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Background. Cost utility analysis permits the comparison
of disparate health services by measuring outcomes in
comparable units, namely, quality-adjusted life-years,
which equal life-years times the utility of the health state.
However, comparability is compromised when different
utility instruments predict different utilities for the same
health state. The present paper measures the extent of,
and reason for, differences between the utilities predicted
by the EQ-5D-5L, SF-6D, HUI 3, 15D, QWB, and AQoL-8D.
Methods. Data were obtained from patients in seven dis-
ease areas and members of the healthy public in six coun-
tries. Differences between public and patient utilities were
estimated using each of the instruments. To explain dis-
crepancies between the estimates, the measurement scales
and content of the instruments were compared. The sensi-
tivity of instruments to independently measured health di-
mensions was measured in pairwise comparisons of all
combinations of the instruments. Results. The difference

between public and patient utilities varied with the choice
of instrument by more than 50% for every disease group
and in four of the seven groups by more than 100%. Dis-
crepancies were associated with differences in both the
instrument content and their measurement scales. Pair-
wise comparisons of instruments found that variation in
the sensitivity to physical and psychosocial dimensions
of health closely reflected the items in the instrument’s
descriptive systems. Discussion. Results indicate that in-
struments measure related but different constructs. They
imply that commonly used instruments systematically dis-
criminate against some classes of services, most notably
mental health services. Differences in the instrument
scales imply the need for transformations between the in-
struments to increase the comparability of measurement.
Key words: utility measurement; multiattribute utility;
cost utility analysis; economic evaluation. (Med Decis
Making 2015;35:276-291)

C ost utility analysis (CUA) allows the comparison
of interventions that have a different impact on
the health-related quality of life (HRQoL). This is
achieved by measuring quality-adjusted life-years
(QALYs), which are defined as life-years times an
index of utility. If the utilities in these calculations
are measured on a commensurable scale, then QALYs
represent a commensurable unit of outcome. Health
state utilities have increasingly been estimated using
a multiattribute utility instrument (MAUI): a generic
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health-related questionnaire about the HRQoL (the
“descriptive system” or ‘“classification”) and an
accompanying formula or set of weights for converting
responses into utility scores. In practice, a limited
number of MAUIs dominate the literature. A review
of articles listed on the Web of Science between 2005
and 2010 found 1663 studies that had used an MAUL"
Of these, 63% used the EQ-5D (EuroQoL, 5 Dimension,
3-item instrument—precursor to the EQ-5D-5L, which
has 5 levels); 15% used the HUI 2 (Health Utilities
Index Mark 2) or HUI 3 (Mark 3), 9% used the SF-6D
(Short Form, 6 Dimension); and the remaining 13%
used the 15D (15 Dimension), AQoL (Assessment of
Quality of Life), or Quality of Wellbeing (QWB) index
(6.9%, 4.3%, and 2.4%, respectively).
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The reliability of CUA is compromised if different
MAUIs produce different utilities for the same person,
and the validity of comparisons between different clas-
ses of services (physical, psychosocial) is compromised
if the instruments have different sensitivities to the
dimensions of health. Discrepancies between instru-
ments have been noted for some time.** In the two-
large scale surveys comparing five MAUIs published
to date, it was found that on average, only 42% and
56% of the variance in one instrument could be
explained by another instrument.*® The 2005-2010
review identified 392 head-to-head comparisons of
the main instruments. The authors generally found
a low correspondence between instruments and con-
cluded that their comparison “warrants caution”® and
that instruments are “‘not equivalent”” and are “impre-
cisely related.”® The problems that arise from these dif-
ferences have been recognized in the literature.®

The discrepancies in measurement are unsurpris-
ing. The instruments described by Brazier and col-
leagues” and Richardson and colleagues® differ in
their conceptualization, content, size, and the meth-
ods used for converting health state descriptions
into utilities. Descriptive systems are contrasted in
Table 1, which divides the dimensions of health
into the two domains of physical and psychosocial
health. Three of the instruments—EQ-5D, HUI 3,
and 15D—have a preponderance of items that relate
to physical health. The SF-6D has an equal number
of items in the two broad domains, and the AQoL-
8D has a preponderance of items in the psychosocial
domain. The QWB, whose descriptive system is con-
structed largely from symptom/problem clusters, is
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focused primarily upon the physical domain. Con-
ceptually, HUI 3 has a “within the skin” descriptive
system: It focuses on an individual’s body functions.
The other instruments are conceptualized primarily,
but not exclusively, in terms of handicap (more
recently described by the World Health Organiza-
tion'® as “activity” and “participation”)—that is,
the effect ofa health state on a person’s ability to func-
tion in a social environment. The items combine to
describe between 945 and 8.7 X 10* health states
(QWB and AQoL-8D, respectively). (The recent revi-
sion of the EQ-5D, in which response categories were
increased from three levels to five, increased the num-
ber of health states described from 243 to 3125. In the
following, EQ-5D and EQ-5D-3L will refer to the 3-level
version of the instrument, and EQ-5D-5L to the 5-level
version.)

The present paper compares the six MAUIs listed
in Table 1: the EQ-5D-5L, SF-6D, HUI 3, 15D, QWB,
and AQoL-8D. The overall objective is to document
differences in the utilities that are predicted by these
instruments (objectives 1 and 2 below) and to investi-
gate the reasons for the differences (objectives 3-5).
The five specific objectives are as follows: 1) to deter-
mine the convergence between instruments: the
extent to which each appears to measure a common
construct and in common units; 2) to determine the
predictive consistency of the instruments: the extent
to which they predict the same loss of utility by
patients in seven disease areas when they are
compared with the healthy public; 3) to identify the
role of measurement scale effects in explaining
discrepancies between predicted utilities; 4) to deter-
mine differences in the content of each instrument as
measured by independently constructed dimensions
of the QoL; and 5) to carry out pairwise comparisons
of the sensitivity of instruments: the extent to which
one of the pair responds more to changes in particular
dimensions of the HRQoL. The study draws on
results from a large online survey that is described
below.

METHODS AND DATA
Data

A multi-instrument comparison (MIC) survey was
carried out in six countries: Australia, Canada, Ger-
many, Norway, the UK, and the US. The online sur-
vey was administered by a global panel company,
CINT Pty Ltd. The survey was approved by the Mon-
ash University Human Research Ethics Committee
(reference number CF11/3192-2011001748).
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Table 1 Comparison of the Dimensions and Content of Six MAUIs

EQ-5D-5L.  SF-6D HUI 3 15D QWB®  AQoL-8D
Dimensions of physical health”
Physical ability/mobility/vitality/coping/control 1 1 2 2 8 3
Bodily function/self-care 1 3 13 1
Pain/discomfort 1 1 1 1 14 2
Senses 2 2 5 2
Usual activities/work 1 1 1 12 4
Communication 1 1 2 1
Dimensions of psychosocial health”
Sleeping 1 1 1
Depression/anxiety/anger 1 1 1 3 4 7
General satisfaction 4
Self-esteem 2
Cognition/memory ability 1
Social function/relationships 1 6
(Family) role 1 1
Intimacy/sexual relationships 1 1 1
Total no. of items (or symptoms, for QWB?) 5 6 8 15 68 35
No. of health states described 3125 18,000 972,000 3.1 X 10'® 945 24 x 10%°

a. QWB has 3 items plus 27 symptom/problem clusters.

b. For the physical and psychosocial dimensions of health, the values in the table are numbers of items (or symptoms, for QWB?).

Respondents were initially asked to indicate
whether they had a chronic disease and to rate their
overall health on a numerical scale where 0.00 repre-
sented death and 100 represented best possible
health (physical, mental, and social). Quotas were
then used to obtain a demographically representative
sample of the healthy public, defined by the absence of
a chronic disease and by a score above 70 on a numeri-
cal health scale. Quotas were also applied to obtain
a target number of respondents in each of seven chronic
disease areas: arthritis, asthma, cancer, depression, dia-
betes, hearing loss, and coronary heart disease. In the
following text, respondents with a chronic disease
and those considered healthy are referred to as
“patient” and ‘“public” respondents, respectively. To
ensure statistical power in each subgroup, the survey
sought a sample of 800 patients in each disease area
and a sample of 1600 healthy respondents.

The survey included the six instruments described
in Table 1. Utilities for five of the instruments were
calculated using algorithms provided by the instru-
ments’ authors: SF-6D,'* HUI 3,"* 15D,"* QWB,"*
and AQoL-8D." The 5-level EQ-5D-5L utilities were
obtained from the crosswalk published by the Euro-
QoL Group'® using methods described by van Hout
and colleagues.'””'® In addition, respondents were
administered the SF-36 (Short Form, 36 item, UK ver-
sion), which is the most widely used and validated
health profile instrument,'® and a widely used
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instrument for measuring subjective well-being, the
Satisfaction with Life Scale (SWLS).2%?* Scores for
the SF-36 dimensions and the SWLS were obtained
conventionally by summing unweighted responses.
These were rescaled to a 0.00—1.00 scale using the for-
mula S = (U,, — Min)/(Max — Min), where S is the
rescaled score, U, is the unweighted score, and Max
and Min are the maximum and minimum possible
unweighted scores, respectively.

Responses were subject to a set of stringent editing
procedures based on a comparison of duplicated or
similar questions in the questionnaire. Additionally,
results were removed when an individual’s (recorded)
completion time fell below 20 minutes, which was
judged to be the minimum time in which the 230 ques-
tions could be answered. Editing procedures, the ques-
tionnaire, and its administration are described by
Richardson and colleagues.*?

Convergence

Each of the MAUISs seeks to measure a common con-
struct, namely utility. The conventional test for the
existence of a common construct is the size of the Pear-
son correlation coefficient. However, the MAUIs seek
to measure utility on the same scale, that is, one with
a common interval property, as this is a necessary con-
dition for equating the value of QALYs constructed
from different MAUIs. Consequently, the absolute
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convergence between scales was also compared, using
the intraclass correlation coefficient (ICC).

Prediction

Differences between the utilities of the public and
patient groups were predicted using each of the six
MAUIs. The term prediction is used here simply to
denote the numerical values produced by the instru-
ments that represent an estimate, or prediction, of the
strength of preference for a health state.

Scale Effects

The relationship between instruments may be
expressed as Equation 1:

U; = a + bUj + res, Equation 1
where U; and U are the utilities predicted by MAUI;
and MAUI, respectively, a is a constant, and res is
a residual resulting from differences in the (context
specific) sensitivity of the two instruments and to
measurement error. If both instruments measure util-
ity on a common scale and incremental utilities share
the same interval property, then a=0.00 and b= 1.00.
Deviation from these parameters indicates that differ-
ences in predicted utilities are, in part, attributable to
scale effects. To test the magnitude of these effects,
Equation 1 was estimated for each instrument pair
using geometric mean square (GMS) regressions. The
parameters of these are the geometric means of the
parameters from the OLS regressions U; = a, + b, U; +
e1and U;= a, + b,U; + e,. The technique permits errors
in both variables, and results are independent of
choice of dependent and independent variable.*’

Content

The relative importance of different dimensions of
health was analyzed using scale invariant beta coeffi-
cients derived from the ordinary least squares (OLS)
regression in Equation 2, in which U;is the numerical
score from MAUI, and D, represents dimension
Scores.

8
U=a+ Z bn(Dp) + €. Equation 2
n=1

Dimensions were separately measured using the
dimension scores of the SF-36 and the AQoL-8D.
These are described in Table 2. Because these two
instruments conceptualize and measure HRQoL in

ORIGINAL ARTICLE

related but different ways, the two sets of results
give related but different descriptions of the content
of each MAUI The construction of the AQoL-8D
dimensions is outlined by Richardson and col-
leagues.** Psychometric methods used were similar
to those used to construct the SF-36, and each of the
resulting dimensions achieved satisfactory scores
on tests of construct validity.

Sensitivity

Sensitivity refers to “the degree to which grada-
tions in the metric of a measurement scale allow
detection of important or meaningful differences.”*®
The residual, res, in Equation 1, includes both an
error term and, potentially, a systematic component
if MAUI; and MAUI; differ in their sensitivity to
dimension D,. A positive correlation, p (res, D,) >
0, implies that U; varies more with D,, than U;: That
is, MAUI, is more sensitive to D, than is MAUI;. Con-
versely, a negative correlation implies that MAUI, is
relatively more sensitive to D,. The analysis again
used the dimension scores from the SF-36 and AQoL-
8D. With two exceptions, these are independent of
the residual and error terms: Residuals from regressions
including SF-6D are not independent of the SF-36
dimensions, and regressions including AQoL-8D are
not independent of the AQoL-8D dimensions. These
residuals were excluded from the analysis.

RESULTS

Table 3 summarizes the response to the online sur-
vey. Approximately equal numbers of respondents
were obtained in each country. Editing procedures
resulted in the exclusion of 16.6% of respondent
records, leaving a sample of 8022: 1760 “public”
respondents and 6262 ‘“‘patients.” Due to the use of
quotas, the age and gender distributions are very sim-
ilar. The numbers in the three educational categories
were approximately equal in Australia and the UK. In
Canada, Norway, and Germany, the numbers in the
middle educational categories were somewhat
higher, and in the US the largest number was in the
lowest educational category.

Description

Summary statistics are reported in Table 4. The
mean utility for each instrument is very similar across
countries. The largest difference between the Austra-
lian, US, UK, and German means across all of the
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Table 2 Dimensions of the Health-Related Quality of Life (QoL) Instruments Used
in the Content Analyses

SF-36° AQoL-8D"
Physical QoL Physical function (Phys), 10 items® Independent living (Ind Liv), 4 items
[21 levelsY] [56 levels]
e Vigorous/moderate activities e Household tasks
e Lifting e Mobility
e (Climbing stairs e Walking and self-care
e Bending
e Walking Senses (Sense), 3 items [34 levels]
e Bathing e Vision; hearing and communication
Role physical (Role P), 4 items [5 levels]
e Time spent on work Pain (Pain), 3 items [38 levels]
e Difficulty performing work e Frequency of pain
Bodily pain (B Pain), 2 items [10 levels] e Degree of pain
e Degree of pain e Interference with usual activities
e Interference with normal work due to caused by pain
pain level
General health (Gen H), 6 items [21 levels]
e Perceptions of general health rating
e Excellent health
Mental QoL Vitality (Vital), 4 items [21 levels] Happiness (Happy), 4 items [55 levels]
e Energy/tiredness e Contentment
e Enthusiasm
Social functioning (Social), 2 items [9 levels] e Happiness, pleasure
o Interference with normal and social Coping (Cope), 3 items [41 levels]
activities e Energy
e Control
Role limit emotional (Role E), 3 items e Coping
[4 levels] Relationships (Relation), 7 items
e Work time [50 levels]
e Work accomplished e Relationship with family, friends
e Work less carefully than usual e Social isolation
e Intimate relationships
Mental health (MH), 5 items [26 levels] e Community role
e Nervousness Self-worth (Worth), 3 items [48 levels]
e Feel down e Worthlessness/confidence
e Felt calm/happiness Mental health (Mental), 8 items [72 levels]
e Depression/sleep
e Anger
e Self-harm
e Despair
e Worry
e Sadness
e Tranquility
SWB Satisfaction with Life Scale,® 5 items

5 items: satisfaction with conditions and way of life, past and present

Note: QWB = Quality of Wellbeing index; SWB = subjective well-being.
a. Ware and Sherbourne.™®

b. Richardson and colleagues."®

c. Some dot points contain more than one item.

d. Levelsrefers to the number of separate states used by at least one respondent. The number is less than the number theoretically possible when none of the
8022 respondents used a health state.
e. Diener and colleagues.*”
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23.2

47.6

15.1 18.0 19.1 27.3 14.8 34.8 29.2

12.8 18.3 16.2 20.1 16.8 15.9 47.3 5.8

19.2

Canada

23.5
25.4

48.5

8.2 10.2 16.8 26.0 32.6 63.6 28.0
8.3 17.5 31.4 24.4 13.2 54.2 19.6
10.1 13.1 21.4 27.6 22.6 48.0 31.4

12.8 16.0 16.7 18.4 15.6 20.5 50.3 6.2

19.1
17

19.1

Norway

55.0

6.5 20.0 18.5 23.1 17.7 14.2 504 5.2

Germany 24.4

Total

28.2

40.4

11.0 17.6 18.0 19.7 15.9 17.8 47.8 5.1

15.7

21.2

instruments is 0.03. Norwegian means are between
0.03 and 0.08 above the average. The difference
occurs in both the public and the patient samples.

In contrast, means for the different MAUIs vary sig-
nificantly. For the public sample, as reported in Table
4, the QWB mean of 0.74 implies a potential for
improvement of 0.26 (i.e., 1.00—0.74). The potential
improvement measured by the EQ-5D and HUI 3 is
0.12, and that measured by the 15D is only 0.06.
The standard deviation for the 15D in the total sam-
ple is one half the standard deviation of the HUI 3.
The percentage of respondents reporting maximum
scores (U = 1.00) varies from 19.1 for the EQ-5D to
0.3 for the AQoL-8D. The existence of floor effects
limits the variation that will be detected by an
instrument. Respondents with scores below 0.4
vary from 1.3% for the SF-6D to 14.7% for AQoL-
8D. Ceiling and floor effects are analyzed in more
detail in the supplementary data (Table S1).

Figure 1 plots the average mean utility predicted
by each MAUI in each percentile of the sample
when the sample is ranked from highest to lowest
utility. The ranking of individuals therefore varies
with the instrument, and the plots do not necessarily
show comparative utilities for the same individuals.
However, the figure visually illustrates the differen-
ces summarized above. Relative to other MAUIs, the
15D compresses utilities. QWB utilities decline very
rapidly but then fall relatively slowly. SF-6D has
the same pattern but the effects are less pronounced.
Below the 75th percentile, incremental utilities pre-
dicted by the HUI 3 and EQ-5D decline very signifi-
cantly, with both instruments predicting negative
values for some health states.

Convergence

Convergence between MAUI scores is reported in
Table 5. Pearson correlation coefficients are dis-
played in the top right of the diagonal in Table 5
and ICCs in the bottom left of the diagonal. Averages
are reported for the correlations that include a partic-
ular instrument. The maximum and minimum aver-
ages obtained in the country-specific analyses are
also reported. The highest Pearson correlation is
between the 15D and the AQoL-8D (0.84) and the low-
est is between the EQ-5D and QWB (0.65). However,
with the exception of the QWB, there is relatively lit-
tle difference between the averages. Correlations
from the public sample shown in parentheses are sub-
stantially lower than correlations found in the total
sample, reflecting the range dependence of correla-
tion. Table 5 also includes a measure of subjective
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Table 4 Mean and Standard Deviation by Country and Instrument

MIC Country EQ-5D SF-6D HUI 3 15D QWB*? AQoL-8D SWB®
Australia 0.73 (0.22) 7 (0.13) 0.69 (0.28) 0.84 (0.13) 0.62 (0.15) 0.67 (0.22) 0.62 (0.21)
Us 0.73 (0.23) 7 (0.14) 0.7 (0.27) 0.84 (0.13) 0.63 (0.16) 0.68 (0.23) 0.61 (0.21)
UK 0.71 (0.25) 7 (0.14) 0.67 (0.29) 0.83 (0.13) 0.62 (0.15) 0.64 (0.23) 0.59 (0.22)
Canada 0.75 (0.22) 0.72 (0.13) 0.72 (0.26) 0.85 (0.13) 0.64 (0.15) 0.69 (0.22) 0.64 (0.21)
Norway 0.79 (0.19) 0.74 (0.13) 0.79 (0.2) 0.89 (0.1) NA 0.74 (0.2) 0.68 (0.2)
Germany 0.73 (0.23) 0.71 (0.14) 0.7 (0.27) 0.85 (0.13) NA 0.67 (0.22) 0.62 (0.21)
Average total® 0.74 (0.23) 0.71 (0.14) 0.71 (0.27) 0.85 (0.13) 0.63 (0.15) 0.68 (0.22) 0.63 (0.21)
Average pu.blicﬁl 0.88 (0.13) 0.80 (0.11) 0.88 (0.14) 0.94 (0.06) 0.74 (0.14) 0.83 (0.14) 0.70 (0.18)
U =1.00, % 19.09 1.33 7.13 6.92 2.39 0.30 1.87
U<0.4, % 8.90 1.31 13.94 0.30 6.53 14.66 19.31
Minimum utility —-0.51 0.30 —-0.34 0.25 0.15 0.10
Minimum possible® -0.59 0.30 —-0.36 0.11 0.09 0.09
Note: Standard deviations are shown in parentheses. MIC = multi-instrument comparison; NA = not available. Total sample N = 8022.
a. QWB = Quality of Wellbeing index (QWB): n = 5576 (total), 1212 (public).
b. Subjective well-being (SWB) is measured by the Satisfaction with Life Scale (SWLS) described in Table 2.
c. The lowest score theoretically possible with the utility formula used.
1.00
0.90
0.80
0.70
0.60
= 0.50
E
2 040
3
= 0.30
0.20
0.10
0.00
D 10 20 30 40 50 60 70 80 90 0
-0.10
-0.20

Rank Percentile

—4—EQ-5D —@=SF-6D =#—HUI3 ==15D —=%=QWB —e— AQoL-8D

Figure 1 Mean instrument utility by ranked percentile.

well-being, the Satisfaction with Life Scale (SWLS).
Its low correlation with all utilities indicates that
the construct measured by the utility instruments
has limited overlap with subjective well-being as
measured by satisfaction scales. With the use of the
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ICC, correlations fall significantly, particularly for
comparisons involving the 15D, where the
average correlation drops from highest to lowest.
Maximum and minimum country-specific results
reported in the table indicate that correlations in

Downloaded from mdm.sagepub.com at PENNSYLVANIA STATE UNIV on September 17, 2016


http://mdm.sagepub.com/

'Z 8qe], Ul PaquIdsap (STANS) 8BS 8JI'T [IIM UONORJSTIRS 81} Aq painsesw st (gAS) Suteq-[[am 8A1}08(qng 8

oz SOSATRUR DY108ds-A13UNOD UT SUOTIR[O1I0D 98BIOAR WNWIUIW PUB WNWIXBA P
‘09,1 = u :odures o1[qn{ o1} 10§ 98eI0AY 0

"JUSWUINISUT 8} SUIPN[OUT SUONR[SLIOD G 8} JO 85RISAY “(

2121 = U (dMD) Xoput Suoq[iop jo £enpd) ‘e

‘KeMION = ION ‘AUBWIIBE) = ULIS) ‘BPRURY) = UB)) ‘BI[BISNY = SNy [9AJ] [0°0 OU} J& JUBDTUSIS 8I0M SUOTIR[DLIOD [[V 90N

(sny) ££°0 (WwIeD) 280 85°0
6%°0
290
95°0
€50
180

(sny) $2°'0 (uwrs
€v0 (ue)) (VSN) €40

(snv)
89°0
(wr0n)

v.°0

— (8%°0) £9'0
)840 —

) 89°0 690

) 08°0 780

)90 080

) G20 18°0

)90 940

(sny) (ueD) (snvy)

LY'0 65°0
(10N) (W)
€50 £9°0

(ze'0) 6%°0 (9%°0) G9°0

(snv)

€90
(urren)

040

(0¥'0) 190

120

090

060
650

G20

pOSBIOAR
(sny) 99'0  wnwIuIN
(ur199)) poderaae
14°0  WNWIXEN
(, oydures
orpqnd)

ardures Te10}

(£¥'0)99'0  ,‘@8eIBAY

€20 as-1o00v

¥S°0 AMO
6S°0 ast
620 € INH
99'0 as-As

as-oq

(;31dureg o1[qng) as-1o0v
spdueg [ejof, ‘@8et0ay

00 82°0
€0 760
— €60
€8°0 —
82°0 €40
280 08°0
ast € INH

as-is

as-oi

SJUSIDIJJo0]) UOT}e[aIIO]) SSe[deljU] pue

uosiesad ¢ 9d[qe],

283

Downloaded from mdm.sagepub.com at PENNSYLVANIA STATE UNIV on September 17, 2016


http://mdm.sagepub.com/

RICHARDSON AND OTHERS

Table 6 Difference in Mean Utilities between Public and Patient Respondents by Disease and MAUI

Group EQ-5D SF-6D HUI3 15D QWB AQoL-8D EQ-5D SF-6D HUI3 15D QWB AQoL-8D
Public: mean 0.88 0.8 0.88 0.94 0.74 0.83 0.88 0.80 0.88 0.94 0.74 0.83

Utility Difference: Public v. Patient Max/Min Percentage Reduction: Patient v. Public® Max/Min
Arthritis 0.24 0.13 0.26 0.12 0.16 0.20 217 273 16.3 29.5 12.8 21.6 24.1 2.30
Asthma 0.12 0.09 0.12 0.09 0.11 0.14 1.55 13.6 11.3 13.6 9.6 14.9 16.9 1.76
Cancer 0.18 0.11 0.2 0.12 0.14 0.17 1.82 20.5 13.8 22.7 12.8 18.9 20.5 1.77
Depression 0.29 0.2 0.33 0.18 0.2 0.38 2.11 33.0 25.0 37.5 19.1 27.0 45.8 2.40
Diabetes 0.17 0.10 0.20 0.10 0.13 0.17 210 19.3 125 22.7 10.6 17.6 20.5 2.14
Hearing loss 0.09 0.05 0.18 0.06 0.1 0.11 3.60 10.2 6.3 20.5 6.4 13.5 13.3 3.25
Heart disease 0.16 0.10 0.18 0.11 0.13 0.15 1.80 18.2 12.5 20.5 11.7 17.6 18.1 1.75
Average difference 0.18 0.12 0.22 0.12 0.14 0.19 20.5 15.0 25.0 12.8 18.9 22.9

a. {{U(Public) — U(Patient)] / U(Public)} X 100.
Table 7 Pairwise Linear Geometric Mean Square Regression Results

MAUI; = a + b MAUI; R?* MAUI; = a + b MAUL; R? MAUI; = a + b MAUL; R*
EQ-5D = —0.43 + 1.64 SF-6D 0.56 SF-6D =0.34 + 0.52 HUI 3 0.52 HUI3=-0.43+1.79 QWB 0.44
EQ-5D =0.14 + 0.85 HUI 3 0.64 SF-6D = —0.21 + 1.08 15D 0.61 HUI3=-0.10 + 1.19 AQoL-8D 0.64
EQ-5D = —0.77 + 1.78 15D 0.67 SF-6D =0.15 + 0.89 QWB 0.46 15D =0.31 + 0.85 QWB 0.53
EQ-5D = —0.22 + 1.50 QWB 0.42 SF-6D=0.29+0.61 AQoL-8D  0.64 15D = 0.46 + 0.57 AQoL-8D 0.69
EQ-5D =0.05 + 1.01 AQoL-8D 0.58 HUI3=-1.07 +2.09 15D 0.69 QWB=0.18 + 0.68 AQoL-8D 0.47

Note: Total sample N = 8022.

different countries do not differ significantly from
the average.

Prediction

Table 6 reports mean differences between the util-
ities of the healthy public and patients in each of the
disease groups as predicted by each of the MAUISs.
To facilitate comparability, unadjusted samples
were used to calculate public utilities. The table
was also constructed with a public sample weighted
to match the demographic profile of each patient
group. The outcome, which is reported in Supple-
mentary Table S2, did not differ significantly from
Table 6.

The predicted reductions in utilities differ signifi-
cantly with the choice of MAUI. The ratio of the max-
imum to minimum reduction varies from 1.55 for
asthma to 3.60 for hearing loss. For the calculation
of the burden of disease, the more useful statistic is
the loss of utility as a percentage of the utility of the
public. With this statistic, some differences are atten-
uated but overall the differences remain large. The
percentage reduction differs by a factor of 1.75 for
heart disease and 3.25 for hearing loss. The ratios
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are large because they compare maximum and mini-
mum changes. However, a comparison of the three
most widely used instruments—EQ-5D, HUI 3, and
SF-6D—reveals differences which are of a similar
magnitude.

Scale Effects

Results of pairwise linear GMS regressions are pre-
sented in Table 7. They indicate that with one excep-
tion, scale effects play a significant role in explaining
differences between utilities. Results are consistent
with the pattern shown in Figure 1. On average, the
scale of the SF-6D and the 15D compresses utilities.
From the first column of Table 7, incremental utilities
for the two instruments must be inflated on average
by 64% and 78%, respectively, to be aligned with
the EQ-5D. Conversely, from column 3, incremental
utilities predicted by HUI 3 and AQoL-8D must be
compressed by factors of 0.52 and 0.61 to be compat-
ible with SF-6D utilities. The single pairwise compar-
ison suggesting a common scale is between the EQ-5D
and AQoL-8D (column 1). As a test of the stability of
therelationships in Table 7, results were re-estimated
for each of the six countries. Supplementary Table S3
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reports results for the countries that deviate most
from the overall result. It indicates that the relation-
ships in Table 7 are very stable. Separate reports for
each of the six countries are available online.*®

Content

The regressions of MAUT utilities on the SF-36 and
AQoL-8D dimension scores are reported in Supple-
mentary Table S4. The content of the MAUI was cal-
culated from these results by assuming a 1 standard
deviation increase in every dimension and using
beta coefficients to apportion the total increase in
utility to the different dimensions.

The results from the two sets of analyses, dis-
played in Figure 2, are very similar. The content of
the EQ-5D is dominated by pain and physical func-
tion (63% of the total using SF-36 dimensions) and
by pain and independent living (67.8%) using
AQoL-8D dimensions. The psychosocial dimen-
sions of vitality, self-worth, role-emotion, and men-
tal health account for 30.7% of content in the first set
of results, and happiness, mental health, coping,
relationships, and self-worth account for 32.2% in
the second set. In contrast, physical and psychoso-
cial dimensions account for 34.6% and 65.4% of
the content of the AQoL-8D, respectively, using
SF-36 dimensions, and 29.3% and 70.7% of content
using the AQoL-8D’s own dimensions. Results for
the SF-6D are between these polar cases. Physical
and psychosocial dimensions account for 41.8%
and 58.2% of content using SF-36 dimensions and
48.1% and 51.9% of content using AQoL-8D
dimensions.

Sensitivity

The correlations between residuals from pairwise
regressions and the dimension scores from the
SF-36, AQoL-8D, and SWLS are reported in
Supplementary Tables S5 and S6. Table 8 reports
dimensions where the correlation exceeded =0.1.
Dimensions in italic type indicate (positive or nega-
tive) correlations above 0.2. Columns indicate the
instrument residuals with the greater sensitivity to
the dimension; rows indicate the instrument resid-
uals with lesser sensitivity. For example, from the
first column, the EQ-5D is more sensitive to pain
than the SF-6D, HUI 3, 15D, and AQoL-8D.
From the first row, the EQ-5D is less sensitive to all
of the psychosocial dimensions than the SF-6D,
15D, and AQoL-8D. It is less sensitive than the
HUI 3 to senses and happiness. Countries with
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different results are recorded in Supplementary
Table S7. The relatively small number of exceptions
indicates that results are very similar in the six
countries.

As noted, the SF-6D and AQoL-8D utility instru-
ments are not independent of the dimensions of the
SF-36 and AQoL-8D. Consequently, Table 8 does
not record results where the SF-6D is more sensitive
to SF-36 dimensions or where AQoL-8D is more sen-
sitive to its own dimensions as the outcome is not the
result of an independent test.

DISCUSSION

Because of the importance of MAUTISs for the evalu-
ation of health benefits, numerous studies have com-
pared the MAUISs used to assess quality of life." The
present paper presents results from one of the broad-
est comparative surveys to date in terms of the range
of diseases and the number of instruments included.
It confirms previous conclusions that the utilities
predicted from the major instruments differ signifi-
cantly. The paper extends the analysis to identify rea-
sons for the differences in the predicted utilities and,
specifically, the importance of the measurement
scales used by each instrument and the extent to
which instruments are sensitive to different dimen-
sions of health. Pairwise comparisons of instruments
are presented to assist researchers with the selection
of an instrument that is sensitive to the disease states
they are investigating.

A number of general conclusions may be drawn
from the study. First, the six MAUIs compared here
measure related but different constructs. Second,
instruments differ significantly in their relationship
to different health dimensions, and the differences
are primarily the result of the instruments’ descrip-
tive systems. Third, the differing magnitudes of the
utilities predicted for the same health states are attrib-
utable not only to differences in instrument content
but also to differences in the scales used to measure
utility. Fourth, the differences in the utilities pre-
dicted by the instruments are so large that the choice
of MAUI will have an important effect, and possibly
a decisive one, on the outcome of an economic evalu-
ation of a health service.

Convergence

The correlation between instrument utilities
found here indicates a relatively high degree of con-
vergence, which suggests the existence of a common
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a EQ-5D SF-6D HUI3
15D QwB AIO|8D
B GenHealth W Phys Fn H RoleP M Pain
| Vitality m Self-worth = RoleE M Mental Health
F-6D
b EQ-5D SF-6 HUI3

AQolL-8D

15D

mIind Liv mPain mSen mMHap ®WMH mCop mRel mSelf-worth

Figure 2 Instrument content by dimension. (a) Relative increase in utility with a 1 standard deviation increase in each dimension of the
SF-36. (b) Relative increase in utility with a 1 standard deviation increase in each dimension of the AQoL-8D. Numbers indicate the per-
centage of the explanatory power attributable to the dimension. Source: Supplementary Table S4.
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Table 8 Pairwise Comparison of Instrument Sensitivity to the Dimensions of the SF-36 and AQoL-8D

MAU with Greater Sensitivity®

MAU with Less
Sensitivity EQ-5D SF-6D" HUI 3 15D AQoL-8D"
EQ-5D Relation Sense Cope Worth Vital
Mental Happy Vital Role E Role E
SWLS Gen H Happy Social
Sense SWLS MH
Relation Mental SWLS
SF-6D" B Pain Sense Ind Liv
Sense
HUI 3 B Pain MH Gen H Vital Gen H Vital
Pain Role P Cope Social MH
Role E SWLS
15D B Pain Sense Vital
Pain Role E
MH
SWLS
QWB Phys Happy Phys Ind Liv Every dimension of the Gen H
Ind Liv Mental Social Pain SF-36, AQoL-8D, and SWLS Vital
B Pain Cope MH Sense Social
Pain Relation SWLS Happy Role E
Social Worth Worth Cope MH
SWLS
AQoL-8D B Pain Phys B Pain
Phys Role P
Phys

Note: Italic type indicates a correlation above 0.2; all other correlations are above 0.1 and below 0.2. Source—Supplementary Tables S5 and S6. Dimensions
are described in Table 2. Countries with differing results are shown in Supplementary Table S7. SWLS = Satisfaction with Life Scale.

a. There is no column for QWB, as it was not the more sensitive instrument in any comparison.

b. Comparisons including SF-6D and AQoL-8D instrument scores with SF-36 and AQoL-8D dimensions are excluded.

construct. In part, the high correlation is attributable
to the wide range of observations. When the data are
restricted to public respondents, the average overall
correlation reported in Table 5 falls from 0.76 to
0.56, suggesting that instruments are related to, but
differ from, the common construct. Interpretation
of the construct is further complicated by the fact
that, despite the expectation that people should have
a preference for subjective well-being—implying
a high correlation between utility and the SWSL—
this correlation is low, varying from 0.43 (EQ-5D) to
0.66 (AQoL-8D). The relationship between measured
utility and subjective well-being requires further
research.

Scale

For instruments in which change is interpreted rel-
ative to its own norms (such as many disease-specific

ORIGINAL ARTICLE

and subjective well-being instruments), scale effects
are not important: The linear transformation of the
scale would have no significance if norms were
adjusted accordingly. The utility used to construct
QALYs differs. A 10% change in the numerical value
of utility is treated as equally important as a 10%
change in life expectancy (adjusted for time prefer-
ence). Consequently, the differences in the linear
relationships between utilities reported in Table 7
imply significant differences for the outcome of eco-
nomic evaluations, not as a result of instrument sen-
sitivity, but because of the differing scales imposed
by the instrument’s utility weights. Figure 1 indi-
cates that the relationship between instrument util-
ities is not linear across the range of observations.
Parameters reported in Table 7 provide a point com-
parison of the scales at the sample mean, but the
relationship between scales varies across the range
of observations.
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Content

There is no gold standard for defining or measur-
ing the appropriate dimensions of health that should
influence utility. The analysis here has adopted the
dimensions of the SF-36, which is the most widely
used measure of HRQoL worldwide.?” As described
in Table 2, the dimensions of the AQoL-8D cover sim-
ilar content but with differing emphasis and descrip-
tion. Results displayed in Figure 2 are also calculated
from linear regressions. Consequently, they reflect
average effects, which may vary across the range of
observations as the meaning and importance of incre-
mental dimension scores change.

Subject to these caveats, both sets of dimensions
indicate that the content of the MAUISs varies signifi-
cantly. In principle, generic items with appropriate
weighting can compensate for the absence of an
item dedicated to a particular dimension. For exam-
ple, only two of the eight HUI 3 items relate to psycho-
social health, but psychosocial items account for
39.2% of explained variance in the SF-36 equations
(Figure 2). Nevertheless, the chief conclusion to be
drawn from the present analysis is that MAUI content
is a closereflection of the items in the descriptive sys-
tem. Three of the five EQ-5D items concern pain and
physical capacity, and 63% of the variance explained
by the SF-36 dimensions is attributable to pain and
physical function. In contrast, only two of the six
SF-6D items relate to these dimensions, and only
41% of the explained variance is attributable to the
corresponding SF-36 dimensions. Similarly, two of
eight HUI 3 items and two of the 15D items relate
to senses, and 14.0% and 9.6% of variance is
explained, respectively, by the AQoL-8D dimension
for “senses.” This dimension explains none of the
variance of the EQ-5D or SF-6D, and these instru-
ments have no items dedicated to senses. EQ-5D
and AQoL-8D have 1 of 5 and 22 of 35 items, respec-
tively, relating to psychosocial dimensions, and in
the SF-36 regression analyses psychosocial dimen-
sions account for 30.6% and 65.4% of the explained
variance, respectively.

Sensitivity

The responsiveness of the MAUIs to different
dimensions is closely related to instrument content.
The pain component of the EQ-5D is larger than for
any other instrument, and the EQ-5D is the most sen-
sitive instrument for measuring pain. Using SF-36
regression results, the mental health content of the
AQoL-8D is larger than for any other MAUI, and the
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AQoL-8D is the most sensitive instrument for mea-
suring mental health (Table 8).

However, the correspondence between content
and sensitivity is imperfect. As measured here, “‘con-
tent” refers to the composition of the dimensions
which explain that part of the variation in a given
MAUI that can be explained. Sensitivity measures
the responsiveness of the MAUI to change in a dimen-
sion. The distinction is illustrated by a comparison of
the QWB and 15D. Figure 2 indicates that the QWB
has greater content relating to pain, physical func-
tion, and vitality using SF-36 dimensions and pain
and mental health using AQoL-8D dimensions. How-
ever, from Table 8 we see that the 15D is more sensi-
tive with respect to each of these dimensions.

A second distinction is between sensitivity and the
numerical measure of change. In Table 6, the change
in utility associated with every disease is greater
when it is measured by the EQ-5D than by the SF-
6D. In every case, it is greater when it is measured
by the HUI 3 than by the 15D. However, these results
do not reflect the sensitivity of the instruments. Table
7 indicates that with the exception of pain and inde-
pendent living, the SF-6D is more, not less, sensitive
to every AQoL-8D dimension than the EQ-5D. The
15D is more, not less, sensitive than the HUI 3 with
respect to a variable number of dimensions, and it is
not more sensitive than the 15D with respect to any
dimension. These results are attributable to the scale
effects discussed above. From Figure 1, the two
apparently insensitive instruments based on the mag-
nitude of the change in utility in Table 6—the SF-6D
and 15D—have compressed utility scales. In compar-
ison, HUI 3 and EQ-5D utility weights magnify the
size of incremental differences particularly for poor
health, and it is the scale effects of the utility weights,
not the responsiveness to health dimensions, which
account for the greater change in utility in Table 6.

Prediction

Differences in scale and content result in the dis-
crepancies in predicted utilities reported in Table 6.
These imply a corresponding discrepancy in the esti-
mated cost per QALY when different MAUIs are
used. Results in Table 6 imply that a cure for each dis-
ease that restored patients’ quality of life to the same
level as that of the healthy public would increase
QALYs by an amount that varied by a factor of 1.55
for asthma and by a factor of 3.60 for hearing loss
depending on the choice of instrument. The solution
to this problem is not to mandate the use of a single
instrument, as this would disadvantage services
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that improved health dimensions which the instru-
ment measured poorly. In particular, the results indi-
cate that the use of the EQ-5D, as promoted by the
National Institute for Health and Clinical Excellence
(NICE), will discriminate against services that pri-
marily affect psychosocial health—a problem that
has led the EuroQoL Group®® to accept the need for
the use of “bolt-ons.”

A better solution is to evaluate services with the
MAUI that is most sensitive to the relevant dimen-
sions and to use a transformation to place results on
a common scale.®?° The goal would be preservation
of the instrument’s sensitivity but standardization
of pure scale effects. The key decision in applying
this solution would be the choice of the “numeraire”
scale. A crosswalk to the SF-6D scale would result in
smaller QALY gains than a crosswalk to the HUI 3
scale. While the treatment of HRQoL would be stan-
dardized, the tradeoff between HRQoL and length of
life would be significantly different.

Limitations

Both the data and analysis used in this study have
limitations. First, data were obtained from respond-
ents registered with a panel company, who may differ
from the norm. A similar problem exists for the
minority of the population that is willing to respond
to a conventional survey. However, in both cases
there are no strong grounds for believing that any
atypical trait in these subgroups should affect the
comparison of instruments: that answers provided
on one scale will vary in a systematic way from
answers provided on a second scale because of the
unobserved trait. With online surveys, data are not
subject to quality control at the point of collection.
As described, this led to the application of rigorous
editing procedures and the removal of results from
inconsistent respondents. By the standards of previ-
ous studies, the correlation found between instru-
ments was high, suggesting that frivolous answers
did not have a significant effect. A strength of the sur-
vey was the inclusion of individuals with a wide range
of chronic conditions. A limitation was the exclusion
ofindividuals who were too ill to complete the survey.
This implies the exclusion of the most severely ill.

Second, results were necessarily based on compar-
isons with imperfect instruments and using simpli-
fied relationships. Neither the SF-36 nor AQoL-8D
dimensions represent a gold standard for the mea-
surement of content and sensitivity: There are no
gold standard instruments in this field. As reported
in Table 2, several of the SF-36 dimensions have
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a limited number of levels, and ceiling effects are
likely to result in insensitivity at the top of the scale.
AQoL-8D dimensions have more levels, but almost
30% of the sample achieve the maximum score for
two of the eight dimensions (pain and independent
living). The analyses of both content and sensitivity
are also based on a linear decomposition of instru-
ment scores. These achieve high explanatory power:
With three exceptions, the R? coefficients in every
linear decomposition regression in Table S4 exceed
the R* obtained from every pairwise regression
between instrument utilities in Table 7. Neverthe-
less, analyses based on nonlinear functions might,
in principle, alter the present results. Similarly, in
the analysis of sensitivity, the residuals used in the
correlations might be systematically altered by an
omitted variable. There are no prior grounds for
believing this, but further analysis with alternative
statistical procedures is desirable to confirm the
present results.

The third concern is that the same utility weights
were used irrespective of the nationality of the
respondents. This was unavoidable, as national
weights do not exist for all of the instruments (and
for this reason, the instruments are commonly used
with the present weights in the six study countries).
The problem is also general: The representative sam-
ple for a country is unlikely to produce the same
results as a sample from the same country with differ-
ent socioeconomic, cultural, and health characteris-
tics; that is, within-country variation may be as
large as or larger than between-country variation in
preference structures. All weighting involves an aver-
aging of disparate groups.

However, the present study suggests that differen-
ces in preferences between countries may be of sec-
ondary importance compared with the content of
the instrument. The 15D, with Finnish weights, has
a higher correlation with both the SF-6D and EQ-5D
than the correlation between the latter two instru-
ments, both of which have UK weights. Conversely,
when the present EQ-5D-5L survey results were cali-
brated with US weights, the correlation between
UK and US utilities, reported in Supplementary Fig-
ure S1, was 0.9898. Van Hout and colleagues'® sim-
ilarly reported that based on a common method
(discrete choice modeling), results for the EQ-5D-
3L in four countries are “‘surprisingly consistent.”
The effect of alternative weights may, however, be
tested by independent research teams using
responses to the present survey when the database
becomes freely available on the AQoL website in
December 2014.
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CONCLUSIONS

The utilities predicted by the six MAUIs in this
study differ significantly and imply that the effects
of a carefully controlled epidemiological study could
be offset by the choice of the MAUI The outcome is
necessarily attributable to differences in the utility
weights and the descriptive systems, and the analy-
ses here found that both of these factors were of
importance.

Despite seeking to measure utility on a common
scale—which is a necessary condition for the compa-
rability of QALYs—utility weights result in differing
measurement scales. The pairwise regressions between
instruments’ utilities imply that, at the sample mean,
there are significant differences in the interval proper-
ties of the utilities predicted by the six MAUIs. The dif-
ferences vary over the full range of observations as the
relationship between utilities varies.

The content of the descriptive systems and the sen-
sitivity of instruments to independently measured
health dimensions are a close reflection of the items
in the descriptive system. EQ-5D utilities primarily
reflect pain and physical function, and in all of the
pairwise comparisons EQ-5D had greater sensitivity
to these dimensions. AQoL-8D utilities have rela-
tively greater psychosocial content, and in pairwise
comparisons the AQoL-8D was the instrument most
sensitive to these dimensions. (Because the dimen-
sions used in this analysis are not independent of
the SF-6D and AQoL-8D, these two instruments
were not compared.)

It is desirable that the choice of MAUI in an eco-
nomic evaluation be determined by true sensitivity
and not by the scale on which utility is measured.
The distinction between these implies the need for
standardization to eliminate pure scale effects. Trans-
formations may be used to achieve this so that in prin-
ciple, the choice of instrument might be determined
by the context-specific sensitivity of the instrument.
In practice, the result will be imperfect as the ideal
transformation might vary substantially by patient
type and disease severity. However, compared with
current practice, the results of such analyses would
significantly improve the validity of comparisons
between services.

Endnote

Access to the MIC database is described on the AQoL
website: http://www.aqol.com.au/index.php/mic-data.
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