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Abstract

Background: It is difficult for individuals with Alzheimer’s disease (AD) to measure their quality of life via
EQ-5D-5L due to their symptoms, and the caregiver proxy rating is often used. Hence, it is important to understand
the validity of EQ-5D-5L by proxy rating for the patients.

Objectives: To validate the EQ-5D-5L by caregiver proxy rating and confirm its concurrent validity using the ABC
dementia scale (ABC-DS) for Alzheimer’s patients.

Methods: We used item response category characteristics curves (IRCCC) to investigate the responsiveness of
five dimensions in five items of the EQ-5D-5L over the possible range of the QOL. We also calculated the correlation
coefficient between EQ-5D-5L and ABC-DS, and obtained a regression model to estimate the expected utility score
using the ABC-DS score.

Results: IRCCC indicated that three questions of the EQ-5D-5L for mobility, self-care, and usual activities
accurately rated the QOL; however, the other two questions for pain/discomfort and anxiety/depression did not
sufficiently contribute to the rating. EQ-5D-5L utility scores correlated well with the three-dimensional distance (TDD)
scores of the ABC-DS. By using a regression model to estimate the expected utility score of EQ-5D-5L by TDD, our
simulation estimated that the therapeutic effect obtained by revising a drug regimen resulted in a monetary benefit of
110 US dollars on average.

Conclusions: We confirmed the concurrent validity of EQ-5D-5L by proxy rating with the ABC-DS. Although two
items of EQ-5D-5L did not contribute to estimating the QOL, the other three items did, thus reflecting the severity of
AD.

(ADP) because their capability of judgment and cognitive function
were not stable [1]. Many studies have thus compared self-rating and
proxy-rating and have reported that the agreement between self- and
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Introduction

Current drugs for Alzheimer’s disease (AD) can delay disease
progress but cannot cure the disease. As general practitioners or family
physicians may not be able to confidently measure the exact symptom
changes, they often continue current prescriptions, which can lead to a
waste of medical expenditures.

The number of patients with AD is rapidly growing in Japan, and
the costs for the treatment and patient care will be a heavy social
burden. The cost-benefit analysis for treatment and care is therefore
important for AD. Patients’ QOL must be properly measured for this
purpose, and many previous studies have measured QOL using
EQ-5D-3L or EQ-5D-5L for patients with dementia [1-4].

EQ-5D was developed as a self-rating scale, but many studies have
questioned the validity of self-rating for Alzheimer’s disease patients

proxy-ratings was poor [3]. Kawano et al. reported that EQ-5D in
Japanese by self-rating had relatively good reliability, but did not have
sufficient validity and feasibility due to weak correlation with standard
external scales because of missing items and a ceiling effect [5]. They
also demonstrated that EQ-5D by proxy rating had strong reliability,
validity, and feasibility and concluded that the proxy rating was the
best measurement method to rate QOL in ADP.

There are problems in the diagnosis and assessment of AD by
general practitioners. The accurate assessment of the disease is usually
based on three parameters—activities of daily living (ADL) and
behavioral and psychological symptoms (BPSD) [6]. By following the
item response theory and other statistical approaches, the authors
established a new assessment scale called the ABC Dementia Scale
(ABC-DS); the ABC-DS has 13 questions about aspects of AD, each
with a nine-point scale from least severe to most severe [7,8].
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Evaluators use the ABC-DS to interview the caregiver about a recent
patient’s episode. The mean measurement time was ten minutes, and
the interviewers did not need any training.

The primary purpose of this study is to use the item response theory
to discuss the validity of EQ-5D-5L for ADP by proxy rating. Second,
by using a correlation and a regression model, we investigated the
concurrent validity of EQ-5D-5L with the ABC-DS; we evaluated
whether EQ-5D-5L utility scores can well reflect on the severity of AD.
Finally, we presented a useful application of the regression model as for
EQ-5D-5L and ABC-DS; we carried out statistical simulations to
estimate EQ-5D-5L utility scores when physicians revised
prescriptions for the treatment drug. We then compared it with the
values for a hypothetical control group assuming the physicians had
not changed the prescriptions. Our research question in this
simulation is whether the physicians can increase the QOL for ADP if
they proactively revise the prescriptions.

Methods

The study (TRIAD1710)

We registered patients who were diagnosed with dementia
according to the Diagnostic and Statistical Manual of Mental
Disorders-Fourth Edition Text Revision [8], National Institute of
Neurological and Communicative Disorders and Stroke and the
Alzheimer's Disease and Related Disorders Association [9] or National
Institute on Aging-Alzheimer’s Association workgroup [10], along with
their caregivers who had regular contact or lived together with the
subject at least three days. We did not restrict the severity of AD for
enrolment in the study. The present data were a part of the TRIAD1710
study that evaluated the effect of revising prescription drugs over 12
weeks [6]. In this study, revising the prescription meant switching or
adding treatment drugs. If switching was performed, the number of
drugs was identical; if adding was performed, the number of drugs was
changed from one to two. We used the ABC dementia scale to evaluate
the effect of revised prescriptions over 12 weeks. Research assistants or
physicians administered the assessment scales, and the caregivers were
interviewed by identical evaluators at baseline and at 12 weeks [10,11].

The research ethics committee approved this study, and all ADP and
their caregivers provided written consent to participate in the study.

The clinical trial registration number of TRIAD1710 is
UMINO000029610.
Dataset

We registered 104 patients in TRIAD1710 but removed two patients
due to a protocol violation or a withdrawal of the research consent.
Accordingly, we used data of 102 patients (Dataset A) for the
evaluation of the concurrent validity of the ABC dementia scale with
EQ-5D-5L. Eighty-two (Dataset B) out of 104 patients provided
evaluable paired data that were measured both at baseline and 12
weeks. Therefore, we used 82 patients’ data for our simulation study.

ABC dementia scale (ABC-DS)

The study group developed this scale for clinical trials requiring the
accurate evaluation of sequential changes of symptoms and the severity
for comparing them between treatment groups. We proposed a new
algorithm known as three-dimensional distance (TDD) to enable

integration of three types of scores that assess ADL, BPSD, and
cognitive function of a patient [8].

The most favourable feature of TDD in clinical trials is to detect the
changes in symptoms with high sensitivity. If the change in TDD was
greater than 1.6, we were confident with 75% probability of some
recognizable improvement of the patient's symptoms (data not shown).
In this paper, we used this value as an arbitrary threshold for a
significant improvement.

We verified inter-rater and intra-rater reliabilities in the previous
studies [7,8]. We also confirmed the concurrent validity of the ABC-
DS with Disability Assessment for Dementia [12], Neuropsychiatric
Inventory Caregiver Distress Scale [13,14], Mini-Mental State
Examination [15], and Clinical Dementia Rating (CDR) [16]. We
could also estimate global CDR using the values of TDD [8].

ABC-DS in English, French, Chinese, and Korean language can be
downloaded from the following site under the terms and conditions
applied:  https://eprovide.mapi-trust.org/instruments/abc-dementia-
scale. TDD is a patent protected technique and needs a contract with
the owner (abc_scale@tri-kobe.org).

EQ-5D-5L

The 5-level EQ-5D consists of five dimensions or questions
abbreviated as Q in this paper: Q1 mobility, Q2 self-care, Q3 usual
activities, Q4 pain/discomfort, and Q5 anxiety/depression. Each
dimension has five ordinal levels: 1. No problems, 2. Slight problems, 3.
Moderate problems, 4. Severe problems and 5. Extreme problems [17].
The scale was originally designed such that a rating could be selected
by the patient that reflected his/her health state associated with the
most appropriate statement in each of the five dimensions. The
analysts of the scale can convert a combination of the selected 5-digit
numbers to a utility score (EQ-5D-5L values) that reflects the patient’s
health state by using a tariff table [18].

In the TRIAD1710 study, we employed a caregiver rating and
measured EQ-5D-5L at baseline only because the purpose of this study
was to investigate the validity of proxy rating of EQ-5D-5L for ADP,
which is the concurrent validity of the ABC-DS with EQ-5D-5L.
Performing a cost-benefit analysis was not the original intention.

Statistical analysis

We used R version 3.5.1 and SAS version 9.4 for the statistical
analyses.

First, we evaluated the validity of EQ-5D-5L for AD by proxy rating.
If EQ-5D-5L works well, the five ordinal levels must reasonably
correspond to the QOL levels of AD that is often called “ability” in the
item response theory. We thus investigated the validity by item
response category characteristic curves (IRCCCs) following the item
response theory [19,20]. These curves show the probabilities that each
level can be chosen over a possible range of QOL for ADP. The curves
indicated how accurately each question could measure the QOL. We
calculated the difficulty parameter or DIF (location) and
discrimination parameter or DIS (steepness) of the IRCCCs. The
values of DIF must exist between -4 and 4, which is a possible range of
QOL. We also used item information curves (IIC) to estimate the
relative amount of information each question could give about the
QOL. The area under the curve indicates the relative amount of total
information that the questions provide. We used the package software
Itm of R for these analyses.
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We calculated the Pearson product-moment correlation coefficient
to measure of the linear correlation between two variables TDD and
EQ-5D-5L utility score and obtained a formula for a univariate
regression line L that the explanatory and the outcome variables are
TDD and the utility score, respectively.

By using the results of our previous study TRIAD1402 [7,8], we
simulated the values of TDD for a hypothetical group as if the patients
in TRIAD1710 had not changed the prescriptions.

In TRIAD1402, we measured changes in TDD values when
physicians did not alter their drug regimen for 12 weeks. We obtained
four normal distributions N (mean, standard deviation) for changes in
TDD: N(-0.93, 3.00), N(-1.11, 3.89), N(-1.37, 4.15), and N(-0.85, 3.37)
if baseline CDR were 0/0.5, 1, 2, and 3 respectively. We can calculate
the changes in TDD of the hypothetical group by constructing a mixed
normal distribution F weighting the patient rate at baseline CDR in
TRIAD1710, where

A mixed normal distribution is a common technique in statistics
[19,20], and we briefly discussed the validity of this simulation in the
Supplemental material.

Global CDR N Mean of A sSD P-value
CDRO0/0.5 11 -0.67 2.96 0.470
CDR1 36 -0.19 3.77 0.759
CDR2 21 0.24 3.88 0.782
CDR3 14 4.24 6.07 0.022

Table 1: The changes in TDD classified by the estimated global CDR at
baseline TRIAD1710 study. Global CDR: the estimated class by TDD;
N: the number of patients; A: the differences in TDD between baseline
and 12th-week measurements; SD: standard deviation; P-value: the
null hypothesis is HO: A=0

Table 1 shows the distributions for the observed changes in TDD in
TRIAD1710, which were classified by the estimated global CDR at
baseline. These distributions indicated the time at which the physicians
revised the prescriptions. All patients' results showed a normal
distribution G; N(0.61, 4.44).

We repeatedly selected 82 samples from F and G and calculated A or
the difference in the sample means between two distributions. We
carried out this process up to 10,000 times and calculated the
probability for the event that A >1.6. We converted the mean of A into
EQ-5D-5L utility scores by using L, and calculated the monetary
benefit for revising prescriptions assuming that a Quality Adjusted Life
years (QALY ) deserved 49,000 US dollars.

Results

Patient characteristics

The number of males and females in Dataset A were 30 (29.4%) and
72 (70.6%), respectively; the median (range) of education in years was
12 (6-21). Of 102 patients, 41 (40.2%) patients switched their treatment
drugs, while 61 (59.8%) patients included drugs at baseline and the
details are shown in Table 2.

IRCCC and IIC

Figure 1 shows the IRCCCs for EQ-5D-5L by proxy rating. The
gradients of IRCCCs were sufficiently steep in Q2 and Q3, and the
gradient was moderate in QI. The locations of IRCCCs for Q1, Q2,
and Q3 reasonably reflected the fact that the five levels of EQ-5D-5L
were an ordered category. However, the gradients for Q4 and Q5 were
almost linear and flat. The item information curves show that Q1, Q2,
and Q3 were informative as for the QOL of the patients, but Q4 and
Qb5 gave a little information about the QOL.

The numbers (rate) of patients per estimated global CDR in Dataset
B were 16 (15.7%), 41 (40.2%), 27 (26.2%), and 18 (17.6%) for
CDRO0/0.5, CDR1, CDR2, and CDR3, respectively.

Drug regimen Number | %
Original Revised
Switch 58
4 ChE inhibitor A ChE inhibitor B 24 5 ’
(40.2%)
ChE inhibitor A and| ChE inhibitor B and 29
NMDA receptor | NMDA receptor | 12 3 :
antagonist antagonist
ChE inhibitor A NMDA receptor | 4 9.8
antagonist
NMDA receplor | chE inhibitor A 1 2.4
antagonist
Addition ChE inhibitor A and
61 ChE inhibitor A NMDA receptor | 47 77
(59.8%) antagonist
NMDA receptor
NMDA receplor| sntagonist and ChE| 14 23
antagonist s
inhibitor

Table 2: Revised drug regimen by two strategies, switch or addition.
ChE: cholinesterase, NMDA: N-methyl-D-aspartate.

These findings in IRCCCs are described in further detail in Table 3.
We summarized the difficulty and discrimination parameters and item
information for each question in the table. The values of DIS for Q2
and Q3 were relatively high, 3.60 and 2.67, respectively. However, the
values of the difficulty parameter for level five (DIF-5) in Q4 and Q 5
were 0.69 and 0.61, respectively and less than those of the fourth level
(DIF-4). These results contradicted the fact that the fifth level must
express the worst condition. Accordingly, the software caused a
computational error so that it failed to show the curves for the fifth
level in Q4 and Q 5 in Figure 1. Furthermore, the total information for
Q4 and Q5 was 1.50 and 1.20, respectively, which was far less than that
for others.
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Figure 1: IRCC and IIC for EQ-5D-5L by proxy rating. The
numbers in IRCCCs indicate the five level of a Likert scale on the
EQ-5D-5L questionnaire. The software package ltm was not able to
show the curves for the fifth level of Q4 and Q5 because of
contradicting results that the fifth level curves were computationally
located between first and second levels.

DIF-1 | DIF-2 | DIF-3 |DIF4 |DIF5 |DIS Total-
Info
Q1 052 [105 197 282 |328 |147 |335
Q2 028 018 |093 |159 |195 |360 | 1130
Q3 119 | -064 |042 |147 | 200 |267 |866
Q4 008 [120 [422 [333 069 |-008 |1.50
Qs 061 |170 473 365 |061 |061 |1.20

Table 3: Difficulty and location parameters of IRCCCs for EQ-5D-5L
by proxy rating. DIF-1, 2, 3, 4, and 5: difficulty parameters for first,
second, third, fourth, and fifth level of the Likert scale for EQ-5D-5L,
DIS: discriminate parameter, and Total-Info: the area under the curve
for Item Information Curves.

Concurrent validity

The correlation coefficient and 95% confidence interval (lower band,
upper band) of TDD with EQ-5D-5L utility score was 0.692 (0.575,
0.781). We plotted patient data for the values of TDD and the score in
Figure 2 and imposed a regression line in the graph. We write the
formula of the regression line L as

EQ-5D-5L utility score=0.145+0.0112TDD. (1)

Simulation

To show a useful application of the equation (1), we carried out the
following simulation.

By using the patient rates per the estimated global CDR at baseline
in TRIAD1710, we constructed a mixed normal distribution of a
hypothetical control group for Dataset B as follows:

This mixed normal distribution simulated a distribution as if
patients in TRIAD1710 had not changed their drug regimen.

We repeatedly selected a random sample from F and G, put them in
the formula L and calculated the difference of the utility score. We
showed the distribution for the difference A of the utility scores
between F and G in Figure 3. By this simulation, we estimated the
probability that the mean of the difference is larger than 1.6 as 0.60.

The mean of A was 1.74, and we estimated that the increments in
monetary benefit by revising prescriptions was on average 0.002 QALY
(=1.74%0.0112%x12/520.5) or 110 US dollars per patient.

Discussion

We investigated the validity of EQ-5D-5L by proxy rating using the
item response theory. We found that Q1, Q2, Q3 can be applied for the
assessment of the QOL for ADP, but Q4 and Q5 were not sufficiently
informative; Q4 and Q5 investigate pain/discomfort and anxiety/
depression, respectively. These items did not contribute to the
assessment because the patients at a progressed disease stage could
experience difficulties in communicating their feelings to others and
their caregivers cannot perceive the degrees of pain/discomfort and
anxiety/depression [21].
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Figure 3: Histogram for the changes in TDD score (delta) by
revision of prescriptions: a simulation result.

Two of five questions of EQ-5D-5L failed to estimate the QOL, but
this did not indicate that the questionnaire could not provide any
information about the QOL. The utility score had a good correlation
with TDD of the ABC-DS, one of the validated assessment scales for
Alzheimer’s disease. Accordingly, it is likely that EQ-5D-5L can
provide information about the QOL reflecting the severity of AD, and
this is important when health-economic evaluations are performed.
We showed an example of the evaluation by using a simulation that
evaluated the monetary values of the effect of revising the drug
regimen. We obtained a regression model to estimate the expected
values of the utility score by using the value of TDD. This result is
however applicable for Japanese patients only, and a similar validation
study will be needed to obtain a formula that can be used for
individuals in other countries.

Conclusions

IRCCC indicated that EQ-5D-5L questions for self-care, usual
activities, and mobility could contribute to the estimation of the QOL,
but other questions for pain/discomfort, and anxiety/depression could
not. However, because the EQ-5D-5L values correlate well with the
TDD scores of the ABC-dementia scale, we concluded that the
EQ-5D-5L utility scores by proxy rating could reflect the severity of
AD. Accordingly, we could estimate the QOL by taking into account of
the severity of AD if we calculated the expected values of the
EQ-5D-5L by using the TDD score. We could thus convert estimate the
monetary value based on the treatment effect by using a simple
regression formula.
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