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Siobhan Sutcliffe4, Xiaoling Hou3, and J. Richard Landis1 for the MAPP Research Network
1Department of Biostatistics and Epidemiology, University of Pennsylvania

2Department of Urology, University of Michigan

3Center for Clinical Epidemiology and Biostatistics, University of Pennsylvania

4Department of Surgery, Washington University

Abstract

Introduction—We examine symptom variability in men and women with urological chronic 

pelvic pain syndrome (UCPPS). We describe symptom fluctuations as related to early symptom 

regression and its effect on estimated one-year symptom change. We then describe a method to 

quantify patient-specific symptom variability.

Methods—Symptoms were assessed biweekly in 424 UCPPS subjects over one year. Subjects 

were classified as ‘improved’, ‘no change’, or ‘worse’ according to their rate of change using 1) all 

data, 2) excluding week 0, and 3) excluding weeks 0 and 2 to evaluate the impact of early 

symptom regression. Patient-specific time-varying variability was calculated at each interval using 

a sliding window approach. Patients were classified as high, medium, or low variability at each 

time and ultimately as high or low variability overall based on their variability for the majority of 

contacts.

Results—Prior to excluding early weeks to adjust for early symptom regression 25–38% and 5–

6% of patients were classified as improved and worse, respectively; after adjustment the 

percentage of patients improved or worse ranged from 15–25% and 6–9%. ‘High and ‘low’ 

variability phenotypes were each identified in 25–30% of participants.

Conclusions—Patients with UCPPS exhibit symptom variability. At enrollment, patients had, 

on average, worse symptoms, resulting in a regression effect that influenced the estimated 

proportion of improved or worse subjects. Prospective studies should include a run-in to account 

for regression to the mean and other causes of early symptom regression. Further, symptom 

variability may be quantified and used to characterize longitudinal UCPPS symptom profiles.
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Introduction

Symptom variability is an important feature of chronic illnesses. In designing interventional 

studies, understanding patterns of within-patient variability is critical to discern random 

fluctuations from symptom progression or improvement. This distinction arises in 

consideration of regression to the mean (RTM), a phenomenon in which, due to randomness, 

observations of extreme symptoms are followed by symptoms that are closer to the 

population mean. Measures of within patient variability also provide insight into clinical 

management. High symptom variability may reflect a unique patient phenotype, and could 

impact quality of life, coping, health-care seeking and resource use. Using longitudinal data 

from the Multidisciplinary Approach to the Study of Chronic Pelvic Pain (MAPP) Research 

Network, a prospective study of urological chronic pelvic pain syndrome (UCPPS), we 

investigate several aspects of symptom variability.

We first evaluate early regression in UCPPS symptoms and its impact on one-year change. 

We then characterize time-varying symptom variability at the patient level.

Materials and Methods

The MAPP network is a multisite, NIDDK-funded prospective study to improve 

understanding of the two most prominent chronic urological pelvic pain syndromes, 

interstitial cystitis/bladder pain syndrome and chronic prostatitis/chronic pelvic pain 

syndrome1. Eight sites are involved, including six patient-recruiting discovery sites, a core 

laboratory site, and a data coordinating center. The MAPP study design has been described2.

This paper reports observations of the treated natural history of UCPPS in the Trans-MAPP 

Epidemiology and Phenotyping Study (EPS). The Trans-MAPP EPS enrolled males and 

females with UCPPS and followed them for 48 weeks. At enrollment subjects completed an 

extensive questionnaire battery. The baseline visit was followed by identical biweekly 

internet-based assessments until the end of the study or loss to follow up. Utilizing the 

biweekly assessments, we first investigate early symptom regression by examining symptom 

severity at weeks 0 (baseline), 2 and 4 and evaluate the impact of such regression on 

estimates of one-year change. We then characterize time-varying symptom variability in 

each participant and describe its trends.

Eligibility criteria

Male and female patients at least 18 years of age who reported a score ≥ 1 on a 0–10 pelvic 

pain, pressure, and discomfort scale were considered for MAPP entry. Detailed eligibility 

criteria have been described2.

Trans-MAPP Epidemiology and Phenotyping Study

We focus on two derived scales, pain and urinary severity, but the methodology for 

characterizing variability applies generally to quantitative outcomes. Pain severity varies 

from 0 to 28 and is the sum of the pain subscore of the Genitourinary Pain Index (GUPI)3 

and item 4 of the Interstitial Cystitis Symptom Index (ICSI)4. Urinary severity varies from 0 
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to 25 and is the sum of the GUPI urinary subscore and ICSI questions 1–3. These composite 

pain and urinary severity scores were derived from multivariate analysis5.

Statistical Analysis

Assessing Early Symptom Regression and Its Impact on Change

We first consider symptom fluctuations at enrollment and their impact on estimates of one-

year change. Mean symptom levels were calculated at baseline, week 2, and week 4 to 

determine whether average symptom severity changed over these initial assessments. To 

explore potential causes of early symptom regression, the proportion of patients reporting a 

medication change in the last two weeks was calculated at baseline and compared to the 

same proportion at subsequent visits. Next, each subject’s one-year change was defined 

using a linear slope approach. A separate linear mixed model6 was fit for each of pain and 

urinary severity, and the resulting individual-level random slope estimates characterized 1-

year change. Slopes were calculated three times using data 1) baseline to week 48; 2) weeks 

2 to 48, omitting the baseline measurement and 3) weeks 4 to 48, omitting baseline and 

week 2 assessments. Patient-specific slopes were categorized to indicate improved, no 

change, or worse using weeks 0 to 48, 2 to 48, and 4 to 48 to show the potential impact of 

early symptom regression on interpreting change. We defined improved patients by a slope 

corresponding to ≤ −0.5 baseline standard deviation units change in severity over 48 weeks; 

worse patients were analogously defined by a slope consistent with ≥+0.5 standard deviation 

units change over 48 weeks. Patients whose slopes did not indicate sufficient change in 

either direction were labeled no change. Sensitivity analyses were conducted to see if 

medication changes at baseline or patient variability accounted for differences in the 

estimated proportion of improved or worse subjects. Slopes were defined on week 0 to 48 

data after removing patients with recent medication changes at baseline or ‘highly variable’ 

patients, and estimated proportions of improved and worse subjects were compared to those 

determined from all subjects using weeks 4 to 48.

Characterizing Variability at the Patient Level

Patient-specific variability for pain and urinary severity was defined at each contact using a 

sliding window approach. We defined symptom variability using the standard deviation of 

symptoms over the most recent 6 weeks. For patients with complete data, this was the 

standard deviation of symptom levels reported at the current week and 3 previous biweekly 

assessments. For patients who had missed assessments, this was the standard deviation of 2–

3 measurements over the most recent six weeks. The sliding window for defining the 

standard deviation at each assessment is illustrated in Figure 1. Variability profiles were 

graphically examined and summary statistics for the distribution of within-patient symptom 

variability at several contacts were generated. Patients were classified as ‘high variability’ 

over all 48 weeks for a symptom if their 6-week standard deviation was greater than or equal 

to the 60th percentile of 6-week standard deviation estimates across all UCPPS patients at a 

given biweekly contact for >50% of reported biweekly contacts. Similarly, patients were 

defined as ‘low variability’ if for >50% of biweekly contacts their standard deviation was 

less than the 40th percentile of variability estimates across all UCPPS patients at a contact. 

The remaining patients were designated as ‘medium’ variability for their 48-week variability 
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phenotype. The thresholds of 40th and 60th percentiles were chosen arbitrarily to detect a 

reasonable number of high and low variability patients but could be adjusted for greater 

sensitivity or specificity. The correlation of symptom level and 6-week variability at weeks 

4, 24, and 48 was assessed by Spearman’s rank correlation coefficient. The association of 

week 4 variability and overall variability phenotype with the 1-year slope was assessed by 

ANOVA considering ‘low’, ‘medium’ or ‘high’ variability.

Results

Early Symptom Regression

Fully 372 (88%) of 424 subjects in the Trans-MAPP EPS completed 24 weeks of follow-up, 

and 350 (83%) completed 48 weeks. Figure 2 plots mean levels of pain and urinary severity 

at each contact. Changes in mean levels between weeks 2 and 4 were smaller than observed 

between weeks 0 and 2. At baseline, week 2, and week 4, respectively, 89 (21.2%), 

65(18.4%), and 52(15.9%) of patients reported undergoing a new treatment or medication 

change in the prior two weeks. For remaining visits, the percentage of subjects reporting a 

medication change ranged from 7.8% to 16.0%. Using data from 0 to 48 weeks, 160 (37.7%) 

patients were classified as improved, 241 (56.8%) as no change, and 23 (5.4%) as worse on 

pain severity. Based on weeks 4 to 48 only, the number of improved subjects decreased to 

105 (24.8%), 279 (65.8%) were classified as no change, and 40 (9.4%) were worse. For 

urinary severity, the numbers of improved, no change, and worse were 107(25.2%), 

292(68.9%), and 25 (5.9%) for weeks 0 to 48 and 65 (15%), 333 (78.5%), and 26 (6.1%) for 

weeks 4 to 48 (Table 1). Overall, adjustment for early symptom regression resulted in 86 

(20.3%) subjects being reclassified for pain severity change and 57 (13.4%) reclassified for 

urinary severity change. Our sensitivity analysis suggested that the impact of early symptom 

regression on the estimated proportion of improved and worse subjects was not entirely 

explained by high variability patients or recent treatment changes (Table 2).

Symptom Variability

Individual symptom variability varied considerably at all contacts. For pain severity, the 

median week 6 standard deviation was 2.37 with a range of 0 (constant 6 week symptoms) 

to 13.9, and for urinary symptoms, the median standard deviation was 1.80, ranging from 0 

to 8.1. Symptom variability decreased by week 24, with median (range) symptom standard 

deviation 2.1 (0.0–9.9) and 1.29 (0.0–6.1) in the pain and urinary domains, respectively. 

Week 48 6-week median (range) symptom standard deviation was 1.7 (0–7.8) for pain and 

1.2 (0–7.2) for urinary severity. Figure 3 shows the distribution of 6-week pain and urinary 

symptom standard deviation at weeks 6, 24, and 48, further illustrating the decline in 

symptom variability during the first 6 months. Across all 48 weeks, 124 patients (29.2%) 

demonstrated high pain variability and 106 (24.9%) demonstrated low pain variability; for 

urinary symptoms, 129 (30.4%) demonstrated high variability and 106 (24.9%) 

demonstrated low variability. There were 55 (12.9%) patients with a high variability 

phenotype for both pain and urinary symptoms and 35 (8.2%) with a low variability 

phenotype for both symptoms. In males, increased urinary symptom variability was 

correlated with greater urinary severity (Spearman correlation 0.19 (p=0.038), 0.43 

(p<0.0001), 0.33 (p=0.0001) at week 4, week 24, and week 48, respectively). This was not 
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observed for pain severity in males, or either symptom in females. High week 4 variability 

was associated with a lower slope (indicating improvement) for urinary severity in women 

(mean slope 0.067 ‘low’, 0.036 ‘medium’, −0.058 ‘high’, p=0.02). In men, high week 4 

variability was associated with a greater slope (indicating progression) for pain severity 

(mean slope −0.080 ‘low’, −0.030 ‘medium’, 0.080 ‘high’, p=0.001), but not for urinary 

severity. The overall variability phenotype was not significantly associated with week 4 to 48 

slopes.

Discussion

Symptom variability is an important aspect of chronic disease research for establishing a 

patient’s clinical profile and interpreting indications of symptom change. The MAPP EP 

Study provides a rich dataset for examining symptom variability in UCPPS. We describe the 

impact of symptom variability on measuring change by discussing early symptom regression 

in UCPPS. We also quantitatively characterize variability in pain and urinary symptoms at 

the participant level.

We showed that UCPPS symptoms of pain and urinary severity are subject to early 

regression. Similar trends have been observed in previous prospective studies of Interstitial 

Cystitis7 and Chronic Prostatitis/Chronic Pelvic Pain Syndrome8. This phenomenon is 

important, as it may have a clinically significant impact on observed symptom changes in 

cohort studies. It may also lead to overestimation of the impact of an intervention in 

uncontrolled interventional studies. On average, subjects reported more severe symptoms at 

baseline than in the next two visits. As discussed by Propert et al.7,8, these exacerbated 

symptoms and apparent improvement can result from several factors, including regression to 

the mean and the intervention effect. Regression to the mean (RTM)9,10 describes otherwise 

unexplained declines in symptom severity toward the population mean after initial 

observation when participants are selected according to the presence or severity of 

symptoms. The intervention effect describes a phenomenon in which subjects report 

favorable outcomes as a result of the additional attention received as study participants. 

Another factor possibly contributing to the observed decline in average symptom severity 

over the first two contacts is the greater likelihood of enrolling in the study when receiving a 

new therapy.

In the present study, not accounting for early symptom regression resulted in overestimation 

of the proportion of improved subjects and underestimation of the proportion of worse 

subjects. We defined improved and worse subjects based on the person-specific average rate 

of change as determined by the random slopes from a linear mixed model. Although 

alternative methods of defining change could result in a different proportion of improved or 

worse subjects, we expect that some degree of overestimation of improved subjects and 

underestimation of worse subjects is likely to occur regardless of the analytic approach. We 

advocate for awareness of RTM and other causes of early symptom regression in the design 

and analysis of studies of UCPPS.

Several strategies exist for dealing with RTM in observational and interventional research9. 

These include the use of placebo controlled randomized trials or characterizing subjects 
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during a pre-enrollment screening based on multiple measurements11. In randomized 

clinical trials each group is assumed to be nondifferentially subject to RTM and other causes 

of early regression such that comparisons of intervention arms are not consequently biased. 

Randomized controlled trials, especially when blinded, also offer protection against other 

sources of bias, such as evaluation or ascertainment bias. In nonrandomized studies, 

collection of pre-enrollment data allow for subjects’ symptoms to stabilize prior to 

establishing baseline severity. Multiple pre-baseline measurements provide a more complete 

assessment of a patient’s condition. For stable conditions, additional observations enhance 

precision in assessing a patient’s baseline condition. For variable conditions, measures of 

baseline variability may predict placebo response12. In a study of the treated natural history 

of disease, the randomization strategy is not applicable. A pre-enrollment screening period, 

although possible, was not undertaken in MAPP phase I but will be implemented in 

subsequent phases as motivated by the current findings. Our data showed the greatest change 

in mean symptoms between baseline and week 2, with a smaller decrease in mean symptoms 

between weeks 2 and 4, which led to the selection of a pre-enrollment period of 4 weeks for 

phase II. Future cohort studies of UCPPS might therefore consider a pre-enrollment of 

similar duration or longer. Analytical approaches to address RTM include calculation of the 

RTM effect based on sample data when available, which would provide a measure of the 

amount of change attributable to RTM, and adjustment for baseline symptoms in 

multivariable models. Measurable causes of early symptom regression, such as treatment 

switches, should be considered and factored into eligibility criteria or analyses. Our 

sensitivity analyses showed that neither patient variability nor recent treatment switches 

completely explained the differences in the estimated proportion of improved and worse 

subjects observed after adjustment for early symptom regression.

The repeated symptom data that were collected during the MAPP EPS provide an 

exceptional opportunity to measure and examine UCPPS symptom variability as a 

potentially important clinical characteristic. We have developed standard methodology to 

quantify subject level variability and have demonstrated how one might define a ‘high 

variability’ phenotype. Our results indicate that UCPPS patients exhibit wide degrees of 

variability, with symptom variability declining on average during the first 6 months. One 

potential explanation for this observation is that participants became accustomed to 

reporting similar outcomes. This finding also suggests that interventional studies with 

endpoints based on duration of follow up longer than 6 months may be more reliable for 

identifying sustained change in UCPPS. Additional MAPP analyses are planned that will 

examine the association of symptom variability with quality of life, healthcare seeking, 

biomarkers, pain testing results, and neuroimaging.

Conclusion

Our comprehensive study of symptom variability in patients with UCPPS cautions against 

overinterpreting observed changes in patient symptoms when not accounting for early 

symptom regression. Additionally, the presented time-varying person-specific symptom 

variability may be associated with behavioral and neurological outcomes, which is the 

subject of forthcoming research. Our data are informative for the design of future 

randomized trials and cohort studies of UCPPS.
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Figure 1. Defining Time-varying Symptom Variability
For an example patient the pain severity symptom level is plotted for 48 weeks. Example 

intervals for the calculation of 3 within subject standard deviation measurements in time are 

shown: σ6, the standard deviation over the first 6 weeks, calculated using data from weeks 0 

through 6; σ10 the standard deviation estimate at week 10 calculated from data weeks 4 

through 10, and σ48, the standard deviation at week 48, calculated from data weeks 42 

through 48.
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Figure 2. 
Mean Symptom Severity at Weeks 0, 2, and 4
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Figure 3. Distribution of 6-Week Standard Deviation of Pain and Urinary Symptoms at Weeks 6, 
24 and 48
Boxplots show the distribution of the standard deviation of pain severity (blue) and urinary 

severity (gold) at weeks 6, 24, and 48.
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