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ABSTRACT

Introduction: Loss of cognitive function is a
common feature in schizophrenia. However,
generic measures of health-related quality of life
favored by decision-makers, such as the EQ-5D,
are not designed to detect changes in cognitive
function. We report the valuation of the
Schizophrenia Cognition Rating Scale (SCoRS),
a schizophrenia-specific measure of cognitive
impairment.
Methods: Expert opinion and psychometric
analysis of the SCoRS from clinical trial data was
undertaken to select 5 key items from the
measure. These items were combined orthogo-
nally to develop health-state vignettes. Vign-
ettes were valued using composite time trade-
off (cTTO) in one-on-one video calls. Several
econometric models were fitted to the data to

estimate disutilities. Performance of EQ-5D- and
SCoRS-based utilities were compared in the trial
data.
Results: The SCoRS items selected for the val-
uation study represented attention, learning,
processing speed, social cognition and memory.
Four hundred respondents participated in the
valuation study. The best observed health state
was valued at 0.855 [standard deviation
(SD) = 0.179] and the worst at 0.152
(SD = 0.575). At the most severe levels, ‘social
cognition’ received the largest disutility fol-
lowed by ‘learning’ and ‘memory’. The final
model to estimate utilities had 15 parameters.
SCoRS-based utilities were sensitive to change
in cognition, but the EQ-5D was not.
Conclusion: It is feasible to value different
dimensions of cognition separately using a val-
idated instrument for proxy assessment. The
resulting utilities indicate loss of quality of life
due to reduced cognitive functioning.
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Key Summary Points

Common preference-based measures such
as EQ-5D do not reflect cognition as a
dimension of health.

Using data from a phase 2 trial comparing
the glycine transporter-1 inhibitor BI
425809 compared to placebo, this study
aimed to provide an alternative approach
to value improvement in cognitive
functioning to inform cost-effectiveness
analysis of treatments for schizophrenia.

Using a schizophrenia-specific measure of
cognitive functioning, the SCoRS, we
derived utilities that demonstrated to be
more sensitive to change in cognition
than the EQ-5D.

It is feasible to describe different
dimensions of cognition and value them
separately using a validated, disease-
specific instrument.

INTRODUCTION

The measurement and valuation of health is
central to economic evaluations that involve
the use of quality-adjusted life years (QALYs).
Economic evaluations that estimate QALYs for
improvements in cognition face the challenge
that commonly used instruments, such as the
EQ-5D, were not designed to measure and value
cognitive function, and evidence suggests that
the EQ-5D is poor at measuring differences in
cognitive function [1]. Researchers may there-
fore resort to the Health Utilities Index Mark-3
(HUI-3) [2], but, unlike EQ-5D, in this instru-
ment cognition is only characterized as the
ability to remember things. In order to be able
to use EQ-5D in a context where cognition is
relevant, several initiatives have been deployed
to value cognitive function separately, such as
the development of a ‘bolt-on’ to EQ-5D for
cognition [1, 3]. A ‘bolt-on’ is an additional

item added to the EQ-5D to address the mea-
surement limitation. The bolt-on approach is a
potentially useful solution, but it needs to be
incorporated into the clinical trial design. Also,
a single bolt-on dimension may not account for
multidimensionality of cognition (e.g., mem-
ory, attention, and visuo-spatial skills). How-
ever, including all main elements of cognition
as different bolt-ons would make the valuation
task very complex for participants. In this study,
we use an alternative approach to bolt-ons to
place a value on improvements in cognitive
impairment associated with schizophrenia
(CIAS), which is based on an existing, disease-
specific instrument and can be used alongside
generic measures of health (such as EQ-5D). A
valuation of an existing instrument has the
benefit that utilities can be derived from studies
that have already been conducted.

The multidimensionality of cognition is
reflected in the Food and Drug Administration-
approved MATRICS Consensus Cognitive Bat-
tery (MCCB), a selection of cognitive tests
which evaluate cognitive capacity in seven
dimensions: speed of processing, attention/vig-
ilance, working memory, verbal learning,
visional learning, reasoning and problem solv-
ing, and social cognition [4, 5]. A related
instrument that assesses day-to-day cognitive
functioning is the Schizophrenia Cognition
Rating Scale (SCoRS) [6, 7], a 20-item inter-
viewer-based rating scale developed to evaluate
the impact of cognitive impairment on the
patient’s daily functioning. The SCoRS is based
on an interviewer assessment and refers to the
patient’s actual cognitive functioning problems
in daily life [6]. The SCoRS items correspond to
the MATRICS cognitive domains, including
memory, learning, attention, working memory,
problem solving, processing speed, social cog-
nition, and language. It has several advantages,
including a brief administration time, associa-
tion to real-world functioning, good test–retest
reliability, and correlations with other measures
of cognition and functioning, both perfor-
mance-based and rater-assessed [14, 15]. The
full 20-item version of the SCoRS provides a
valuable source of information for health-state
descriptions, but it has too many items for val-
uation purposes with the composite time trade-
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off (cTTO) valuation, and it would yield
incomprehensible health states.

Here, we show the results of a study designed
to capture a time trade-off valuation of several
dimensions of cognition as described by the
SCoRS to inform cost-effectiveness analysis of
therapies targeting cognitive function. We first
describe a selection process to identify which
items of the SCoRS should be included in a
valuation study. We report on the results of the
valuation study and apply several regression
models to the data of the valuation study to
estimate item level disutility. Subsequently, we
demonstrate the performance of the resulting
scoring algorithm on trial data relative to EQ-
5D.

METHODS

The disease-specific approach was constructed
in 3 stages: (1) the derivation of the classifica-
tion system from the SCoRS; (2) the cTTO sur-
vey used to elicit values for a selection of SCoRS-
based health states; and (3) the modeling of
preference weights that can be used to generate
utility values for the health states derived from
the SCoRS. (Fig. 1).

Data from a multicenter phase 2 randomized
clinical trial investigating the effect of the gly-
cine transporter-1 inhibitor BI 425809 on

cognition in 509 patients with schizophrenia
underwent secondary analysis. The sample is
described in detail elsewhere [8]. In summary,
the majority of patients were male (65%), mean
age was 37.1 [standard deviation (SD)] = 7.7]
and mean time since first diagnosis was
12.1 years (SD 7.8; range 0.2–36.0). Patients
were psychiatrically stable and on stable treat-
ment with standard of care antipsychotic med-
ication. Baseline MCCB overall composite
T-score was 31.5 (SD 13.2) and SCoRS inter-
viewer-rated total score was 36.4 (8.9).

The objective of the psychometric analysis
was to reduce the number of items in the SCoRS
to roughly 5 or 6 in order to support the valu-
ation task. These 5 or 6 items should reflect the
range of the SCoRS measure, by including the
best functioning items (from a psychometric
perspective). All analyses were conducted on
the full analysis set from the clinical trial using
the Statistical Analysis System (SAS) v.9.4. The
item content of the SCoRS covers a broad range
of cognitive domains: attention, language,
learning, memory/working memory, problem
solving, processing speed, social cognition.
Each of the 20 items is rated on a scale ranging
from 1 to 4, with higher scores reflecting a
greater degree of impairment (1 = none,
2 =mild, 3 =moderate, 4 = severe difficulties),
resulting in a total sum score between 20 and
80.

Fig. 1 Item selection and preference study process
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An exploratory factor analysis (EFA) was
conducted on the baseline SCoRS (n = 495) to
identify those items that most clearly represent
the content domain of the underlying con-
struct. As SCoRS items are not normally dis-
tributed, we used the unweighted least squares
extraction method. As the aspects of cognitive
function are likely to be correlated, we used
oblique rotation as well as orthogonal. We
applied the 0.40 criterion level in judging factor
loadings as meaningful [9].

A graded response model (GRM), an item
response theory (IRT) [10] model for ordinal
data, was fitted to the 20 items to explore how
many are needed for a precise measurement of
cognitive deficits. The GRM model yields two
item types of parameter estimates: the item
thresholds and the item slope [11]. Item
threshold parameters, bik, where i is the item
and k is the response level, locate item response
categories along the scale (i.e., the construct of
interest). The item slope parameter, a, refers to
the discriminative ability of the items, with
higher slope values indicating a stronger rela-
tionship to the construct of interest. The SCoRS
items have four response categories, therefore
three item thresholds, k, were estimated. Mea-
sure precision (reliability) is conceptualized
within IRT as ‘‘information’’, which is inversely
related to an individual’s standard error of
measurement; the more information a measure
provides in a certain trait range, the more pre-
cise an individual’s measurement in that trait
range will be. Information was inspected by
each ‘‘item information curve’’ (IIC), which
indicated how informative, i.e., discriminating,
each item was as a function of the latent trait,
i.e., cognitive deficit.

Non-parametric correlation coefficients
(Spearman’s Rho) were calculated between
individual SCoRS items and the MCCB domains
and composite scores. We expected a strong
(|r|C 0.60) or at least moderate (|r| values,
0.40–0.59) correlation between each MCCB
domain score and the SCoRS items that are
designed to measure similar or the same aspects
of cognition.

The final selection of the most relevant items
was based on both the results of these analyses

and expert input from the original developer of
the SCoRS.

Design and Conduct of the Valuation
Study

We used an orthogonal design to define health-
state vignettes, which satisfied the criterion that
all severity levels and all severity level combi-
nations are equally prevalent and therefore
balanced. [12] The design of five four-level fac-
tors specified 16 health states (Appendix 1 in
supplementary material). The health states were
randomly divided into two ’blocks’ so that
participants only had to value 8 health states.
The health-state vignettes were assessed using
the time trade-off (TTO) method.

Time Trade-off Method

The time trade-off (TTO) is a standardized
interview method for valuing health states and
was used to generate health utility weights for
each health state. [13, 14] The method is
designed to determine the point at which par-
ticipants consider 10 years in the target health
state to be equivalent to the prospect of X years
in full health. Time in full health is varied until
this point of indifference is reached. To mini-
mize possible bias, we used the ping-pong
method, which varies the amount of time in full
health alternating between high and low values,
changing by 6-month intervals. If a participant
indicated that they believed that zero years in
full health was preferable to any time living in a
health state, then this implies that the partici-
pant considers the state to be worse than dead.
At this point, the interviewer was asked to
switch to a lead-time TTO exercise, which asks
participants whether they would prefer to live
for 10 years in full health followed by 10 years
in a health state, or to live for 20 years in full
health. This is referred to as the composite TTO
(cTTO) [15].

Sample Size
A power analysis was conducted using simula-
tion methods in R. Valuation data were simu-
lated in 100 datasets with sample size n for the
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16 health states of the orthogonal design spec-
ification. Sample size n could take on values
between 100 and 500. Health-state values were
simulated with disutilities for each worsening
level. These disutilities were randomly drawn
from a truncated normal distribution, with a
mean of 0.05 and a standard deviation of 0.2,
and multiplied by the level of severity. Subse-
quently, in each of the 100 datasets given a
certain sample size, a regression equation was
estimated, and the number of significant coef-
ficients were stored. The specification was a
16-parameter random effects model with an
intercept and dummy variables for the five
dimensions included in the preference-based
measure. The simulation results showed that, at
a sample size of 400, a model with significant
parameters could be estimated for nearly all of
the 100 simulations, with increases in sample
sizes not substantially improving results.

Recruitment
Members of the UK general population
(aged[18) were recruited by 12 field-based
interviewers. The experienced TTO interviewers
were all located in different regions of the UK.
Recruitment was based on convenience sam-
pling, including snowballing based on informal
networks. The aim was to recruit a broadly
representative sample of the UK general popu-
lation in terms of age and sex using recruitment
quotas. A total of 400 TTO interviews were
conducted.

Compliance with Ethics Guidelines
The interview guide and survey instrument
were approved by the Western Institutional
Review Board. The study was qualified for an
exemption because the research only includes
interactions involving survey and interview
procedures, and there were adequate provisions
to protect the privacy of subjects and to main-
tain the confidentiality of data. Eligible
respondents provided informed consent to
participate and to the scientific publication of
the research while adhering to the General Data
Protection Regulations (GDPR) and European
Pharmaceutical Market Research Association
regulations of data protection and privacy. Each

individual’s consent to participate in the study
was collected after an initial survey that verified
eligibility and prior to the main interview. The
survey terminated if individuals indicated that
they were not willing to participate. Individuals
who provided consent moved to the interview
questions and their answers were saved in the
survey database. Only individuals who com-
pleted the full interview received compensation
for participation.

COVID-19 Adaptation of Design
In response to the UK COVID-19 lockdown at
the start of the data collection (2021), all
interviews were conducted under interviewer
supervision using online video (Skype or Zoom),
except for 5 face-to-face interviews. Participants
were provided with information about the
study and asked to complete a consent form
along with a brief background questionnaire.

Interviewers requested participants to have
health states either printed or presented on a
separate screen. The online video interview was
presented on a second screen so that the inter-
viewer and participant were visible to one
another at all times, enabling the visual ana-
logue scale (VAS) or TTO board to be shown
alongside the interviewer on the screen. The
online interview encouraged eye contact and
was designed to mimic a standard face-to-face
interview as far as possible. Interviews all fol-
lowed a standard script.

In the first part of the exercise participants
rated each health state (plus a ‘dead’ state) on
VAS, ranging from 0 (worst possible state) to
100 (full health). This was designed as a warmup
task to familiarize participants with each
description and the concept of rating states of
health. Following the VAS exercise, participants
completed two practice cTTO tasks. After that,
they completed the cTTO exercise for eight
health states.

Modeling Health State Preferences
To account for multiple observations per indi-
viduals, we modeled the cTTO data with ran-
dom effects (RE) generalized linear regression,
and random effects Tobit regression (account-
ing for left-censored at -1 data) [16] using
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maximum likelihood estimation. Coefficients
represent the utility decrement of moving from
no impairment to mild impairment (level two),
from no impairment to moderate impairment
(level three), and from no impairment to severe
impairment (level four).

The most appropriate model was selected
based on the following criteria: the significance
of the coefficients; logical consistency; good-
ness of fit; and accuracy. The model was con-
sidered to be logically consistent where worse
health states had estimated values lower than
better health states. The measurement of accu-
racy was compared using root mean square error
(RMSE) and mean absolute error (MAE) with
lower error preferred. Out of sample prediction
accuracy was tested by holding out one health
state and predicting its value within the 95%
confidence interval through the regression
analysis.

The final model was applied to the trial data
to assess the responsiveness to change of the
predicted utilities. We predicted that the mean
changes in SCoRS utilities between baseline and
end of treatment would reflect changes in
MCCB cognitive score, while the EQ-5D would
be insensitive to these changes. We used the
effect size (ES: average score change/SD of initial
score) [17, 18] and the standardized response
mean (SRM: average score change/SD of score
change) [19], in which the SCoRS utilities and
the EQ-5D were compared with the MCCB. To
examine the correlation of changes among the
instruments, pairwise Spearman’s correlation
coefficients of the ES and the SRM were applied.
All analyses were performed using R 3.6.1
(sample size calculation) STATA v.16 (estima-
tion of regression equations) and SAS (trial data
analysis).

RESULTS

Item Selection

The trial data included very few participants
with severe (level 4) levels of cognitive deficits
on the SCoRS. The exploratory factor analysis
on the baseline dataset indicated that a single
factor was the best structure, which was

consistent with a previous psychometric study
on the SCoRS [7].

Table S1 (in supplementary material) pro-
vides the GRM estimates of the item discrimi-
nation (ai) and threshold parameters (bi1–bi3),
as well as estimates of their standard errors. Item
discrimination parameter estimates (a) range
from 0.90 to 1.73. The first threshold parameter
represents the point on the latent trait contin-
uum—i.e., cognitive impairment—where the
probability of responding above category 1 is
50%, the second threshold parameter indexes
the cognitive impairment level needed to reach
the third response category from the second,
and so on for the third threshold parameter.
The results show that the threshold parameter
estimates increased from the first threshold
through the third, with, especially, a larger
increase from the second to the third, indicat-
ing that only the most extremely impaired
patients are likely to receive the fourth rating.

The inspection of each item IIC confirmed
that items with larger slope parameters provide
relatively more information. For example,
within the memory domain, item 5 has slope
1.24 compared to item 4 with slope 0.90.
Because information is a function of the square
of the item slope, item 5 has nearly two times
the information in the middle of the trait range
(Figure S1—in supplementary material). Most of
the SCoRS items were significantly correlated to
the conceptually related MCCB domains,
although correlations were poor (\– 0.2)
(Table S1). This has also been observed in other
studies, and highlights the complex relation-
ship between cognitive capacity (assessed by
MCCB) and day-to-day cognitive functioning
(assessed by SCoRS) with multiple mediating
and moderating factors which may affect the
ability of cognitive improvements to translate
into better functioning [7, 20].

Item selection was based on item perfor-
mance on EFA, IRT, and correlation with MCCB
(Table 1). Expert advice was used to choose the
items with the strongest correlation to cogni-
tion and the corresponding MCCB domain, and
this criterion was then prioritized in cases where
the other parameters did not indicate the same
direction. Items were selected when, within a
dimension, an item scored highest on EFA, IRT,

Adv Ther (2023) 40:4060–4073 4065



and MCCB correlation. This resulted in the
selection of items 7, 13, and 14. In the dimen-
sions’ processing speed and language/social
cognition, items with the highest MCCB corre-
lation were not items with the best EFA or IRT
score. Following expert opinion, preference was
given to select items with the strongest corre-
lation to cognition and the respective MCCB
domain. The chosen items 15 and 18 had the
highest correlations and the second-best slopes
and factor loadings in their domain. The selec-
ted items were 7, 13, 14, 15, and 18, represent-
ing the memory, attention, learning, processing
speed, and social cognition domain, respec-
tively. In the problem-solving dimension, item
scores on the three decision criteria were not
consistent and too low. Given the a priori
maximum of 5 items in the valuation study, no
items were selected from this dimension.

Valuation Study

Sample characteristics were similar to the UK
population in terms of gender and ethnicity.
However, younger as well as higher-educated
categories were slightly over-represented in our
sample (Table S3 in supplementary material).

The final cTTO set includes 3,200 cTTO
responses among 3,200 cTTO values, with 71
(2.2%) and 3,097 (96.7%) cTTO values consid-
ered ‘‘worse than death’’ and ‘‘better than
death’’, respectively (Fig. 2). The mean cTTO
value ranged from 0.152 for the health state
‘‘4444’’ to 0.855 for the state ‘‘4111’’ (Table S4 in
supplementary material).

Estimation of Disutilities

Both the RE and the Tobit models reported
insignificant results for level 2 (mild) and 3
(moderate difficulties) of attention, and for level
2 (mild difficulties) of processing speed and
memory (Table 2, models 1 and 2). When

Fig. 2 Distribution of observed utility values (cTTO)
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combining level 2 and 3 of attention, the cor-
responding coefficient was statistically signifi-
cant in both models (Table 2, models 3 and 4).
The RMSE was equal for both the RE and the
Tobit models. However, the MAE was lower for

the Tobit model, showing better accuracy than
the RE model. The out of sample prediction
analysis showed that, for 3 out of 16 health
states, the predicted value was higher and for 2
it was lower than the observed 95% CI (Table S5

Table 2 Modeling results; statistically significant coefficient in bold (p value\0.05)

Model 1 Model 2 Model 3 Model 4 Model 5

RE MLE Tobit RE MLE Tobit RE MLE

SCoRS dimension/item Level b b b b b

Attention

13.Staying focused

2 - 0.020 - 0.020 - 0.019 - 0.019 - 0.019

3 - 0.018 - 0.018

4 - 0.104 - 0.106 - 0.104 - 0.106 - 0.105

Learning

14. Learning new things

2 - 0.042 - 0.043 - 0.041 - 0.041 - 0.043

3 - 0.064 - 0.065 - 0.063 - 0.064 - 0.065

4 - 0.181 - 0.183 - 0.180 - 0.182 - 0.187

Processing speed

15. Speaking as fast as you would like

2 - 0.013 - 0.012 - 0.013 - 0.013 - 0.016

3 - 0.064 - 0.065 - 0.064 - 0.064 - 0.063

4 - 0.130 - 0.132 - 0.130 - 0.132 - 0.135

Social cognition

18. Understanding what people

mean when they are talking to you

2 - 0.047 - 0.048 - 0.046 - 0.047 - 0.047

3 - 0.097 - 0.098 - 0.097 - 0.097 - 0.097

4 - 0.236 - 0.239 - 0.236 - 0.239 - 0.245

Memory

7. Remembering information and/or

instructions recently given to you?

2 - 0.011 - 0.011 - 0.011 - 0.011 - 0.010

3 - 0.055 - 0.055 - 0.055 - 0.055 - 0.059

4 - 0.156 - 0.158 - 0.157 - 0.158 - 0.162

Constant 0.959 0.961 0.959 0.960 0.966

Number of participants 400 400 400 400 394

Observations 3200 3200 3200 3200 3152

RMSE 0.333 0.333 0.333 0.333

MAE 0.0523 0.0515 0.0516 0.0505

Illogical 0 0 0 0

Not significant 4 4 2 2

Model 1 and model 2 include all levels of the covariates; model 3 and model 4 include level 2 and level 3 of attention
combined; in model 5, answers that demonstrated a misunderstanding of the health states by rating a less severe health state
(4111) worse than a more severe health state (4444) have been removed from the sample; participants’ logical answers have
been retained
SCoRS Schizophrenia Cognition Rating Scale, RE MLE random effect maximum likelihood estimation, RMSE root mean
square error, MAE mean absolute error
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in supplementary material). A sensitivity anal-
ysis was conducted excluding six responders
who valued state 41,111 equal or worse than
state 4444. The results were consistent with the
main analysis (Table 2, model 5).

Application of Cognition Utility Values
to Trial Data

Table 3 shows the responsiveness to change
measured as the correlation of the effect size
and standardized response mean between the
cTTO and MCCB overall composite score, and
the EQ-5D and MCCB overall composite score.
Correlations were small but statistically signifi-
cant for the cTTO, while almost null and no
statistically significant correlation was found for
EQ-5D.

DISCUSSION

This study reports work to estimate utility
weights for several subdimensions of cognition,
based on items of the SCoRS measure. These
weights allow us to estimate change in utility
related to impairment of cognitive function as
measured by the SCoRS. The EQ-5D is the
standard method for estimating health utilities,
but, as outlined above, there is clear evidence
that it lacks validity when used to assess con-
ditions in which cognitive function is a key
element. We used cTTO to estimate the

relationship between length and quality of life
for items of the SCoRS that reflect the cognition
dimensions attention, learning, speed of pro-
cessing, social cognition, and memory. At the
most severe levels, items on ‘social cognition’
received the largest disutility followed by
‘learning’ and ‘memory’.

The aim of our study was to evaluate differ-
ent aspect of cognitive function for which the
EQ-5D was not designed, and therefore often
does not reflect differences in cognition very
well. We used the SCoRS because it was part of
the outcomes of the clinical trial, with already
demonstrated psychometric validity and corre-
spondence with the MATRICS cognitive
domains, and it is also an outcome measure
accepted by regulatory bodies.

The SCoRS requires an average of about
15 min. [6] The MCCB is a long test battery that
can usually be completed between 60 and
90 min of administration [4]. For health eco-
nomic purposes, future studies for deriving
utilities just need the SCoRS and not the MCCB.
Where evidence suggests that the EQ-5D lacks
content validity, some recent initiatives to
overcome this issue have focused on the devel-
opment of ‘bolt-ons’, whereby additional
dimensions are added to the original 5 core
dimensions as a single item. When EQ-5D is
unable to measure a very important health issue
(such as vision or hearing loss, dyspnoea, or
itch) a common response would be to add those
dimensions to the EQ-5D. There are, however,
some challenges with the bolt-on approach in
the present context.

First, bolt-on valuations are inherently lim-
ited to one or two items. Typically, the other
five dimensions of EQ-5D have to be valued
simultaneously with the bolt-on. Respondent
information processing has to be taken into
account, limiting the total number of items that
can be included in a valuation study. Exploring
the multi-faceted nature of cognition, and
placing relative values on the different dimen-
sions, would not be feasible if the EQ-5D
dimensions have to be valued too. Also, as sta-
ted above, the use of a ‘bolt-on’ version of EQ-
5D in a clinical trial necessitates that all of the
development and validation work is completed
on the new instrument prior to the start of the

Table 3 Correlation of ES and SRM of MCCB, cTTO,
and EQ-5D

MCCB overall composite score

ES, Spearman’s
rho (p-value)

SRM, Spearman’s
rho (p value)

EQ-5D

(n = 443)

0.03 (0.552) 0.03 (0.535)

cTTO

(n = 445)

- 0.22 (\ .001) - 0.21 (\ .001)

cTTO composite time trade-off, ES effect size, SRM
standardized response mean, MCCB MATRICS Consen-
sus Cognitive Battery
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trial. Clinical development programs often do
not have scope or space in their timelines to
support this.

This study presents a way to avoid these
issues. First, to assess cognitive function, we
have used a validated existing, physician-ad-
ministered scale, widely used in clinical
research in CIAS. The valuation work that we
have undertaken has produced utilities specifi-
cally for impairment of cognitive functioning.

The current study has several limitations.
First, the data underlying the selection of items
for the valuation task were based on item per-
formance in one clinical trial. While this trial
was not small, the participating population of
stable schizophrenia outpatients had a limited
age range (18–50 years), and with mostly mild
to moderate functional impairment. It is
uncertain how this has affected the selection of
items, but use of the utility values reported here
should be limited to schizophrenia populations
fairly similar to the one described in this study.

Second, the modeled data of the valuation
study could not discriminate between levels 2
and 3 of attention. While it is not uncommon
in the estimation of a utility tariff that some
item levels fail to reach significance, its expla-
nation is not straightforward. It is possible our
sample was too small, but, regardless, we con-
clude that there is no loss of utility to avoid just
mild difficulties with attention.

Third, deconstructing cognition in smaller
dimensions and subsequently selecting one
item to reflect these dimensions requires choi-
ces. Here we used expert opinion as criterion to
prioritize for decision making when the other
parameters indicated equal eligibility. It is pos-
sible that other experts could have preferred
other criteria. Nonetheless, this ambiguity is
difficult if not impossible to overcome in
selecting items. The validation analyses sug-
gested that out of sample predictive quality can
be improved by including more health states.

Fourth, it has been described that the valu-
ation of any health state can be sensitive to
focusing effects [21], and arguably this applies
even more when the dimension of health is
presented in isolation, rather than presented
alongside other dimensions of health, such as
mobility or mood. This is a common issue in the

development of condition-specific preference-
based measures, and similarly applies to the
valuation of cognition as conducted in this
study.

Last, and perhaps most importantly, severe
limitations with cognition are uncommon in
those who are able to participate as respondents
in a valuation study. While, arguably, respon-
dents may have experience with cognitive
decline in others, witnessing the external effects
of a loss in cognition is very different from
experiencing it. Almost everyone will be famil-
iar, for example, with intra-individual fluctua-
tion in cognitive performance and some level of
temporary impairment of memory and atten-
tion, but it is uncertain to what extent the
general public may provide adequate insights
into quality-of-life losses due to severe problems
with cognition in patients with schizophrenia.
This may be true in several instances, and is
widely debated (e.g., Brazier et al. 2018, Ver-
steegh et al., 2016) [22, 23]. The solutions pro-
posed typically involve either having patients
value dimensions of health themselves or
informing respondents about the experience of
a health state prior to a valuation task. With
cognitive problems, however, neither might be
feasible, and this current study does not provide
a solution to those issues.

CONCLUSIONS

Cognition has been recognized as a dimension
of health not reflected by common preference-
based measures, such as EQ-5D. Here, we have
shown that it is feasible to describe several
dimensions of cognition and to value them
separately using a validated, disease-specific
instrument which is interview-based and rater-
assessed. Our new method provides an alterna-
tive approach to value improvement in cogni-
tive functioning that seems to be promising and
more sensitive than EQ-5D. Exploring the
results of this method in future studies is nee-
ded, especially in addition to established
instruments like EQ-5D to further explore the
relationship between quality of life and cogni-
tive functioning.
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