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Background: The EQ-5D-5L may not adequately capture the health-related quality of life
(HRQoL) of patients with sleep disturbances. We examined whether the addition of four

sleep-related bolt-ons could enhance the psychometric properties of EQ-5D-5L.

Methods: We employed a mixed methodology involving in-depth interviews with 23 patients
and clinicians to test the face validity of “sleep”, “cognition”, “tiredness” and “relationship”
and refine the bolt-ons. We then administered the four bolt-ons, appended to EQ-5D-5L,
together with three condition-specific patient-reported outcome measures (CPROMsS), i.e.,
Sleep Apnea Quality of Life Index (SAQLI), the Functional Outcome Sleep Questionnaire
(FOSQ) and the Pittsburgh Sleep Quality Index (PSQI) questionnaires during two clinical
visits. We compared ceiling effects and construct validity by testing a priori hypotheses in
relation to the cPROMSs and polysomnographic characteristics via correlation and areas under
the curves (AUC) analyses, respectively. We examined responsiveness among
“treated/improved” participants using standardized response means (SRM) and AUC analysis,
and reliability among “untreated/no change” participants using intra-class correlation
coefficient (ICC) or Cohen’s Kappa (k).

Results: 110 participants (mean [SD] age: 47[13]) were recruited of 90 returned for their
review assessments (mean [SD] interval: 2.2 [2.1] months). The absolute ceiling reduction
was 42.7%. The bolt-ons were better correlated with cPROMs and possessed higher
discriminatory power and responsiveness, with comparable reliability to EQ-5D-5L. A

combined module of the four bolt-ons provided better results than individual bolt-ons.

Conclusions: Adding the four sleep-related bolt-ons improved EQ-5D-5L’s psychometric

properties among patients with sleep disturbances. (246 words)



INTRODUCTION

The EQ-5D is one of the most commonly used HRQoL measures worldwide. It
comprises of five single-items dimensions, “mobility”, “self-care”, “usual activities”,
“pain/discomfort”, and “anxiety/depression”. The descriptive system is accompanied by a
visual analog scale (i.e. EQ VAS), which can be used to assess overall health. The EQ-5D
scoring system is based on preferences, which allow for quality-adjusted life years (QALY)
calculation and use in health economic evaluation. The large success of the instrument is mostly
due to this setting of application, albeit it is also commonly used in other contexts such as
population health surveys and clinical'=.

Sleep disorders such as sleep apnea (SA) are a rapidly growing problem, afflicting
millions of people worldwide*. They are associated with adverse health outcomes and exert
significant socioeconomic burdens on societies®®. In addition, sleep disturbances exert
significant transversal impact across diseases. Disturbed sleep with awake consequences of
sleepiness, low energy levels and fatigue are common problems reciprocally associated with
chronic ailments across multiple therapeutic areas (e.g., cancers, psychiatric and mental health
problems, stroke and neurodegenerative conditions, heart diseases, rheumatological conditions,
chronic kidney failure and chronic obstructive airway diseases) leading to poorer health-related
quality of life (HRQoL) when assessed by patient-reported outcome measures (PROM)"24,

The EQ-5D, as a generic PROM and preference-based measure, is found generally to
be valid and responsive across multiple health conditions, including diabetes, osteoarthritis,
rheumatoid arthritis, cancer, psoriasis, lupus, Parkinson’s disease, multiple sclerosis, dementia,
stroke, lung disease and haemophilia, although there is a call for more responsiveness studies
and robust psychometric testing and reporting®>26. Yet, there is also evidence showing poor
responsiveness in patients affected by sleep disorders, particularly in the context of its use as a
PROMY. For example, clinical studies have found that the EQ-5D may not adequately capture
the severity of the condition, and it is not able to detect clinical improvement!®-2*, There is also
evidence reporting that sleep/ fatigue are important dimensions missing from the EQ-5D but
included in other generic HRQoL and preference-based measures.

Bolt-ons are dimensions that can be appended to the descriptive system of the EQ-5D.
This may allow for a more comprehensive description of patients’ health, thereby making it a
more valid PROM for specific populations?2. Some bolt-ons had been shown to increase the
sensitivity of the EQ-5D, for example, hearing and cognition significantly influenced the
valuation of health preference in the general population, respiratory bolt-on in chronic
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obstructive pulmonary disease and vision bolt-on in cataract improved its known-group
validity whereas informativity and variance were better captured by the addition of “itch” in
burn patients, and “skin irritation”/*self-confidence” bolt-ons in psoriasis, respectively??’,

While bolt-on research started two decades ago, there are still pending questions, which include
the availability of different bolt-on versions developed using different approaches. For
example, there are at least four different versions of sleep bolt-on (Appendices.docx Table 1)28-3L,
The earliest version “difficulties with sleep” developed by Perneger et al was tested in a general
population sample together with other bolt-ons and was based on a review of the existing
general health status and utility questionnaires, with no prior qualitative work?®. This was
followed by Yang et al who used “problems with sleep” and tested it in a valuation study™°.
Subsequently, there were two studies of bolt-ons on EQ-5D-5L28 3, One of these studies was
conducted in a general population sample in South Korea with five-level response descriptors®!.
The other was a discrete choice experiment testing the impact on preferences of using “problem
sleeping” and four other bolt-ons (relationships, cognition, energy, hearing) in a large general

population sample?.

There are some limitations in existing sleep bolt-on which had been developed. First,
Mulhern et al recently reported a set of criteria for developing bolt-on®2, but none of the existing
bolt-on studies meet all the criteria, with some studies fulfilling varying number of
recommendations?® 31 3334 Second, except for one study where focus groups were used to
collect input on the wording among patients and member of the public, none of the other sleep
bolt-ons was developed using patients’ input?®. Third, most of the bolt-on research for sleep
developed single item bolt-ons, except for one study which developed multiple items for energy
and sleep?®. Lastly, none of the studies tested sleep bolt-on in any patient group in the hospital
setting who suffered from sleep problems or involved the healthcare professionals, thus

findings may not be generalizable to patient populations with sleep disturbances

A more general issue with bolt-on research to date is that studies have generally taken
a dimension-centric approach, by developing or testing bolt-ons individually. There is paucity
of studies looking comparatively at bolt-ons in a chosen population. Among the few, Finch and
colleague tested cognition, vision, hearing, social relationships and energy impact on a proxy
of HRQoL, and on preferences?®28, They found energy/vitality and relationships had the largest
impact on HRQoL followed by cognition/speech, vision and hearing?®. Also, they found the
largest shift in preference for hearing, cognition and relationship, followed by energy and sleep

for level 5 of the bolt-on?8. In Rencz et al, it was found that multiple bolt-on items may be
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useful to improve the EQ-5D properties in a general population health survey in Hungary®3.
The authors showed that other than sleep, cognition, social relationships and tiredness bolt-ons
significantly correlated with the corresponding items from prominent generic PROMSs such as
Patient-Reported Outcomes Measurement Information System and SF-6D*,

Further empirical studies are therefore warranted to confirm the properties of different
bolt-ons in patient specific populations, including those affected by sleep disorders. This study
takes the approach of investigating possible refinements for existing bolt-on for use in clinical
setting and as PROMs. Specifically, we investigated how sleep and related bolt-ons of energy,
cognition and relationship perform in patients with sleep disturbances. We first ascertained the
importance of these four dimensions of “sleep”, “energy”, “cognition” and “relationship” in
populations affected by sleep disorders, and the ease of understanding and responding to these
bolt-ons for sleep patients and clinicians, using qualitative evidence. We use this evidence to
refine the bolt-ons, and we subsequently test the bolt-ons psychometric properties among
chronic disease patients with sleep disturbances. For this study, we selected four existing bolt-
ons (sleep, energy, cognition and relationship), as these had been developed in the same study,
had involved patients and members of the general public for their development, and had been
tested using larger sample sizes compared to other studies?®. They also adhered to the
formatting style of EQ-5D-5L, with  five-level response  descriptors  of

“no/slight/moderate/severe/extreme problems”.

METHODS

The study used a mix-method design. It was carried out in two phases, both taking
place in a tertiary public hospital in Singapore, from the 28" of February 2023 to the 30" of
April 2024.

Qualitative component

In the first qualitative phase, we assessed the face validity of the four candidate bolt-
ons (“sleep”, “cognition”, “energy”, and “relationships”) using the COREQ (Consolidated
criteria for Reporting Qualitative research) checklist®*. We had chosen these four bolt-ons to

be further tested as they were key dimensions impacting HRQoL of patients with sleep



disorder, in a qualitative evidence synthesis®. Permission was earlier sought from the lead
author to use and modify (if necessary) the bolt-ons, and the IP of these bolt-ons and possible
subsequent modifications was transferred to the EQ Foundation.

We purposively sampled both English proficient patients with different chronic health
conditions and sleep disturbances, and clinicians who managed such patients routinely, using
a convenience sampling technique. In addition, we also included participants without known
chronic illnesses to seek their views given that sleep disturbances can also occur in healthy
individuals and the EQ-5D is also intended for this population. While we did not use any
quotas, the recruitment aimed at identifying participants based on the abovementioned
characteristics of interest to ensure a good mix. Each recruited participant underwent an in-
depth semi-structured face-to-face interview session in English by trained personnel (AP and
SAR/MA/EM/KR), using a standard protocol incorporating a topic guide & field notetaking
over a 30 to 40 minutes time interval. The interview guide was pre-tested in three volunteers
and within the research team to clarify open-ended and concept elicitation questions and
enhance consistent and neutral cognitive debriefing style.

The interviews consisted of three parts. In part one, the participants were first invited
to share what health and being unhealthy mean to them, to elicit their definitions of “health”
and “illness”. They were then requested to self-complete the EQ-5D-5L questionnaire. After
completing the questionnaire, they were invited to mention if there were important aspects of
health or illness that were not already covered by EQ-5D-5L. In part two, responders were
presented with the four bolt-on items and probed for their views and understanding of the items.
Their opinions and suggestions were also sought with respect to the phrasing of the bolt-on’
labels and descriptors. Probes were used to solicit their views on the appropriateness,
acceptability and relevance of the bolt-on items to their conditions, and the ease of
understanding and answering the bolt-on items. Lastly in part three, the participants were asked
to rank the nine items (five EQ-5D standard items and the four bolt-on items) in the order of
one to five (r1, r2, r3, rs & rs) with one indicating the highest importance and relevance to their
health using a two-step approach. In the first step, they were first instructed that they could
assign the same number ranking to two or more items if they felt that the items are of equal
importance including all nine items. In the second step, they were then requested to choose
only five out of the nine items and assign a unique ranking number (one to five) to each of the
five items. Participants were further probed for their reasons behind their rankings. Sound

recording of the interviews was carried out with consenting participants.



Analyses
We applied framework analysis to analyze the data. Interpretation of findings was

guided by the World Health Organization (WHO)’s definition of health®®. Interviews were
manually transcribed and participants pseudonymized, and recorded field notes on part one of
the interview were reported. The remaining content of the audio-transcripts and manually
recorded field notes were aggregated, summarized and presented for iterative rounds of
discussion among team members until consensus was achieved on the final version of bolt-ons
for psychometric testing in the second phase of the study. We pilot-tested the final versions
among ten chronic disease patients with sleep disturbances in the clinic prior to commencing

the second phase.

Quantitative component

The second quantitative phase of the study was for assessing the psychometric
properties of the final versions of bolt-on items alongside the EQ-5D-5L. We recruited
consecutive patients referred to the outpatient sleep disorder clinic or inpatient sleep laboratory
of the study site. Patients were referred for management of their sleep disturbances and
prescribed an overnight polysomnography as part of their routine clinical care. The inclusion
criteria were (1) age > 21 years, (2) clinically confirmed diagnosis of sleep disturbance or
disorder, (3) at least one underlying physician-diagnosed chronic illness, (4) adequate cognitive
and communicative (visual, aural & linguistic) ability, (5) English literate, and (6) informed
consent.

During the index visit, each participant answered a set of standard questionnaires, prior
to undergoing a polysomnography. The questionnaire set comprised the EQ-5D-5L followed
by the four bolt-on items and the EQ VAS, three condition-specific PROMs (cPROM)
comprising of the Sleep Apnea Quality of Life Index (SAQLI), the Functional Outcome Sleep
Questionnaire (FOSQ) and the Pittsburgh Sleep Quality Index (PSQI) questionnaires, and
questions relating to their socio-demographics and health conditions. All questionnaires were
administered by trained research staff using the Research Electronic Data Capture (REDCap®)
platform, which had previously been tested among five patient volunteers for feasibility and
quality check. Polysomnographic data of the recruited participants were also collected. All
participants signed the informed consent and the approval to conduct the study was obtained
from the Domain-Specific Review Board (2022/00385). During the review visit, participants
who returned for follow-up consultation for their sleep disturbance, underwent a similar

procedure as their index visit and were administered the same set of questionnaires.



Instruments

The SAQLI is a sleep apnoea specific QoL instrument consisting of 35-items that
capture the adverse impact of sleep apnoea on four subscales: daily functioning, social
interactions, emotional functioning, and symptoms. Items are scored on a seven-point Likert
scale, ranging from “all of the time” to “not at all”®’. The item scores for each subscale are
averaged to generate a total score for each subscale. The four subscale scores are then averaged
to generate a global score (SAQLIwt) which ranges between one and seven. Higher scores
represent better HRQoL. The instrument recall period is set at “past four weeks”. The
instrument also contains a fifth subscale and two visual analogue scales (VAS) which are
situationally administered in patients who had received treatment for sleep apnoea to capture
potential negative impacts exerted by treatment side-effects on quality of life. The two VAS
reflect positive and negative impacts from sleep apnoea treatment respectively: each range
from 0 (“no impact”) to 10 (“extremely large impact”). The fifth subscale and VAS scores can
be used to compute net QoL impact with treatment.

The FOSQ-10 is an abbreviated version of the original FOSQ, a disease-specific QoL
questionnaire assessing the impact of sleepiness on awake activities which are classified into
five subscales comprising of 1) activity level (two items), 2) vigilance (three items), 3) intimacy
and sexual relationships (one item), 4) general productivity (two items), and 5) social outcomes
(one item), and scored on a four-point Likert response format with “extreme difficulty” and
“no difficulty” being the extreme answers®, The five subscales will yield five mean scores
which are then averaged and multiplied by five to produce a total score (FOSQtot) ranging from
five to twenty, with higher scores indicating better functional status. The recall period is not
specified although instruction suggests current difficulty.

The PSQI is a sleep quality questionnaire with 19 self-rated questions of both Likert-
and open-ended types assessing across seven domains over past month period: subjective sleep
quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of
sleeping medications, and daytime dysfunction®. The answers to the open-ended questions are
converted to scaled scores per developer’s scoring guidelines. Each domain generates a score
ranging from O to 3 with higher scores indicating more severe sleep disruptions. The domain
scores are then summed to produce overall sleep quality score (PSQlwt). A sleep quality score

of <5 or >5 defined “good” vs “poor” sleeper, respectively.

Analyses



Data of the index visit were used to compare the psychometric performance
(distributional properties, convergent validity, discriminatory power and explanatory power)
of the standard EQ-5D-5L (5L) and its five modified versions, that is, the four bolt-on item
tagged to it individually plus a bolt-on module including all four items. Distributional
properties were compared by looking at both ceiling (absolute and relative) and floor effects.
Ceiling effects described the best possible health state and were determined as the proportion
of participants who reported “no problem” in all EQ-5D items, that is, “11111” descriptive
health profile for the five core items and “111111111” if there are nine (five core and four bolt-
on) items. A threshold of below 15% was set for ceiling effects as per COnsensus-based
Standards for the selection of health status Measurement Instruments (COSMIN)’s
recommendations*®-1, On the contrary, floor effects described the worst possible health state
and were determined by the proportions of participants who reported “extreme
problem/unable” in all items, that is, “55555” descriptive health profile for the five core items
and “555555555”, if there are nine items. Additionally, we also examined the proportions of
responses with top twenty health profiles. We then evaluated the convergent validity of
individual items among themselves and with the selected cPROMSs. The latter were assessed
via correlations between the level sum score (LSS) of each version against SAQL ltt, FOSQtot
and PSQlwt using Spearman’s rank correlation coefficient (p). Weak, moderate and strong
correlations were defined as p 0.20 to less than 0.35, 0.35 to less than 0.50 and >0.50,
respectively*?.

Following that, we compared their discriminatory power by assessing their ability to
distinguish participants known to differ in the severity of their disease conditions based on
clinical parameters, using c-statistics (c-stat) that were computed from area under the receiver
operating characteristic curve (AUC) analyses and processing LSS of the five versions as
continuous variables. Seven a priori selected and binarized clinical (polysomnographic)
parameters were used in the analyses as the outcomes: total sleep time (TST), sleep efficiency
(SE), sleep latency (SL), arousal index (Al), apnea-hypopnea index (AHI), oxygen desaturation
index (ODI), and percentage TST with pulse oximetric oxygen saturation <90% (%TST
Sp02<90). A higher c-stat value denotes a greater discriminatory power. Cut-offs were guided
by severity threshold used clinically for AHI, ODI and percentage TST, while cut-offs for the
rest of the selected parameters were determined by their respective medians*®#4. Lastly, we
compared the explanatory power of the bolt-on items using linear regression models for the
variation in the EQ VAS score. This was performed by extending the core model regressing
EQ VAS over the five standard EQ-5D items using their LSS and including each added bolt-
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on -individually which then generated an adjusted R-square value (R?). Greater explanatory

power is represented by a higher R?.

We used the data collected from both index visit and review visit to compare the
reliability and responsiveness of the EQ-5D-5L +S, +E, +C, +R, and +SECR. We allocated
the participants who showed up for their routine review visit and completed the questionnaires
into two categories (“treated” vs. “not treated) based on their treatment status, i.e., whether
they had received the definitive treatment for their sleep disturbance, and HRQoL statuses
(“improved” vs, “no change/deteriorated”) defined by the cPROM (SAQLI, FOSQ, PSQI)
scores thresholds. The thresholds of SAQLI, FOSQ and PSQI were set at 0.5, 1 and 2,
respectively*>*°. Participants were assigned “improved” if their review visit cPROM scores
compared to their index visit scores increased by more than 0.5 for SAQLI and more than 1 for
FOSQ and for PSQI, if the scores decreased by more than 2; otherwise, they were assigned “no
change/deteriorated”. Participants whose scores did not change (increase or decrease) at or
beyond the set thresholds were assigned to “no change” category. Both «treated” and
“improved” categories were used to assess responsiveness of the LSS for each EQ-5D version,
by applying area under the receiver operating characteristic curve (AUC) analyses to generate
c-statistics (c-stat) and by computing the standardized response means (SRM). Both
“untreated” and “no change” categories were used to assess reliability with weighted Cohen’s
Kappa (k) for each EQ item score and intra-class correlation coefficient (ICC) for LSS. ICC
and x values of 0.4 to < 0.6 and > 0.6 were considered moderate and good agreement,

respectively®®-5?,

We summarized all descriptive data with normal distribution in mean (standard
deviation, SD) and those with skewed distribution in median (interquartile range, IQR).
Pearson’s chi-square (x2) statistical testing was used for comparing proportions whereas
unpaired t-test / Mann-Whitney U, one-way analysis of variance (ANOVA) / Kruskal-Wallis
test, or paired t-test / Wilcoxon’s Sign Rank test were used for comparing continuous variables.
We used R Statistical Software (version 4.3.0; R Foundation for Statistical Computing, Vienna,
Austria) to perform all statistical analyses. A p-value of less than 0.05 specified statistical
significance.

RESULTS

Qualitative component



Overall, 23 participants comprising of 12 chronic disease patients (p), 3 healthy
individuals (h) and eight clinicians (c) (age ranges of 26 -78, 21-76, and 30- 65 years)
completed the interviews. Characteristics of the participants including their health states are
presented (Appendices.docx Table 2).

In the first part of the interviews, some participants generally conceptualized HRQoL
as related to physical health, usual activities and pain. For example, PF4, a male stroke patient,
stated that health is “being independent, mobile and able to take care of your own needs and
do life daily routine and basic activities ”, while PF12, a female atopic dermatitis patient, that
being healthy means being “free from physical and mental illness, from bodily discomfort and
pain...able to breathe easily, not having to suffer constantly from itch, stuffy nose”. Some
participants evidence the importance of mental health. For example, PF14, a female participant,
stated that being healthy means “not having to worry and feeling overwhelmed by stress all the
time...not having further panic attack and being able to feel happy”. Other themes emerging
from the interviews fitted the “sleep (S)”, “cognition (C)” (mental),
“energy/fatigue/tired/stamina (E)” and “relationships/interactions/community participation
(R)” (social) dimensions, as shown in the analysed transcripts 9 (12 patients, one healthy
participants and six clinicians), 17 (nine patients, one healthy participants and seven
clinicians), and 12 (seven patients, three healthy participants and two clinicians) participants,
respectively. We present key examples of the illustrative quotes retrieved for additional

dimensions supporting the four bolt-ons (Appendices.docx Table 3).

In part two of the interview, all the participants were able to understand and respond to
the bolt-on questions when administered and explained by the interviewer. They also found the
four types of dimensions to be relevant to patients with sleep disturbances. When probe to
provide recommendations to further improve the clarity of the items, suggestions were given
on the label and phrasings of the four initial candidates.

For sleep, participants highlighted that “... problems sleeping” may be subject to
interpreting the items as solely “difficulty falling asleep”, which may not include the broader
aspects of sleep. Participants suggested to replace this with “problems with sleep”. Participants
also suggested to list examples of specific problems with sleep for reference and clarity
(Appendices.docx Table 3).

For energy, there were few synonymous terms raised by participants conveying the

same concept such as “tired” “fatigue” “low vitality” “sluggish”’. However colloquially, most
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participants used and preferred the term “tired” which was thought to be simpler to understand
and most expressed.

For cognition, most patient participants were not familiar with the term in the bolt-on
head label, however they were able to come up and elaborate on different components when
they were informed that it referred to mental abilities. Most patient participants raised
“memory” and/or “focus/concentration” as key components constituting “cognition” or
“mental abilities”. They were also able to understand and answer the cognition item without
need for prompting or clarification after reading the response level descriptors.

For relationships, participants suggested adding primary relationship types, such as
family and friends to better illustrate social relationships.

In the ranking exercise, , 14 participants (p=8, c=6) expressed difficulty with the
ranking exercise attributed to perceived equipoise and/or proximate inter-connectedness
among the nine items, therefore ranking them equally. Among patient participants, “PD” (n=4),
“UA” (n=4), “MO” (n=4) and “S” (n=3) were most frequently endorsed as the most important
items, with “S”, “E”, “C” & “R” in tie (n=2) second place. Among clinicians, “PD” (n=6), “SC”
(n=5), “C” (n=3) & “AD” (n=3) were considered the first, second, third, fourth and fifth most
important dimensions. We tabulated the results of the ranking exercise using both approaches

in Appendices.docx Table 4.

Based on the suggestions provided by the participants, the team further modified the
label and phrasings of the four initial candidate bolt-ons. For sleep, we synthesized the
examples of sleep issues elicited in our exploration to “difficulty falling”, “staying asleep” and
“waking up unrefreshed”. For parsimony, these were positioned within parenthesis in the label.
To ensure consistency with the EQ-5D, the label “sleep problems” was used in place of “sleep”,
with response descriptors being ‘no/slight/moderate/severe/extreme sleep problems’.

For energy, we adopted an existing “tiredness” bolt-on in the literature given “tired”
was the more frequently preferred term in colloquial English (Singapore).

For cognition, the team replaced the level descriptors with “memory” and
“concentration”. As all participants had no difficulty responding to the specified level
descriptors, the team decided to retain “cognition” in the bolt-on head label.

For relationships, the team further added “family and friends” within the parenthesis of

the bolt-on label as some examples of key relationship types.
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Therefore, the final four bolt-on versions were: (1) S - “sleep problems (e.q., difficulty
falling or staying asleep, waking up unrefreshed, etc.)” with
“no/slight/moderate/severe/extreme sleep problems”; (2) C - “cognition” with
“no/slight/moderate/severe/extreme problems with memory or concentration”; (3) T -
“tiredness” with “not/slightly/moderately/severely/extremely tired”; (4) R - “relationships
(e.g., family, friends, etc.)” with “no/slight/moderate/severe/extreme problems with social
relationships”. During the pilot testing, patients provided affirmative responses to the
appropriateness, saliency, acceptability, comprehensiveness, and comprehensibility of the four
final bolt-on items. Consequently, the final six EQ versions used for phase 2 quantitative testing
were 5L (standard EQ-5D-5L), +S, +C, +T, +R (5L tagged with each of the four single
developed bolt-on), and +SCTR (5L tagged with the “module”, i.e., the four bolt-ons bundled).

Quantitative component

We recruited 110 patients. Their mean age was 47 years old, with 76.4% being males
and 29.1% being of non-Chinese ethnicity (Malay, 21.8%; Indian, 4.6%; Others, 2.7%). 81.8%
of participants were actively employed, while 84.6% resided in public housing, and vast
majority received formal education (99.1%). Their clinical characteristics are presented in table
1. Proportions of patients who reported full health, that is, “no problems” in all the EQ-5D
items, was 42.7%. When considering the EQ-5D +SCTR, all participants reported some
problems. We summarized the ceilings and health state profiles for all EQ versions (Table 2)

and item-level responses (Appendices.docx Fig. 1).

Table 3 showed a correlation matrix of the items/EQ VAS. All bolt-ons were
moderately correlated with FOSQ, PSQI and SQALLI, while +R was moderately correlated with
FOSQ, but weakly with PSQI and SQALI. Correlations of all bolt-ons were higher than the
correlation of the EQ-5D-5L i.e., weak with the three cPROMs. When all bolt-ons were
considered simultaneously, the highest correlations were reported with the three cPROMSs
(Table 4). Also known-group validity of +S, +C, +T, +R and +SCTR were all higher than
known group validity for the EQ-5D-5L, with +S, +T and +SCTR producing significantly
higher mean c-stat (table 4). The adjusted R? generated in the multiple linear regression model
were 0.114, 0.166. 0.112. 0.136, 0.159 and 0.200 for 5L, +S, +C, +T, +R and +SCTR,

respectively (all p-values<0.001).
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Ninety participants returned for their second interview at 2.2 (mean) = 2.1 (SD)
months. Their mean age was 47 years old (SD 13). 77.8% of them were males and 25.6%
were of non-Chinese ethnicity. Among these participants, 64.4% received definitive
treatment for their sleep disturbance, and 48.9%, 48.9% and 62.2% had improvement in their
HRQoL status based on SAQLI, PSQI and FOSQ scores, respectively; they were utilized for
responsiveness testing.

For responsiveness, both SRM and c-stat results showed similar trends with +SCTR,
+S, +T, +C and +R (in order of declining magnitude) producing larger effect sizes than 5L in
both the “treated” and SAQLI- and FOSQ-based “improved” groups (Table 5). In the PSQI-
based improved group, SRM and c-stat values in +T exceeds marginally those of +S (table 4).

For reliability, approximately one-third (35.6%) of participants had not undergone
their treatment. Each of them was interviewed at one month of their index visit. Among those
participants who received treatment, 42.2%, 41,1% and 32.2% were categorized as “no
change” based on the cut-offs of the SAQLI, PSQI and FOSQ, respectively. The ICCs of LSS
in all versions were at least in the moderate range except in 5L and +R for FOSQ which were
weak (Table 6). Similarly, for all items, k values were within at least fair to moderate limits
and statistically significant (p<0.05), except for T item in PSQI and PD item in FOSQ which

were insignificantly weak.

DISCUSSION

Our qualitative findings lent further support to the content validity of the four bolt-on
items. We showed that sleep, cognition, energy and relationships bolt-ons were relevant
dimensions, and we adapted them and demonstrated that they improved the psychometric
properties of the EQ-5D-5L in our study cohort of chronic disease patients with sleep
disturbances with respect to the convergent validity, discriminatory power and explanatory
power of EQ VAS. Our results were aligned with previous publications on bolt-ons in specific
disease population groups. Some of the better-known examples are the bolt-ons on breathing,

vision, cognition and itch.

Several studies that had examined the sleep dimension had shown varying results in
enhancing the psychometric properties of EQ-5D%3 28315257 The most recently published
paper by Rencz et al showed that among nine bolt-on items, sleep bolt-on reduced the ceiling
effects of EQ-5D by 30% . In our study, it was reduced by 42.7%. The varying results could
arise from many reasons. In the first place, Rencz et al, used a general public sample in their
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analyses, while we examined diseased population affected by sleep disorders. Besides, there
may be differences in the research methodology, phrasings and labels of the bolt-ons, as well
as clinical elements. For example, unless they have bed partners who observe and report them,
some patients are simply not aware of the sleep disrupting symptoms such as breathing (e.g.
snoring), teeth grinding, dream enactment etc, which are occurring during their sleep. Rather
these patients experience awake consequences in physical, mental and social domains,

especially the latter two because of their fragmented sleep.

In comparing the individual bolt-ons, it is not surprising that “sleep” bolt-on
outperformed the other three bolt-ons in our study given all participants recruited suffered from
sleep disturbances that led them to seek medical attention. The measurement performance of
“tiredness” and “cognition” bolt-ons were marginally behind “sleep” bolt-on. “Sleepiness” is
often perceived and expressed mutually and loosely with “tiredness”/ “fatigue”/ “low energy”
by patients in the phase-1 study or literature although they are clinically and pathologically
distinguishable®. Patients who feel sleepy in the day due to their sleep disturbances generally
report feeling tired although the converse may not be true concerning these two symptoms.
Both symptoms can certainly affect one’s mental functioning therefore impaired cognition is
also often concurrently reported. Among the four bolt-ons, performance of “relationship” was
weakest, and subpar in all measurement properties compared to the other three. Although social
relationships or connectedness emerged as a relevant dimension in our qualitative interview, it
is nonetheless an adverse by-product effect of sleep disturbances collaterally linked to their
physical and mental sequelae. Moreover, there could exist multitude of factors, besides the
severity and the kind of sleep problem, that possibly influence the impact on “relationships” in
our study population. These included unmeasurable factors such as patients’ personality
types/social skills, values, motivation levels, as well as social norms. For example, impacts
might be attenuated if patients were introvert, placed less value on social interactions and were
less motivated in the need to want to socialize, or if they already had very weak existing social
support and sense of social belonging. Conversely, it might also be possible that impacts were
substantially mitigated to below perceivable thresholds if patients had strong and/or dense
existing social networks. Unfortunately, our study was not designed to further determine and
explore these factors. Except for discriminatory power where the bolt-on module was inferior
to the “sleep” bolt-on, the convergent validity of the bolt-on module appeared to be higher than
each of the four individual bolt-ons. Nevertheless, our study findings provided empirical
evidence to support incorporating key multi-faceted single-item dimensions to EQ-5D-5L
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which will allow the clinicians to better capture the health states of patients with sleep
disturbance without unduly lengthening the questionnaire and exacerbating respondents’

fatigue, while retaining the genericity advantage conferred by the instrument.

Our mixed study design enabled us to explore further the saliency of “sleep”,
“cognition”, “energy” and “relationships” dimensions through the lenses of both patients and
clinicians, and to verify the face and content validity of the four bolt-on items. Based on the
qualitative input, we also revised the phrasings of the bolt-ons extracted from the literature to
fit for purpose within the local cultural context. In testing their performances, we employed a
combination of subjective data from self-reporting condition-specific PROMs and objective
measures using polysomnographic parameters. The team had designedly included chronic
disease as an enrolment criterion in our study so that its findings can provide broader
applicability extending beyond just the population with sleep disturbances, given that sleep
and energy/fatigue were identified as relevant generic constructs absent in EQ-5D across
different population groups and had been built-into major condition specific PROM such as
EORTC for cancer?®?8:52.58 However, there were some limitations in our study that should
be kept in mind when interpreting our results or generalising our findings. We were only able
to compare the performances of the six EQ-5D versions using level sum scores and not the
utility scores, as the latter will require a value set through eliciting the general public’s health
preferences of EQ-5D-5L containing the bolt-on(s) which is currently not available.
Nevertheless, it can be argued that LSS may be more suitable than the preference-based index
score when EQ-5D is used as a PROM in the clinical setting. The differences in the effect
sizes between the bolt-on versions and standard EQ-5D-5L might have been underestimated
due to the inclusion of patients with other chronic diseases that might have elevated the
sensitivity of standard EQ-5D-5L. Also given that our study on the four bolt-ons was
conducted in a specialist setting among Asian patients, the results may not be extended to
other types of bolt-ons in dissimilar population groups. Further work can consider duplicating
the study with larger sample sizes, investigating in other target populations and contextures to
verify the internal and external validity of the results, and deriving social preference

valuations set for health states of the bolt-on(s) containing EQ-5D-5L versions.

CONCLUSIONS
The addition of sleep and related bolt-ons abolished the ceiling effects of EQ-5D-5L
and enhanced its construct validity and responsiveness while preserving its reliability among

chronic disease patients with sleep disturbances attending a multidisciplinary sleep clinic. A
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module of bolt-ons including “sleep”, “cognition”, “tiredness” and “relationship” dimensions

provided better results than individual bolt-ons.
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Table 1: Characteristics of study sample (N=110).

Age (meanzSD) 46.7 (13.0)
Male 84 (76.4)
Ethnicity
Chinese 78 (70.9)
Malay 24 (21.8)
Indian 4 (4.6)
Others 3(2.7)
Marital Status
Single 37 (33.6)
Married 64 (58.2)
Divorced/Widowed 9(8.2)
Employment
Employed 90 (81.8)
Housewife/unemployed/retiree 16 (14.6)
Student 2 (3.6)
Residential
Public (HDB) 93 (84.6)
Private (condo/landed) 17 (15.5)
Education level
None 1(0.9)
Secondary & below 20 (18.2)
‘A’ level & equivalent 47 (42.7)
Tertiary 42 (38.2)
Charlson comorbidity index
>1 65 (59.1)
0 45 (40.9)
Total sleep time, minutes
< 350 55 (50.0)
>350 55 (50.0)
Sleep efficiency, percentage
<80 58 (52.7)
>80 52 (47.3)
Sleep latency, minutes
>20 50 (45.5)
<20 60 (54.5)
Arousal index, events per hour
> 40 49 (44.6)
<40 61 (55.5)
Apnea-hypopnea index, events per hour
>30 80 (72.7)
<30 30 (27.3)

Oxygen desaturation index, events per hour
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>30 57 (51.8)

<30 53 (48.2)
%TST Sp0O2<90, percentage

>25 36 (32.7)

<25 74 (67.3)

AHI; apnea-hypopnea index; Al; arousal index; CCI, Charlson
comorbidity index; ODI, oxygen desaturation index; N, sample size
of recruited patients in step 2 of study; SE, sleep efficiency; SL, sleep
latency; TST, total sleep time; %, proportions in percentages; %TST
Sp02<90; percentage TST with pulse oximetric oxygen saturation
<90%




Table 2: Ceilings and health state profiles of EQ-5D-5L and bolt-ons (N=110).

Ceilings Health state profiles
Item n (%) EQ-5D-5L n (%) “Absolute | nffmaximum 20 top
versions ["relative (proportions, profiles
ceiling %) (%)
reduction
(%)
MO 99 (99.0)
SC 107 (97.3)
UA 94 (85.5) 5L 47 (42.7) 25/3125 95.5
(0.8)
PD 63 (57.3)
AD 74 (67.3)
S 22 (20.2) +S 0 42.7/100.0 41/15625 80.9
(0.3)
C 53 (48.2) +C 0 42.7/100.0 35/15625 86.4
(0.2
T 17 (15.5) +T 0 42.7/100.0 39/15625 82.7
(0.3)
R 86 (78.2) +R 0 42.7/100.0 33/15625 88.2
(0.2)
SCTR 7(6.4) +SCTR 0 42.7/100.0 81/15625 44.5
)

5L, EuroQoL-five dimensions-five levels; %, percentage; +C, 5L plus cognition bolt-on
item; +T, 5L plus tiredness bolt-on item; +R, 5L plus relationship bolt-on item; +S, 5L

plus sleep bolt-on item; +SCTR, 5L plus sleep, cognition, tiredness and relationship bolt-

on items; AD, anxiety/depression item; C, cognition bolt-on item; MO, mobility item; N,
total sample size; n, count; PD, pain/discomfort item; R, relationship bolt-on item; S, sleep
bolt-on item; SC, self-care item; T, tiredness bolt-on item; UA, usual activities item.

* PR PR
ceilingst - ceilingsr+bolton

A R R R
(ceilingsL - ceilingsL+bolton) / ceilings.

# maximum possible health state for the EQ-5D-5L version
“proportion of counts for 20 top health profiles out of 110 total sample count
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Table 3: "Correlation coefficients between EQ-5D-5L items, bolt-ons and

EQ VAS.

MO|SC|IUA|PD|AD]|] S | C | T | R | VAS
MO | 1 |032]021]044[020]0.10]011]0.24|012] -0.21
SC 1 |042022]011]003]007 006007 -0.12
UA 1 030015026016 019|013 | -0.17
PD 1 |032]0.16]0.10 | 0.20 | 0.01 | -0.28
AD 1 |0.25]033]0.30 040 -0.36
S 1 |043]062]0.10] -0.38
C 1 |046]022] -0.15
T 1 | 014 -036
R 1 | -0.29

AD, anxiety/depression item; C, cognition bolt-on item; EQ-5D-5L,
EuroQoL-five dimensions-five levels; EQ VAS, EuroQoL visual analogue
scale; SC, self-care item; MO, mobility item; PD, pain/discomfort item; R,
relationship bolt-on item; S, sleep bolt-on item; T, tiredness bolt-on item;

UA, usual activities item.
“All p<0.05.
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Table 4: “"Construct validity of EQ-5D-5L and its five bolt-on(s)

versions.
[ 5L | +s | +C | +T | +R | +SCTR
**Correlations
FOSQ - -0.45 -0.44 -0.45 -0.36 -0.57
0.30
PSQI 0.29 | 051 0.42 0.41 0.30 0.54
SAQLI - -0.44 -0.34 -0.38 -0.28 -0.52
0.24
SKnown-groups
TST 0.52 | 0.601 0.553 0.543 0.510 0.586
3
SE 0.50 | 0.567 0.530 0.520 0.528 0.562
9
SL 0.54 | 0.578 0.518 0.569 0.541 0.561
9
Al 0.51 | 0.556 0.522 0.553 0.510 0.521
6
AHI 0.51 | 0.518 0.553 0.524 0.535 0.547
7
ODI 0.49 | 0.546 0.481 0.536 0.497 0.540
7
%TSTSpO2< | 0.51 | 0.542 0.555 0.553 0.483 0.524
90 6
$8Mean 0.51 | "0.558 | 0.530 | "0.543 0.515 n0.549
(SD) 8 |(0.027 | (0.027) | (0.017) | (0.021) | (0.023)
(0.0 )
16)

5L, EuroQoL-five dimensions-five levels; +C, 5L plus cognition bolt-on
item; +T, 5L plus tiredness bolt-on item; +R, 5L plus relationship bolt-on
item; +S, 5L plus sleep bolt-on item; +SCTR, 5L plus sleep, cognition,
tiredness and relationship bolt-on items; %TST SpO2<90, percentage TST
with pulse oximetric oxygen saturation <90%; AD, anxiety/depression
item; AHI; apnea-hypopnea index; Al; arousal index; FOSQ, Functional
Outcome Sleep Questionnaire; SC, self-care item; MO, mobility item; ODI,
oxygen desaturation index; PD, pain/discomfort item; PSQI, Pittsburgh
Sleep Quality Index; SAQLI, Sleep Apnea Quality of Life Index; SD,
standard deviation; SE, sleep efficiency; SL, sleep latency; TST, total sleep
time; UA, usual activities item.

“ Presented data were on level sum scores.

“*Spearman’s rho correlations analyses, all p-values<0.001.

SC-statistics analyses of a prior determined known-groups.

$8Mean (standard deviation) of C-statistics data for the seven clinical
known-groups.

"P-values of comparisons against 5L <0.05.
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Table 5: "Responsiveness of EQ-5D-5L and its five bolt-on(s) versions.

| 5. | + | + | +T | +R | #SCTR
Standardized response means
Treated -0.59 -1.34 -0.90 -1.36 -0.69 -1.83
(n=58) (-0.87to- | (-1.70to- | (-1.21to- | (-1.72t0o- | (-0.98t0- | (-2.2510 -
0.31) 0.98) 0.59) 1.00) 0.40) 1.40)
SAQLI -0.50 -1.13 -0.85 -1.16 -0.59 -1.56
(n=44) (-0.82to- | (-1.51to- | (-1.20to- | (-1.54to- | (-0.92to- | (-2.00to -
0.18) 0.74) 0.50) 0.77) 0.27) 1.11)
PSQI -0.65 -1.30 -0.93 -1.41 -0.85 -1.86
(n=44) (-0.98to- | (-1.70to- | (-1.29to- | (-1.83to- | (-1.20to - | (-2.36 tO -
0.32) 0.89) 0.57) 0.98) 0.50) 1.37)
FOSQ -0.61 -1.34 -0.99 -1.33 -0.74 -1.86
(n=56) (-0.89to- | (-1.71to- | (-1.31to- | (-1.69to- | (-1.04to - | (-2.30 to -
0.32) 0.78) 0.67) 0.96) 0.44) 1.42)
C-statistics
Treated 0.576 0.776 0.662 0.739 0.598 0.846
SAQLI 0.504 0.647 0.625 0.606 0.537 0.704
PSQI 0.578 0.720 0.631 0.698 0.648 0.773
FOSQ 0.585 0.753 0.721 0.690 0.632 0.836

0, 95% CI; 5L, EuroQoL-five dimensions-five levels; +C, 5L plus cognition bolt-on
item; +T, 5L plus tiredness bolt-on item; +R, 5L plus relationship bolt-on item; +S, 5L
plus sleep bolt-on item; +SCTR, 5L plus sleep, cognition, tiredness and relationship
bolt-on items; FOSQ, Functional Outcome Sleep Questionnaire; n, number of
participants in the specified assessment category; PSQI, Pittsburgh Sleep Quality Index;
SAQLI; Sleep Apnea Quality of Life Index.

“ Presented data on level sum scores.




Table 6: "Reliability of EQ-5D-5L and its five bolt-on(s) versions.

Untreated SAQLLI PSQI FOSQ
(n=32) (n=38) (n=37) (n=29)
Intraclass correlations
EQ-5D-5L 0.81 0.77 0.51 0.25
(0.65-0.90) | (0.53-0.88) | (0.23-0.72) | (-0.09-0.55)
+S 0.78 0.66 0.54 0.57
(0.58-0.89) | (0.14-0.86) | (0.06-0.78) | (0.24-0.78)
+C 0.80 0.78 0.51 0.49
(0.59-0.91) | (0.43-0.90) | (0.15-0.73) | (0.17-0.72)
+T 0.76 0.67 0.41 0.47
(0.53-0.88) | (0.21-0.85) | (0.01-0.68) | (0.12-0.71)
+R 0.76 0.75 0.53 0.37
(0.56-0.88) | (0.49-0.87) | (0.26-0.73) | (0.03-0.63)
+SCTR 0.75 0.62 0.70 0.70
(0.49-0.88) | (0.05-0.84) | (0.35-0.86) | (0.35-0.86)
Cohen’s kappa
Mobility” 0.78 0.77 0.68 i
Self-care” AN AN " "
Usual activities” 0.64 0.47 ** **
Pain/discomfort” 0.47 0.67 0.40 0.19
Anxiety/depression” 0.78 0.54 0.59 0.76
Sleep” 0.47 0.34 0.36 0.42
Cognition” 0.59 0.53 0.39 0.77
Tiredness” 0.44 0.30 0.16 0.39
Relationship” 0.43 0.50 0.39 0.54

(), 95% CI; 5L, EuroQoL-five dimensions-five levels; +C, 5L plus cognition bolt-on item;
+T, 5L plus tiredness bolt-on item; +R, 5L plus relationship bolt-on item; +S, 5L plus
sleep bolt-on item; +SCTR, 5L plus sleep, cognition, tiredness and relationship bolt-on
items; FOSQ, Functional Outcome Sleep Questionnaire; n, number of untreated or “no
change” participants in the specified assessment category; PSQI, Pittsburgh Sleep Quality

Index; Rx, “treated” category; SAQLI; Sleep Apnea Quality of Life Index.
“Intraclass correlations and cohen’s kappa analyses.
" Cohen’s kappa analyses; all p<0.05.

#All participants rated 1 at baseline and follow-up except for two participants who rated 2

at baseline.

““All participants rated 1 at baseline and follow-up except for one participant who rated 2

at baseline.

""All participants rated 1 at baseline and follow-up.
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