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Evaluating the quality of life impact of recurrent urinary
tract infection: Validation and refinement of the
Recurrent UTI Impact Questionnaire (RUTIIQ)

Abigail F. Newlands BSc, MSc' | Melissa Kramer BBus, BA? |
Lindsey Roberts BSc, MSc, PhD, CPsychol®’ ® | Kayleigh Maxwell BSc, MSc* ® |
Jessica L. Price’ ® | Katherine A. Finlay PhD, CPsychol, AFBPsS'

!School of Psychology and Clinical

Language Sciences, University of Abstract
Reading, Reading, UK Background and Aims: Recurrent urinary tract infection (rUTI) has
2Live UTI Free Ltd, Sandyford, Dublin,

significant negative consequences for a wide variety of quality of life (QoL)
Ireland . . . . q B
R L domains. Without adequate validation and assessment of the unique insights
School of Psychology, University of

Buckingham, Buckingham, UK of people living with rUTI, clinical results cannot be fully understood. The
“Department of Psychology, Faculty of Recurrent UTI Impact Questionnaire (RUTIIQ), a novel patient-reported
Natural Sciences, University of Stirling, outcome measure of rUTI psychosocial impact, has been robustly developed

Stitling, UK . . . T -
e with extensive patient and clinician input to facilitate enhanced rUTI

Correspondence management and research. This study aimed to confirm the structural validity
Katherine A. Finlay, PhD, CPsychol, of the RUTIIQ, assessing its strength and bifactor model fit.

AFBPsS, School of Psychology and hod | £ dul . . f 1 d
Clinical Language Sciences, University of Methods: A sample of 389 adults experiencing rUTI (96.9% female, age
Reading, Reading, RG6 7BE, UK. 18-87 years) completed an online cross-sectional survey comprising a
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demographic questionnaire and the RUTIIQ. A bifactor graded response
model was fitted to the data, optimizing the questionnaire structure based on
item fit, discrimination capability, local dependence, and differential item
functioning.

Results: The final RUTIIQ demonstrated excellent bifactor model fit
(RMSEA = 0.054, CFI=0.99, SRMSR =0.052), and mean-square fit indices
indicated that all included items were productive for measurement
(MNSQ =0.52-1.41). The final questionnaire comprised an 18-item general
“rUTI QoL impact” factor, and five subfactor domains measuring “personal
wellbeing” (three items), “social wellbeing” (four items), “work and activity

interference” (four items), “patient satisfaction” (four items), and “sexual

Abbreviations: CFI, comparative fit index; DIF, differential item functioning; EFA, exploratory factor analysis; GRM, graded response model; IRT,
item response theory; MHRM, Metropolis-Hastings Robbins-Monro (estimation method); MNSQ, mean square; QoL, quality of life; RMSEA, root
mean square error of approximation; rUTI, recurrent urinary tract infection; RUTIIQ, Recurrent Urinary Tract Infection Impact Questionnaire;
RUTISS, Recurrent Urinary Tract Infection Symptom Scale; SRMSR, standardized root mean square residual.
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centered care.

KEYWORDS

1 | INTRODUCTION

Recurrent urinary tract infection (rUTI) is defined as
experiencing two or more UTIs in six months or three or
more in a year,' and affects more than 100 million people
worldwide annually.” Given considerable negative
impact to a broad range of quality of life (QoL)
domains,”® and significant socioeconomic implica-
tions,*”® there is an urgent need to validate the unique
rUTI patient experience and incorporate QoL assessment
into clinical management and research.>'*'* Without
the inclusion of rUTI-specific patient-reported outcome
measures (PROMs), evaluation of clinical testing out-
comes and symptoms are limited in their real-world
application. Such tools are required to improve patient
monitoring, shared decision-making, and rUTI
management.'>'*

The Recurrent UTI Impact Questionnaire (RUTIIQ)
is a new PROM evaluating rUTI-related impact to QoL."
The RUTIIQ was developed in accordance with gold-
standard PROM development recommendations by the
COnsensus-based Standards for the selection of health
Measurement INstruments (COSMIN) initiative,'®!”
with extensive, international expert clinician and patient
input (see Figure 1 for methodology; Stages I-IV have
been published in Newlands et al., 2023)."°> A five-factor
structure was identified by exploratory factor analysis
(EFA) of pilot data, comprising: “personal wellbeing,”
“social wellbeing,” “work and activity interference,”
“patient satisfaction,” and “sexual wellbeing.”"> The
RUTIIQ demonstrates excellent psychometric properties,
including strong test-retest reliability (intraclass correla-
tion coefficient, ICC = 0.66-0.91; computed based on a
single-rating, absolute-agreement, two-way mixed effects
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wellbeing” (three items). Together, the general factor and five subfactors
explained 81.6% of the common model variance. All factor loadings were
greater than 0.30 and communalities greater than 0.60, indicating good model
fit and structural validity.

Conclusions: The 18-item RUTIIQ is a robust, patient-tested questionnaire
with excellent psychometric properties, which capably assesses the patient
experience of rUTI-related impact to QoL and healthcare satisfaction.
Facilitating standardized patient monitoring and improved shared decision-
making, the RUTIIQ delivers the unique opportunity to improve patient-

bifactor model, chronic pain, item response theory, patient experience, patient-reported
outcomes, psychosocial outcomes, women's health

model®), internal consistency (Cronbach's a = 0.81-0.96),
content validity (item content validity indices, I-CVI=
0.75-1.00), and concurrent validity with related QoL
measures (Spearman's p = 0.69-0.76)."

As the required next step in the PROM development
process, in preparation for ongoing work to determine
the questionnaire's clinical responsiveness to interven-
tion, the current study aimed to build on preliminary
testing of the RUTIIQ by confirming its structural
validity and identifying areas for refinement.'® A bifactor
structure was hypothesized, expecting a general “rUTI
QoL impact” factor that explains the common variance
between all items, and five specific, uncorrelated
subfactors aligning with the factors identified through
EFA, each explaining the unique influence of a specific
construct beyond the general factor.'>*° Bifactor model-
ling enables the evaluation of general scores based on all
items represented by a general trait, as well as individual
domain scores for items represented by specific
traits.'*~*!

2 | MATERIALS AND METHODS

2.1 | Study design and participants

Adults meeting the diagnostic criteria for rUTI,' with
advanced or proficient fluency in English based on the
Common European Framework of Reference for Lan-
guages,*” participated in an online cross-sectional survey
(N =389, 96.9% female biological sex; see Table 1 for
characteristics). Definition of rUTI was presented to
participants using the Recurrent UTI Symptom Scale
(RUTISS),?** with participants required to report at
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Stage I: Concept elicitation via an online cross-sectional survey of people
experiencing recurrent UTI for initial RUTIIQ item generation (N = 1983)

«Adults experiencing rUTI qualitatively described their experience of rUTI
«Framework analysis was applied to produce a conceptual framework
«Initial subscales were prepared based on the identified framework components

Stage II: Expert screening of the RUTIIQ with a Delphi methodology, gaining
quantitative and qualitative feedback from expert rUTI clinicians (N = 15)

*Two-round Delphi methodology to build towards an expert consensus about content validity
«Clinicians rated RUTIIQ items for relevance and clarity, and provided qualitative feedback

*Refinements were made based on content validity indices and qualitative suggestions

Stage lll: Two phases of one-to-one semi-structured cognitive interviews with
people experiencing rUTI (N = 28; Phase 1 n = 18, Phase 2 n = 10)

*Diverse sample of people experiencing rUTI was recruited for heterogeneous input

«Participants were encouraged to think aloud while answering RUTIIQ questions

«Areas for developement were identified and refined between each phase and at the end

Stage IV: Online pilot of the RUTIIQ and existing measures of related concepts
with people experiencing rUTI for exploratory psychometric testing (N = 240)

«Participants completed the RUTIIQ and existing measures of related quality of life concepts
*Measures completed at baseline and 24 hours later to facilitate test-retest analysis

«Exploratory factor analysis and psychometric testing allowed for item reduction and refinement

Stage V: Online survey with people with recurrent UTI for confirmatory

psychometric analysis (N = 389)

*New heterogeneous patient sample completed the RUTIIQ in 37 countries
«Bifactor graded response model fitted to the data, and model and item fit statistics were evaluated
*Refinements were made to finalise an optimised questionnaire that minimises respondent burden

FIGURE 1 Methodology employed to develop and validate the Recurrent Urinary Tract Infection Impact Questionnaire (RUTIIQ). The
current study reports the methodology and findings from Stage V. Results from Stages I-IV are published in Newlands et al., 2023."®

least two symptomatic episodes of UTI in the past six
months or at least three in the past year." Inclusion of
participants based on self-report of symptoms reflected
recent microbiological findings that standard urine
culture misses up to 58% of true infections and published
recommendations regarding the need to prioritize patient
symptom reporting.>>*” This approach enabled access to
the larger, more heterogeneous sample required for item
response theory (IRT) analysis. Exclusion criteria com-
prised a current diagnosis of interstitial cystitis. Aiming
to validate the confirmatory factor structure and make
refinements to minimize respondent burden, RUTIIQ
data were collected for psychometric analyses including
IRT (see Section 2.3).19-%829

At least 250 participants were required to facilitate
multidimensional IRT analysis with a graded response
model (GRM) for ordered polytomous data®’; sampling
adequacy was exceeded (see Figure S1 for sampling flow
diagram). Participants were mostly recruited via news-
letters and social media posts from a key UTI stakeholder
group, Live UTI Free (84.8%, n =300), participants and

clinicians sharing the study information on social media
or by word of mouth (9.51%, n=37), and online UTI-
focused support groups (5.66%, n = 22).

2.2 | Procedure

After reviewing the study information and ethical
considerations, participants gave electronic consent and
completed a screening questionnaire to confirm elig-
ibility to participate (see Figure S1). Eligible participants
completed the preliminary RUTIIQ, a 30-item self-report
questionnaire assessing rUTI-related impact to QoL with
five domains: “personal wellbeing,” “social wellbeing,”
“work and activity interference,” “patient satisfaction”
with UTI-related medical care, and “sexual wellbeing”
(optional domain, preceded by a pre-qualifying question:
“Do you feel your UTI(s) has/have impacted your sex life
in the past 2 weeks?”)."” Participants used an 11-point
Likert scale ranging from 0 (“strongly disagree”) to 10
(“strongly agree”) to rate their level of agreement with
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TABLE 1 Participant demographic characteristics.
Characteristic n
Biological sex

Female 377
Male 12
Gender
Female 374
Male 12
Nonbinary 2
Prefer not to say 1
Country of residence
United Kingdom 153
United States 147
Canada 26
Australia 8
Ireland 5
Greece 4
India 4
Spain 4
Other® 38
Ethnicity
Asian (including Asian American, 10
Asian British)
Black (including African, African 3
American, Caribbean, Black British)
Hispanic or Latino American 5
Mixed ethnicity or multiple ethnic groups 4
Native Hawaiian or other Pacific Islander 2
White (including Caucasian, 340
White British, White European)
Other ethnicity 4
Prefer not to say 21
Fluency in English
Native or bilingual 337
Advanced or proficient 52
Relationship status
Married or in a civil partnership 199
In a relationship (unmarried) 117
Single 44
Divorced 14
Widowed 6
Separated 5
Other 2

%

96.9
3.08

96.1
3.08
0.51
0.26

39.3
37.8
6.68
2.06
1.29
1.03
1.03
1.03
9.77

2.57

0.77

1.29
1.03
0.51
87.4

1.03
5.40

86.6
13.4

51.2
30.1
11.3
3.60
1.54
1.29
0.51

LJ ro urology_Wl L EY

TABLE 1 (Continued)

Characteristic n %

Prefer not to say 2 0.51

Highest level of education

Some high school/secondary school 7 1.80
High school/secondary school 65 16.7
Bachelor's degree or equivalent 168 43.2
Master's degree or equivalent 104 26.7
Doctoral level training or equivalent 16 4.11
Other professional qualification(s) 22 5.66
Prefer not to say 7 1.80

Annual household income (GBP)

No current income 12 3.08
£1-£9999 15 3.86
£10 000-£24 999 37 9.51
£25000-£49 999 102 26.2
£50 000-£74 999 48 12.4
£75 000-£99 999 40 10.3
£100 000 or more 59 15.2
Prefer not to say 76 19.5
Note: N =389.

#Other countries where n <3 comprise the following 29 countries listed
alphabetically: Angola, Argentina, Austria, The Bahamas, Belgium, Croatia,
Czech Republic, Denmark, Finland, France, Germany, Iceland, Israel, Italy,
Jersey, Malawi, Mexico, Netherlands, New Zealand, Nigeria, Norway,
Romania, Serbia, Slovakia, South Africa, Sweden, Thailand, Turkey, and
Ukraine.

statements about rUTI impact. After completing the
RUTIIQ, a debrief form signposted participants to
support resources.

2.3 | Data handling and statistical
analysis

The final sample comprised 389 participants (Figure S1).
Eighty-nine participants did not complete the optional
“sexual wellbeing” questions, responding “no” or “prefer
not to say” to the pre-qualifying question. This left a total
of 300 included datapoints for multidimensional IRT
analysis. Responses to the “patient satisfaction” questions
were reverse scored, thus higher scores indicated higher
levels of rUTI QoL impact for all domains. As outlined in
this section, a preliminary model was identified, making
refinements based on item and model fit, before
reconducting IRT analysis with a final model. Statistical
terminology definitions are available in Table S1.
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2.3.1 | Preliminary model identification

IRT analysis was conducted in R using the mirt
package,’ fitting a confirmatory bifactor model to assess
the plausibility of assessing and scoring a general,
overarching factor as well as individual domains (sub-
factors).'”*! The confirmatory model specified one
general factor onto which all 30 items were expected to
load (“rUTI QoL impact”), and five orthogonal subfactors
aligning with the factors identified during EFA':
“personal wellbeing” (items A1-A4), “social wellbeing”
(items B1-B5), “work and activity interference” (items
C1-C7), “sexual wellbeing” (items D1-D4), and “patient
satisfaction” (items E1-E10). Recommendations for IRT
modelling with polytomous scales (i.e. scales with more
than two response options) by Toland et al. and by Reeve
and Fayers were followed, identifying a suitable
approach based on the RUTIIQ's ordered, polytomous
Likert-type scale which successively increases from 0
(“strongly disagree”) to 10 (“strongly agree”).'”?*** A
bifactor GRM for ordered polytomous scales was thus
fitted, which is also specifically recommended for PROM
evaluation.’®**?* The Metropolis-Hastings Robbins-
Monro (MHRM) estimation method, the mathematical
algorithm recommended to estimate multidimensional
IRT models with more than three expected factors, was
employed to estimate item and model parameters.'’

2.3.2 | Model assumption checks

The intercept parameters, which govern the choice of the
next response category over the previous one (e.g.,
responding 10 vs. 9), were examined to assess partici-
pants' use of the 11-point Likert scale.”® It was expected
that the parameters would successively decrease as the
response categories (therefore the latent trait of QoL
impact) increased."’

IRT analysis assumes that there is local independence
of items after controlling for a latent construct. In other
words, after controlling for the factor influencing a
respondent's choice of response, there should be no
statistically significant association or correlation between
items.**® Item pairs that do not meet this assumption
are said to exhibit local item dependence, or LID. Yen's
Q; statistics were computed for each item pair within the
bifactor model, with values above 0.50 indicating
LID.**3° It was expected that the Yen's Qs statistics
should be less than 0.50 for all item pairs except those in
which both items measure the same subfactor or “testlet”
trait (e.g., A1-A2, B1-B2, etc.).">*’

Finally, it is assumed that an item should be
interpreted in the same way across different subgroups,

known as item invariance.*® Likelihood ratio ¥* analysis
was conducted to check for item invariance, or the
absence of differential item functioning (DIF).*® This
examined the extent to which each item performs
differently within the model based on biological sex
(female vs. male), age (older vs. younger than the
median, 42 years old), household income (> £25 000 vs.
< £25000), level of education (university degree or above
vs. school or lower), and current antibiotic use (yes vs.
no).>® Model parameters were freely estimated across
categorical groups and p values were adjusted using the
Bonferroni correction.® A statistically significant group
difference (¢, Daqj <0.05) indicated the presence of
DIF.*®

2.3.3 | Model fit and performance
Standardized item factor loadings were expected to be
greater than 0.30 and communalities greater than 0.60,
indicating good fit and structural validity.** Mean-square
(MNSQ) outfit statistics were examined to evaluate item
fit, with values between 0.50 and 2.00 indicating
acceptability for measurement.*! Item slope (discrimina-
tion) parameters («), which can be interpreted similarly
to factor loadings in classical factor analysis,** suggested
which items performed best within the model in terms of
differentiating between respondents’ level of QoL
impact.'>** Minimum « =0.65 was expected to suggest
at least “moderate” discrimination capability, with high-
er values indicating better performance.*?

Overall model fit was evaluated by computing the C,
statistic of goodness of fit for ordinal data, with a non-
statistically significant result suggesting good model fit.**
This test is sensitive to sample size, thus making model
fit inferences based on the following indices is usual: root
mean square error of approximation (RMSEA(,; “good
fit” <0.06), Comparative Fit Index (CFI; “good fit” 20.95),
and standardized root mean square residual (SRMSR;
“good fit” <0.06).***

2.34 | Model refinement

The RUTIIQ was thus refined and finalized applying the
following strategy.'®****>** First, an item was proposed
for deletion if it: (i) demonstrated statistically significant
DIF (pagj < 0.05), (ii) showed poor item fit (MNSQ < 0.50 or
>2.00), (iii) indicated low discrimination capability
(2 <0.65), (iv) demonstrated poor factor loading (<0.30),
or (v) contributed insufficiently to the common model
variance (communality, h* < 0.60). While some level of LID
was expected due to related items within subfactors or
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testlets (e.g., items A1-A4),">*” in cases of LID (Q; > 0.50)
between item across different subfactors (e.g., items
A1-B1), one item from the pair was considered for deletion
based on which demonstrated stronger performance and fit.
Finally, the RMSEA, CFI, and SRMSR model fit indices
were assessed.

IRT analysis was re-conducted iteratively after mak-
ing each proposed deletion until a confirmed model was
reached. The final, refined version of the RUTIIQ was
created according to this (see Table 2 for included items;
the full RUTIIQ and scoring instructions are available
from the corresponding author).

2.3.5 | Reliability

The internal consistency of the final RUTIIQ was
evaluated by computing Cronbach's alpha (o) coefficients
for the general “rUTI QoL impact” factor and for
each subfactor, with a > 0.70 indicating acceptable
reliability.*°

2.3.6 | Readability

The minimum literacy level for comprehension of the
final RUTIIQ was estimated with the Automated
Reliability Index (ARI), a readability assessment tool
suitable for nonnarrative text such as PROMs.*’

3 | RESULTS

3.1 | Participants

Most participants reported female biological sex (96.9%,
n =377, Table 1), and were aged between 18 and 87 years
old (M =454, SD=17.1). Participants resided in 37
countries, mainly the United Kingdom (39.3%, n =153)
and United States (37.8%, n = 147). Approximately three-
quarters (74.0%, n = 288) reported a bachelor's degree or
higher, and approximately a third (37.8%, n=147)
reported an annual household income above £50 000.
Participants reported an average of 3.62 UTIs in the past
6 months (SD=2.90), and 7.06 in the past year
(SD=5.91).

3.2 | Preliminary bifactor model

The preliminary bifactor model, composed of one general
factor and five orthogonal subfactors, converged success-
fully with MHRM estimation.

; | 907
f’,[ro e Ogy_Wl LEY
TABLE 2 List of final 18 items included in the Recurrent
Urinary Tract Infection Impact Questionnaire (RUTIIQ).
Updated item
number Item
Because of my UTI(s)...
Al I have experienced feelings of anxiety.
A2 I have experienced feelings of low mood or
depression.
A3 I have felt hopeless about the future.
B1 I have avoided socializing more than I used to.
B2 I have felt embarrassed in social situations.
B3 I have felt that I am no longer close to anyone.
B4 I have felt anxious in social situations.
C1 I regularly missed full or partial days of work,
home responsibilities or studying.
C2 The kind or amount of work I could do was
limited.
C3 It was more difficult than usual to concentrate
on my work.
C4 It was more difficult than usual to handle my

workload.

Thinking about my UTI-related medical care...

D1 I have felt confident about being able to get the
medical care I need.

D2 I have felt like my medical concerns are taken
seriously.

D3 I have felt I could access UTI testing and

treatment quickly enough.

D4 I have had easy access to the medical
specialists I need.

E1* I have avoided sexual activity to minimize risk
of developing or worsening UTI symptoms.

E2* I have felt unable to enjoy sexual activity due
to my UTI(s).

E3* I have been concerned about the impact of my
UTI(s) on my sex life and/or sexual
relationship(s).

Note: The full RUTIIQ and scoring instructions are available from the
corresponding author.

*Questions about sexual wellbeing (items E1-E3) are optional and only to be
answered by respondents who report that their UTI(s) has/have impacted
their sex life in the past 2 weeks. The “Thinking about my UTI-related
medical care” prompt only applies to items D1-D4, and not to items E1-E3.

3.2.1 | Preliminary model assumption checks
All model assumption checks were passed: (i) successively
decreasing model intercept parameters confirmed consist-
ent use of the 11-point Likert scale (see Table S2); (ii) no
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LID was identified between items within different
subfactors, meeting the assumption of local independence
of items (Q5 < 0.50), (iii) no DIF was identified based on
age, biological sex, household income, education level, or
current antibiotic use, meeting the assumption of item
invariance ()7, Dagj > 0.05; see Table S3).

3.2.2 | Preliminary model fit and
performance

The common variance was strongly represented, with
model and item fit suggesting necessary areas for refine-
ment. The general “rUTI QoL impact” factor and the five
subfactors collectively accounted for 79.5% of the common
variance, with the general factor accounting for 35.6% and
subfactors accounting for between 2.00% and 19.1% each
(Table S2). All items loaded onto the general factor and one
subfactor with standardized factor loadings above 0.30
(range = 0.32-0.84, Table S2), indicating strong fit and
structural validity, except item A4 assessing sleep disrup-
tion (general factor loading=0.69, subfactor loading=
0.11). All items contributed sufficiently to the common
model variance, demonstrating communalities above 0.60
(Table S2), except item A4 (h* = 0.49) and item C3 assessing
self-pressure to work despite illness (h* = 0.57).

All item MNSAQ fit statistics were between 0.50 and 2.00
for good fit, except item E4 assessing confidence in treatment
decisions (MNSQ = 2.54; see Table S2). All except one item
(A4) indicated at least “moderate” discrimination capability,
demonstrated by slope parameters a > 0.64, with 25 items
(83.3%) indicating at least “high” discrimination (a > 1.35).*

The CFI suggested good model fit (0.97). As the C,
goodness of fit test (C5(375, N = 300) = 1124.26, p < 0.05),
RMSEA (0.082, 95% CI [.076, 0.087]) and SRMSR (0.064)
suggested inadequate model fit, results indicated it was
necessary to refine the model.

3.2.3 | Preliminary model refinement

The refinement strategy outlined in Section 2.3 was
applied, removing poor fitting items one at a time, and
re-running the analysis after each proposed deletion to
assess the impact on model and item fit. Overall, 12 items
were removed: A4, B1, C2, C3, C6, D4, E1, E4, E6, ES, E9,
and E10 (see Table S4).

3.3 | Final bifactor model

A final 18-item confirmatory bifactor model was identi-
fied (see Figure 2), comprising one general “rUTI QoL

impact” factor and five orthogonal subfactors. The final
18-item RUTIIQ was created in line with this model with
updated item numbering (see Table 2 for final included
items; the full RUTIIQ and scoring instructions are
available from the corresponding author). This briefer
measure demonstrates strong psychometric properties
while seeking to minimize respondent burden.

As detailed in the scoring instructions that accom-
pany the RUTIIQ (available from the corresponding
author), an overall RUTIIQ impact score and five
individual domain scores for specific QoL traits may be
computed. Individual domain scores are computed by
summing the item scores relevant to each domain,*® with
a maximum possible score range of 0-30 for the
“personal wellbeing” and “sexual wellbeing” domains,
and 0-40 for the “social wellbeing,” “work and activity
interference,” and “patient satisfaction” domains. There
may be no individual score for the “sexual wellbeing”
domain since it is optional. The overall RUTIIQ impact
score, a transformed score with maximum range 0-100
may be computed to simplify interpretation and compar-
ison, especially in cases where respondents have opted
not to answer the optional “sexual wellbeing” items.*® To
calculate a RUTIIQ impact score, administrators may
sum each individual domain score, divide this sum by the
number of completed items, and then multiply this by 10.
The observed scores in this sample (N =389) demon-
strated heterogeneity in rUTI-specific QoL impact,
ranging the full breadth of possible scores (Table 3).

3.3.1 | Final model assumption checks

All model assumption checks were passed: (i) evidence of
successively decreasing intercept parameters and no
disordered thresholds (Table 4); (ii) no LID was
identified between items within different subfactors,
meeting the assumption of local independence of items
(Q5<0.50); (iii) the assumption of item invariance was
satisfied, evidenced by finding no DIF based on age,
biological sex, household income, education, or current
antibiotic use, meeting the assumption of item invariance
o7, Dagj > 0.05; Table S5).

3.3.2 | Final model fit and performance

The common variance was strongly represented, and
both model and item fit were excellent. The general
‘TUTI QoL impact’ factor and five subfactors collectively
accounted for 81.6% of the common variance (Table 4).
The general factor accounted for 41.2% of the common
variance, and the subfactors accounted for between 3.8%
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A1. general anxiety

A2. low mood or depression

Personal
wellbeing

A3. hopelessness about the future

B1. avoidance of socialising

B2. feeling of embarrassment in social situations

Social

B3. feeling no longer close to anyone

wellbeing

B4. social anxiety

C1. missing work and/or daily activities

rUTI quality
of life impact

C2. limit to the kind or amount of work possible

Work and

C3. difficulty concentrating on work

activity
interference

C4. difficulty handling workload

D1. confidence in getting required care

D2. feeling medical concerns are taken seriously

Patient

satisfaction

D3. quick enough access to testing and treatment

D4. access to required medical specialists

E1. avoidance of sexual activity

E2. inability to enjoy sexual activity

Sexual
wellbeing

E3. concern about impact to sex life / relationships

FIGURE 2 This diagram demonstrates the bifactor structure represented by the 18 items included in the Recurrent Urinary Tract
Infection Impact Questionnaire (RUTIIQ). All items load onto the general factor colored in blue on the left: “rUTI quality of life impact.”
Each item also loads onto a subfactor colored in yellow on the right, each assessing a specific recurrent urinary tract infection (rUTI) quality
of life trait. Standardized factor loadings (>0.30), communalities (>0.60), and model fit indices (RMSEA = 0.054, CFI =0.99,

SRMSR =0.052) indicate excellent fit and structural validity (see Table 4).

and 13.2% each. All standardized factor loadings and
communalities were greater than 0.30 and 0.60, respec-
tively, indicating excellent fit and structural validity
(Table 4). All item MNSQ fit statistics indicated
productivity for measurement, falling between 0.52 and
1.41 (M=0.81, SD=0.24; see Table 4). All items
indicated at least ‘moderate’ discrimination capability
(0> 0.64), with 15 (91.7%) demonstrating at least ‘high’
capability and performance (« > 1.35; Table 4).**

The model RMSEA (0.054, 95% CI [.042, 0.064]),
SRMSR (0.052) and CFI (0.99) demonstrated excellent
model fit.****> While the C, goodness of fit test produced a

statistically significant result (C,(117, N =300)=217.87,
p <0.05), model fit inferences were based on the RMSEA,
SRMSR and CFI due to the test's sensitivity to sample
size ¥4+

3.3.3 | Reliability

Internal consistency was excellent for the 18-item general
rUTI QoL impact' factor (a=0.92).*° Reliability was
similarly strong for the five subfactors, with findings
ranging from a =0.80-0.93 (Table S6).
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TABLE 3

Score Items*

Overall RUTIIQ impact score Al1-E3

Individual domain scores
Personal wellbeing Al1-A3
Social wellbeing B1-B4
Work and activity interference C1-C4
Patient satisfaction® D1-D4
Sexual wellbeing” E1-E3

N
389

389
389
389
389
300

Observed Recurrent Urinary Tract Infection Impact Questionnaire (RUTIIQ) scores.

M SD Observed range
61.4 233 0-100

20.1 8.94 0-30

17.8 13.0 0-40

21.2 13.7 0-40

28.3 10.6 0-40

26.0 5.63 0-30

Note: Higher scores indicate greater level of rUTI-related impact to quality of life. All observed scores ranges align with the maximum possible ranges for each

score type.
Abbreviations: M, mean; SD, standard deviation.

#Reverse scored.

The "sexual wellbeing” domain is optional, therefore not all participants responded to these questions.

*Item numbers as per the refined, final version of the RUTIIQ (see Table 2; the full RUTIIQ and scoring instructions are available from the corresponding

author).

3.3.4 | Readability

The ARI for the final RUTIIQ is 7.0, demonstrating that
this PROM is appropriate for people with a reading age of
12 years old or above (approximately US 7th grade, UK
Key Stage 3/year 8).*

4 | DISCUSSION

The RUTIIQ is a psychometrically strong measure of
patient-reported QoL outcomes and rUTI healthcare
experience. A rigorous PROM development methodology
following best-practice recommendations by COSMIN
maximized international patient and clinician input
throughout,'®'” with exploratory analysis indicating
excellent internal consistency, test-retest reliability,
content validity, construct validity, and structural valid-
ity."> The high-quality statistical approaches utilized to
refine the RUTIIQ demonstrated the strength of its factor
structure.

The final, optimized 18-item RUTIIQ demonstrates a
well-fitted bifactor structure that minimizes respondent
burden. A general factor evaluates “rUTI QoL impact,”
with five subfactors measuring “personal wellbeing,”
“social wellbeing,” “work and activity interference,”
“patient satisfaction,” and “sexual wellbeing.” Simple
scoring and administration instructions are provided
with the questionnaire, available from the corresponding
author. The RUTIIQ can be utilized within a number of
clinical and research contexts, including providing rapid
quantitative insights into key QoL domains impacted by
rUTI, assessing longitudinal change in patient QoL

outcomes in response to new and existing interventions,
exploring patient-specific responses to antibiotic treat-
ment approaches, and identifying underlying domains
that may benefit from targeted medical and/or psycho-
social management and intervention. It is recommended
that in both clinical and research settings, the RUTIIQ is
administered alongside a validated rUTI-specific patient-
reported outcome measure of rUTI symptom presenta-
tion to capture the full breadth of the rUTI patient
perspective, such as the 15-item Recurrent UTI Symptom
Scale (RUTISS).****

The bifactor model and item fit statistics were
excellent,*** highlighting the strength of the RUTIIQ
and its structural validity. The final 18 items each loaded
highly onto a specific subfactor in addition to the general
factor, demonstrating that they can also be assessed as
separate, individual domains.***> Internal consistency
and reliability of the general factor and subfactors were
high, meeting gold-standard recommendations."’

Further research would address certain limitations. It
is recognized that most participants were Caucasian and
reported a high level of education and household income,
thus further research is necessary to establish cross-
validation of the RUTIIQ and develop translations for
non-English speaking populations or lower socio-
economic status respondents. It is acknowledged that
some RUTIIQ respondents may opt not to complete the
sexual wellbeing items; this is in accordance with the
APA Ethics Code and UK Government Social Research
published recommendations on asking personal ques-
tions,***° and the remaining subscales maintain validity.
Although rUTI is significantly more prevalent in
females,® additional testing of the RUTIIQ would be

85U8917 SUOWWIOD 9AIE81D) 8|qeal|dde sy Ag peusenob ae Sejoilie O ‘8N JO SajnJ Joj AkelqiauluQ 481\ UO (SUONIPUO-PUe-SLB)/LI0D A8 1M Alelg Ul |uoy//Sdny) SUONIPUOD pue SWis | au 89S *[#202/20/20] o ARiqiaulluo As|iMm 891 Aq 9zSe Meu/zo0T OT/10p/wod Ao | IMArelq 1 puljuoy/:Sdny WoJj pepeojumod ‘v ‘v202 ‘22/902ST



15206777, 2024, 4, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/nau.25426 by Test, Wiley Online Library on [02/07/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

=
=)
> ‘pa102s
] 95I9A31 U93q Ay (uonoeisies Jusned) -1 SWa] (Joyine Surpuodsaliod 3y} WOIJ S[qe[IBAR AT SUONINIISUI SULI0ds pue OILLNY [N 9Y) <7 9[qeL, 99S) OILLNY Y3 JO UOISIOA [RUT ‘paUlal 9y} 1od St SIoquinu Waf,
m ‘(Suraqrom [enxas) § 1030BJ-qns ‘GS ‘(uonoejsnes juaned)  10J0J-qns ‘pS {(SIUSIYIANUI AJAIIOR PUL JIOM) ¢ I0JOBJ-qns ‘€S (Suraqom
W [e1008) 7 10308J-qns ‘S ‘(Suraqqrem Teuosiad) T 10J0eJ-qns ‘IS {(sonIsneIs 11 wal) arenbs ueawr ‘OSNA (Ajeunurwiod U ‘{(3oedwr 917 Jo ATenb [1,NT) 10308 [BISUIS ‘D 9OUBLIEA UOWIWOD PAUTe[dXd ‘ADH SUONBIARIQQY
m/o_ o UOTIOISTP 1SBI] ) UIIM [9POUT 31} 03 11 153 Sunedrpur ('T 03 I9SO[O SONSHIE)S YIIM ‘JUSWDINSBIW I10] 9[qe)daode se pajardisjul aIe 00'Z Pue 050 UdaMIaq
2 SonSHeIs 3y OSNIAL Waj] ,"9[eds Julod-1T 9Y3 JO 3SN JUI}SISUOD dJLI)SUOWAP 0} 010 pue ' UIIMISQ AN[BA UI ISLAIOSP K[GAISSIOONS P[noys asayy ‘s1ajowered jdeorajur = 00T | 02T 2 » :A[Iqeded uoneUIWLISIp
m Sy A194,, £69'T-5€°T = 0 :K1piqeded uoneurwosip YSIy, € 1-59°0 = » :A1[Iqeded UOIIRUIWLIISIP ,d)BISPOW,, "UOH)RUTWILIISIP 13)ea1d djedrput sadors 1oydiy ‘s1ojourered (WoneurwLdsip 10) adofs = » 910N
o
=5 600 €10 800 LOO ¥00 1I¥O ADd
T L90 8S0 860 €T'0- CI'T ¢€€C 8I'tc 06€ 6CV O08V¥ 89'C CC9 LEL eL'T LT €d
GS'0 060 180 6’0 S80 99C 90TV €0S SLS 169 S9L €S8 ¥E€'6  v86 LTV GS'C [4:1
¢S°'0 880 ¢80 9’0 e6v'1T CoE LLY S09 S€9 €TL I8 IL'8 L9'6 SO0T ITV 8¢'C T3
880 CTLO SL0 or'0 TICTT- 6T'0- 980 6ST <CICT ¥0€ LTC vey ev's  LT9 6€°C 9T'T va
6T'T L90 69°0 w0 T0T- S00 ¢80 L¥T LOCT ¥9C SI¢€ L9'€ 9€v VIS €0°C 0¢'T €a
€0'T 8.0 080 8¢'0 €LT- 6S0- 9.0 LTT 08T 9LCT ¢€T¢ L6'E 9¢€°C  6£9 L8'C LE'T a
cL’0 060 80 vwo vi'¢c- €0 v0C vee 0SSy 9r'S  IL9 9L’L 8T'6 €11 104 e I
€0'T L8O 8S°0 €L'0  LST- V¥S'T- CC0- CL0 9¢€°T 8IT ¢€6C cLe ¥ov  v6'S 08¢ 61°¢ 18]
IL°0 680 6S°0 vL'0  SOC- 00— 0S0 6CT 86T 9LC +VLE 9y G686 T6'9 S6°C L €D
cL’0 680 19°0 CL0  LSC- PST- TCO0- TLO0 9T 8I'CT €6C cLe ¥ov  v6's ST'e 69°¢ (40}
860 LLO S0 690 €€ 6LT- ¥I'T- 0S0- II'0 S80 LTI VLT CTECT Eve 06'T S¥'c jte)
090 260 LSO LLO VSP- The- 00C- S90- 9¢€0 €TT GOl 9¢'C s8¢  0L'S e Sy vd
€L°0  L90 GS'0 19°'0 LE€¢~ 60¢€- 9¢C— T16'1- €¥'I- 680- 6€0- T00 0SS0 vl 19'T 6L'T €d
SL'0 080 9°0 790 €9°¢— SLCT- vLT- TOT- 8¢0- vT0 LSO 0T 88T ¢St e eC (43t
690 L80 6€0 G680 €0¢— v6'I- €€0- 890 LST 0SCT ¢€67T ¢se 8y 08°S LT 10'v 19
SL'0 S80 00 8L0 LTT- ¥O'T- 0CT0 OST L¥CT O0CTE 8¢ vy 9SS 069 ST'Cc LE€ £V
9¢'0 +6°0 96'0 080 SO'c— L80- L9T 69¢ L8V V€9 9S'L 0L'8 GS0T O0¢T 8¢ 1SS (44
8L°0 €L°0 LEO0 LLO €TT- TE€0- 80T <CI'C 97¢ L6E T9Y 9%t ¥9°S  6£L (44 S N4 v
3JINo M SS S €S zS IS ) i) 6 £5) £ 92 E5) LA) ) 2 D PP P P P 5P #WA
m OSNIN W] Surpeoy 10398] pazipiepuels 3dads1ajug adors
=
A (OILLNY) 2areuuonsand) 3oedw] uonodJu] Joe1], ATRULIM) JUSIINONY WII-8T ) JO SINJONIIS I0J0BJ PUE ‘SONISIIEIS I ‘S9jewln)se 1ojourered wall [opowt asuodsar popeid 1030ejlg  + A 1dV.L
%
—
2
s3]
Z




NEWLANDS ET AL.

&I_Wl LEY_U i urology

beneficial to better understand its psychometric propert-
ies in males. Early indications suggest that the RUTIIQ is
accessible and appropriate for use by males living with
rUTI, however it should be noted the small proportions
of males recruited for this study mean that broader
extrapolation of the RUTIIQ to male-specific rUTI
presentation is currently limited, reflective of a paucity
of male-specific literature in UTIL. While the sample size
was adequate, a larger sample may have further
improved the model parameter estimates, thus future
research could seek to validate the model within a larger
patient sample and in a clinical context.’* The next stage
in PROM development, assessing the responsiveness and
clinical interpretability of the RUTIIQ, is ongoing.'®

5 | CONCLUSION

The RUTIIQ is a psychometrically valid 18-item ques-
tionnaire assessing patient-reported personal wellbeing,
social wellbeing, work and activity interference, patient
satisfaction, and sexual wellbeing. Its simple scoring
facilitates standardized patient monitoring and quantifi-
cation of QoL impact. This brief patient-reported
outcome measure offers a unique opportunity to
critically assess and prioritize the rUTI patient perspec-
tive, supplementing clinical management by improving
shared decision-making and highlighting psychosocial
challenges requiring intervention.
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