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b Live UTI Free Ltd, Dublin, Ireland

ABSTRACT

Objective: To evaluate the responsiveness of the Recurrent Urinary Tract Infection Symptom Scale (RUTISS) to antibiotic treatment and determine the minimal
clinically important difference (MCID).

Methods: Female adults with recurrent UTI (N = 108, mean age = 53.6 years) completed a repeated-measures, longitudinal, 40-day naturalistic follow-up study. For
participants initiating and completing antibiotic treatment within this period, RUTISS scores were evaluated at baseline (2 days pre-treatment), day 1 of treatment,
day 3, and at follow-up (7 days post-treatment). Responsiveness was assessed using effect sizes pre- and post-treatment (rank-biserial correlation), Spearman’s rank
correlations with anchor measures (Patient Global Impression of Change, PGIC, and UTI Symptom Assessment, UTISA), and receiver operating characteristic analysis.
The MCID was triangulated via anchor- and distribution-based methods.

Results: The RUTISS total score demonstrated excellent responsiveness between all timepoints and was strongest between baseline and day 3 (rank-biserial r = 0.52),
with strong correlations with the PGIC (Spearman’s p = 0.73) and UTISA (Spearman’s p = 0.63). Receiver operating characteristic analysis indicated excellent
discrimination for detecting even minimal improvement (AUC = 0.82). The recommended MCID was 6.5 points, exceeding the standard error of measurement. All
subscales demonstrated good to excellent responsiveness.

Conclusion: The RUTISS demonstrates excellent responsiveness to antibiotic treatment providing a validated MCID, enabling precise interpretation of treatment
effects. As the first fully validated PROM for recurrent UTI, the RUTISS addresses a critical unmet need to assess patient symptom reporting. By providing a
responsive and interpretable patient-centered endpoint, the RUTISS enables adequately powered clinical trials and evidence-based symptom monitoring, directly
supporting improved patient care and intervention development.

Recurrent urinary tract infection (rUTI) affects approximately 100 mil-
lion people worldwide each year,' generating substantial personal and
healthcare burdens with high symptom morbidity and repeated clinical
presentations.’ > rUTI profoundly affects quality of life, causing anxiety about
recurrence, disrupted intimate relationships and work productivity, and re-
duced wellbeing.””” Despite its prevalence and impact, outcome assessment
in rUTI management and clinical research has traditionally focused on lim-
ited microbiological information which may fail to capture patient-experi-
enced symptom severity and treatment response perceptions.®’

Patient-reported outcome measures (PROMs) provide essential
perspectives that complement traditional clinical endpoints. While

microbiological culture remains important for pathogen identification
and treatment decisions, symptom burden does not reliably correlate
with culture results.”'® Patient-centered evidence is increasingly cru-
cial in evaluating treatment outcomes,®'''? recognizing that patient
perspectives represent a critical dimension to monitor treatment effi-
cacy alongside microbiological assessment. However, few validated
measures are available specifically for assessing rUTI, limiting rUTI
clinical trial design and real-world treatment evaluation.'"

The Recurrent UTI Symptom Scale (RUTISS) is currently the only
PROM specifically developed to assess rUTI symptom and pain se-
verity.'>'* Developed following gold-standard COnsensus-based
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Standards for the selection of health Measurement INstruments
(COSMIN) guidelines and alongside the Recurrent UTI Impact Ques-
tionnaire (RUTIIQ),'”'® the RUTISS is a psychometrically robust as-
sessment tool that is both patient-generated and approved by clinical
expertise. A 15-item PROM, the RUTISS quantifies patient-perceived
rUTI symptom frequency, change, and severity.'*'* This rapid assess-
ment tool demonstrates excellent content validity, structural validity,
internal consistency, and test-retest reliability.'*'* However, its re-
sponsiveness, the ability to detect change over time following inter-
vention, and minimal clinically important difference (MCID) need to be
established to facilitate use as a treatment evaluation tool or clinical
trial endpoint.

This study aimed to: (1) evaluate the responsiveness of the RUTISS
total score and individual subscales in detecting change following rUTI
antibiotic treatment, and (2) determine the MCID for the total score.
Detailed in “Statistical Analysis,” it was hypothesized a priori that the
total score and all subscales would: (H1) demonstrate good respon-
siveness when comparing to a criterion anchor (AUC > 0.70), (H2)
statistically significantly decrease between pre- and post-antibiotic
treatment with at least moderate effect sizes (r = 0.3), and (H3) de-
monstrate at least moderate convergent validity of responsiveness with
related anchor measures (p > 0.30).'%'7'®

MATERIALS AND METHODS
Study Design

A repeated-measures, longitudinal observational diary study employed
a 40-day design, with female adults with rUTI completing daily online
surveys. For participants who initiated antibiotics during the observation
period, four assessment timepoints were identified: (1) Baseline, 2 days
pre-treatment, (2) day 1 of antibiotic treatment, (3) day 3 of antibiotic
treatment, and (4) follow-up, 7 days after treatment completion. The 3-day
assessment window aligns with UK-based National Institute for Health and
Care Excellence (NICE) guidelines for antibiotic prescription,'” while the
follow-up time period captures sustained treatment response when
symptoms typically resolve.” This pragmatic design captured naturalistic
symptom patterns and treatment decisions, allowing retrospective identi-
fication of antibiotic treated episodes occurring at varying timepoints
within the 40-day observation period.

Participants and Sampling

A total of 108 adults meeting the European Association of Urology
diagnostic criteria for rUTI (=2 UTIs in 6 months or =3 UTIs in 12
months)®” initiated and completed UTI treatment during the 40-day ob-
servation period (see Table 1 for demographic characteristics). Standard
urine culture misses up to 58% of infections, potentially leading to dis-
missal or misdiagnosis.”'® Therefore, diagnosis was based on participant-
reported history of clinically diagnosed UTI episodes rather than pro-
spective urine testing at enrollment. This approach aligns with the patient-
reported focus of PROM validation and is consistent with pragmatic
methodologies that balance scientific rigor with real-world applicability
and generalizability across diverse clinical experiences.”' All participants
were female, reflecting the primary rUTI population.' Exclusion criteria
comprised non-rUTI diagnosis, current diagnosis of interstitial cystitis, and
pregnancy. This sample exceeds the COSMIN-recommended minimum of
100 participants required for responsiveness.'®

Participants were recruited via multiple UTI stakeholders from the
Alliance for Patient-centred UTI Research (APUR). A snowball sampling
approach maximized alternative sources by encouraging participants
and UTI clinician networks to share the study information. Aiming to
reduce attrition bias and in line with NIHR payment guidance for re-
searchers,”” retention over the 40-day observation period was sup-
ported by reminder emails and incentivized with a $100 (USD) online
shopping voucher prize draw for two randomly selected participants.
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Table 1
Participant characteristics.

Characteristic n %

Ethnicity
Black (including Black British, African American) 3 2.78
Hispanic and/or Latin American 2 1.85
Mixed ethnicity 4 3.70
White (including White Australia, Canada, Europe, 99 91.7

Ireland, UK, USA)

Relationship status
Single 28 25.9
In a relationship 80 74.1

Highest level of education
Did not graduate high school 2 1.85
High school graduate 18 16.7
Technical/vocational program 4 3.70
Associate's or foundation degree 9 8.33
Bachelor's degree or equivalent 32 29.6
Master's degree or equivalent 37 34.3
Doctoral degree or equivalent 4 3.70
Other 2 1.85

Employment status
Full-time employed or self-employed 23 21.3
Part-time employed or self-employed 26 24.1
Retired 37 34.3
Homemaker 6 5.56
Student 2 1.85
Other 2 1.85
Not currently working 12 11.1

N = 108. Mean age = 53.6 years (SD = 18.3).
Procedure and Materials

Following informed e-consent provision, participants completed an
online survey comprising a questionnaire about socio-personal demo-
graphics and current UTI-related antibiotic use. Participants completed the
RUTISS daily, alongside the Patient Global Impression of Change (PGIC)
and UTI Symptom Assessment (UTISA) as anchor measures for respon-
siveness analysis.'>">**?* Email reminders facilitated daily survey com-
pletion. Daily survey completion was encouraged but not mandatory;
handling of missing data (8.95%) is detailed in Statistical Analysis.

The RUTISS is a 15-item validated PROM assessing symptom fre-
quency (3 items), global change in symptom severity (1 item), and
symptom severity (11 items, comprising four subscales: “urinary
symptoms”, “urinary presentation”, “UTI pain and discomfort”, and
“bodily sensations”). Higher total scores (maximum 100) indicate
greater severity. The full 11-item scale and individual subscales de-
monstrate excellent psychometric performance, with high internal
consistency (Cronbach’s a > 0.82), strong content validity, test-retest
reliability (ICC > 0.73), and concurrent validity with related measures
(Spearman’s p > 0.60). The RUTISS is available from [nSpired Health
Outcomes or from the corresponding author.'*'*

The PGIC is a single-item assessment of patient-perceived change in
health over time.>* The 11-point scale ranges from -5 (“very much
worse”) to +5 (“very much better”). The 11-point PGIC demonstrates
strong discriminative ability and test-retest reliability.>®> A change of
=2 points is considered clinically meaningful.”*

The UTISA is a validated 14-item PROM assessing acute UTI
symptom severity, demonstrating good reliability and validity.>* Only
the 7-item severity subscale, aligned with RUTISS constructs, was em-
ployed (total score range 0-21).%*

Statistical Analysis

Data Handling and Missing Data

All analyses were computed in R. Statistical assumptions were ex-
amined prior to analysis (see Supplementary Material 1), with the lin-
earity assumption and sample size adequacy met, and no problematic
outliers detected. Given mild-moderate non-normality (Shapiro-Wilk P
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< .05) and mild violation of the homogeneity assumption (Levene’s test
F(2,95) = 3.31, P = .041), non-parametric statistical methods were
employed. Missing data (8.95%) were “missing completely at random”
(Little’s test: P = .26).>° Given non-normal distribution of RUTISS
scores, multiple imputation by chained equations was therefore per-
formed using Predictive Mean Matching (PMM) for all variables, gen-
erating 10 imputed datasets and pooling results using Rubin’s rules.** >’
A complete case analysis (CCA) was conducted as a sensitivity check (n
= 48, 44.4% of sample), replicating all analyses using identical
methods.

For all approaches, analyses focused on three assessment intervals:
Baseline-day 3, day 1-day 3, and Baseline-Follow-up. Intervals from
interim timepoints to Follow-up (eg, day 3-Follow-up) were excluded
due to symptom resolution restricting variance.

Aim 1: Responsiveness

Adhering to COSMIN recommendations for conducting responsive-
ness analysis, three complementary approaches were used: (A) Receiver
Operating Characteristic (ROC) curve analysis, (B) effect sizes for
comparing scores pre- and post-antibiotic treatment, and (C) correla-
tions with existing outcome measures as external anchors.'”

A) ROC curve analysis
ROC curve analysis assessed the ability of RUTISS change scores
to discriminate between participants who improved vs those who
did not, using PGIC as the criterion anchor.'® Participants re-
porting PGIC scores = + 1 were classified as having experienced
at least minimal improvement, as a clinically relevant threshold,
and were compared to those with PGIC < +1 (no improvement
or worsening). Optimal thresholds were calculated using You-
den’s index to balance sensitivity and specificity.'>?® Area under
the curve (AUC) values quantified the discriminative ability for
detecting change, with higher values demonstrating better re-
sponsiveness.'” AUC values greater than 0.70 represent accep-
table discrimination, and greater than 0.80 indicate excellent
discrimination.*"”
Effect sizes (pre-post antibiotic treatment)
RUTISS total scores and subscale scores were compared across the
three assessment intervals. This approach captures cumulative
change during the acute treatment response between Baseline and
day 3, and sustained improvement between Baseline and Follow-
up.'” Wilcoxon signed-rank tests provided rank-biserial correlations
as an effect size estimate (r = 0.1 = small effect, = 0.3 = mod-
erate, = 0.5 = large).”’
C) Correlations with PGIC and UTISA
Correlations between RUTISS change scores (total and subscales)
and PGIC ratings and UTISA change scores were computed for the
three assessment intervals.'® This approach assesses the strength
and direction of the association between the change detected by the
new PROMs and changes in established external anchors. This
provides evidence of convergent validity of responsiveness, with
stronger correlations indicating that the RUTISS is more sensitive to
changes in symptom severity. Spearman’s rank correlation coeffi-
cients (p) were interpreted as p = 0.20 = moderate, p = 0.4 =
relatively strong, p = 0.60 = strong.>"

B

—

Aim 2: MCID Identification

The MCID was determined for the RUTISS total score using estab-
lished methods recommended by the COSMIN initiative.'”'® The
Baseline-day 3 interval was prioritized for MCID derivation as it cap-
tures acute treatment response when symptomatic improvement is most
expected, aligning with NICE antibiotic course recommendations. This
interval also demonstrated the strongest discriminative ability (AUC =
0.82). A triangulation approach incorporated both anchor-based and
distribution-based methods to identify the smallest change patients
perceive as beneficial.
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Anchor-based methods employed the PGIC as the external criterion
across three approaches, each applied to the Baseline-day 3 assessment
interval (acute treatment phase): (1) mean change in RUTISS total score
among participants reporting minimal improvement (PGIC = +1), (2)
median change among the same group, and (3) ROC-derived threshold
representing the optimal cut-off point for discriminating minimal im-
provement. Following best-practice, these anchor-based methods were
prioritized during triangulation since they reflect patient-centered
perspectives on meaningful change.

Distribution-based methods comprised: (1) halving the baseline
standard deviation of RUTISS total scores, representing a moderate
effect size approximating clinical importance; (2) computing the stan-
dard error of measurement (SEM) by multiplying standard deviation by
/(1 — Cronbach’s a); and (3) calculating the minimal detectable change
at 95% confidence (MDC95) by multiplying 1.96 by 2 by SEM, re-
presenting the threshold for statistically reliable change.

Estimates across all five methods were compared, ultimately re-
commending an MCID that prioritises convergence across patient-cen-
tered anchor-based methods (Mdn). Distribution-based estimates were
used as supportive evidence and benchmarks for interpreting the clin-
ical significance and reliability of the recommended MCID."”'®

RESULTS
Sample Characteristics

Participants were aged between 19 and 82 years (M = 53.6, SD = 18.3).
All participants reported at least two UTI episodes within the past 6 months,
and a third reported more than three (n = 38, 35.2%). The average RUTISS
total score at Baseline was 23.0 (SD = 18.8), with scores ranging from 0 to
78.2 (maximum possible score = 100). This wide range reflects hetero-
geneous rUTI symptom presentation; some individuals experience few but
severe symptoms while others report multiple milder symptoms. The ability
to capture the variation across the full spectrum of rUTI severity indicates the
high sensitivity of the RUTISS. At day 3 and Follow-up, average total scores
reduced to 13.6 (SD = 15.6) and 11.2 (SD = 14.2), respectively. The
average Baseline UTISA total score was 6.76 (SD = 4.29), with scores ran-
ging between 0 to 18 (maximum possible score = 21). UTISA scores simi-
larly reduced to 4.34 (SD = 3.99) at day 3 and 4.09 (SD = 3.90), at Follow-
up. Analysis of PGIC scores indicated that 37.0% of participants (n = 40)
reported at least minimal improvement (PGIC = +1) in symptom severity
between Baseline-day 3, while the same proportion indicated no change (n
= 40, 37.0%). All RUTISS, UTISA and PGIC descriptive statistics for each
timepoint are available in Supplementary Material 2.

Aim 1: Responsiveness

ROC Curve Analysis

Analysis demonstrated that RUTISS change scores effectively dis-
criminated between participants with at least minimal improvement
(PGIC = +1) from those without improvement across most scales and
time intervals (see Table 2).

For RUTISS total scores, AUC values were excellent across all three
intervals, exceeding the pre-specified threshold of 0.70 and supporting
H1 (M = 0.79, SD = 0.04). The highest discrimination was observed
for the Baseline-day 3 interval which indicated excellent responsive-
ness with an optimal threshold of 6.26 points (AUC = 0.82).

For subscales, discrimination varied by domain. The “urinary
symptoms” subscale demonstrated excellent discrimination across all
intervals (AUC M = 0.74, SD = 0.03), and the “UTI pain and/or dis-
comfort” subscale demonstrated similarly strong performance across all
intervals (AUC M = 0.76, SD = 0.08). The “urinary presentation”
subscale demonstrated strong discrimination between Baseline-day 3
and Baseline-Follow-up (AUC M = 0.74, SD = 0.02), however less
strong discriminative ability between day 1-day 3 (AUC = 0.57). The



A.F. Newlands, L.V. Tidmarsh, M. Kramer et al.

Table 2
RUTISS receiver operating characteristic curve analysis.

Urology 210 (2026) 64-70

Interval AUC (95% CI) Optimal Threshold Sensitivity Specificity Youden’s Index
RUTISS total score

Baseline-day 3 0.82 (0.73,0.91)* 6.36 0.70 0.86 0.55

Day 1-day 3 0.74 (0.64,0.84)* 3.64 0.71 0.75 0.45

Baseline-Follow-up 0.81 (0.69,0.93)* 10.5 0.63 0.88 0.50
Urinary symptoms

Baseline-day 3 0.77 (0.68,0.86)* 2.50 0.61 0.81 0.42

Day 1-day 3 0.71 (0.60,0.81)* 1.50 0.68 0.70 0.38

Baseline-Follow-up 0.75 (0.62,0.89)* 4.50 0.58 0.83 0.42
Urinary presentation

Baseline-day 3 0.71 (0.61,0.81)* 2.50 0.50 0.91 0.41

Day 1-day 3 0.57 (0.46,0.67) 0.50 0.97 0.16 0.13

Baseline-Follow-up 0.75 (0.62,0.88)* 0.50 0.67 0.71 0.38
UTI pain and/or discomfort

Baseline-day 3 0.82 (0.73,0.90)* 0.50 0.77 0.79 0.55

Day 1-day 3 0.67 (0.55,0.78) 1.50 0.53 0.82 0.35

Baseline-Follow-up 0.80 (0.68,0.92)* 3.50 0.54 0.96 0.50
Bodily sensations

Baseline-day 3 0.58 (0.47,0.69) 0.50 0.45 0.74 0.18

Day 1-day 3 0.68 (0.56,0.79) 0.50 0.53 0.80 0.33

Baseline-Follow-up 0.65 (0.50,0.81) 0.50 0.96 0.33 0.29

AUC, area under the curve.

Optimal thresholds reflect the magnitude of RUTISS score reduction in points that best discriminates respondents with at least minimal improvement since starting

treatment from those without any improvement.
Timepoint interpretation: Baseline
Follow-up = 7 days after completing antibiotic treatment.

*AUC greater than 0.70 criterion set for acceptable discrimination.

“bodily sensations” subscale showed moderate discriminative ability
(AUC M = 0.64, SD = 0.05), likely reflecting the broader, less UTI-
specific nature of these symptoms.

Optimal thresholds varied by scale and time interval, given different
score ranges and response patterns within each domain. Sensitivity and
specificity were generally well-balanced, with most thresholds (90%)
achieving sensitivity > 0.50 and specificity > 0.70.

Effect Sizes (Pre-Post Antibiotic Treatment)

As hypothesized (H2), RUTISS total scores decreased significantly
between all timepoints with moderate-large effect sizes (see Table 3).
The RUTISS total score therefore demonstrated excellent responsive-
ness to change before and after antibiotic treatment during the acute
treatment phase (Baseline-day 3) and sustained improvement (Base-
line-Follow-up).

The “urinary symptoms,” “urinary presentation,” and “UTI pain
and/or discomfort” subscale scores also statistically significantly de-
creased between all timepoints as hypothesized (rank-biserial r M =
0.42, SD = 0.10). The “bodily sensations” subscale scores significantly
decreased from Baseline-day 1 and Baseline-Follow-up (r M = 0.30, SD
= 0.08), and non-significantly between day 1-day 3 (r = 0.15, P =
.14), consistent with the gradual resolution of systemic symptoms fol-
lowing acute infection.

” o«

Correlations With PGIC and UTISA

The RUTISS total change scores for Baseline-day 3, day 1-day 3,
and Baseline-Follow-up significantly correlated moderately-strongly
with both UTISA change scores (see Table 3; Spearman’s p M = 0.72,
SD = 0.08) and PGIC ratings (p M = -0.58, SD = 0.12), meeting H3
and demonstrating excellent responsiveness to antibiotic treatment-re-
lated improvement.

All four subscale change scores for all intervals significantly corre-
lated moderately-strongly with the UTISA change scores as hypothe-
sized (p M = 0.54, SD = 0.18). All four subscale change scores de-
monstrated meaningful correlations with PGIC ratings (p M = 0.43, SD
0.15). Most coefficients (10/12) exceeded the pre-specified 0.30
threshold, supporting H3.
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2 days before starting antibiotic treatment; day 1 = day 1 of antibiotic treatment; day 3 = day 3 of antibiotic treatment;

Aim 2: MCID Identification

The MCID for the RUTISS total score was computed via triangula-
tion of six estimation methods (see Table 4).

Anchor-based Methods

The three methods demonstrated strong agreement. The mean
change among participants reporting minimal improvement was 6.36
points, while the median change was 4.09 points. The ROC-derived
optimal threshold from the Baseline-day 3 interval, which best dis-
criminated minimal improvement (Youden’s index = 0.55), was 6.36
points. The median was therefore 6.36 points.

Distribution-based Methods

Providing statistical context to support interpretation, the half
standard deviation criterion (9.10 points) represented a moderate effect
size. The SEM (5.75 points) reflected measurement precision. The
MDC95 (16.0) indicated the threshold for change that can be dis-
tinguished from measurement error with 95% confidence.

Triangulation

Prioritizing patient-centered anchor-based methods facilitated re-
commendation of a final MCID for the RUTISS total score of 6.5 points. This
estimate is supported by the convergence of: the mean change in minimally
improved patients (6.36 points), the ROC-derived optimal threshold (6.36),
and proximity to the SEM (5.75). On average, with a mean reduction of 9.76
points between Baseline and day 3 (SD = 16.4), this sample perceived
clinically meaningful improvement following antibiotic treatment.

The MCID exceeds the SEM (5.75), suggesting it captures change
beyond typical measurement variability as expected.'® The MCID and
MDC95 serve complementary purposes in interpreting RUTISS change.
The MCID of 6.5 points represents patient-perceived meaningful change
and is appropriate for group-level research applications, treatment ef-
fectiveness evaluation, and clinical screening.'® For individual patient
monitoring where maximum statistical confidence is desired, the
MDC95 of 16 points provides a more conservative threshold ensuring
95% certainty that observed changes exceed measurement error.'®
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Table 3
RUTISS responsiveness: comparison before and after treatment, and comparison with other measures.
Time Interval M Change SD Change Mdn Change Wilcoxon V Rank-Biserial Spearman’s p Spearman’s p
Correlation r Correlation With Correlation With
(95% CI) UTISA (95% CI) PGIC (95% CI)
RUTISS total score
Baseline-day 3 -9.28 17.65 -4.55 979.6 0.52 (0.38,0.66)* 0.73 (0.59,0.84)* -0.63 (-0.76, -0.46)*
Day 1-day 3 -4.22 10.2 -2.73 1087.9 0.43 (0.27,0.58)* 0.64 (0.48,0.77)* -0.45 (-0.60, -0.28)*
Baseline—Follow-up -11.39 18.89 -8.04 1068.9 0.53 (0.39,0.67)* 0.80 (0.71,0.87)* -0.67 (-0.82, -0.44)*
“Urinary symptoms”
subscale
Baseline—day 3 -4.23 7.5 -2.00 411.5 0.52 (0.38,0.67)* 0.70 (0.57,0.81)* —-0.54 (-0.69, -0.36)*
Day 1-day 3 -1.67 4.51 -1.00 742.5 0.37 (0.21,0.54)* 0.63 (0.47,0.76)* -0.34 (-0.51, -0.15)*
Baseline-Follow-up -4.62 9.53 -2.00 137.0 0.50 (0.28,0.72)* 0.79 (0.64,0.88)* -0.53 (-0.72, -0.25)*
“Urinary presentation”
subscale
Baseline-day 3 -2.73 6.34 0.00 329.0 0.44 (0.28,0.61)* 0.36 (0.15,0.55)* -0.43 (-0.60, -0.24)*
Day 1-day 3 -1.54 3.67 0.00 292.0 0.44 (0.28,0.59)* 0.30 (0.09,0.48)* -0.20 (-0.36, -0.01)*
Baseline-Follow-up -3.50 6.61 0.00 30.0 0.56 (0.37,0.74)* 0.51 (0.27,0.71)* -0.59 (-0.75, -0.35)*
“UTI pain and/or
discomfort” subscale
Baseline—day 3 -2.57 5.34 -1.00 391.0 0.48 (0.33,0.64)* 0.71 (0.58,0.82)* —-0.60 (-0.74, -0.45)*
Day 1-day 3 -0.67 3.21 0.00 721.0 0.25 (0.03,0.39)* 0.52 (0.34,0.66)* -0.35 (-0.52, -0.15)*
Baseline-Follow-up -1.90 5.79 -1.00 203.5 0.35 (0.10,0.60)* 0.79 (0.61,0.90)* -0.63 (-0.79, -0.41)*
“Bodily sensations”
subscale
Baseline-day 3 -1.20 4.23 0.00 298.0 0.34 (0.16,0.51)* 0.36 (0.15,0.53)* -0.22 (-0.42, -0.02)*
Day 1-day 3 -0.20 3.66 0.00 566.0 0.15 (-0.03,0.31) 0.41 (0.20,0.58)* -0.32 (-0.50, -0.10)*
Baseline—Follow-up -1.94 5.03 0.00 112.0 0.35 (0.11,0.60)* 0.44 (0.17,0.65)* —-0.36 (-0.60, -0.08)*

CI, confidence interval; M, mean; Mdn, median; PGIC, Patient Global Impression of Change; RUTISS, Recurrent Urinary Tract Infection Symptom Scale; SD, standard
deviation; UTISA, Urinary Tract Infection Symptom Assessment (change score).

N = 108.

Interpretation of rank-biserial correlation (r): r = 0.1 = small effect, =0.3 = moderate, =0.5 = large.
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Interpretation of Spearman’s rank correlation (p): p = 0.10 = negligible correlation, p = 0.20 = moderate, p = 0.4 = relatively strong, p = 0.60 = strong.’’
Timepoint interpretation: Baseline = 2 days before starting antibiotic treatment; day 1 = day 1 of antibiotic treatment; day 3 = day 3 of antibiotic treatment;

Follow-up = 7 days after completing antibiotic treatment.

Note that negative RUTISS change scores indicate symptom improvement (ie, reduction in RUTISS scores and therefore reduction in severity).

*P < .001.
Table 4
MCID triangulation.
Method Estimate Interpretation
Anchor-based
1. Mean RUTISS change in participants with minimal improvement 6.36 Average change in minimally improved group
(PGIC = +1)
2. Median RUTISS change in participants with minimal improvement 4.09 Typical individual improvement in minimally improved group
(PGIC = +1)
3. ROC-derived threshold 6.36 Optimal discriminative threshold
Distribution-based
1. 0.5 SD baseline 9.10 Moderate effect size threshold
2. SEM (SD x /(1 — Cronbach’s a)) 5.75 Measurement precision estimate. Utilizing Cronbach’s a = 0.90 (from
Newlands et al.)
3. MDC95 16.0 Threshold for reliable change at 95% confidence
Triangulation
Anchor-based median 6.36 Primary estimate: patient-centered
Recommended MCID 6.5 points Exceeds measurement error, appropriate for group-level evaluation

MCID, minimal clinically important difference; MDC95, minimal detectable change at 95% confidence; PGIC, Patient Global Impression of Change; ROC, Receiver
Operating Characteristic; RUTISS, Recurrent Urinary Tract Infection Symptom Scale; SD, standard deviation; SEM, standard error of measurement.
The recommended MCID is based on triangulation prioritizing patient-centered anchor-based methods in accordance with best-practice. The MCID exceeds the SEM,

indicating change beyond typical measurement variability.

Complete Case Analysis

DISCUSSION

CCA yielded results highly consistent with multiple imputation,

supporting robustness to missing data assumptions (see Supplementary

Material 3).

This study supports the Recurrent UTI Symptom Scale (RUTISS) as a
responsive patient-reported outcome measure (PROM) for rUTI treat-

ment evaluation. Analysis demonstrated strong effect sizes and
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correlations with established anchors, and excellent discriminative
ability. Patient-centered triangulation identified an MCID of 6.5 points,
validated by convergent evidence from multiple approaches. These
findings enable interpretation of treatment effects and enhanced patient
monitoring and establish the RUTISS as a valuable complement to
traditional microbiological endpoints in rUTI research and clinical
trials.

The RUTISS demonstrated excellent responsiveness across multiple
assessment approaches. Effect sizes indicate meaningful symptom re-
duction during acute treatment, while strong correlations with PGIC
and UTISA confirm convergent validity.'>'” The high discrimination
establishes the RUTISS as sensitive to patient-perceived improvement.'”
Subscale performance was generally high, with “urinary symptoms”,
“urinary presentation”, and “UTI pain and discomfort” showing the
strongest responsiveness. “Bodily sensations” demonstrated more
modest discrimination, likely reflecting broader, less rUTI-specific
symptoms that respond more gradually to treatment.

The MCID of 6.5 points provides a practical threshold for clinical
decision-making and trial endpoints. Convergence of patient-centered
methods strengthens confidence in this estimate.'® The MCID re-
presents meaningful patient-perceived improvement, suitable for
treatment effectiveness evaluation and clinical screening. The MDC95
(16 points) offers a complementary threshold for individual patient
monitoring, enabling clinicians to distinguish true clinical change from
measurement variability with 95% confidence when making treatment
decisions.'®

Despite many strengths, several study limitations warrant con-
sideration. Firstly, the MCID was determined in the context of antibiotic
treatment, thus its applicability to other interventions requires eva-
luation. Further, while the sample exceeded COSMIN recommenda-
tions, it is acknowledged that all participants were female, and most
identified as White, resided in more developed countries, and reported
a high level of education. Additional assessment in diverse samples,
including in males, non-White populations, and lower socioeconomic
groups, would strengthen the application of the measure in broader
demographic contexts. Future research will seek cross-cultural valida-
tion of the RUTISS, and translations into non-English languages and
dialects continue to be developed. Further, future research is necessary
to examine RUTISS performance across clinically defined subgroups,
including collecting detailed information about menopausal status and
comorbidities.

The naturalistic design prioritized ecological validity, enhancing
generalizability. Microbiological confirmation, standardized antibiotic
regimens, and assessment of urinary analgesic use were not directly
captured in this study due to the community-based sample. Overlapping
conditions (eg, genitourinary syndrome of menopause, bladder pain
syndromes) cannot be excluded, and the impact of antibiotic treatment
may be multifactorial, including anti-inflammatory and placebo effects.
However, MCID and responsiveness testing assess the ability of the
RUTISS to detect patient-perceived change, and is not contingent on the
mechanisms or causes for that change.'®'” MCID and responsiveness
findings are indicative of minimal or greater change in symptoms,
across the full range of the patient experience. It is established that
standard urine culture misses up to 58% of true infections.”'’ Indeed,
in the UK, antibiotic treatment can be prescribed based on symptom
reporting only.'® While the naturalistic approach employed by this
study reflects authentic patient experiences across diverse clinical
contexts, essential for development of patient-centered tools, it ne-
cessarily precluded verification of culture-confirmed UTI episodes or
standardized treatment regimens. However, this pragmatic metho-
dology importantly captures the patient population and patient-led
symptom reporting embodied within current guidelines. Controlled
studies incorporating urine culture are ongoing and will complement
these findings.

The RUTISS fills a critical gap in rUTI assessment by providing a
validated, responsive PROM that captures patient-experienced
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symptom burden alongside microbiological endpoints. The established
MCID facilitates simple interpretation of treatment responses and
sample size calculations for clinical trials, addressing a key barrier to
adequately powered studies. For clinical practice, the RUTISS offers a
brief, validated tool for systematically evaluating symptom severity and
monitoring patient outcomes, improving patient-clinician communica-
tion and shared decision-making.®'? An overview of key RUTISS ap-
plications is provided in Supplementary Material 4.

CONCLUSION

This study establishes the RUTISS as a responsive and clinically
interpretable patient-reported outcome measure for rUTI symptom se-
verity. Results from this study demonstrate the measure’s excellent
responsiveness to antibiotic treatment and a validated MCID of 6.5
points, with particular benefit for the assessment of patient-reported
outcomes in females living with rUTIL. The 15-item RUTISS is a robust,
yet brief tool for evaluating treatment effectiveness from the patient
perspective. Representing an important advancement in patient-cen-
tered rUTI care and research, the RUTISS has critical utility for clinical
assessment and monitoring and is ready for implementation as clinical
trial endpoints.
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