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The EQ-5D questionnaire is a standard-
ised, generic instrument for describing and
valuing health that was designed by the
EuroQol Group (an international research
network established in 1987) [1,2]. The EQ-
5D self-report questionnaire (commonly
referred to as EQ-5D) consists of a five-di-
mensional descriptive system and a visu-
al analogue scale (EQ VAS) together with
brief demographic questions. The descrip-
tive system defines health in terms of five
dimensions: mobility, self-care, usual ac-
tivities, pain or discomfort,and anxiety or
depression. Each dimension is divided into
three levels, indicating no problem, some
or moderate problems or extreme prob-
lems. Respondents record their problem in
each of the five dimensions. Combinations
of these levels defines a total of 243 health
states. A health state defined by the de-
scriptive system of EQ-5D can be de-
scribed by a five-digit number. For exam-
ple, 12113 would imply no problems with
mobility, usual activities and pain/dis-
comfort, some problems with self-care,
and extreme problems with anxiety/de-
pression. According to this system, full
health is indicated by 11111 and the poor-
est health state by 33333. While the EQ-5D
descriptive system asks respondents tode-
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A single European currency
for EQ-5D health states

Results from a six-country study

scribe their health status, the EQ VAS asks
respondents to rate their perception of
their overall health on a vertical visual an-
alogue scale with ‘best imaginable health
state’ set at 100 and ‘worst imaginable
health state’ set at o.

Translated into more than 50 lan-
guages, EQ-5D is now in widespread use in
many countries and has been applied in
many different settings. EQ-5D is an inte-
gral feature of many clinical trials and eco-
nomic studies and is increasingly used in
population health surveys.

The EQ-5D valuation questionnaire

EQ-5D can be used in a variety of ways
one of which is to represent health-relat-
ed quality of life as a single summary in-
dex. This is achieved by applying scores
from a standard set of general population
preference weights to health states defined
by the EQ-5D descriptive system. One of
the primary objectives of the EuroQol
Group is the investigation of values of
health states in the general population in
different countries. For this purpose the
EuroQol Group designed an valuation
questionnaire. Respondents are first re-
quested to fill in the EQ-5D and then to

perform a valuation task consisting of two
pages where they are asked to value a
number of hypothetical health states de-
fined by the EQ-5D descriptive system on
a vertical scale. This scale, known as the
EQ-5D VAS, is the same standard visual
analogue as the EQ VAS with the same
endpoints of ‘best imaginable’ and ‘worst
imaginable’ health. Finally respondents
are asked a standard set of socio-demo-
graphic questions including age, sex, ed-
ucation, social status, present health state
and smoking (EQ SDQ).

Over the years members of the Euro-
Qol Group have conducted general popu-
lation surveys in different countries us-
ing the EQ-5D VAS to collect values for
health states. This contribution reports on
an analysis of the data sets collected by
members of the EuroQol Group in Fin-
land, Germany, The Netherlands, Spain,
Sweden and the United Kingdom. The
data have been brought together and har-
monised within the framework of the EQ-
net project funded by the European Union
under the Biomed II scheme. The objec-
tives of the project were to investigate dif-
ferences in the valuations of EQ-5D health
states across European countries and to
explore the option of describing the val-
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ues for EQ-5D health states by a common
model. Earlier studies had indicated that
Western European industrialised coun-
tries share similar values [2]. A more re-
cent paper comparing the Finnish and US
EQ-5D VAS valuations concluded that dif-
ferences in valuations of EQ-5D health
states are generated in Finland and the
United States [3]. However, these country-
specific differences were not large.

The EQ-net project compared Euro-
pean EQ-5D VAS valuations. It was con-
cluded that there is considerable agree-
ment between health state valuations us-
ing the EQ-5D VAS across European coun-
tries. This implies that it is a priori possi-
ble to determine a European EQ-5D VAS-
based set of values. This paper explores
whether a standard set of general popula-
tion preference weights can be derived
from existing European data. This set of
general population preference weights can
then potentially be applied to calculate a
European VAS-based health status index
for all the potential 243 EQ-5D health
states defined by the EQ-5D descriptive
system. The pooled data set was derived
from 11 studies, and the analysis was per-
formed on 82,910 VAS valuations of 44 EQ-
5D health states elicited from 6,870 re-
spondents. A multi-level regression mod-
el was applied to estimate the European
set of EQ-5D preference weights.

Material and Methods

The EuroQol valuation questionnaire was
used to collect data on EQ-5D health states,
usually via postal surveys. The standard set
of health states collected consists of 13 ‘core’
EQ-5D health states, selected by the Euro-
Qol Group in the 1980s to cover as wide a
spectrum of health status as possible and
includes the best and worst states defined
by EQ-5D, i.e. 11111 and 33333, respectively.
These two states are repeated on both pages
of the valuation task to act as common ref-
erence points. Respondents are also re-
quested to value unconscious and to value
dead twice in comparison with the other
states. Research initially focused on elicit-
ing valuations for this standard set of health
states, but over the years EQ Group mem-
bers have gone further, eliciting valuations
for additional states generated by the EQ-
5D descriptive system.

Of the studies reported here six were
postal and five interview-based. Of the in-
terview-based studies three elicited VAS
valuations in combination with the time
tradeoff (TTO) method. In these studies
health states were ranked before the VAS
valuation task was performed. The analy-
sis reported here was carried out on the
pooled data set, which contains data from
the 11 studies from six European countries.
Details of the 11 data sets are as follows.

The Netherlands

The Dutch data (NL) were collected via a
postal survey in Rotterdam in January
1991. The sample of 1,400 households was
randomly selected from the population
living on the right bank of the River Maas
in Rotterdam. Districts with over 20% im-
migrants were excluded because of ex-
pected language problems. The sample is
therefore not representative of the popu-
lation of The Netherlands. After two re-
minders, 993 questionnaires were re-
turned, yielding a response rate of 70.9%.
In the Dutch study a total of 28 health
states (including unconscious) were val-
ued. ‘Dead’ was not included. The 13 core
states (including 11111 and 33333) valued
in the Dutch study are included in the cur-
rent analysis [4, 5].

United Kingdom

The Frome IV study (UK-1), was a postal
survey carried out in a general practice
population in Frome, Somerset, in
June-August 1991. Questionnaires were
posted to 340 persons aged 16 years and
over, chosen randomly from the comput-
erised register of a Frome general prac-
tice. The response rate was 35.9% (122
questionnaires). The respondents valued
the 13 core states (including 11111 and 33333)
as well as unconscious and dead [6].

A second UK data set resulted from the
MVH study (UK-2) [7 8] carried out at
York University, UK, and was based on a
representative sample of the non-institu-
tionalised adult population of England,
Scotland and Wales. From the postcode
address file 6,080 addresses were selected
[9]. This resulted in a total of 5,324 in-
scope addresses and 3,395 (63.7%) respon-
dents who agreed to be interviewed.

Eur J Health Econom 2003 - 4:222-231
DOI 10.1007/510198-003-0182-5
© Springer-Verlag 2003

Wolfgang Greiner - Tom Weijnen

Martin Nieuwenhuizen - Siem Oppe
Xavier Badia - Jan Busschbach

Martin Buxton - Paul Dolan - Paul Kind
Paul Krabbe - Arto Ohinmaa - David Parkin
Montserat Roset - Harri Sintonen

Aki Tsuchiya - Frank de Charro

A single European currency
for EQ-5D health states.
Results from a six-country study

Abstract

The EQ-5D questionnaire is a widely used generic
instrument for describing and valuing health that
was developed by the EuroQol Group.A primary
objective of the EuroQol Group is the investigation
of values for health states in the general popula-
tion in different countries. As part of the EuroQol
enterprise 11 population surveys were carried
out in six Western European countries (Finland,
Germany, The Netherlands, Spain, Sweden and
the UK) to value health states as defined by the
EQ-5D using a standardised visual analogue
scale (EQ-5D VAS).This contribution reports how
a European set of general population preference
weights was derived from the data collected in
the 11 valuation studies.The scores from this set
of preference weights can be applied to generate
a VAS-based weighted health status index for all
the potential 243 EQ-5D health states for use in
multi-national studies.To estimate the preference
weights a multi-level regression analysis was
performed on 82,910 valuations of 44 EQ-5D
health states elicited from 6,870 respondents.
Stable and plausible solutions were found for the
model parameters. TheR? value was 75%.The
analysis showed that the major source of variance,
apart from‘random error, was variance between
individuals (28.3% of the total residual variance).
These results suggest that VAS values for EQ-5D
health states in six Western European countries
can be described by a common model.
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Table 1

Finland  Ger-1 Ger-2 Ger-3 Neth Sp-1 Sp-2 Sp-3 Sweden  UK-1 UK-2 Total
Sample 2,530 1,000 1,000 4,000 1,400 682 - - 1,000 340 5,324
Responserate  64.4% 37.0% 12.4% 8.5% 70.9% 88.0% - - 54.2% 35.9% 63.7%
n 1,630 370 124 339 993 600 300 294 542 122 3,395 8,709
Exclusions
Due to 207 161 19 - 330 - - - 114 2 40 873
incomplete (127%)  (43.5%)  (15.3%) (33.2%) (21.0%) (1.5%) (1.2%) (10.0%)
data
Due to more 485 25 1 6 132 3 34 7 59 24 180 966
than three (29.8%)  (6.8%) (8.9%) (1.8%) (13.3%)  (0.5%) (113%) (24%)  (10.9%) (19.7%)  (5.3%) (11.1%)
inconsistencies
Number of 938 184 94 333 531 597 266 287 369 96 3,175 6,870
respondents (57.5%)  (49.7%)  (75.8%) (98.2%)  (53.5%)  (99.5%)  (88.7%) (97.6%) (68.1%) (78.7%)  (93.5%)  (78.9%)
not excluded
Number of 32 13 13 36 13 1 13 43 13 13 43 44
health states in
the analysis
Number of 10,341 2,213 1,206 4,411 4,028 6,558 3,455 3,729 4,664 1,211 41,094 82,910
valuations in
the analysis

Trained interviewers conducted the inter-
views between August and November
1993. At each interview the respondent
classified his/her own health according to
the EQ-5D descriptive system and rated
his/her health on the EQ VAS. Next, re-
spondents ranked the health states and
valued the states on the EQ-5D VAS. Af-
terwards the respondents continued by
valuing the same states using TTO (re-
ported elsewhere). Each respondent val-
ued a selection of health states drawn from
a subset of 43 EQ-5D health states. All re-
spondents valued two very mild states,
three mild states, three moderate states
and three extreme states. They also val-
ued states 11111 and 33333. Unconscious
and dead were also valued.

Finland

The Finnish valuation questionnaires were
sent by post in November 1992 to a sam-
ple of 2,530 randomly chosen persons over
16 years of age. After two reminders the
response rate was 64.4% (1,630 question-
naires). The sample was divided into 17
sub-samples who received different ver-
sions of the questionnaire. Some health
states were common to every question-
naire, while some were unique to various
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sub-samples. The Finnish study elicited
valuations for 43 EQ-5D health states (in-
cluding 11111 and 33333). Unconscious and
dead were also valued [3,10]. This analy-
sis included 32 states. These were states
common to the UK-2 sample

Spain

Three data sets were collected in Spain.
The first was collected in November-De-
cember 1992 in a primary health care cen-
tre in 'Hospitalet del Llobregat (Sp-1) in
Catalonia. Physicians invited patients to
join the study. If someone agreed to partic-
ipate, he or she was sent to an adjacent
room and asked to fill in the EQ-5D ques-
tionnaire under the supervision of a
trained nurse. A total of 682 patients were
asked to participate. The sample size was
fixed at 600 valid questionnaires, a re-
sponse rate of 88.0%. A quota sampling
procedure was used with gender, age, oc-
cupational class, and patient/non-patient
status as control variables. Twelve of the 13
core health states (including 11111 and 33333)
were valued as well as an additional state
(22322). Respondents also valued uncon-
scious and dead [11]. This study included
11 states, 10 of which were core states.

The second data set was collected in
Navarra (Sp-2) drawn from the general
population using quota sampling by age
and sex. In September 1995, 300 respon-
dents were interviewed at home by a qual-
ified interviewer. The interviewers assist-
ed only when the respondents requested
clarification. Twelve of the 13 core states
were valued (including 11111 and 33333) as
well as an additional state (22322). Respon-
dents also rated unconscious and dead [12].

The third Spanish study was conduct-
ed in Cornella de Llobregat (Sp-3). Two
trained interviewers recruited a random
sample of 294 individuals, both patients
and non-patients, attending a primary care
centre during October-December 1996. In-
dividuals were recruited according to age
and sex quota sampling so as to be repre-
sentative of the Catalan general population.
The UK-2 study was replicated with each
respondent valuing a selection of health
states drawn from a subset of 43 EQ-5D
health states (including 11111 and 33333). Un-
conscious and dead were also valued [13].

Sweden
The Swedish data were elicited from a na-

tionwide sample of 1,000 citizens drawn
from the address register. The ages ranged



from 18 to 78 years. The questionnaires
were posted in April 1994. A total of 542
questionnaires were returned (54.2%). The
respondents valued the 13 core states (in-
cluding 11111 and 33333) as well as uncon-
scious and dead [14].

Germany

Of the three German datasets two collect-
ed values for health states via postal sur-
veys. In the first study (Ger-1) 1,000 house-
holds across Germany were randomly
sampled by the German National Tele-
phone Company. The questionnaires were
sent out by mail in June 1994, and 370
(37.0%) were returned. Respondents val-
ued 12 of the 13 core health states (includ-
ing 1111 and 33333) as well as an addition-
al state (12121). Respondents also rated un-
conscious and dead [15].

Another German study (Ger-2) follow-
ing the protocol from the earlier 1994
study was carried out in April 1997. Again,
1000 households were randomly selected
from the register of the German Nation-
al Telephone Company. In this study 124
questionnaires (12.4%) were returned. Re-

spondents valued the 13 core states plus
unconscious and dead [16].

A third German study (Ger-3) collect-
ed VAS data in a multi-method framework
in which TTO values were also collected.
A random sample of 4,000 addresses was
selected from the telephone directory of
the German National Telephone Compa-
ny. In order to represent urban and rural
regions equally, the selection was based
on postal code areas. It was ascertained
that one-half of the selected persons were
women. In this study 339 persons (8.5%)
agreed to be interviewed. The interviews
took place between October 1997 and
March 1998 in northern Germany. Re-
spondents were asked to value up to 15 dif-
ferent health states from a sample of 43
states. The participants were first request-
ed to give brief information about their
socio-economic background. They were
then given selected cards with a descrip-
tion of the health states. They were then
asked to rank these cards before carrying
out the VAS valuation task. A total of 36
health states (including 11111 and 33333)
were valued. Dead and unconscious were
not included [17]. Seven states valued in

Table 2
Geman sampls nhetwis h s
Dummy for EQ-5D dimension rated on ies valued the same health states.
Ll N _— Pooling these 11 data sets resulted in
the EQ-net VAS database of 124,077 VAS
Study methodology valuations from 8,709 respondents. Most
Ranked, interview-based studies RID=0or1 RID=0or1 RID=00r1 of the studies valued the health states 11111,
with UK-2 protocol design 33333 and dead twice. The mean value was
Ratings on at least one EQ-5D dimension calculated for each respondent from the
At least one dimension=2 or 3 N2=0 N2=1 N2=1 two valuations of the same health state.
At least one dimension=3 N3=0 N3=0 N3=1 Only these mean values were used. As a
e result the analyses were performed on
RID studies xN2 RN2=0 RN2=00r1  RN2=0or1 4220 valuations. Unconscious was not
RID studies xN3 RN3=0 RN3=0 RN2=00r 1 included in the data set.
Ratings on the EQ-5D descriptive system Exclusions
Mobility Mo2=0 Mo2=1 Mo2=0
R LA b= Data from some respondents were con-
Self-care Se2=0 Se2=1 Se2=0 sidered to be unreliable and were therefore
5e3=0 5e3=0 Se3=1 excluded from the analyses. Every effort
Usual activities Ua2=0 Ua2=1 Ua2=0 was made, however, to ensure that the
Ua3=0 Ua3=0 Ua3=1 number of exclusions was as low as pos-
Pain/discomfort Pd2=0 Pd2=1 Pd2=0 sible. Data from respondents who gave all
Pd3=0 Pd3=0 Pd3=1 states the same value or who valued few-
Anxiety/depression Ad2=0 Ad2=1 Ad2=0 er than three states were excluded. In ad-
Ad3=0 Ad3=0 Ad3=1 dition, responses were excluded if they

contained more than three inconsisten-
cies. Ratings of two health states which
were not in accordance with their rank
order were counted as one inconsistency;
for example, if the rating for 11113 was
higher than the rating for 11112.

The rules for excluding inconsistent
responses were derived on the basis of the
conclusions by Ohinmaa and Sintonen
[18]. They investigated the effect of the
number of inconsistencies per respondent
on the values resulting from the model
and concluded that inconsistencies did
not affect the modelling results in the
Finnish data as long as the number of in-
consistencies was three or lower. The anal-
ysis of the number of inconsistencies on
modelling results was also tested for the
values in the EQ-net VAS database. The
Finnish findings were confirmed.

O Table 1 shows the number of exclu-
sions and inconsistencies that result from
the application of the criteria. The exclu-
sions due to incomplete data refer to re-
spondents who gave all states the same val-
ue or who valued fewer than three states.

The EQ-5D database consists of data
from 8,709 (100%) respondents from 11
different studies. A total of 873 (10.0%) re-
spondents were excluded because they
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Table 3

All coefficients Aggregated coefficients
Constant 95.71* 97.66
RID studies 1.96*
At least one 2 or 3 (N2) -19.52* -11.21
At least one 3 (N3) -8.58* -20.06
Interaction N2 and RID studies 8.30%
Interaction N3 and RID studies -11.48*
Mobility=2 -5.78% -5.78
Mobility=3 -16.03* -16.03
Self care=2 -10.28* -10.28
Self care=3 -13.67* -13.67
Usual activities=2 -231* -2.31
Usual activities=3 —7.54* -7.54
Pain/discomfort=2 -8.15* -8.15
Pain/discomfort=3 -14.35* -14.35
Anxiety/depression=2 -7.81% -7.81
Anxiety/depression=3 -11.31* -11.31
R-square 0.745 -
AdjustedR? 0.745 -
Multi-level variance components -
in shares of total variance (%)
Study 1.6 -
Respondent 283 -
Residual 70.1 -
*P<0.001

gave all states the same value or valued
fewer than three states. We excluded 966
(11.1%) respondents because they returned
questionnaires that contained more than
three inconsistencies. Therefore a total of
1,839 (21.1%) respondents were excluded
before the analysis was performed. Con-
sequently 6,870 (78.9%) respondents are
included in the analysis.

The number of exclusions was high in
the Finnish, 1994 German (Ger-1), Dutch
and Swedish samples. The number of ex-
clusions due to more than three inconsis-
tencies was especially high in the Finnish
and Dutch data but low in two Cataloni-
an samples (Sp-1, Sp-3), the UK-2 data and
the 1998 German (Ger-3) sample, which
are all interview-based studies.

After exclusions there were a total of
100,068 valuations from 6,870 respon-
dents. The values for dead and uncon-
scious could not be included in the regres-
sion model because these states are not
defined in terms of the EQ-5D descriptive
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system. Also, valuations of health states
which were rated in only a single study
were not used in the analysis. This was to
avoid a study-related bias in the overall
results. In the Sp-1 study there was evi-
dence of a translation problem in the
wording for level 3 on the mobility dimen-
sion. Therefore the valuations of two
health states with level three on mobility
from this sample were excluded.

As aresult, the regression analysis pre-
sented here was performed on 82,910 val-
uations. The ‘Appendix’ presents an
overview of these valuations per health
state and per sample.

Modelling

A regression analysis was performed on
the individual data of all non-excluded re-
spondents in the 11 studies. A multi-level
(random effects) model was used to allow
for differences in scale use by respondents
[19]. A multi-level analysis assumes that

the data are hierarchically structured. The
EQ-net data set distinguished three lev-
els. The first level concerned the evalua-
tions of the health states. The second con-
cerned respondents. Therefore evaluations
of health states were nested within respon-
dents. The third level concerned the stud-
ies. Respondents were nested within the
studies. In a multi-level regression mod-
el the error variance is comprised three
components: random error, error due to
individual differences and error due to
differences in study design. If systematic
differences exist at the level of the respon-
dents and/or the study, the multi-level re-
gression analysis estimates the parame-
ters in a more precise manner. The multi-
level regression analysis was performed
using MIwiN 1.02 software.

We used the same main effects model
that was used in the UK-2 study [20]. The
model describes how the valuation of a
health state depends on the scores of the
EQ-5D five-dimensional classification
system for that particular health state.
Background variables, i.e. socio-econom-
ic,individual, regional and country char-
acteristics, are not included. A dummy
variable (RID) was included for ranked,
interview-based study design using a pro-
tocol originally developed for the UK-2
study in 1994. In this protocol the dura-
tion of the health states under considera-
tion was 10 years [8]. RID was used to cap-
ture the implications of differences in
study design on the valuations and indi-
cates whether the data derived from one
of the three interview-based studies in
which the respondents ranked the health
states prior to the VAS valuation task. An-
other dummy variable (N2) accounted for
any move away from full health. This vari-
able had the value 1’ if one of the dimen-
sions was not ‘1. In addition, another dum-
my variable (N3) had the value ‘1’ if one of
the dimensions was at level 3. The N2 and
N3 dummy variables were added to mea-
sure overall aspects not expressed by the
scores on the individual dimensions. The
model allowed for interaction between
the RID variable and the N2 and N3 vari-
ables. This interaction was represented by
the RN2 and RN3 dummy variables. The
scores on the 5 EQ-5D dimensions were
represented by ten dummy variables. For
each of the five dimensions of EQ-5D there



was a dummy variable which had the val-
ue 1 if the score on the dimension was at
level 2 and another dummy variable with
the value ‘1’ if the score on the dimension
was at level 3. @ Table 2 summarises the
model.

The full model can be expressed by the
following equation:

VASheaith state x = C + ¢;RID+ ;N2 + ¢;RN3
+c4RN2 + csRN3
+ cgMo2 + c;Mo3 + cgSe2
+c9Se3 +¢jpUa2 + ¢ Ua3
+ C12Pd2 + C13Pd3
+ C14Ad2 + C15Ad3

where VASpealth state x 1S the VAS value for
health state X predicted by the model, Cis
the constant, and c,—c,; are the 15 dummy
variables.

Rescaling

For particular applications, for example,
in cost-effectiveness analysis, where qual-
ity-adjusted life years (QALYs) are to be
computed the quality index must be an-
chored on full health and dead with cor-
responding values of 1’ and ‘0’. The stan-
dard VAS scale in EQ-5D has endpoints
that are labelled ‘best imaginable’ and
‘worst imaginable’. Raw and estimated
scores generated using this VAS do not
conform to the o-1 scale requirement for
QALY computations and need to be
rescaled. This was carried out using aver-
age values for dead applied to the follow-
ing formula 3 (both mean and median val-
ues for dead were used, these values be-
ing 0.1 and 0.02, respectively):

_ 100.(X - deadmean or median)
(1 1111 - deadmean or median)

Tes

where X, is the rescaled VAS value for
health state X, X is the VAS value for health
state X, deadmean/meq 1S the mean or me-
dian value for dead, and 11111 is the value
for full health.

Results
Multi-level regression analysis
The results of the multi-level regression

analysis are given in @ Table 3. The full
model is presented in the first column. In

the last column of @ Table 3 the values are
recalculated for the cases in which the
RID=1. This column presents the model
coefficients from the point of view that
the study design includes ranking and is
interview-based. The ‘Appendix’ gives an
overview of means and medians of ob-
served VAS values of the estimated VAS
values and of the differences between ob-
served and estimated values.

Of the total variance 28.3% was due to
individual differences and 1.6% to study
differences. The goodness-of-fit (R*) was
0.745. All regression weights were signifi-
cant at P<o0.001. For all the dimensions of
the EQ-5D descriptive system the coeffi-
cients indicating the change in the index
because of a change from the first level (no
problems) to the second level (some prob-
lems) or vice versa were smaller than the
coefficients associated with a change on
an EQ-5D dimension from level 2 (some
problems) to level 3 (extreme problems).
All the coefficients had the expected signs.
B Table 3 shows the results from the mul-
tilevel regression on the VAS values.

The valuations of mild states in the RID
studies tended to be higher than in the
non-RID studies; the RID valuations of
severe states tended to be lower. In the RID
studies the N3 variable, which indicated
at least one 3 on the descriptive system,
together with the variable which indicat-
ed interaction of N3 with RID, showed the
greatest effect (-20.06). When the first 3
appeared on the descriptive system the
predicted VAS value declined by 33 points,

in addition to the relevant score on the di-
mension on which the 3 occurred.

O Figure 1 shows the estimated VAS val-
ues for the observed health states com-
pared to the mean and the median values
of these health states. The health states are
ordered according to the mean. For mild
health states the estimated values are close
to the median values, but higher in gener-
al. For health states with lower values the
estimated values were lower than the
mean values. Figure 1 also shows the dif-
ference between the observed mean and
median values and the estimated values.
The estimation procedure was based on
the minimisation of differences between
observations and the mean and not the
median values. @ Figure 1 indicates the
health states which showed differences
smaller than -6 or greater than 6.

Rescaling

The predicted values using the mean for
death were rescaled for the model results
where RID=1. This procedure generated
rescaled values for all EQ-5D health states.
Of the 243 health states generated by the
EQ-5D descriptive system rescaled val-
ues for five health states were negative.
These states were: 33333,32333, 33233, 33323
and 33332.Because there were no estimat-
ed values lower than 6.5 (for 33333), rescal-
ing of the predicted values using the me-
dian of the observations for dead (0.02
or 2%) did not result in any negative
rescaled values.

| ——Observed

—*—QObserved
| == Estimated VAS
-|—e—Difference Observed mean - 1

VAS values
—=—Difference Observed median - -

_VAS values

Fig. 1 A Comparison of the estimated with the mean and median observed VAS values
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Table 4
Observed mean and median values for the sub set of standard health states. Estimated and rescaled estimated values
and differences between the observed mean and estimated values
Observed and estimated VAS values Rescaled estimated values Differences between observed
Rescaled with Mean and rescaled estimated values, Median and rescaled
rescaled with estimated values,
rescaled
State Mean Median Estimated Meanvalue  Median value Estimated Meandead Median dead Median dead
of dead of dead values
11111 97.5 100.0 97.7 100.0 100.0 -0.2 -2.5 -2.5 0.0
11211 78.0 80.0 84.1 84.6 85.9 -6.2 -6.6 -7.9 -5.9
11121 77.8 80.0 78.3 77.9 79.8 -0.5 -0.2 -2.0 0.2
21111 76.7 80.0 80.7 80.6 82.2 -4.0 -4.0 -5.6 -2.2
11112 753 80.0 78.6 783 80.1 -33 -3.0 -4.8 -0.1
12111 69.4 71.0 76.2 75.5 77.5 -6.7 -6.0 -8.1 -6.5
11122 59.3 60.0 70.5 69.0 71.6 -11.2 -9.7 -12.3 -11.6
21232 36.9 35.0 36.1 29.8 35.7 0.8 7.1 1.2 -0.7
32211 329 30.0 37.8 31.7 37.4 -4.8 1.3 -4.5 -7.4
22323 25.3 23.0 23.3 15.2 22.3 1.9 10.1 3.0 0.7
22233 243 20.0 224 14.1 21.3 2.0 10.2 3.0 -13
33321 17.9 15.0 21.0 12.5 19.9 -3.1 53 -2.0 -4.9
33333 53 2.0 3.5 -74 1.6 1.8 12.7 3.8 0.4
Sum of absolute differences 46.6 78.6 60.6 42.0
Mean sum of absolute differences 3.6 6.0 4.7 3.2

The results of the rescaling procedure
are shown in @ Table 4 for the subset of
the 13 core states, which were valued in
nearly all studies. The estimated value of
97.7 for health state 11111 was very close to
the rescaled value of 100. Rescaling using
the mean for dead had considerable im-
pact on scores under 50. The results of the
rescaling procedure using the median val-
ue for dead were very close to the original
non-rescaled values.

B Table 4 also shows the differences be-
tween the observed mean and rescaled es-
timated values and the observed median
and estimated values that were rescaled
with the median value of dead. The sum of
absolute differences of the rescaled val-
ues was lowest for the values that were
rescaled with the median value for dead.

Discussion

Values for health states defined by the EQ-
5D descriptive system were collected in 11
studies conducted in six European coun-
tries. A total of some 83,000 observations
were successfully modelled using multi-
level regression. All coefficients that re-
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sulted had the expected signs and the ma-
jority of the variance was explained main-
ly by the difference in the health states in-
volved (R*=74.5%). Of the total explained
variance only 1.6% was due to differences
in study design. There was considerable
variation between respondents, some of
whom systematically valued health low-
er or higher than was suggested by the
model results. This pattern of valuation
has been seen previously and is some-
times associated with different experi-
ences of ill health.

A multi-level (random effects) model
was used to include individual and study
differences other than pre-ranking. The
same data were analysed using a weight-
ed ordinary least squares (OLS) model
where the weights expressed the differ-
ences in volume of data per study. Esti-
mated values of the health states calculat-
ed with the multi-level model were close
to those estimated via the weighted OLS
regression. The average absolute differ-
ence between the estimated values was 1.2
points over a range from 98 to 4. This ob-
servation is consistent with the findings
of Busschbach et al. [21].

The main effects regression model in-
cludes only the scores on the descriptive
system of the EQ-5D. An additional dum-
my variable was used to capture an im-
portant difference in study design. In three
studies respondents were allowed to rank
health states before rating them on a VAS
scale. Although this method is more re-
source intensive both in terms of inter-
view time and respondent burden, it does
enable individuals to gain familiarity with
the health states and to think longer about
the valuation task. In the studies per-
formed by the EuroQol Group ranking was
permitted in studies that were interview-
based. However, for pragmatic reasons it is
not always feasible to use interviewers to
collect data on the value of health states.
Within the limits of the present data set it
is not possible to make an objective judge-
ment on the general issue of whether pre-
ranking is preferable in studies collecting
VAS values of health states.

Ranking and interview-based meth-
ods generate values which are higher for
better health states and lower for worse
health states. Approximately one-half of
the valuations in the database were gen-



Table 5
Number of valuations per sample in the analysis after exclusions (subtotal the total of the core states in the analysis)
Finland  Ger-1 Ger-2 Ger-3 Neth Sp-1 Sp-2 Sp-3r Sweden UK-1 UK-2 Total

11111 908 183 93 331 524 597 266 287 369 95 3,174 6,827
11112 509 170 93 146 275 597 266 121 357 92 1,241 3,867
11121 495 170 92 166 272 597 266 119 362 94 1,279 3,912
11122 493 172 92 91 271 596 266 69 364 93 787 3,294
1121 500 171 91 162 270 597 266 112 366 94 1,286 3,915
12111 513 164 92 151 274 595 266 113 352 94 1,252 3,866
21111 519 - 94 147 266 596 266 109 355 92 1,268 3,712
21232 494 171 92 87 270 596 264 83 359 94 797 3,307
22233 483 165 94 - 271 596 266 76 359 93 792 3,195
22323 515 165 93 97 276 - - 70 349 92 777 2,434
32211 512 166 92 135 274 - 266 66 353 92 781 2,737
33321 486 171 94 100 270 - 266 72 358 93 783 2,693
33333 890 173 94 333 515 597 266 286 361 93 3,160 6,768
Subtotal 7,317 2,041 1,206 1,946 4,028 5,964 3,190 1,583 4,664 1,211 17,377 50,527
11113 - - - 143 - - - 59 - - 787 989
11131 - - - 109 - - - 76 - - 773 958
11133 - - - 90 - - - 75 - - 801 966
11312 174 - - 155 - - - 61 - - 791 1,181
12121 136 172 - 96 - - - 69 - - 795 1,268
12211 175 - - 94 - - - 88 - - 797 1,154
12222 173 - - 81 - - - 68 - 801 1,123
12223 136 - - 96 - 66 - - 789 1,087
13212 - - - 97 - - - 66 - - 789 952
13311 - - - - - - - 75 - - 780 855
13332 162 - - - - - - 91 - - 780 1,033
21133 132 - - 79 - - - 77 - - 796 1,084
21222 158 - - 100 - - - 68 - - 785 1,111
21312 - - - - - - - 67 - - 785 852
21323 - - - 86 - - - 71 - - 785 942
22112 159 - - 92 - - - 80 - - 785 1,116
22121 172 - - - - - - 71 - - 794 1,037
22122 161 - - 91 - - - 69 - - 775 1,096
22222 157 - - 142 - - - 86 - - 787 1,172
22322 - - - - - 594 265 - - - - 859
22331 173 = = 83 - = - 73 = = 789 1,118
23232 160 - - 140 - - - 69 - - 782 1,151
23313 - - - - - - - 62 - - 791 853
23321 158 - - 86 - - - 74 - - 790 1,108
32223 161 - 146 - - - 72 - - 793 1,172
32232 162 - - 96 - - - 73 - - 799 1,130
32313 157 - - - - - - 73 - - 812 1,042
32331 - - - 93 - - - 65 - - 793 951
33212 - - - 95 - - - 63 - - 789 947
33232 - - 93 - - - 64 - - 791 948
33323 158 - - 82 - - - 75 - - 813 1,128
Total 10,341 2,213 1,206 4,411 4,028 6,558 3,455 3,729 4,664 1,211 41,094 82,910
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Table 6

Mean, median and estimated values; differences between mean or median and

estimates (VAS values of health states valued in more than one study)

State Observed VAS values Estimated Observed difference
Mean Median LB Mean estimation  Median estimation

11111 97.5 100.0 97.7 -0.16 2.34
11211 78.0 80.0 84.1 -6.17 -4.14
11121 77.8 80.0 78.3 -0.54 1.70
21111 76.7 80.0 80.7 —-4.01 -0.67
11112 75.3 80.0 78.6 -3.29 1.36
12211 70.5 75.0 73.9 -3.32 1.14
12111 69.4 71.0 76.2 —6.72 -5.17
12121 65.9 70.0 68.0 -2.10 1.98
22112 61.5 61.5 62.6 -1.13 -1.08
22121 61.3 63.0 62.2 -0.92 0.76
11122 59.3 60.0 70.5 -11.23 -10.49
21222 55.8 55.0 62.4 —6.58 —-7.40
22122 54.8 55.0 54.4 0.37 0.57
11113 54.8 55.0 55.1 —-0.30 —-0.08
12222 54.4 55.0 57.9 -3.50 -2.90
11312 53.3 53.0 51.0 2.28 1.96
21312 51.1 50.0 453 5.86 4.74
22222 48.6 50.0 52.1 -3.48 -2.12
11131 48.2 50.0 52.0 -3.80 -2.04
13212 46.0 45.0 42.6 3.45 2.40
13311 435 44.0 45.2 -1.63 -1.18
12223 414 40.0 343 7.04 5.66
21232 36.9 35.0 36.1 0.76 -1.14
11133 36.2 35.0 40.7 -4.49 -5.73
21323 345 34.0 33.6 0.86 0.39
32211 329 30.0 37.8 -4.83 -7.77
23321 32.5 30.0 31.3 1.24 -1.25
21133 31.6 30.0 35.0 -3.32 —4.95
22331 31.4 30.0 28.4 297 1.56
22322 29.4 30.0 26.8 2.56 3.17
23232 27.8 25.0 22.5 5.35 2.53
33212 26.7 25.0 26.6 0.12 -1.57
23313 25.8 25.0 28.1 -2.26 -3.09
22323 253 23.0 23.3 1.95 -0.33
22233 24.3 20.0 224 1.97 -2.36
13332 24.2 20.0 23.0 1.13 -3.02
32313 22.0 20.0 21.2 0.73 -1.23
32223 21.4 20.0 18.3 3.12 1.69
32232 21.1 20.0 15.6 5.53 4.39
32331 19.5 15.0 18.2 1.27 -3.19
33321 17.9 15.0 21.0 -3.14 —-6.00
33232 15.2 11.0 12.2 2.97 -1.22
33323 12.4 10.0 9.7 2.68 0.31
33333 53 2.0 3.5 1.82 -1.49
Sum of absolute differences 132.95 120.26
Mean absolute difference 3.02 2.73
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erated in the more structured interview-
based studies that incorporated pre-
ranking. These studies reported lower
levels of internal respondent inconsis-
tency. This leads to the conclusion that
ranking before valuation probably en-
hances the quality of the data. Re-
searchers might wish to consider this
finding in the design of any future valu-
ation studies. Whether pre-ranking is
technically possible in a postal survey is
a topic currently under investigation
within the EuroQol Group.

For some specific applications health
state values must be represented on a scale
on which dead takes the value ‘0’ and full
health the value ’’. In the present analysis
rescaling was applied to predicted VAS val-
ues using an average value for dead. This
method is considered defensible since in-
dividual respondent’s values for dead vary
in a way that appears to be independent
of the value of the health states. Where
data are rescaled on a within-respondent
basis, the explanatory power of the mod-
elis reduced. TheR? value decreased from
0.73 for the regression on the original val-
ues to 0.57 for the regression on the indi-
vidually rescaled values. The concept of
‘not being alive’ is controversial [22],and
empirical study of the value associated
with dead remains incomplete. Given these
attendant uncertainties it seems reason-
able to use average values for dead in the
rescaling of health state values.

Moreover, rescaling on a within-respon-
dent basis may exceptionally produces r
values greater than 1and less than —1. The
rescaled values less than -1 can be extreme-
ly negative, causing a significant increase
in the variance around mean health state
values. All the rescaled health states showed
ahigh negative skewness. To counter these
effects the negative values were truncated
at —1,which was an arbitrary cut-off point.
Where separate values for dead are not col-
lected as part of the original valuation sur-
vey, it clearly becomes impossible to con-
sider rescaling at the level of the individ-
ual respondent. Non-availability of values
for dead may also arise from respondent
failure to complete this task in postal ques-
tionnaire surveys or from partial comple-
tion of interview protocols.

The restriction of range of the raw VAS
values between o and 100 was expected to



produce skewed response distributions at
the end of the scale. This phenomenon
was expected to interfere with the linear
regression analysis because values in such
an analysis are assumed to be normally
distributed. To solve this problem a logis-
tic transformation was applied in which
upper and lower bounds were adjusted
accordingly. This procedure reduced skew-
ness at both ends of the scale. However,
the regression on the adjusted values re-
sulted in a much lower R? value than in
the regression on the unadjusted data. Al-
though the transformation resolved the
problem of skewed response distributions,
it therefore also changed the nature of the
linear additive model into a kind of mul-
tiplicative model. It can therefore be as-
sumed that the underlying structure of
the VAS valuations was indeed additive,
and that the applied transformation made
the situation worse. It was therefore de-
cided to maintain the use of the linear re-
gression model.

The results of the multi-level regres-
sion generally support the expected char-
acteristics of the value set derived for EQ-
5D health states. All the coefficients have
the correct signs, while the values are plau-
sible and all differ from ‘0’. For all the di-
mensions of the EQ-5D level 3 on the de-
scriptive system has a stronger negative
effect on the estimated VAS values than
level 2. Given these characteristics of the
value set and the highR? value in the re-
gression analyses, the overall conclusion
is that it is possible to describe this Euro-
pean VAS data set, gathered by the Euro-
Qol Group, by a single common model.
The resulting VAS value set can be applied
to generate a weighted health status in-
dex for all the potential 243 EQ-5D health
states. This will be especially valuable for
multi-national and technology assessment
studies and other applications where the
comparability of data is important.

This contribution reports the analysis
of pooled data from 11 European studies.
The studies differed in terms of design,
response rates and data quality. Further-
more, the composition of achieved sam-
ples was not always representative of the
general population within each country.
Hence the pooled data set may only par-
tially capture societal preferences. Fur-
thermore, data were available only for a

subset of European countries. However, as
far we know, this is the first study to re-
port the values for standardised health
states within a European context. The re-
sulting model is internally consistent with
plausible coefficients for EQ-5D health
states. It is reasonable to hope that this
model will perform equally well when data
from other national population surveys
are included. Evidence of such robustness
would suggest that deriving a single set of
European values of EQ-5D health states is
indeed a practical proposition.
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Appendix

O Tables 5 and 6 present, respectively, the
number of valuations per sample and the
mean, median and estimated values, with
the differences between mean or median
and estimates
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