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ORIGINAL REPORT

Relationship Between Standardized Measures of Chronic Kidney
Disease-associated Pruritus Intensity and Health-related Quality of
Life Measured with the EQ-5D Questionnaire: A Mapping Study

Monica HERNANDEZ ALAVA!, Alessandro SASSO*2?, Pann Ei HNYNN SI*3, Matthew GITTUS!3, Richard POWELL*, Louese

DUNNS3, Praveen THOKALA! and James FOTHERINGHAM?3

1School of Health and Related Research, University of Sheffield, Sheffield, UK, 2European Commission, Joint Research Center (JRC),
Ispra, Italy, 3Sheffield Kidney Institute, Sheffield Teaching Hospitals NHS Trust, Sheffield, UK and “University Hospitals Plymouth NHS

Trust, Plymouth, UK

Chronic kidney disease-associated pruritus is linked
with decreased health-related quality of life asses-
sed using disease-specific instruments. The extent to
which worsening pruritus reduces generic quality of
life assessed using the EQ-5D instrument is unknown.
Prevalent kidney failure patients receiving in-centre
haemodialysis from 5 centres completed the EQ-5D-5L
quality of life measure, worst Itching Intensity Nume-
rical Rating Scale and 5-D itch pruritus instruments.
Latent class models were used to identify clusters of
patients with similarly affected body parts, and mix-
ture models were used to map the pruritus measures
to the EQ-5D. Data on 487 respondents were obtai-
ned. Latent class analysis identified 3 groups of pa-
tients who had progressively worsening severity and
an increasing number of body parts affected. Although
the worst itching intensity numerical rating scale and
5-D itch instruments correlated with each other, only
the latter had a strong relationship with EQ-5D. When
controlling for age, sex, diabetes and years receiving
dialysis, the meanpredicted EQ-5D utility (1: perfect
health, 0: dead) decreased progressively from 0.69 to
0.41. These findings suggest that pruritus instruments
that include domains capturing how the individual is
physically, mentally and socially affected by their pru-
ritus, in addition to severity, more closely approximate
the EQ-5D generic quality of life measure.

Key words: chronic kidney disease; health-related quality of
life; pruritus.
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More than one-third of people with kidney failure
receiving haemodialysis (HD) are at least mode-
rately bothered by uraemic or chronic kidney disease-
associated pruritus (CKD-aP) (1, 2). There is increasing
recognition that urea, other uraemic toxins and phosphate
do not have a mechanistic role in the development of
pruritus in this patient group, leading to the revised term
CKD-aP. Existing evidence suggests that the severity

SIGNIFICANCE

More than one-third of people with kidney failure who re-
ceive dialysis experience itching (pruritus). Itching is com-
monly measured using scores: some measures only assess
intensity, while others ask the person how itching affects
other areas of their life. These areas are quite specific to
itching, unlike the data captured by the more general EQ-
5D, which is commonly used to make reimbursement de-
cisions about new treatments. This study shows that as
measures that ask how itching affects life more broadly,
such as the 5-D itch, get worse, so does EQ-5D. Measures
that only assess intensity should not be used as the sole
measure of itch in studies of new treatments.

of the pruritus is associated with depression, poor sleep
quality, increased mortality and reduced health-related
quality of life (HRQoL) (3-5). Patients and clinicians
have repeatedly prioritized the treatment of CKD-aP
(6). Clinical management of this condition is delivered
by both nephrologists and dermatologists, and includes
dialysis optimization, emollients, topical agents, antihis-
tamines, gabapentinoids and the only licensed treatment
for CKD-aP, difelikefalin (7-9).

CKD-aP can be assessed with a range of patient-repor-
ted measures (PROMs), with the most commonly used
being the severity-based verbal rating scale and Worst
Itching Intensity Numerical Rating Scale (WI-NRS), and
disease-specific quality of life measures, such as the 5-D
itch and SKINDEX-10 (10-12). Although these capture
domains including severity and how pruritus affects
body parts, mental health and social functioning, they
are not preferred measures when evaluating the cost-
effectiveness of therapies. Reimbursement agencies and
other decision-makers prefer generic instruments, such as
EQ-5D, to perform cost-utility analyses (13). In practice,
this requires EQ-5D to also be collected, or in its absence
other dermatological measures to be mapped to EQ-5D
using an appropriate statistical method (14).

Many health economic models that have led to success-
ful policy decisions on dermatological treatments have
adopted a severity-focused structure, and been informed
by generic measures of HRQoL (15, 16). The extent to
which disease-specific measures capturing the broader

Published by Medical Journals Sweden, on behalf of the Society for Publication of Acta Dermato-Venereologica. This is an Open Access article distributed
under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/)
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impact of dermatological conditions on the patient relate
to generic measures used for cost-effectiveness analyses
is unknown. To explore these issues and inform reim-
bursement decisions, we report here a UK multi-centre
primary data collection of these instruments in a cohort
study of prevalent people with kidney failure receiving
haemodialysis, mapping the WI-NRS and 5-D itch to
EQ-5D and how the domains including body parts affec-
ted are associated with generic HRQoL. Understanding
these relationships could inform the design, conduct and
analyses of interventional and observational studies of
HRQoL in people with dermatological conditions, par-
ticularly when trying to determine the cost-effectiveness
of treatments (17).

MATERIALS AND METHODS

Study design, location and participants

This cross-sectional study collected established patient-reported
outcome measures for pruritus across 5 UK centres between
November 2020 and July 2021. The primary aim of the study was
to generate the first published mapping (a conversion algorithm)
between measures of CKD-aP and EQ-5D HRQoL. Inclusion cri-
teria included individuals established on in-centre haemodialysis
for kidney failure for more than 3 months, and over the age of 18
years. Exclusion criteria included individuals who were unable
to give consent or understand written English. Having pruritus
now or in the past was not an inclusion criterion, as the benefit
of having no CKD-aP also needed to be quantified. Those who
agreed to participate were consented to the study by trained Good
Clinical Practice-certified members of the research team and then
given questionnaires to complete either during initial encounter or
to take home for completion in their own time. Because two-thirds
of'people receiving dialysis do so via a fistula formed in their arm,
the research team assisted participants who chose to complete the
questionnaires while receiving haemodialysis, but were not able
to complete the written instruments themselves.

Data collection and instruments

The study collected 4 pruritus-related measures and EQ-5D-5L
data. The Worst Itching Intensity Numerical Rating Scale
(WI-NRS) asks the respondent to indicate the highest intensity
of their pruritus over the last 24 h, from 0 (no itching) to 10
(worst itching imaginable), and is a recommended instrument
for the evaluation of pruritus in clinical trials (10, 18). The 5-D
itch scale is a 5-domain disease-specific instrument evaluating
the duration, degree (severity), direction (improving, unalte-
red or worsening), disability (impact on sleep, leisure/social,
housework/errands and school/work activities) and distribution
(body part affected), resulting in a score between 5 (least) and
25 (most impacted) (11). The degree domain is a 5-level verbal
rating scale that also features in other broader measures of kidney
disease-related quality of life, which was used to stratify patients
for descriptive statistics. The 5-D itch has a 2-week recall period.
Data on 2 additional patient-reported pruritus measures, a verbal
rating scale and the SKINDEX-10, were collected (12, 19). These
2 measures are not included in the mapping study as they have
been shown to not add additional information, but we exploit
their informational content for data checking and cleaning (20).
The EQ-5D-5L is a 5-item standardized instrument developed as
a measure of generic health-related quality of life at the time of
completion and it consists of a descriptive system that comprises

Acta Derm Venereol 2023

5 dimensions: mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression, for which respondents select 1 of 5 levels,
from no problems to unbearable or being unable to perform the
domain (13). A country-specific utility value based on general
public preferences regarding quality and length of life can be
attached to the responses (21). The value of zero represents health
states equivalent to being dead and the utility values range from
negative (for health states considered worse than being dead) to
1 (full health). This generic measure and associated utility values
are used to compare health-related quality of life between groups
of individuals with chronic conditions, particularly for health
economic evaluations. The data collection instrument is provided
in Appendix S1. In addition, the researchers also collected data
on patient demographics and comorbidities, dialysis prescription
and CKD-aP-associated medication use. The presence of other
skin conditions was not collected.

The target number of patients included in the data collection
was informed by considerations of the mapping models requiring
estimation. An existing dataset from the SHAREHD randomized
controlled trial (22) was accessed, which included EQ5D-5L,
and pruritus was measured using an ordinal scale from none
to overwhelming. These data were used to infer the number of
patients needed to ensure coverage of the full range of severity
and to successfully estimate mapping models based on mixture
distributions (23).

Statistical analysis

Because of concerns regarding the value set for the EQ-5D-5L,
data on EQ-5D-5L were converted into an EQ-5D-3L UK utility
using the van Hout crosswalk, adhering to The National Institute
for Health and Care Excellence (NICE) guidance at the time (24,
25). More recent NICE guidance, published in 2022, suggests a
different mapping model for conversion (26). However, it has
been shown that the differences between the mapping models
are small and should not affect the general conclusions of the
presented analyses (27). To identify individuals with specific
combinations of body parts affected by CKD-aP that may have
different health-related quality of life values, a latent class model
was used with the 16 body parts screened for in the 5-D itch. Using
the combination of Bayesian Information Criterion (BIC), entropy
and log likelihood tests comparing models with different number
of classes, a model distributing respondents across 3 classes was
selected (models with up to 5 classes were estimated).

To estimate the relationship between the CKD-aP measures
(WI-NRS and 5-D itch) and the EQ-5D, the Adjusted Limited
Dependent Variable Mixture Model (ALDVMM) was used.
Preference-based measures, such as EQ-5D, have challenging
distributional characteristics for statistical analysis (27, 28).
Utility data is skewed, bounded at 1 (full health) and at the bot-
tom by the value of the worst health state described by the EQ-5D
instrument and often presents a large number of observations
at perfect health, followed immediately by a gap to the next
utility value. The ALDVMM is a flexible semiparametric model
developed specifically to deal with these key characteristics of
the EQ-5D distribution and has been shown to outperform other
models when mapping to a number of generic preference-based
measures (27, 28). The model comprises separate distributions
(or components) with different parameters mixed according to
some weighting probabilities. The covariates can affect the mean
of each component distribution, the probability of component
membership or both. Finding the optimal model involves estima-
ting ALDVMMs for different numbers of component distributions
using maximum likelihood and then selecting the optimal number
of components according to a combination of information criteria,
such as Akaike Information Criterion (AIC) and BIC; measures
of model fit, such as mean absolute error (MAE) and root mean
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squared error (RMSE); and graphical methods to select the optimal
mapping models (27). In selecting the most appropriate model, it
is important to use a range of measures and take into account how
the mapping model will be used. Between 2 and 4 components
and similar specifications were used for both measures of pruritus.
For each model several estimation rounds were run, each using
from 200 to 2,500 starting points, until no further improvement
in the likelihood function could be found. In order to maximize
the applicability of the mapping to other populations, adjustment
variables (age, sex, time on dialysis and diabetes status) were
incorporated a priori in the mapping models. In addition, explo-
ratory analyses were performed to identify individuals who had
never had CKD-aP, as the mapping was most likely to estimate
HRQoL benefits for those whose CKD-aP had improved. All
the statistical analyses are performed in Stata 17.0 (StataCorp.
2021. Stata Statistical Software: Release 17. College Station,
TX: StataCorp LLC.). Mapping models are estimated using the
community-contributed Stata command ALDVMM (29).

RESULTS

Across the 5 participating centres that collectively care
for 2,326 people on haemodialysis, 523 were approached
to participate in the study, of whom 487 consented.

Respondent, pruritus and health-related quality of life
characteristics

EQ-5D-5L, WI-NRS and 5-D itch had data missing for 9,
1 and 24 patients, respectively. Amongst the 24 patients
with a missing 5-D itch score, the majority (17) reported
no itching in the last week (verbal rating scale) or in the
last 24 h (WI-NRS).

Fig. 1 plots the distribution of EQ-5D-3L and includes
the typical characteristics of a large peak at full health
(12% of the sample), a gap and a skewed, multimodal
distribution. The mean utility of 0.590 is low relative to
full health, and approximately 5% of patients report health
states with associated negative values (worse than death).

Fig. 2 shows the distributions of WI-NRS and 5-D itch,
respectively. For both measures, higher scores represent
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Fig. 1. EQ-5D-3L sample distribution using the van Hout crosswalk
value set.

a greater impact of pruritus on the patient, and so they
are expected to move in the opposite direction to EQ-5D.
Using the WI-NRS, a large proportion of patients (38%)
reported no itching in the last 24 h with the remaining
patients fairly evenly spread across the remaining 10
groups of pruritus intensity, as measured by WI-NRS.
Respondents with a 5-D itch score of 5 represent people
reporting absence of pruritus in the previous 2 weeks and
who considered their itching completely resolved rela-
tive to the previous month. The largest peak in the 5-D
itch index appears at a value of 8, completed by people
who appear to have no recent experience of pruritus. A
relatively large group of respondents (n=65) who tick
“Not present” in the degree dimension of 5-D itch and
have no evidence of pruritus in any of the other collec-
ted variables in the survey, respond “4” “unchanged” in
the direction dimension rather than the low scoring but
inappropriate “completely resolved”, resulting in a 5-D
itch score of 8. As patients with no previous experience
of pruritus might not accurately reflect the populations
in which the mapping will be used, they were excluded

100
1

80

60
1

20
1

10 20 25

15
5-D itch scale

Fig. 2. Sample distributions of (A) the Worst Itching Intensity Numerical Rating Scale (WI-NRS) and (B) the 5-D itch scale.
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from further analyses, resulting in a final sample size of Table I. Summary statistics of the final sample by chronic kidney
. disease-associated pruritus severity
377 observations.

Degree of Not Severe/

Table I presents summary statistics for different  ceyerity present Mild Moderate  Unbearable
groups of CKD—aP severity, deﬁned.accordlng to the Mean/ Mean/ Mean/ Mean/
verbal rating scale included in the 5-D itch questionnaire ~ Variables Prop. SD  Prop. SD  Prop. SD  Prop. SD
(degree of'itching intensity) and notes a higher proportion Female (%) 28.8 27.5 31.2 49.3
of females and people with diabetes as pruritus severity =~ Diabetes (%) 40.9 27.5 38.5 32.4

Age, years 65.71 15.43 65.18 15.73 65.64 14.67 61.72 17.57

worsens. The mean EQ-5D-3L decreases as the pruritus Years in dialysis 3.51 5.32 4.19 4.74 4.01 6.05 4.55 5.79
severity increases within the sample of individuals who 5-Ditchscore 595 170 9.76 2.18 13.67 3.11  17.73 2.86
have pruritus, but it is slightly lower for people withno  £g'5T%5" 0¢850 080 050 0300 031 0499 030
pruritus compared with people with mild pruritus. Number of body 0.8 21 29 22 52 35 69 3.8
As expected, mean EQ-5D-3L tends to decline as the oo afected 131 109 -
5-D itch index score increases (Fig. 3), and there is a
strong relationship between the WI-NRS and 5-D itch
(Fig. 4). The panel on the right depicts the relationship . ) ..
of EQ-5D-3L with WI-NRS. Unlike the 5-D itch index, ~ SSPectively, in addition to age, sex, the presence of
mean EQ-5D-3L fluctuates as WI-NRS increases and diabetes and the number of years on dialysis. Flg. 6
does not show a clear downward trend (Fig. 4). presents plots of the? models’ predlctlons by. each pmrltus
Analysis of the 3 groups of respondents identified with ~ Mcasure. The 5-D itch mapping model (Fig. .63) is able
latent class analysis using body parts affected (Fig. 5) to reproduce; the mean utilities in the datr_cl quite closely.
revealed 3 groups with increasing severity of pruritus. Howeve.r, Flg‘ 6b shows clear systematic p rpb!ems.m
The overall population had high probabilities of head, the predictions by WI-NRS groups, reflected in mfe.r tor
back, lower limbs and upper limbs being affected. As ~ MCaSUIes of model fit and thq general lack of statisti-
severity worsened (class 2 and class 3) the probability cal mgmﬁcance of the coefﬁ_c ients for the WI'NRS mn
of other body parts being affected increased. Within each the mappimg model, suggesting that WI-NRS is not a
of the latent profiles, the probability of itching affecting good predictor of EQ-5D-3L in these data. A mapping

the back is consistently the highest. Meanwhile WI-NRS, including bqth measures ofpruritus was also developed;
5-D itch and EQ-5D all worsened when moving from however, this did not significantly improve the perfor-

class 1 to class 3. as shown in Table II mance of the mapping and so is not reported here.

SD: standard deviation; Prop.: proportion.

Mapping models DISCUSSION

Two alternative EQ-5D-3L models were developed, map- ~ Patients, clinicians and existing literature highlight the
ping from: (7) the 5-D itch score; and (i7) the WI-NRS. relationship between HRQoL and CKD-aP, arguing for
Full details of the mapping models including variable  further research and the development and utilization of
coefficients and measures of model fit are shown in  targeted therapies; however, it has not been possible to
Tables SI-III. A 3- and a 2-component model are selected ~ relate measures of CKD-aP severity and the EQ-5D.
for the mappings, including 5-D itch score and WI-NRS,  Using data from 377 patients, the current study illustrated
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Fig. 3. Estimated means of EQ-5D-3L and 95% bootstrapped confidence intervals by 5-D itch index (/eft) and Worst Itching Intensity
Numerical Rating Scale (WI-NRS) (right) (5-D itch scale 20 includes all observations in the range 20-25).
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itch, capture (27). However, the relative ease
with which the WI-NRS can be completed and
high completion rate by the respondent cannot
be ignored (30). The number and nature of the
questions in the 5-D itch make it more challen-
ging, and this, combined with structural issues
that manifest when individuals who have no
recent pruritus complete it, may lead to missing
or misleading values.

Systematic reviews and these trials have
shown that disease-specific HRQoL measures
are sensitive to changes in pruritus severity in
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Fig. 4. Scatterplot of 5-D itch against Worst Itching Intensity Numerical
Rating Scale (WI-NRS) and local polynomial smoothing with 95% confidence

intervals (95% CI).

that CKD-aP measures are associated with a generic mea-
sure of HRQoL. CKD-aP measures, which include how
pruritus impacts other aspects of life (e.g. the 5-D itch
disability domain) predict EQ-5D better, while measures
of pruritus severity in isolation (e.g. WI-NRS) do not
predict EQ-5D well and may lead to an underestimation
of the impact of pruritus on the patient. Our latent class
analysis suggests that, as CKD-aP severity worsens, the
number of body parts affected increases, but the distribu-
tion of body parts affected seems to be relatively constant.

Dermatological stakeholders largely recommend
severity-focused pruritus instruments for clinical trials,
such as the WI-NRS, which we demonstrate cannot pre-
dict EQ-5D HRQoL that is relied upon by reimbursement
agencies and other decision-makers (18). WI-NRS is a
single-item measurement of the intensity of the worst
itching in the past 24 h and might not capture additional
health-related issues, such as the impact of itch on sleep
quality that multidimensional measures, such as 5-D

10 CKD-aP, but the degree to which EQ-5D impro-
ves with lessening CKD-aP severity within
individuals remains unobserved (5): open-label
trial data for the use of difelikefalin for CKD-aP
that also included EQ-5D-5L is available for
comparison (31): participants being treated with
difelikefalin had a clinically meaningful change
in EQ-5D utility of 0.04, and 73.7% of patients
on difelikefalin improved their WI-NRS by >3 points
(comparable to 1 Verbal Rating Scale level). Due to the
nature of the trial’s reported data and the cross-sectional
study design twe are unable to confirm if changes in
CKD-aP severity in response to therapies yield similar
improvements in HRQoL as those estimated from our
analyses. Questions in the 5D-itch pertaining to the
evolution of pruritus severity, and greater conceptual
overlap in domains with the EQ-5D than the WI-NRS,
have resulted in better performance of the SD-itch in esti-
mating generic HRQoL. Our population EQ-5D utility
value (0.590) is comparable to randomised controlled
trials, systematic reviews and data collected in other UK
kidney failure populations (22, 32).

The strengths of this study are that it explores highly
prevalent instruments for the assessment of CKD-aP and
uses methods widely regarded as appropriate to relate
the measures reported. Additional strengths include
that primary data collection was for the purpose of this
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Table II. Patient characteristics, pruritus and EQ-5D measure values
for 3 groups of people with kidney failure and pruritus identified
using latent class analysis

Latent class Class 1 Class 2 Class 3
Mean/ Mean/ Mean/
Variables Prop. SD Prop. SD Prop. SD
Female (%) 32.62 36.59 30.00
White (%) 69.56 64.63 55.00
Diabetes (%) 31.33 36.59 35.00
Age, years 66.16 14.72 59.73 17.16 62 18.24
Years in dialysis 3.95 4.87 4.57 6.31 5.6 8.26
Verbal rating scale score 1.45 0.94 2.39 0.9 2.45 1.1
5-D itch score 11.06 3.31 15.81 3.36 19.3 3.31
NI-WRS score 3.51 3.06 6.59 2.48 6.7 2.72
EQ-5D-3L 0.616 0.3 0.52 0.31 0.483 0.25

Number of body parts 2.66 1.43 7.76 1.82 13.65 1.84
affected

Observations 233 82 20

analysis and there were broad inclusion criteria for par-
ticipants which maximize its real-world applicability.
Weaknesses include that we did not capture the presence
of primary skin conditions that may cause pruritus, but
based on the incidence and prevalence of psoriasis and
eczema, respectively, it would be reasonable to assume
that less than 5% of respondents had these conditions (33,
34). Although the merging of severe and overwhelming
verbal rating scale groups for reporting purposes was
necessitated by the number of observations in the data,
the resulting 4 levels are those originally described in
the derivation paper for this instrument. Our analyses
and their conclusions are limited to people affected by
pruritus caused by CKD-aP, and other conditions or
patient groups may behave differently. As there is some
variation in the prevalence of CKD-aP (2) and HRQoL
(35) globally, the size of the relationship between the
two, estimated in this study, could be considered relevant
to the measures studied and the UK only. However, a
systematic review on the relationship between CKD-aP
and HRQoL identified positive studies from multiple

countries (5). The current recommended mapping for
use in NICE health technology evaluations is different
to the one used here, but the differences are small and
are not expected to affect the general conclusions of this
paper (26).

Considering the policy and practice implications of
these findings, those wishing to assess the disease-spe-
cific impact of a condition on disease-specific HRQoL
should use a disease-specific instrument that also provi-
des a more reliable means of mapping to HRQoL than
severity-based measures alone. Regulators have already
accepted the pruritus measures we report herein (36).
Some reimbursement agencies allow the use of non-
generic HRQoL instruments if there is sufficient justifica-
tion and the extent to which this criteria is met remains
unassessed (26), and the perceived insensitivity of these
measures to interventions in people on haemodialysis and
prioritization by this population of other patient-reported
outcome measures should be acknowledged (37, 38).
These data justify recommendations made by others that,
when an individual with CKD-aP is identified, the impact
on HRQoL should be assessed before initiating therapy,
but the distribution of body parts affected is unlikely to
be relevant (36). Future research should consider whether
the relative contribution of the affected body parts cap-
tured by the 5-D itch should be revisited to maximize
its relationship with HRQoL, address the structural
problem with the 5-D itch to make it more translatable
to pruritus populations without pruritus, and consider
the influence of the recall period across these measures.
The content validity and recall period of the WI-NRS and
5-D itch instruments should be explored considering the
disagreement observed in some patients (Fig. 4). Future
data collection in similar settings could include a ques-
tion routing patients to the 5-D itch questionnaire after
confirmation of past experience of pruritus.
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Fig. 6. Comparison of EQ-5D-3L observed means by (A) 5-D itch score and (B) Worst Itchiness Numerical Rating Scale (WI-NRS) [orange circles],

and the EQ-5D-3L predicted means from the models [blue squares].
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