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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 (>18 years) with CKD stages 3-5 [including
individuals not receiving kidney replacement therapy (KRT), those receiving dialysis and those with a functioning kidney
transplant] in England (Birmingham, London, Sheffield, and Nottingham) from March to September 2022. Rasch
measurement was used to assess the psychometric properties of the item pool. Cognitive debriefing interviews were
conducted to evaluate content validity.
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Results. In total, 419/1464 participants responded (29% response rate), with 28% receiving dialysis and 30% in receipt of a
kidney transplant. Rasch analysis indicated that nine items, one for each of nine symptom 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
reliability, and validity). Cognitive debriefing and survey responses confirmed content validity encompassing relevance,

comprehensiveness, and clarity.

Conclusions. The KSB-Q is a nine-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

KEY LEARNING POINTS

What was known:

reported outcome (PRO) questionnaires.

Symptom Burden Questionnaire (KSB-Q).
This study adds:
e We surveyed 419 people in the UK with kidney disease.

Potential impact:

those who have a functioning kidney transplant.

e Measurement of chronic kidney disease (CKD) symptoms currently requires completion of multiple, often lengthy, patient-

e The study objective was to develop and validate a single short kidney symptom burden PRO questionnaire: the Kidney

e Data analysis helped us to develop a validated nine-item KSB-Q covering: fatigue, pain, memory/concentration, poor sleep,
skin problems, gastrointestinal problems, dizziness, restless legs, and shortness of breath.

e The KSB-Q is a short/easy to complete questionnaire that can be used to capture information about patient-important
symptoms in individuals with CKD who are not receiving kidney replacement therapy, those who are receiving dialysis, and

INTRODUCTION

Chronic kidney disease (CKD) is a global health concern [1] with
a high prevalence [2] and substantial healthcare and societal
costs [3, 4, 5]. Patients with CKD commonly experience consid-
erable somatic symptom burden [6] and associated poorer long-
term health-related quality of life [7] and mortality [8,9]. The ex-
act combination of symptoms differs across recognized 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 optimizing 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 collected in clinical practice to augment clinical data, build
a longitudinal picture of disease burden and improve care [11].
Routine clinical PROM-based symptom monitoring has demon-
strated efficacy in patients with cancer [13, 14, 15] and feasibility
has been established in patients with advanced CKD [16]. Cur-
rently, 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 popu-
lation [6]. In addition, few CKD-specific PROMs appear to have
demonstrated adequate item targeting alignment in a broad
sample population including those not receiving KRT, individu-
als receiving dialysis and those with a functioning kidney trans-
plant. 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 recognized 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 psychome-
tric 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 measur-
ing somatic symptoms in patients with CKD: the Kidney Symp-
tom Burden Questionnaire (KSB-Q).

MATERIALS AND METHODS
Setting and study design

This two-phase PROM development study (Fig. 1) was under-
taken between October 2019 and September 2022 (UK National
Health Research Authority ethical approval, 20/WM/0182). Re-
cruitment was conducted at four research sites (all UK NHS trust
secondary care providers): Birmingham, Nottingham, London,
and Sheffield. In this paper, we focus on the analysis and de-
velopment of the phase 1 project output: the KSB-Q. The phase
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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

KSB-Q (version 1.0)
(9 domains, 9 items)
PHASE 1 OUTPUT

PHASE 2 OUTPUT*

Figure 1: Development of the renal symptom burden questionnaire (KSB-Q).
Adults with CKD (stages 3-5) included patients: (i) not receiving KRT, (ii) receiv-
ing dialysis, and (iii) with a functioning kidney transplant. *Includes internal pilot
data. *KSB-CAT development to be reported in a future paper.

2 project output, a multi-symptom renal computer adaptive test
(CAT) [23], is in development and will be reported in a future pa-
per.

Study population

The field test population comprised adults (>18 years) with stage
3-5 CKD from one of three clinical groups: (i) not receiving KRT,
(ii) receiving dialysis, and (iii) with a functioning kidney trans-
plant. Individuals were excluded if they were unable to speak,
read, or write English, or if they had experienced an episode of
acute kidney injury in the previous 3 months. The minimum
sample size was 250 respondents, which provides 99% confi-
dence that Rasch item calibrations/person measures are stable
within +0.50 logits [24]. Recruitment to the cognitive debrief-
ing interviews, using the same eligibility criteria, was conducted
with patients at University Hospitals Birmingham NHS Founda-
tion Trust.

Conceptual framework development and item
generation

The conceptual framework for the candidate item pool was de-
veloped following a global systematic review and meta-analysis
of symptom burden and health-related quality of life in CKD
[6]. The review analysed 449 symptom prevalence/severity stud-
ies, including 199147 participants from 62 countries. Somatic
symptoms identified in the review were mapped to the World
Health Organization International Classification of Functioning,
Disability and Health (ICF) [25] and cross-mapped against pub-
lished qualitative literature and established CKD core outcome
sets including SONG (Standardized Outcomes in Nephrology)
[26,27,28] and ICHOM (International Consortium for Health Out-
comes Measurement) [29].

The results of the mapping exercise were reviewed by the
study management group, which included patients (n = 2), clin-

Table 1: Candidate item pool symptom domains and definitions.

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 with the stomach and

problems digestion, e.g. nausea, vomiting, or
constipation.

Dizziness Feeling faint, woozy, weak, or

unsteady.

Restless legs An overwhelming and uncomfortable
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.

2Shortness of breath domain added following pilot phase.
bDefinitions presented to participants during the item pool survey.

icians (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 preva-
lence/severity in our global systematic review [6], (ii) were sup-
ported by qualitative evidence, and (iii) were included in estab-
lished CKD core outcome sets. Symptom domains meeting these
three requirements were included in the candidate item pool,
and those not meeting one 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, are in-
cluded 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 iden-
tified in 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 comprehensive and
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 captured a range of symptom
experiences reported by patients.

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.
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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‘o! -
times time
How often has fatigue had an impact on
Root Item : E ° ° ° o °

your daily life in the last 7 days?

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:

Additional Domain Items ‘ + et et S o g

| had to depend on the help of others

because of fatigue

Fatigue interfered with my work life
Fatigue interfered with my social life
Fatigue interfered with my family life

Fatigue made it difficult to do the things

| would like to do

Fatigue weighed on my mind

| had less motivation to do the things |
wanted to do because of fatigue
| needed to sleep during the day

because of fatigue

| had difficulty concentrating because of

fatigue

Figure 2: Example item pool survey page.

Response options for each of the candidate items were: ‘not
at all’ (least burden), ‘rarely’, ‘sometimes’, ‘often’, and ‘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) im-
prove the consistency of patient responses [30], and (iii) capture
recent changes in the patient’s condition or treatment effects,
making the data potentially more relevant for clinical decision-
making and monitoring. Each symptom domain in the survey
included an initial ‘root’ item, for example, ‘How often has fa-
tigue had an impact on your daily life in the last 7 days?’ (see
example in Fig. 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 nine root items
were used to develop the KSB-Q reported in this paper. Addi-
tional items in each domain will be used in the development of
the KSB-CAT (phase 2 of the project, to be reported in a future
paper).

The survey also included demographic questions, additional
items regarding the content validity of the item pool and, er to
explore concurrent validity, a copy of the Integrated Palliative
Outcome Score (IPOS) renal survey [31]. The IPOS-Renal is a com-
monly used 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 to link participants’ estimated glomerular filtra-
tion rate (eGFR) 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 follow-
ing 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 little worse’, ‘About the same’, A little bet-

N:'nd Ramnly s;:: e 'h:"li:\fn N/A
o o o o o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o

ter’, and ‘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 be-
tween single scores [32]. A test-retest correlation value >.70 is
recommended as a minimum standard for reliability [33].

Rasch analysis

Rasch analysis was conducted on the short-form KSB-Q, con-
structed from the nine root domain-level items only (Table 2).
Rasch Measurement Theory [34] provides a unified, unidimen-
sional confirmatory framework to assess multi-item latent
scales for several aspects of internal construct validity, ensur-
ing 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
RUMM?2030 software to test whether each item uniquely con-
tributed to the underlying construct of kidney symptom burden
[37].

The following elements were assessed:

¢ Local dependence: which refers to the situation where re-
sponses to certain items are more closely related to each
other than is explained by the underlying trait being mea-
sured. Items were tested for local dependency, where the
residual correlation Q3 criterion cut point to indicate depen-
dency 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, standardized (z-score) fit residuals within +2.5) [36].
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Table 2: Item pool ‘Root’ items subjected to Rasch analysis.

Domain Root item Response options
Fatigue How often has fatigue had an impact on your daily life in the last 7 days? ‘not at all’ (least burden),
Pain How often has pain had an impact on your daily life in the last 7 days? ‘rarely’, ‘sometimes’,

Memory/concentration =~ How often have problems with memory or concentration had an impact on your

daily life in the last 7 days?
Poor sleep
Skin problems
Gastrointestinal
problems
Dizziness
Restless legs
Shortness of breath

last 7 days?

7 days?

‘often’, ‘all of the time’
(most burden)

How often has poor sleep had an impact on your daily life in the last 7 days?
How often have skin problems had an impact on your daily life in the last 7 days?
How often have gastrointestinal problems had an impact on your daily life in the

How often has dizziness had an impact on your daily life in the last 7 days?
How often have restless legs had an impact on your daily life in the last 7 days?
How often has shortness of breath had an impact on your daily life in the last

Items that do not fit well may indicate that they are not mea-
suring the same underlying construct as other items.

¢ Response category functioning: was assessed to ensure that
item response categories were operating as intended, where
thresholds (the crossover points between adjacent response
categories) should progressively increase across the underly-
ing trait, to represent distinctly separate response categories.

¢ Differential item functioning (DIF): was used to check for
item bias across different subgroups (age group (18-30; 31-
40; 41-50; 51-60; 61-70; 71+), sex (male; female; unspecified),
and ethnicity (White; Asian; Black; Other)). Items should per-
form consistently across these groups (DIF non-significant
at Bonferroni-adjusted ANOVA P value) to ensure the scale’s
fairness and stability.

e Visual scale targeting: was used to compare the relative dis-
tribution of item locations with the distribution of person lo-
cations to ensure that the scale was well-targeted to the sam-
ple. Good targeting means that the items are well-aligned
with the respondents in terms of the symptom burden ex-
pressed. We also reviewed floor and ceiling effects to ensure
alignment coverage.

e Person estimates: the symptom burden levels of individu-
als (theta) were estimated using the Rasch model. These es-
timates, expressed in logits, represent the latent trait be-
ing 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 in-
dices 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 more than 5% of cases,
with a lower bound 95% confidence interval applied). Unidi-
mensionality confirms that the items measure a single un-
derlying 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 scores corresponded with an
interval-level logit value that was extracted from the Rasch anal-
ysis software. 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 trans-
formed 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:
=SD x +/T—R, where SD is the standard deviation of the per-
son 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 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 estab-
lish concurrent validity correlations with both the IPOS-Renal
and eGFR values, where a strong correlation was proposed be-
tween the KSB-Q and the IPOS-Renal symptom and total scores,
a moderate correlation proposed between with the IPOS-Renal
non-symptom score, and a weak-moderate correlation proposed
between the KSB-Q and eGFR. Correlation values were classified
as 0.1-0.39 = weak; 0.4-0.69 = moderate; and >0.7 = strong [41].

Cognitive interviews

Cognitive interviews were conducted by an experienced in-
terviewer with expertise in measure development and Rasch
methodology (A.S.). 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 proce-
dure [42]. The interviews explored understanding and compre-
hensiveness (the extent to which a PROM captures all relevant
aspects of the patient’s experience with a health condition), as
well as clarity of the design and structure of the questionnaire,
including response options, recall periods, and format [22]. Inter-
views were recorded and analysed using a thematic approach.

Patient and public involvement (PPI)

Throughout the design and development of the project we con-
sidered it important to include patient partners. Two PPI mem-
bers with lived experience of CKD (A.B. and R.V) joined the
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 1464 surveys were posted out to patients and 419 re-
sponses were received (29% response rate). Participant charac-
teristics are summarized 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 1.73 m? (SD 20.66, range 3-
90). Most of the people in the sample were 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 several
respondents had queried the absence of items related to short-
ness 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 pa-
tient representatives on the study management group, a short-
ness of breath domain containing 11 items was added to the sur-
vey. No other changes were made to the survey before formal
field testing.

Content validity

Most 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 in-
volved in cognitive interviews (n = 5) did not raise any substan-
tial issues with face validity, response or recall options, the de-
sign and clarity of the KSB-Q, or comprehension of the items.
None of the participants identified any missing symptoms, al-
though one participant suggested patients who had been re-
cently diagnosed might find the range of issues covered daunt-
ing 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. Al-
though data were received from 419 respondents, three 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 nine root items covering the
following domains: fatigue, pain, memory/concentration, poor
sleep, skin problems, gastrointestinal problems, dizziness, rest-
less 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 = .12),
with good reliability (PSI = 0.80, Cronbach’s alpha = 0.87), and
was unidimensional (2.3% significant P = .05 t-tests). The scale
was well-targeted, although there was a small floor and ceiling
effect, indicating that individuals that lie towards the very ex-
treme ends of the measurement range were not quite as well
covered (Fig. 3). There was no apparent item bias (DIF) for sex,
age group, or ethnicity, indicating that the scale is stable and
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 reported symptom with the great-

Table 3: Participant characteristics. eGFR: estimated glomerular fil-
tration rate.

Respondents (n = 419)

Characteristics Number Percentage
Age (years)

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 33
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
Black, African, Caribbean, or Black 55 13.1
British

Mixed or multiple ethnic groups 11 2.6
missing 16 3.8
eGFR ml/min 1.73 m?2:

mean 26.10, 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):

<1year 26 21.8
1-2 years 33 27.7
3+ years 57 47.9
missing 3 2.5
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):

<1year 18 14.2
1-2 years 10 7.9
3+ years 58 45.7
missing 41 32.3

2Not collected for patients on dialysis.
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Person-ltem Threshold Distribution
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Figure 3: Targeting plot showing the relative location distribution of people (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 located on the same scale. Note that most of the people fall under the green curve, which represents the useful measurement information that is provided

by the scale items.

est impact on daily life. The dizziness item had the highest lo-
cation, meaning that, overall, this was the least commonly re-
ported symptom to affect daily life.

See Table 5 for all item fit details. One item (skin problems)
displayed a high fit residual (2.98), indicating a slight under-
discrimination, but the chi-square fit for this item was good
(P = .17). Additionally, there was one indication of an appar-
ent pairwise local dependency between the ‘fatigue’ and ‘short-
ness 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 proba-
bility distribution curves consistently showed the response cat-
egory ‘Rarely’ to be dysfunctional, with it never emerging as the
most likely response, at any level of the underlying trait. To ad-
dress this, two generic exploratory post-hoc recodes were im-
plemented across the item pool, and the impact of this was as-
sessed. In rescore 1, the adjacent response categories ‘Rarely’
and ‘Sometimes’ were merged to form a four-response structure.
In rescore 2, the adjacent response categories ‘Not at all’ and
‘Rarely’ were merged to form a four-response structure. For both
rescore options, the response category functioning improved,
with six out of nine operational items for rescore 1, and seven
out of nine operational items for rescore 2. Results are summa-
rized in Table 4, with fit indices remaining good across both op-
tions. 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).

To examine the impact of the rescoring on theta person
estimates, the original theta person estimates were correlated
against the rescored scale theta person estimates [43]. This in-

dicated 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 sat-
isfactory fit was found with the original model, it was decided to
preserve the original scoring of the KSB-Q to retain maximum
information, and to allow flexibility in future development and
validation. Furthermore, the test-retest ICC (based on the origi-
nal 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 IPOS-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 stud-
ies have indicated that while eGFR is a critical clinical indi-
cator, it may not fully capture the multidimensional nature of
symptom burden and HRQOL in CKD patients [44]. We purport
that this may explain the weak correlation seen between the
KSB-Q and eGFR, while 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 [45]. 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 [46]. The KSB-Q items recorded a fifth
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Table 5: Individual item fit and local dependency Q3 residual correlations of KSB-Q items (before rescoring).

Local dependency Q3 residual correlations

P value Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8

DF

SE Fit residual X2

Location

Item

Item

6 .089

10.97

-1.471
—0.697
—0.57

0.05

—0.715
—0.234

Fatigue
Pain

—0.029
—0.078
—0.120
—0.248
—0.107
—0.137
—0.157

8.69
7.43
2.29
9.16
5.73
10.45

0.049
0.051

—0.107
—-0.186
—0.143
—0.152
—0.124
—0.092
—0.091

.283

0.197
—0.339

Memory and concentration

Sleep

—0.098
—0.225
—0.103
—0.098
-0.072
—0.156

1.698

2.9762
-0.167
—0.062

0.048
0.047

4

—-0.120
—-0.186
-0.174
-0.131
—0.228

0.115

Skin problems

—0.099
-0.111
—0.207
—0.140

0.049
0.053

0.197
0.477
0.

Gastrointestinal problems

Dizziness

—0.062
-0.191
—0.080

6

—-0.156
—0.011

444

5.82
5.60

1.625

—0.523

0.047

21

Restless legs

—0.289

0.140°

0.079

0.093

Shortness of breath

9
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0.073;

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)

aMisfit;

bLD indicated at criterion level.

grade reading level, equivalent to year 6 (age 10-11) in
the UK.

DISCUSSION
Principal findings

The KSB-Q represents a short, accessible, symptom PROM with
evidence of strong psychometric properties. Rasch analysis indi-
cated that items representing nine key symptom areas (fatigue,
pain, memory/concentration, poor sleep, skin problems, gas-
trointestinal problems, dizziness, restless legs, and shortness of
breath) formed a valid, well-targeted, reliable, unidimensional
measure of somatic kidney symptom burden. Both cognitive de-
briefing 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 (COnsensus-
based Standards for the selection of health Measurement
INstruments) group [47]. In a large-scale systematic review con-
ducted in 2017 by Aiyegbusi and colleagues [21], the Kidney Dis-
ease Quality of Life Short Form (KDQOL-SF) (80 items) [48], and
KDQOL-36 (36 items) [49] were the only measures deemed to
have sufficient psychometric evidence for use in patients ei-
ther not on KRT or on dialysis, and the End-Stage Renal Disease
Symptom Checklist Transplantation Module (ESRD-SCL-TM) (43
items) [50] 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 impor-
tant measurement properties including content validity, reliabil-
ity, measurement error, structural validity, and responsiveness.
Similarly, the IPOS-Renal (28 items), a newer measure that was
not included in the Aiyegbusi review but is now commonly used
in practice, is missing evidence underpinning its content valid-
ity, measurement error, structural validity, and responsiveness
[31].

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 re-
quire life-long treatment, is predicated on sustained engage-
ment from end-users [51]. Second, the KSB-Q achieves a posi-
tive rating across most COSMIN criteria, indicting strong mea-
surement properties (Table 6). Third, the KSB-Q items demon-
strate good targeting alignment in a broad sample population
including those not receiving KRT, individuals receiving dialy-
sis and those with a functioning kidney transplant. Fourth, the
KSB-Q has been assessed using Rasch methods, demonstrat-
ing a high level of internal construct validity and providing ev-
idence 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 conver-
sion [36]. The KSB-Q overall score may be used quantify symp-
tom burden at the individual or aggregate level, both in research
and routine clinical practice. Moreover, patient responses to in-
dividual questionnaire items may provide valuable information
regarding specific symptoms. In practice, ongoing longitudinal
provision of KSB-Q data by patients may help map changes over
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Table 6: COSMIN Rating of measurement properties.

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 most survey
respondents.

Structural validity + Rasch analysis confirmed the unidimensionality of the KSB-Q, with good overall scale fit

(chi-square P = .12) and no significant local dependency issues. The scale was
well-targeted, and the items displayed good fit to the model.

Internal consistency

Cross-cultural
validity/measurement invariance

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

The KSB-Q showed no DIF for sex, age group, or ethnicity. This suggests that the items
perform consistently across different subgroups.

Reliability + 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 SEM and 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 information on the correlation of the KSB-Q with a gold
standard measure. Therefore, criterion validity cannot be fully assessed.

Hypotheses testing for construct + The KSB-Q showed strong correlations with the IPOS-Renal symptom scale (0.88) and total

validity scale (0.86), and moderate correlation with the IPOS-Renal non-symptom scale (0.68).
These correlations align with the hypothesized values, supporting construct validity.

Responsiveness ? The study was not designed as a longitudinal study, so responsiveness could not be

established. Further testing is needed to determine the responsiveness of the KSB-Q.

-+, the measurement property meets the criteria for good quality; ?, there is not enough information reported to determine whether the measurement property meets

the criteria; -, the measurement property does not meet the criteria for good quality.

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 responses,
thus tailoring the measure to their individual respondents, en-
hancing the accuracy of ability estimates and optimizing the
information collected, while minimizing questionnaire burden
[52]. The use of CAT systems in this way is key in ensuring pa-
tients are only asked to address items/domains that are rele-
vant to them; highlighted as an important component in routine
PROM monitoring [51]. 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 pre-
sented 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 paper.

Strengths and weaknesses

The development of the KSB-Q has been supported by a rig-
orous process, including: (i) concept elicitation derived from a
global systematic review incorporating data from almost 200 000
patients across 62 countries [6]; (ii) design input from expert
patients, clinicians, and psychometricians and (iii) calibration
involving over 400 people with CKD. It has also been vali-
dated using Rasch methodology, which provides robust psy-
chometric standards for fundamental measurement [53]. How-
ever, although it was shown to make very little difference to
the person estimates, the five-response format of the KSB-Q
did not function exactly as anticipated, with disordered thresh-

olds being observed across items. These response categories are
currently being retained in their original format, but further re-
search may be warranted to identify the optimal format. As the
item ‘shortness of breath’ was added following the pilot phase,
the volume 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 sam-
ple represented a predominantly older/white population, there
is a need for more diverse sampling in future associated stud-
ies to ensure that our findings are generalizable across broader
demographic groups. This study was not designed as a longi-
tudinal study, so the responsiveness of the KSB-Q could not
be established. The MDC has been reported, but further testing
and triangulation with anchor-based, longitudinal methodolo-
gies is necessary 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 re-
ceiving KRT, individuals on dialysis and those with a function-
ing kidney transplant. The measure has strong psychometric
properties and provides an interval-level single summary symp-
tom burden score spanning nine somatic symptom domains, in-
cluding: fatigue, pain, memory/concentration, poor sleep, skin
problems, gastrointestinal problems, dizziness, restless legs, and
shortness of breath.

SUPPLEMENTARY DATA

Supplementary data are available at Clinical Kidney Journal online.
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