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ABSTRACT

Background.

Increasingly, patient-reported outcome measures (PROMs) are used to monitor chronic
kidney disease (CKD) symptoms in routine clinical practice. However, such symptom
measurement currently requires completion of multiple, often lengthy, PROMs, which may
lead to questionnaire fatigue, lower levels of completion and missing data. Moreover, many
CKD-specific PROMs lack evidence of important measurement properties and few were
developed using contemporary psychometric methods. The study objective was to develop

and validate a short-form kidney symptom burden questionnaire (KSB-Q).

Methods.

A cross-sectional item pool survey was distributed to adults (>18years) with CKD stages 3-5
(including individuals not receiving kidney replacement therapy(KRT), those receiving
dialysis and those with a functioning kidney transplantyin England (Birmingham, London,
Sheffield and Nottingham), March to September2022. Rasch measurement was used to
assess the psychometric properties of the item peol. Cognitive debriefing interviews were

conducted to evaluate content validity:

Results.

In total, 419/1,464 participants responded (29% response rate), with 28% receiving dialysis
and 30% in receipt.of a kidney transplant. Rasch analysis indicated that 9 items, 1 for each of
9 symptem=domains (fatigue, pain, memory/concentration, poor sleep, skin problems,
gastrointestinal problems, dizziness, restless legs and shortness of breath), formed a PROM

with strong psychometric properties (including statistically acceptable reliability, test-retest
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reliability and validity). Cognitive debriefing and survey responses confirmed content

validity encompassing relevance, comprehensiveness and clarity.

Conclusions.
The KSB-Q is a 9-item PROM measuring somatic symptoms. The KSB-Q demonstrates
strong psychometric properties in patients with CKD stages 3-5, including those not receiving

KRT, individuals receiving dialysis and those with a functioning kidney transplant.

Keywords: chronic kidney disease, measurement properties, patient-reported outcomes,

Rasch analysis
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KEY LEARNING POINTS

What was known: Measurement of Chronic Kidney Disease (CKD) symptoms currently
requires completion of multiple, often lengthy, patient-reported outcome (PRO)
questionnaires. The study objective was to develop and validate a single short kidney
symptom burden PRO questionnaire: the Kidney Symptom Burden Questionnaire (KSB-Q).
This study adds: We surveyed 419 people in the UK with kidney disease. Data analysis
helped us to develop a validated 9-item KSB-Q covering: fatigue, pain,
memory/concentration, poor sleep, skin problems, gastrointestinal problems, dizziness,
restless legs and shortness of breath.

Potential impact: The KSB-Q is a short/easy to complete questionnaire, that can bewused to
capture information about patient-important symptoms in individuals with®CKD)who are not
receiving kidney replacement therapy, those who are receiving dialysis andthose who have a

functioning kidney transplant.
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INTRODUCTION

Chronic kidney disease (CKD) is a global health concern (1) with a high prevalence (2) and
substantial healthcare and societal costs (3-5). Patients with CKD commonly experience
considerable somatic symptom burden (6) and associated poorer long-term health-related
quality of life (HRQL) (7) and mortality (8, 9). The exact combination of symptoms differs
across recognised clinical groups, including patients not on kidney replacement therapy
(KRT), those receiving dialysis, or kidney transplant recipients (6). Thus, granular
measurement of individual symptoms is an important tool to support value-based person-
centred care (10), helping to target the symptoms that matter most to individuals and

optimising patient benefit (11).

Increasingly, routine clinical measurement of symptoms in CKD populations is undertaken
using patient-reported outcome measures (PROMs). These questionnaires, traditionally used
in research, gather valuable data directly from the patient,about their lived experience of a
health condition (12). This data can be collecteddn elinieal practice to augment clinical data,
build a longitudinal picture of disease burden and improve care (11). Routine clinical PROM-
based symptom monitoring has demonstrated efficacy in patients with cancer (13-15) and
feasibility has been established in patients with advanced CKD (16). Currently, studies are

ongoing to explore effectiveness in patients receiving dialysis (17, 18).

However, there remains heterogeneity in the PROMs used to measure symptoms in CKD. A
recent systematic review and meta-analysis identified that 54 different PROMs were used to
collect data on symptoms across the included studies, with no single tool measuring >45% of
symptoms reported in the population (6). In addition, few CKD-specific PROMs appear to

have demonstrated adequate item targeting alignment in a broad sample population including
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those not receiving KRT, individuals receiving dialysis and those with a functioning kidney
transplant. Thus, measurement of the symptoms that matter most to patients with CKD
currently requires the use of multiple, often lengthy, PROMs. This may lead to questionnaire
burden/fatigue amongst patients and staff, a widely recognised threat to PRO data collection
that may lead to missing data (19) (20). Moreover, many commonly used PROMs that
measure CKD symptoms lack evidence of important measurement properties, and few were
developed using current guidelines or contemporary psychometric methods such as item

response theory (21, 22).

In this report, we present the results of a study undertaken to develop a psychometrically
robust short-form PRO tool measuring somatic symptoms in patients with‘€KD:) the Kidney

Symptom Burden Questionnaire (KSB-Q).
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MATERIALS AND METHODS

Setting and study design

This 2-phase PROM development study (Figure 1) was undertaken between October 2019
and September 2022 (UK National Health Research Authority ethical approval,
20/WM/0182). Recruitment was conducted at 4 research sites (all UK NHS trust secondary
care providers): Birmingham, Nottingham, London and Sheffield. In this manuscript, we
focus on the analysis and development of the phase 1 project output: the KSB-Q. The phase 2
project output, a multi-symptom renal computer adaptive test (CAT) (23), is in development

and will be reported in a future manuscript.

Study population

The field test population comprised adults (>18years) with stage 3-5'CKD"from one of 3
clinical groups: (i) not receiving KRT, (ii) receiving dialysis, and (iii) with a functioning
kidney transplant. Individuals were excluded if they were unable to speak, read or write
English, or if they had experienced an episode of Acute Kidney Injury (AKI) in the previous
3 months. The minimum sample size was 250 respondents, which provides 99% confidence
that Rasch item calibrations/person measures are stable within +0.50 logits (24). Recruitment
to the cognitive debriefing interviews; using the same eligibility criteria, was conducted with

patients at University Hospitals Birmingham NHS Foundation Trust.

Conceptual framework development and item generation

The conceptual framework for the candidate item pool was developed following a global
systematic review and meta-analysis of symptom burden and HRQL in CKD (6). The review
analysed 449 symptom prevalence/severity studies, including 199,147 participants from 62

countries. Somatic symptoms identified in the review were mapped to the World Health
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Organisation (WHO) International Classification of Functioning, Disability and Health (ICF)
(25) and cross-mapped against published qualitative literature and established CKD core
outcome sets including SONG (Standardized Outcomes in Nephrology) (26-28) and ICHOM

(International Consortium for Health Outcomes Measurement) (29).

The results of the mapping exercise were reviewed by the study management group, which
included patients (n=2), clinicians (n=4) and psychometricians/outcome methodologists
(n=4). The group selected somatic symptoms for inclusion in the candidate item pool that: (i)
showed evidence of prevalence/severity in our global systematic review (6), (ii) were
supported by qualitative evidence, and (iii) were included in established CKD core outeome
sets. Symptom domains meeting these 3 requirements were included in thé\candidate item
pool, and those not meeting 1 or more elements were excluded. Full details'of the symptom
domains that were reviewed, along with the summary data used in the decision-making
process is included in the Supplementary Appendix. The final selected item pool domains are

reported in Table 1.

To develop the additional domain items; we reviewed and adapted relevant items extracted
from the questionnaires identifiedin our global systematic review and meta-analysis (6). This
process involved a thorough’examination of existing PROMs to ensure that the items selected
were both comprehensiveland relevant to the CKD population. By integrating these adapted
items, we aimed to enhance the robustness and applicability of the KSB-Q, ensuring it

efficiently captures a range of symptom experiences reported by patients.
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Study procedures

During field testing, each research site screened clinic lists for potentially eligible patients,
before distributing a paper version of the item pool survey (Supplementary Appendix). Each
survey included a unique ID number. Respondents either returned the paper survey to the
research team using a pre-paid envelope, or submitted the survey online using an optional

QR-code/web address. An internal pilot was conducted in March 2022.

Response options for each of the candidate items were: ‘not at all’ (least burden), ‘rarely
‘sometimes’, ‘often’, ‘all of the time’ (most burden). We chose a 7-day recall period;
reasoning that this would: (i) reduce the likelihood of recall bias, (ii) improve the consistency
of patient responses (30), and (iii) capture recent changes in the patiént's condition or
treatment effects, making the data potentially more relevant fort clinical decision-making and
monitoring. Each symptom domain in the survey included an initial ‘root’ item, for example,
“How often has fatigue had an impact on your daily life in the last 7 days?” (see example in
Figure 2). Those respondents selecting the ‘not at all”’response option to this ‘root’ item were
directed to move onto the next domain/Otherwise, respondents were asked to answer all the
other items within the current section>The 9 ‘root’ items were used to develop the KSB-Q
reported in this manuscript.’Additional items in each domain will be used in the development

of the KSB-CAT (phase 2,0f the project, to be reported in a future manuscript).

The survey also included demographic questions, additional items regarding the content
validity ‘of the item pool and, in order to explore concurrent validity, a copy of the Integrated

Palliative Outcome Score (IPOS) renal survey (31). The [POS-renal is a commonly used
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PROM that measures symptoms and other concerns (e.g., information needs, practical issues,

family anxiety etc.) (31).

The ID numbers of returned surveys were provided to each research site in order to link
participants’ estimated glomerular filtration rate (¢GFR) data (closest to survey receipt). To
establish test-retest reliability, those respondents consenting to receive a ‘time 2’ survey were
posted a second version at least 2 weeks following the first. This version included a global
item to establish the participants’ current CKD status and capture any perceived changes:
‘Thinking about your kidney disease, how do you feel now?’, ‘A lot worse’, ‘A littleworse?;
‘About the same’, A little better’, ‘A lot better’. Test-retest reliability was calculated«for'those
patients who selected the option ‘About the same’, using an intraclass correlation (ICC) two-
way mixed-effect analysis of variance model, with interaction for the absolute agreement
between single scores (32). A test-retest correlation value >0.70 is tecommended as a

minimum standard for reliability (33).

Rasch analysis

Rasch analysis was conducted on the shortsform KSB-Q, constructed from the 9 ‘root’
domain-level items only (Table 2);Rasch"Measurement Theory (34) provides a unified,
unidimensional confirmatory framework to assess multi-item latent scales for several aspects
of internal construct validity, ensuring that it is valid to add the items together to form an
overall total score and highlighting any measurement anomalies within a multi-item scale
(35, 36). Rasch analysis was completed using RUMM2030 software to test whether each

item-uniquely contributed to the underlying construct of kidney symptom burden (37).

The following elements were assessed:
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Local Dependence: which refers to the situation where responses to certain items are
more closely related to each other than is explained by the underlying trait being
measured. Items were tested for local dependency, where the residual correlation Q3
criterion cut point to indicate dependency was taken as 0.2 above the average residual
correlation (38).

Individual Item Fit: each item was assessed for its fit to the Rasch model using chi-
square statistics and standardized fit residuals (non-significant at Bonferroni-adjusted
chi-square p-value, standardised (z-score) fit-residuals within £2.5) (36). Items thatdo
not fit well may indicate that they are not measuring the same underlying constructas
other items.

Response Category Functioning: was assessed to ensure that itemiresponse
categories were operating as intended, where thresholds (the crossover points between
adjacent response categories) should progressively increaseiacross the underlying
trait, in order to represent distinctly separate response categories.

Differential Item Functioning (DIF): was.used to check for item bias across
different subgroups (age group (18-30531-40;41-50; 51-60; 61-70; 71+), sex (male;
female; unspecified) and ethnicity (White; Asian; Black; Other)). Items should
perform consistently across,these ‘groups (DIF non-significant at Bonferroni-adjusted
ANOVA p-value) to’ensure the scale's fairness and stability.

Visual Scale Targeting: was used to compare the relative distribution of item
locations with,the distribution of person locations to ensure that the scale was well-
targeted to the sample. Good targeting means that the items are well-aligned with the
respondents in terms of the symptom burden expressed. We also reviewed floor and

ceiling effects to ensure alignment coverage.
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= Person Estimates: The symptom burden levels of individuals (theta) were estimated
using the Rasch model. These estimates, expressed in logits, represent the latent trait
being measured. Higher theta values indicate higher levels of symptom burden. These
estimates were used to assess the distribution of person abilities and to ensure that the
scale was well-targeted to the sample.

= Reliability Indices: Reliability was assessed using the Person Separation Index (PSI)
and Cronbach’s alpha (36). These indices indicate the internal consistency of the scale
and its capacity to reliably order the people that it is measuring.

* Unidimensionality: The assumption of unidimensionality (39) was assessed using a
series of t-tests (confirmed where the person estimates did not differ in morethan 5%
of cases, with a lower bound 95% confidence interval applied). Unidimensionality
confirms that the items measure a single underlying construct, which'is essential for
the validity of the total score. When the assumptions of the Rasch model are satisfied,
the sufficiency of the raw score allows for a linear, interval-level transformation of

scores (36).

For all individuals, KSB-Q scale scorescotresponded with an interval-level logit value which
was extracted from the Rasch analysis software. In order to aid interpretability, the linear
logit values were subsequently converted into 0-100 scale values, where a higher score
represents higher symptom burden. These 0-100 transformed metric scores were also used to

calculate the standard,error of measurement (SEM) and minimal detectable change (MDC) of

the KSB-Q. The SEM is calculated with the formula: SEM = SD X vV1 — R , where SD is the
standarddeviation of the person estimates, and R is the reliability index of the scale (PSI and

Alpha-estimates are both reported). The MDCs were calculated with the formula: MDC =

SEM x 1.96 x \/2 .(40) The MDC is a distribution-based responsiveness indicator based on
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data from a single timepoint. The MDC value indicates a score change that can be interpreted

as a real change (for a person) in the construct that is being measured.

The 0-100 transformed metric scores were also used to establish concurrent validity
correlations with both the IPOS-Renal and eGFR values, where a strong correlation was
hypothesized between the KSB-Q and the [POS-Renal symptom and total scores, a moderate
correlation hypothesized between with the [IPOS-Renal non-symptom score and a weak-
moderate correlation hypothesized between the KSB-Q and eGFR. Correlation values were

classified as 0.1-0.39 = weak; 0.4-0.69 = moderate; 0.7+ = strong (41).

Cognitive interviews

Cognitive interviews were conducted by an experienced interviewer with €xpertise in
measure development and Rasch methodology (AS). Participants who consented to take part
in the cognitive interviews were asked to review a copy of the KSB-Q, to evaluate face
validity of the items. During the interview, participants completed the KSB-Q using a think
aloud procedure (42). The interviews explored,understanding and comprehensiveness (the
extent to which a PROM captures all relevantiaspects of the patient's experience with a health
condition), as well as clarity of thé,design“and structure of the questionnaire, including
response options, recall periods and format (43). Interviews were recorded and analysed

using a thematic approach.

Patient and-public involvement (PPI)
Throughout the design and development of the project we considered it important to include

patient partners. Two PPI members with lived experience of CKD (AB and RV) joined the
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study management group as formal members and were involved in the study design
(recruitment strategy and patient-facing materials), as well as development of the conceptual

framework and KSB-Q domains/items.
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RESULTS

Participant characteristics

A total of 1,464 surveys were posted out to patients and 419 responses were received (29%
response rate). Participant characteristics are summarised in Table 3. The sample included
252 (60.1%) male respondents. The mean eGFR of the sample (those not on dialysis) was
26.10 ml/min 1.73m* (SD 20.66, range 3-90). The majority of the sample were aged over 50
(72.2%), 119 respondents reported receiving dialysis (28.4%) and 127 (30.3%) reported a

functioning kidney transplant.

Item pool refinement

Review of the internal pilot data (n=23) indicated that a number of respondents had queried
the absence of items related to shortness of breath. This item was initially excluded during
the item generation phase by the study management group as it failed to meet criteria 3, i.e., it
had not been included in established CKD core outcome sets. After consultation with the
clinical and patient representatives on the study management group, a shortness of breath
domain containing 11 items was added to the‘survey<No other changes were made to the

survey prior to formal field testing.

Content validity

The majority of survey respondents indicated that the items across the pool were relevant
(81.6%, 279/342), comprehensible (97.4%, 335/344) and comprehensive (74.7%, 248/332).
Participants involved in cognitive interviews (n=5) did not raise any substantial issues with
facevalidity; response or recall options, the design and clarity of the KSB-Q or
comprehension of the items. None of the participants identified any missing symptoms,

although one participant suggested patients who had been recently diagnosed might find the
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range of issues covered daunting to read. The cognitive interviews suggested no

modifications to the KSB-Q were required.

Rasch analysis

Rasch analysis included both pilot and formal field test data. Although data was received
from 419 respondents, 3 records did not contain any information for the item pool, therefore
the final sample for analysis was n=416. The KSB-Q subjected to Rasch analysis was formed
from the 9 ‘root’ items covering the following domains: fatigue, pain, memory/concentration,
poor sleep, skin problems, gastrointestinal problems, dizziness, restless legs, and shortness of
breath. These items displayed good fit to the model across almost all assessment criteria’(see
Table 4 for details). The overall scale fit was good (chi-square p=0.12), with good reliability
(PSI1=0.80, Cronbach’s alpha=0.87), and was unidimensional (2.3% significant p=0.05 t-
tests). The scale was well-targeted, although there was a smalliloor’and ceiling effect,
indicating that individuals that lie toward the very extreme ends'of the measurement range
were not quite as well covered (Figure 3). There was no apparent item bias (DIF) for sex, age
group or ethnicity, indicating that the scale isg“stablejand unbiased across these groups.
Overall, the ‘easiest’ item to score higher on (lowest location) was the Fatigue item, meaning
that this was the most commonly-feported symptom with the greatest impact on daily life.
The Dizziness item had the highestlocation, meaning that, overall, this was the least

commonly reported symptomv/to impact on daily life.

See Table 5 for all item fit details. One item (skin problems) displayed a high fit residual
(2.98), indicating a slight underdiscrimination, but the chi-square fit for this item was good

(p=0.17). Additionally, there was one indication of an apparent pairwise local dependency
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between the ‘Fatigue’ and ‘Shortness of Breath’, although the magnitude of this was not large

(Q3 =0.07 above the criterion cut point).

Despite the overall good fit, the response category structure displayed disordered thresholds,
indicating that this structure did not operate as intended. Across all items, the implied
probability distribution curves consistently showed the response category ‘Rarely’ to be
dysfunctional, with it never emerging as the most likely response, at any level of the
underlying trait. To address this, two generic exploratory post-hoc recodes were implemented
across the item pool, and the impact of this was assessed. In rescore 1, the adjacent response
categories ‘Rarely’ and ‘Sometimes’ were merged to form a 4-response structure. In rescore
2, the adjacent response categories ‘Not at all’ and ‘Rarely’ were merged to form a 4-
response structure. For both rescore options, the response category functioningimproved,
with 6 out of 9 operational items for rescore 1, and 7 out of 9 operationaliitems for rescore 2.
Results are summarised in Table 4, with fit indices remaining good across both options.
However, the differing rescore options present a trade-off, For example, rescore 2 appeared
to display better fit, but at the cost of slightly skewing,the targeting, meaning that a larger

floor effect was seen, along with a reduction in the reliability (PSI).

In order to examine the impact ofitheéwescoring on theta person estimates, the original theta
person estimates were correlated-against the rescored scale theta person estimates (44). This
indicated that there:was strong correlation between the originally scored theta estimates and
both the rescore, 1(0,99) and rescore 2 (0.98) estimates. Since this showed that the rescoring
had very little"effect on the ordering of the person estimates, and as a satisfactory fit was
found with the original model, it was decided to preserve the original scoring of the KSB-Q

in order to retain maximum information, and to allow flexibility in future development and
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validation. Furthermore, the test-retest ICC (based on the original scoring) was 0.82 (95% CI

=0.69-0.89), indicating a good test-retest reliability.

The KSB-Q correlated (Spearman’s) at 0.88 with the IPOS-Renal symptom scale; 0.86 with
the [IPOS-Renal total scale; and at 0.68 with the [POS-Renal non-symptom scale, which all
aligned with the hypothesized values. The 0-100 score MDC of the KSB-Q was 19.14 based

on PSI reliability, and 15.43 based on Alpha reliability.

The correlation (Pearson’s) between the KSB-Q and eGFR was -0.12, which was lower than
hypothesized. Previous studies have indicated that while eGFR is a critical clinical indicator,
it may not fully capture the multidimensional nature of symptom burden and HRQOL in
CKD patients.(45) We purport that this may explain the weak correlation seen between the
KSB-Q and eGFR, whilst acknowledging the strong correlation seen between the KSB-Q and

the symptom-focused IPOS-Renal PROM.

Readability

Readability was measured using the web-based application Hemmingway editor (46). The
American Medical Association and'the National Institutes of Health recommend that the
readability of patient materials should not exceed a sixth grade reading level (47). The KSB-

Q items recorded a fifth/grade reading level, equivalent to year 6 (age 10-11) in the UK.
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DISCUSSION

Principal findings

The KSB-Q represents a short, accessible, symptom PROM with evidence of strong
psychometric properties. Rasch analysis indicated that items representing 9 key symptom
areas (fatigue, pain, memory/concentration, poor sleep, skin problems, gastrointestinal
problems, dizziness, restless legs, and shortness of breath) formed a valid, well-targeted,
reliable, unidimensional measure of somatic kidney symptom burden. Both cognitive
debriefing and item pool survey responses provided evidence of content validity

encompassing relevance, comprehensiveness, and clarity.

There has been considerable heterogeneity in the PROMs used to measure‘'symptoms in CKD
and relatively few have demonstrated sufficient psychometric properties according to
established guidelines developed by the COSMIN (COnsensustbased Standards for the
selection of health Measurement INstruments) group (48). In a‘large-scale systematic review
conducted in 2017 by Aiyegbusi and colleagues (21),'the Kidney Disease Quality of Life
Short Form (KDQOL-SF) (80 items) (49) and. KDQOL-36 (36 items) (50) were the only
measures deemed to have sufficient psychometric evidence for use in patients either not on
KRT or on dialysis, and the End-Stage Renal Disease Symptom Checklist Transplantation
Module (ESRD-SCL-TM) (43 items) (51) the only measure with sufficient evidence for use
in renal transplant recipients. It was acknowledged, however, that these tools were still
missing evidence to support important measurement properties including content validity,
reliability, measurement error, structural validity, and responsiveness. Similarly, the [POS-
renal(28,items), a newer measure that was not included in the Aiyegbusi review but which is
now.commonly used in practice, is missing evidence underpinning its content validity,

measurement error, structural validity and responsiveness (31).
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The KSB-Q offers several advantages over existing tools with regards to somatic symptom
measurement. First, its short length and readability level may enhance patient acceptability
and long-term compliance. This is important, as the utility of routine symptom monitoring for
patients with CKD, who require life-long treatment, is predicated on sustained engagement
from end-users (52). Second, the KSB-Q achieves a positive rating across the majority of
COSMIN criteria, indicting strong measurement properties (Table 6). Third, the KSB-Q
items demonstrate good targeting alignment in a broad sample population including those not
receiving KRT, individuals receiving dialysis and those with a functioning kidney transplant:
Fourth, the KSB-Q has been assessed using Rasch methods, demonstrating a high level-0f
internal construct validity and providing evidence confirming that all itemS.are relevant and
contribute to a unidimensional total score (34, 35). This fit of the Rasch model allows for the
provision of an interval level symptom burden score, which can be'¢easily interpreted through
the 0-100 conversion (36). The KSB-Q overall score may be.used quantify symptom burden
at the individual or aggregate level, both in research and routine clinical practice. Moreover,
patient responses to individual questionnairestems may provide valuable information
regarding specific symptoms. In practie€, ongoing longitudinal provision of KSB-Q data by
patients may help map changes over time'and support health care teams/providers to deliver

patient-centred care.

Moving beyond the KSB-Q, the use of the Rasch model allows the further development of
the full KSB'item pool as a CAT, which would administer items based on patients’ previous
respenses, thus tailoring the measure to their individual respondents, enhancing the accuracy
of ability estimates and optimising the information collected, whilst minimising questionnaire

burden (53). The use of CAT systems in this way is key in ensuring patients are only asked to
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address items/domains that are relevant to them; highlighted as an important component in
routine PROM monitoring (52). This should also address concerns that newly diagnosed
patients, who are just coming to terms with their disease, might be daunted by the range of
symptoms presented in a larger questionnaire; an issue that was highlighted in our cognitive
interviews. Our work on the development of a multi-symptom CAT, based on the complete

KSB item pool, is ongoing and will be reported in a future manuscript.

Strengths and weaknesses

The development of the KSB-Q has been supported by a rigorous process, including:«(1)
concept elicitation derived from a global systematic review incorporating data from ‘almost
200,000 patients across 62 countries (6), (ii) design input from expert patiénts clinicians and
psychometricians, and (iii) calibration involving over 400 people with.CKD: It has also been
validated using Rasch methodology, which provides robust psychometric standards for
fundamental measurement.(54) However, although it was shown to make very little
difference to the person estimates, the 5-response format of the KSB-Q did not function
exactly as anticipated, with disordered thresholds being observed across items. These
response categories are currently beingfetained in their original format, but further research
may be warranted to identify the optimal format. As the item ‘shortness of breath’ was added
following the pilot phase, the\voltime of data included in the analysis was lower compared to
the other KSB-Q items (n=153 respondents), this should be taken into account when
interpreting the results. /As our sample represented a predominantly older/white population,
there is a need for more diverse sampling in future associated studies to ensure that our
findingsiareygeneralisable across broader demographic groups. This study was not designed

as arlongitudinal study, so the responsiveness of the KSB-Q could not be established. The
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MDC has been reported, but further testing and triangulation with anchor-based, longitudinal

methodologies is necessary in order to formally establish the responsiveness of the scale.

Conclusions

The KSB-Q provides a short and accessible measure of symptom burden for adults with CKD
(stages 3-5), including those not receiving KRT, individuals on dialysis and those with a
functioning kidney transplant. The measure has strong psychometric properties and provides
an interval-level single summary symptom burden score spanning 9 somatic symptom
domains, including: fatigue, pain, memory/concentration, poor sleep, skin problems,
gastrointestinal problems, dizziness, restless legs, and shortness of breath. The English-

language version of the KSB-Q is available at <placeholder for availabilityndetails™>.
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Conceptual framework development and item generation

Candidate item pool
(8 domains, 83 Items (including 8 ‘root’ items))

Pilot Testing
(Adults with CKD (n=23)

Item pool refinement
(1 additional domain added, 10 items (including 1 ‘root’ item))

Field Testing
(Adults with CKD (n=419%))

Content validation
(Survey responses (n=419*) and
Cognitive Interviews (n=5))

Rasch Analysis
(n=416*)

9 ‘root’ items only : Full item pool

KSB-Q (version 1.0) :
[9 domains, 9 items] KSB-CAT (in development)

PHASE 1 OUTPUT PHASE 2 OUTPUT#
Fig 1. Development of the ren%‘?ﬂ burden questionnaire (KSB-Q). Adults with

CKD (stages 3-5) included

: (1) not receiving KRT, (ii) receiving dialysis, and (iii)

with a functioning ki transplant. *Includes internal pilot data. “KSB-CAT development

to be reported in afuture manuscript.
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Candidate Item Pool Symptom Domain

Definition”

Fatigue

A feeling of tiredness, or lack of energy,
often linked with low motivation.

Pain Painful muscle cramps, bone or joint pain,
or general pain.

Memory/Concentration Problems with memory or concentration.

Poor Sleep Difficulty falling asleep and/or difficulties
staying asleep.

Skin problems Dryness and itchiness of the skin, or

changes in skin appearance.

Gastrointestinal problems

Problems with the stomach and digestion,
e.g., nausea, vomiting, or constipation.

Dizziness

Feeling faint, woozy, weak, or unsteady.

Restless legs

An overwhelming and uncomfottable urge
to move one’s legs. Or an unpleasant
crawling or creeping sensation in'the feet,
calves, and thighs.

Shortness of breath*

A sensation of being unable to
breathe normally,or feeling of
breathlessness.

Table 1. Candidate item pool symptom domains and definitions. *Shortness of breath
domain added following pilot phase. "Definitions presented to participants during the item

pool survey.
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Domain Root Item Response
Options

Fatigue How often has fatigue had an impact on your daily life in the last 7 days?

Pain How often has pain had an impact on your daily life in the last 7 days?

Memory/Concentration | How often have problems with memory or concentration had an impact on your daily life in the ‘not at all’
last 7 days? (least burden),

Poor Sleep How often has poor sleep had an impact on your daily life in the last 7 days? ‘rarely,

Skin problems How often have skin problems had an impact on your daily life in the last 7 days? ‘sometimes’,

Gastrointestinal How often have gastrointestinal problems had an impact on your daily life in'th¢ last 7 days? ‘often’, ‘all of

problems the time’ (most

Dizziness How often has dizziness had an impact on your daily life in the last 7-days? burden)

Restless legs

How often have restless legs had an impact on your daily life in the¢ last)7 days?

Shortness of breath

How often has shortness of breath had an impact on your daily-ife:in the last 7 days?

Table 2. Item pool ‘Root’ items subjected to Rasch analysis.
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Characteristics

Respondents (n=419)

Age:

18-30 11 2.6%
31-40 28 6.7%
41-50 56 13.4%
51-60 84 20.0%
61-70 91 21.7%
71+ 128 30.5%
Rather not say 7 1.7%
Missing 14 3.3%
Sex:

Female 153 36.5%
Male 252 60.1%
Rather not say 2 0.5%
Missing 12 2.9%
Ethnicity:

White 295 70.4%
Asian or Asian British 42 10.0%
EL?;I;;]African, Caribbean, or Black 55 13.1%
Mixed or multiple ethnic groups 11 2.6%
Missing 16 3.8%
eGFR ml/min 1.73m**:

Mean 26410, range 3-90 SD 20.66
Receiving dialysis:

Yes 119 28.4%
No 284 67.8%
Missing 16 3.8%
Dialysis type (n=119):

In-centre 50 42.0%
Home 19 16.0%
Peritoneal 13 10.9%
Missing 37 31.1%
Time.on dialysis (n=119):

<llyear 26 21.8%
1-2,years 33 27.7%
3+ years 57 47.9%
Missing 3 2.5%
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In receipt of a kidney transplant:

Yes 127 30.3%
No 266 63.5%
Missing 26 6.2%

Transplant type (n=127):

Deceased donor 53 41.7%
Living donor (relative, friend) 27 21.3%
Living donor (anonymous) 6 4.7%
Missing 41 32.3%

Time since transplant (n=127):

<1 vyear 18 14.2%
1-2 years 10 7.9%
3+ years 58 45.7%
Missing 41 32.3%

Table 3. Participant characteristics. eGFR: estimated glomerular filtration rate.#not
collected for patients on dialysis.
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Description

KSBQ - initial version

KSBQ - rescore 1
(response
categories ‘Rarely’
and ‘Sometimes’

KSBQ - rescore 2
(response categories
‘Not at all’ and ‘Rarely’

Target Values®

Rasch Metric merged) merged)

total n - (extremes) = valid n Total sample 416 - (23) =393 416 — (23) = 393 416 - (41) =375

Number of items No. of questions 9 9 9

Overall Scale Fit (Chi-square p) p=0.12 p=0.11 p=0.64 p>0.01

Indfv?dual Item Fit Res.iduals Fit to the Rasch model 1/9 out of range 1/9 out of range All items within,range within +/-2.5

Individual Item Fit (Chi-square p) All items fit All items fit All items-fit p>0.05 (Bonferroni adj)

Person Fit Residuals 3.1% outside range 3.1% outside range 1.3% outside range within +/-3.0
Determines if items

Unidimensionality measure a single
underlying construct 2.30% 2.56% 1.61% % of significant t-tests <5%
Determines the

Local Dependency independence of each 1/36 pairwise 1/36 pairwise 1/36 pairwise
item significant significant significant <0.2 above average Q3
Explores if the scale

. and sample

Targeting distributions are well-
aligned Good alignment Good alignment Slightly skewed aligned

% sample at floor (min score) Helps determine if the 54% 5.1% 9.4%

% sample at ceiling (max score) scale adequately 0.5% 0.5% 0.5%

% sample at floor and ceiling captures the full range

(combined) of patient outcomes 5.5% 5.5% 9.9% <15%

Person Separation Index (PSI) o 0.8 0.8 0.72 >0.85

; Reliability indices

Cronbach's Alpha 0.87 0.83 0.86 >0.85
Assessed to ensure that

Response category threshold item response

ordering categories were
operating as intended All disordered 3/9 disordered 2/9 disordered All ordered

DIF-by-Sex Used to checkforitem | No DIF No DIF No DIF p>0.05 (Bonferroni adj)

DIF-by-Age Group bias across different | No DIF No DIF No DIF p>0.05 (Bonferroni adj)
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DIF-by-Ethnicity

subgroups

No DIF

No DIF

No DIF

p>0.05 (Bonferroni adj)

SEM on 0-100 values (based on . 5.57 7.51 6.67

Determines the amount .
Alpha) of error in the Smaller is better
SEM on 0-100 values (based on 6.90 8.15 9.43

measurement .
PSI) Smaller is better
MDC on 0-100 values (based on The smallest change in
Alpha) a PROM score that 15.43 20.82 18.49 Smaller is better

flect I

MDC on 0-100 values (based on r? ectsarea
PSI) difference, beyond

measurement error 19.14 22.59 26.15 Smaller is better
Test-retest ICC (n=48) 0.82 (0.69-0.89) 0.82 (0.69-0.89) 0.81,(0.69-0.89) >0.7
Test-retest correlation (Pearson) Test-retest Reliability
(n=48) indices 0.83 0.83 0.82 >0.7
Test-retest correlation
(Spearman) (n=48) 0.88 0.85 0.88 >0.7

Table 4. Summary of psychometric properties for the KSBQ scale, comparing the,original scoring to two rescoring options.

DIF = Differential Item Functioning; ICC = Intra-Class Correlation; MDC =Minimal Detectable Change; PSI = Person Separation Index; SEM

= Standard Error of Measurement. “Target values taken from Terwee et‘al. (2007) (33).

G20z Idy 62 U0 Jasn 18)s80I0NN JO AUsIonun A 1L 161 L8/Z L LIBIS/MO/E60L 0L /Iop/a|oie-00ueApe/BO/Wod dno olwapede//:sdiy woly papeojumoq



FATIGUE

The questions on this page ask about fatigue. We define fatigue as a feeling of tiredness, or lack of energy,
often linked with low motivation.

Not at all Rarely S.omo- Often All‘of s
times time
How often has fatigue had an impact on
ROOt Item your daily life in the last 7 days? 2 . & ° °©

If you answered “‘not at all” to the question above, you can now move straight onto the next page.
Otherwise, please complete all of the questions below. If you feel a question is not relevant, please
select the ‘N/A’ option for ‘not applicable’.

In the last 7 days:

Not at Rarel Some- on All of
all Y times the time N/A
e i | found carrying out physical tasks

Add[tlono' DOmGIﬂ Items * difficult because of fatigue B 2 2 2 0 <
| had to depend on the help of others o o o o o o
because of fatigue
Fatigue interfered with my work life o o o o o o
Fatigue interfered with my social life o o o o o o
Fatigue interfered with my family life o o o o o o
Fatigue made it difficult to do the things o o o o o o
| would like to do
Fatigue weighed on my mind o o o o o o
| had less motivation to do the things | o o o o o o

ted to do b of fatig

| needed to sleep during the day o o o o o o
because of fatigue
| had difficulty concentrating because of o fo) o o o o

fatigue

Figure 2. Example item pool survey page.
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Person-ltem Threshold Distribution
PERSONS INFORMATION (Grouping Set to Interval Length of 0.20 making 40 Groups)
50 — 12.49-----=--=-cccccccccnccccccccacccccnneaas B R e e e e E e PP PP P e e P L LT - 12.0%
N No. Mean SD
] [41€] -0.479 0.9€0
B T A . 24 N T 9.6%
F ]
r ]
e ] o
e ¥ 7.2%
u ]
e .
n 20 — 4.8%
c ]
¥ ]
10 — 2.4%
0 - 0.0%
-4 Location (logits)
MEMS 0 0.0%
F
. 5 13.9%
e
q e R L 27.8%

Figure 3. Targeting plot showing the relative location distribution .of persons (above the x-axis) and items (below the x-axis) on the logit
scale. The blue bars below the x-axis represent the distribution of‘measurement points provided by the scale items. The pink bars above the x-
axis represent the distribution of where the patients (persons) are focated on the same scale. It can be seen that the vast majority of the persons

fall under the green curve, which represents the useful measurement information that is provided by the scale items.
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Local Dependency Q3 Residual Correlations

2

ltem Item Location | SE Fit Residual X DF P-value | Item1 | Item2 | Item3 | Item4 | Item5 ltem6 | Iltem7 | ltem8
1 Fatigue -0.715 0.05 -1.471 10.97 6 0.089

2 Pain -0.234 | 0.049 -0.697 8.69 6 0.192 | -0.029

3 Memory and concentration 0.197 | 0.051 -0.57 7.43 6 0.283 | -0.078 | -0.107

4 Sleep -0.339 | 0.048 1.698 2.29 6 0.891 -0.120 -0.186 -0.098

5 Skin problems 0.115 | 0.047 2.976%* 9.16 6 0.165 -0.248 -0.143 -0.225 -0.120

6 Gastrointestinal problems 0.197 | 0.049 -0.167 5.73 6 0.454 | -0.107 | -0.152 | -0.103«f -0.186 | -0.099

7 Dizziness 0.477 | 0.053 -0.062 10.45 6 0.107 -0.137 -0.124 -0.098 -0.174 -0.111 -0.062

8 Restless legs 0.21 | 0.047 1.625 5.82 6 0.444 -0.157 -0.092 <0.072 -0.131 -0.207 -0.191 -0.156

9 Shortness of breath 0.093 | 0.079 -0.523 5.60 6 0.470 | 0.140%t -0.091 -0.156 -0.228 -0.140 -0.080 -0.011 -0.289

Table 5. Individual item fit and local dependency Q3 residual correlations of KSB-Q items<(prior to rescoring). DF = Degrees of freedom;

Location = Item location estimate (in logits); SE = Standard error; Average Q3 residual correlation =-0.127; LD Criterion (Average Q3 +0.2) =
0.073; *=misfit; +=LD indicated at criterion level.
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COSMIN Criterion Rating | Reason

Content Validity + The KSB-Q was developed through a rigorous process, including a global systematic review, input from
patients, clinicians, and psychometricians, and cognitive debriefing interviews. The items were found to be
relevant, comprehensible, and comprehensive by the majority of survey respondents

Structural Validity + Rasch analysis confirmed the unidimensionality of the KSB-Q, with good overall scale fit (chi-square
p=0.12) and no significant local dependency issues. The scale was well-targeted, and the items displayed
good fit to the model.

Internal Consistency | + The KSB-Q demonstrated high internal consistency with a Cronbach’s alpha of 0.87.

Cross-Cultural + The KSB-Q showed no differential item functioning (DIF) for sex, age group, or ethnicity. This suggests that

Validity/Measurement the items perform consistently across different subgroups.

Invariance

Reliability 4 The test-retest reliability of the KSB-Q was good, with an‘ICC)of 0.82 (95% CI 0.69-0.89). This indicates
that the measure is stable over time.

Measurement Error + The standard error of measurement (SEM) and minimal detectable change (MDC) values were reported, with
SEM based on Cronbach’s alpha being 5.57 and MDC being 15.43. These values are acceptable and indicate
low measurement error.

Criterion Validity ? The study did not seek to provide informatien onthe correlation of the KSB-Q with a gold standard measure.
Therefore, criterion validity cannot be fully assessed.

Hypotheses Testing + The KSB-Q showed strong correlations with the IPOS-Renal symptom scale (0.88) and total scale (0.86),

for Construct Validity and moderate correlation with the IPOS-Renal non-symptom scale (0.68). These correlations align with the
hypothesized values, supporting construct validity.

5

Responsiveness

The study was not designed-as a longitudinal study, so responsiveness could not be established. Further
testing is needed tocdetermine the responsiveness of the KSB-Q.

Table 6. COSMIN Rating of measurement properties.~+': Indicates that the measurement property meets the criteria for good quality; '?":
Indicates that there is not enough information reported to determine if the measurement property meets the criteria; '-": Indicates that the
measurement property does not meet the criteria'for,good quality.
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Click here for Prescribing Information

Vafseo -
This is a promotional advertisement intended for d d
UK HCPs only, produced and funded by MEDICE UK Va a UStat

VafseoP® is indicated for the treatment of symptomatic anaemia associated
with chronic kidney disease (CKD) in adults on chronic maintenance dialysis’

Vafseo® is now recommended by NICE, within its marketing authorisation, as
an option for treating symptomatic anaemia caused by CKD in adults having
maintenance dialysis? >

Contact MEDICE UK now to be put in touch with your
regional Vafseo® Key Account Manager

Contact Us

V¥ This medicinal product is subject to additional monitoring. This will allow quick identification of new safety
information. Adverse events should be reported. Reporting forms and information can be found at
https://yellowcard.mhra.gov.uk/ or search for MHRA Yellow Card in Google Play or Apple App Store.
Adverse events should also be reported to Medice UK Ltd, 0204 582 2845, medicalinformation@medice.co.uk

MEDICE UK makes no warranties or representations of any kind as to the accuracy, completeness,
reliability or usefulness of any information contained in third party sites and shall have no liability for

any loss or damage of any kind that may arise from your use of such content or information. . M E D I C E

Inclusion of any third-party link does not imply an endorsement or recommendation by MEDICE UK. THE HEALTH FAMILY

Abbreviations: CKD, chronic kidney disease; HCP, healthcare professional; NICE, National Institute of Health

and Care Excellence. References: 1. Vafseo 300 mg film-coated tablets Summary of Product Characteristics

(SmPC). Available at: https://www.medicines.org.uk/emc/product/15656/smpc (Accessed March 2025).

2. NICE Guidance TA1035. Vadadustat for treating symptomatic anaemia in adults having dialysis for chronic UK-VAF-2024-1963-v2
kidney disease. Available at: https://www.nice.org.uk/guidance/ta1035 (Accessed March 2025). March 2025
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