Box plots indicate median, 25 th and 75th percentile. * indicates worse compared to healthy 

controls (p < 0.05). HC: Healthy Control, DYS: Dysmenorrhea only, DYSB: DYS + Bladder 

pain sensitivity, BPS: Bladder Pain Syndrome, VAS: Visual Analogue Scale.
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Figure 3: Dysmenorrhea (DYS and DYSB) and BPS are associated with decreased vaginal 
pressure pain thresholds (PPTs) and more after-pain.
Numbers designate vaginal positions relative to a clockface (12, under bladder; 7 and 5, 

iliococcygeus; 6 anorectal raphe). Five minutes after PPTs, after-pain was rated on a 0-10 

NRS. * indicates worse compared to healthy controls (p < 0.05). # indicates worse compared 

to dysmenorrhea-only participants (p < 0.05). HC: Healthy Control, DYS: Dysmenorrhea 

only, DYSB: DYS + Bladder pain sensitivity, BPS: Bladder Pain Syndrome.
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Figure 4: Dysmenorrhea with provoked bladder pain hypersensitivity is associated with 
widespread alterations in bodily somatic sensitivity.
PPTs were obtained twice at each of the four locations above. * indicates worse compared to 

healthy controls (p < 0.05). # indicates worse compared to dysmenorrhea-only participants 

(p < 0.05). HC: Healthy Control, DYS: Dysmenorrhea only, DYSB: DYS + Bladder pain 

sensitivity, BPS: Bladder Pain Syndrome. NRS: Numeric Rating Scale, CPM: Conditioned 

Pain Modulation.
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Figure 5: Provoked bladder pain ratings correlate with self-reported pelvic pain over the past 
week.
Each data point represents one participant divided by group status (DYS vs DYSB). Locally 

weighted scatterplot smoothed lines demonstrate the relationship between provoked bladder 

pain (0-100 VAS) and self-reported urination pain (top), bowel pain (middle) or coital pain 

(bottom) over the past week (0-100 VAS). DYS: Dysmenorrhea only, DYSB: DYS + Bladder 

pain sensitivity, VAS: Visual Analog Scale.
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Table 1:
Demographic factors and pain characteristics of study cohort.

BOLD - Results significantly different (p<0.05) than healthy controls. Tabulated results indicate count 

(percent) or median (25th, 75th percentile). DYSB: DYS + Bladder pain sensitivity, BPS: Bladder Pain 

Syndrome.

Group: Healthy
Control

Dysmenorrhea DYSB BPS p-value

N 37 98 49 25

Age 21 (19, 28) 21 (20, 29) 22 (20, 26) 30 (25, 32) 0.004

Race 0.006

Black 2 (5%) 22 (22%) 9 (18%) 3 (12%)

Other 12 (32%) 14 (14%) 12 (24%) 0 (0%)

White 23 (62%) 63 (64%) 28 (57%) 22 (88%)

Hispanic 3 (8%) 13 (13%) 8 (16%) 0 (0%) 0.170

≥1 vaginal delivery 1 (3%) 6 (6%) 3 (6%) 3 (12%) 0.528

Cycle Day 20 (17, 23) 20 (18, 23) 19 (17, 22) 20 (18, 24) 0.540

Pain & Bladder

Menstrual Pain (0-100 VAS) 13 (5, 22) 73 (66, 80) 70 (64.5, 85) 70 (60, 92) 0.001

Urination Pain (0-100 VAS) 1 (1, 3) 2 (1, 5) 13 (5, 32) 32 (16, 66) 0.001

Bladder Pain Off Period 0 (0%) 1 (1%) 4 (8%) 22 (88%) 0.001

IC Symptom Index (0-19) 2 (1, 4) 4 (2, 6) 6 (4, 9) 11 (9, 13) 0.001

Bladder Capacity (mL) 641 (501, 763) 487 (323, 626) 459 (343, 597) 363 (204, 538) 0.001

Pain Behavior (T-score) 37 (37, 55) 54 (37, 57) 56 (54, 59) 59 (56, 61) 0.001

Pain Interference (T-score) 41 (41, 51) 49 (41, 55) 54 (51, 58) 61 (55, 64) 0.001

Somatic Symptoms (0-24) 1 (0, 2) 2 (0, 3) 2 (1, 5) 4 (2, 7) 0.001

Pain Catastrophizing (0-52) 9 (6, 16) 13 (7, 21) 19 (7, 26) 18 (6, 27) 0.016

Psychological

Anxiety (T-score) 53 (48, 58) 56 (50, 60) 56 (54, 61) 60 (55, 65) 0.002

Depression (T-score) 50 (43, 56) 51 (46, 55) 53 (50, 59) 55 (48, 59) 0.016
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Table 2:
Confounder assessment of quantitative sensory testing and dysmenorrhea.

A matrix of Spearman correlation coefficients was generated to identify potential confounding relationships 

between clinical characteristics and QST. Coefficients were calculated only from healthy control, 

dysmenorrhea and dysmenorrhea with bladder hypersensitivity participants to avoid long-term effects of 

bladder pain syndrome. BOLD - significant correlations after corrections for multiple comparisons (p < 0.05). 

PPT: Pain Pressure Threshold, CPM: Conditioned Pain Modulation.

Experimental
Bladder

Pain

Average
Body
PPT

Average
Vaginal

PPT

Vaginal
Afterpain

Cold
Pain

Temporal
Summation

CPM

Age −.05 0.18 0.10 −0.08 0.16 0.12 −0.05

Anxiety .16 0.10 0.02 0.11 −0.07 −0.09 0.09

Depression .17 0.02 −0.05 0.08 −0.04 −0.09 0.04

Catastrophizing .22 −0.18 —0.24 0.14 0.11 −0.06 −0.12

Cycle Day −.05 −0.07 −0.08 0.17 0.25 0.07 0.00
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Table 3:
Comparative relationships between psychosocial factors, QST findings and clinical self-
report of pelvic pain.

Spearman correlation coefficients are shown for factors and pain self-report. Analysis was limited to healthy 

control, dysmenorrhea and dysmenorrhea with bladder pain sensitivity participants, to avoid long-term effects 

of bladder pain syndrome. BOLD - significant correlations (p < 0.05) after corrections for multiple 

comparisons. QST: Quantitative Sensory Testing, PPT: Pain Pressure Threshold.

Menstrual
Pain

Pelvic
Pain

Urination
Pain

Bowel
Pain

Sex
Pain

General
Pain

Covariates

Anxiety 0.11 0.21 0.14 0.31 0.07 0.22

Depression −0.02 0.17 0.14 0.28 −0.03 0.24

Catastrophizing 0.24 0.25 0.16 0.22 −0.05 0.11

QST

Provoked Bladder Pain 0.26 0.44 0.57 0.45 0.39 0.36

Body PPT −0.18 −0.20 −0.13 −0.26 0.01 −0.09

Pelvic PPT −0.19 −0.12 −0.10 −0.27 −0.07 −0.11

Afterpain 0.14 0.14 0.19 0.33 0.31 0.13

Cold 0.23 0.15 0.12 0.17 −0.01 0.04

Temporal Summation −0.10 0.01 −0.02 −0.05 −0.04 −0.03

Conditioned Pain Modulation −0.11 −0.23 −0.17 −0.08 −0.14 −0.13
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