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Abstract
Objectives Quality-adjusted life-years (QALYs) are expected to be used for priority setting of hospital-dispensed medicines 
in Denmark from 2021. The aim of this study was to develop the first Danish value set for the EQ-5D-5L based on interviews 
with a representative sample of the Danish adult population.
Methods A nationally representative sample based on age (> 18 years), gender, education, and geographical region was 
recruited using data provided by Statistics Denmark. Computer-assisted personal interviews were carried out using the EQ-VT 
2.1. Respondents each valued ten health states using composite time trade-off (cTTO) and seven health states using discrete-
choice experiment (DCE). Different predictive models were explored using cTTO and DCE data alone or in combination as 
hybrid models. Model performance was assessed using logical consistency.
Results A total of 1014 interviews were included in the analyses. The sample was representative of the Danish adult popula-
tion, though the sample contained slightly more respondents with higher education than in the general population. Only the 
heteroscedastic censored hybrid model combining cTTO and DCE data yielded consistent results, and hence was chosen 
for modelling the final Danish value set. The predicted values ranged from − 0.757 to 1, and anxiety/depression was the 
dimension assigned most value by respondents.
Conclusions This study established the Danish EQ-5D-5L value set, which represents the preferences of the Danish general 
population, and is expected to provide key input for healthcare decision-making in a Danish context.
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Key Points for Decision Makers 

This paper presents the Danish EQ-5D-5L value set 
based on a representative sample of the Danish adult 
population. The study is characterized by high-quality 
data according to EQ-VT quality indicators, which is 
believed to be due to the use of a standard and detailed 
interview protocol, extensive interviewer training, and 
quality control during data collection.

The recruitment strategy enabled a continuous monitor-
ing of the representativeness of the sample and targeted 
recruitment of under-represented groups.

The paper adds to the existing literature by demonstrat-
ing the heteroscedastic hybrid model combining compos-
ite time trade-off (cTTO) and discrete-choice experiment 
(DCE) data as an applicable approach to obtain an EQ-
5D-5L value set for healthcare prioritization.

http://orcid.org/0000-0001-7300-254X
http://crossmark.crossref.org/dialog/?doi=10.1007/s40258-021-00639-3&domain=pdf
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1 Introduction

The EQ-5D is the most commonly used generic measure to 
elicit patient-reported health-related quality of life (HRQoL) 
for estimation of quality-adjusted life-years (QALYs) [1, 2]. 
In Denmark, the need for relevant HRQoL weights for cal-
culating QALYs is greater than ever before as the Danish 
Medicine Council will initiate use of cost-utility analyses 
to assess new and existing medicines across hospitals and 
regions by 2021 [3, 4]. A Danish value set is available for 
the EQ-5D-3L [5, 6], in which the five dimensions (mobil-
ity, self-care, usual activities, pain/discomfort, and anxiety/
depression) have three levels of severity [7]. Although an 
interim “crosswalk” value set is available for the newer EQ-
5D-5L [8, 9], in which the five dimensions have five levels 
of severity [10, 11], a Danish EQ-5D-5L valuation study has 
not yet been conducted. In the new Danish guidelines for 
economic evaluation of new pharmaceuticals, EQ-5D-5L is 
described as the “reference case” that should be used as first 
choice for estimating QALYs [12].

While EQ-5D-3L and EQ-5D-5L value sets should show 
similar trends, the extra levels in the EQ-5D-5L generate 
a larger number of health states, and the wording of the 
severity levels differs between the versions. Thus, the most 
severe mobility level has been changed from “confined to 
bed” (3L) to “unable to walk about” (5L), and the middle 
levels in mobility, self-care, and usual activities dimen-
sions have been changed from “some problems” (3L) to 
“moderate problems” (5L) as in the pain/discomfort and 
anxiety/depression dimensions [10, 13]. Furthermore, 
while preferences for EQ-5D-3L health states were elicited 
using conventional time trade-off (TTO), EQ-5D-5L valua-
tion studies use composite TTO (cTTO), i.e. conventional 
TTO to value health states considered better than dead 
combined with lead-time TTO to value health states con-
sidered worse than dead [14, 15]. The EuroQol Valuation 
Technology (EQ-VT) also includes discrete-choice experi-
ment (DCE) to value EQ-5D-5L health states [16]. DCE 
values may follow a similar pattern to TTO values [17], 
but DCE values lie on an arbitrary scale rather than one 
anchored at 0 (death) and 1 (full health) as required by the 
QALY model. Recently, a large volume of work has been 
carried out with the purpose of addressing this anchor-
ing problem. See for instance [18–23] for examples of this 
work. Until this anchoring problem is properly resolved, 
DCE cannot be an alternative to the TTO approach, but 
DCE data may add extra information to produce a better 
model for valuation data. So-called hybrid models combin-
ing cTTO and DCE data have thus been used for several 
recent EQ-5D-5L value sets [24–28].

The aim of the present study was to generate a Danish 
value set for the EQ-5D-5L based on interviews with a 

representative sample of the adult Danish general popula-
tion using the standardized EQ-VT. The use of the standard-
ized EQ-VT could potentially also allow for comparisons 
on a more equal footing across populations. An important 
aspect was to identify the best modelling approach for the 
final value set, given the choice of cTTO data alone or in 
combination with DCE data.

2  Methods

The reporting of the Danish valuation study follows the 
CREATE checklist for reporting valuation studies of multi-
attribute utility-based instruments [29].

2.1  Participant Recruitment

Target sample size was 1200 interviews to achieve a mini-
mum of 1000 high-quality interviews as stated in the EQ-VT 
to ensure consistent models for analyses [30]. To reach the 
target sample size, Statistics Denmark provided contact 
information on a randomly chosen representative sample 
of the Danish population with regards to age (> 18 years), 
gender, education, and geographical region. Statistics Den-
mark collects comprehensive statistical information on all 
Danes based on the use of the unique personal registration 
number and registers on the use of health and social ser-
vices. Statistics Denmark also provides services for public 
administration and research [31]. Information on personal 
registration number, age, gender, education, and geographi-
cal region was provided on 4585 individuals divided into 
blocks of approximately 500, where each block met the 
requirements for representativeness. Using the personal 
registration number, individuals were sent a personal letter 
of invitation to their secure national digital mailbox linked 
to the personal registration number [32]. Initially invitations 
were sent to five randomly chosen blocks, i.e. approximately 
2500 individuals, followed by invitations sent to the next 
block chosen randomly until all 4585 individuals had been 
invited. Statistics Denmark also provided information on 
residence, and individuals could choose to be interviewed 
at their own residence or a nearby public institution. To 
boost participation, reminders were sent to non-responders 
via their national digital mailbox or home address and/or 
they were contacted by phone. To speed up the recruitment 
and achieve the target sample size, a Danish market research 
company was included halfway through the study period. 
At this stage respondents were selected according to the 
same principles as used by Statistics Denmark to ensure the 
overall representativeness of the final sample. The market 
research company sent email invitations to their panel of 
survey respondents. Respondents who had not participated 
in a health survey within the last 6 months were asked to 
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answer further questions regarding age, gender, education, 
and geographical region to ensure representativeness of the 
final sample. To encourage participation, individuals were 
offered entry to a lottery for prizes.

2.2  The Valuation Interview

The EQ-VT version 2.1 software developed for EQ-5D-5L 
valuation studies was used and administered as a computer-
assisted personal interview [16]. The interview comprised: 
(i) self-reported health using the EQ-5D-5L descriptive 
system and EQ VAS, (ii) questions on age, gender, and 
experience of serious illness, (iii) instructions and example 
of cTTO task, (iv) three practice cTTO tasks (mild, severe, 
and difficult to imagine) followed by cTTO valuation of ten 
EQ-5D-5L health states, (v) cTTO feedback module allow-
ing respondents to identify states not ranked in the desired 
order and cTTO debriefing, (vi) DCE instructions, (vii) 
DCE valuation of seven pairs of EQ-5D-5L health states, 
(viii) DCE debriefing, (ix) experimental DCE valuation 
task (reported separately), and (x) questions on attitudes 
towards prioritisation in the Danish healthcare system 
(reported separately).

2.2.1  Techniques for Eliciting Preferences

In the TTO exercise, the respondent was first asked to choose 
between living 10 years in full health (x) or 10 years in the 
EQ-5D-5L health state being valued (t = 10). Time in full 
health was then altered until the respondent considered the 
two options to be the same, thus establishing the value of 
the health state being valued (x/t) between 0 (death) and 1 
(full health). If a respondent was unwilling to trade off any 
time in full health to avoid living in the EQ-5D-5L health 
state (non-trader), the value for that state was 1. When a 
respondent traded off all the time in perfect health and was 
indifferent between this immediate death and living 10 years 
in the EQ-5D-5L health state being valued, that state was 
valued 0 (equivalent to death). If a respondent, on the other 
hand, considered the EQ-5D-5L health state being valued to 
be worse than dead, meaning they would prefer immediate 
death, a shift was made from conventional TTO to lead-time 
TTO. Shifting to lead-time TTO implies that the respondent 
was given an additional 10 years for trading. The respondent 
was again asked to trade off time in full health until the point 
of indifference, but the two options were now 10 years in full 
health (x) or 10 years in full health followed by 10 years in 
the health state being valued. The value for the health state 
was (x − 10/10), i.e. between − 1 and 0. The values for the 
TTO could thus range from − 1 to 1 with a 0.05 increment 
as the smallest tradeable time was 6 months.

In the DCE task, the respondent read two EQ-5D-5L 
health states shown next to each other and indicated which 

state was preferred. In these pairwise comparisons, neither 
of the health states was logically better than the other and 
no information was given about the duration of the states.

2.2.2  Health States Valued

In the EQ-VT, a standardized blocked design was imple-
mented to select the health states to be valued by the 
respondents, where the severity of the states included in 
each block was balanced [15]. In the cTTO, 86 health states 
were valued divided into blocks of ten health states. Each 
group included one of the five “mild” EQ-5D-5L health 
states (four dimensions at level 1 and one dimension at 
level 2, e.g., 11112), eight “moderate” health states, and 
the most severe health state (i.e., 55555). Respondents were 
randomly assigned by the EQ-VT to one block of health 
states, and the order of the health states being valued was 
likewise randomized. In the DCE, 196 pairs of health states 
were valued, divided into 28 blocks of seven pairs that were 
similar in terms of level sum score. Respondents were ran-
domly assigned to one of the 28 blocks by the EQ-VT. The 
order in which pairs were valued was randomized, as was 
the left-right positioning.

2.3  Data Quality

The interviewers had a master’s degree in either public 
health or medical market access and underwent an inten-
sive 2.5 days of training prior to data collection. The EQ-VT 
quality control (QC) tool was used to monitor the quality of 
the collected data and to identify any interviewers perform-
ing poorly [33]. The QC tool focuses on protocol compli-
ance of the interviewers and face validity of the collected 
data. An interview was flagged as being of potential poor 
quality if any of four cTTO indicators were observed: (i) 
no explanation of “worse than dead” task in the example, 
(ii) under 3 min spent on the cTTO example, (iii) logical 
inconsistency (state 55555 valued at least 0.5 higher than 
the lowest rated health state), and (iv) under 5 min spent on 
the ten cTTO tasks [16]. If four or more of an interviewer’s 
first ten interviews were flagged, the interviewer was asked 
to repeat training and the interviews were dropped. If the 
interviewer continued to perform poorly, they and all their 
interviews were dropped from the study.

Fortnightly quality reports on the protocol compliance 
and face validity were created from the QC tool and dis-
cussed with the EQ-VT support team to provide individual 
feedback to the interviewers [34].

2.4  Ethics

The Danish EQ-5D-5L valuation study is registered under 
Aalborg University with the Danish Data Protection Agency 
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(case number: 2017-899/10-0164). According to the Dan-
ish National Committee on Health Research Ethics, inter-
view studies do not require approval (Committee Act §14, 
Sect. 2). Respondents received written and oral information 
about the study, including that it was voluntary to participate 
and that they could withdraw their consent at any time.

2.5  Statistical Analyses

Descriptive statistics were used to compare characteristics of 
the final sample with those of the adult Danish general popu-
lation and to summarize self-reported health. cTTO valua-
tions are reported as means and standard deviations (SDs).

Respondents not contributing with both cTTO and DCE 
data were dropped. Prior to the main modelling analysis, 
cTTO data for health states identified by respondents in the 
feedback module as not being ranked appropriately were 
dropped. No exclusions were made due to logical incon-
sistencies between EQ-5D-5L health states or non-trading. 
Analyses were conducted in Stata version 16.1.

2.5.1  Data Modelling

As only 86 EQ-5D-5L health states were valued directly, 
modelling was used to estimate values for all possible 3,125 
health states. Modelling was conducted for cTTO data alone, 
DCE data alone, and a combination of cTTO and DCE data. 
As the EQ-VT was designed for maximum power to identify 
main effects, no interaction effects were included or inves-
tigated [30].

Two models were tested for the cTTO data: (i) a gen-
eralized least squares (GLS) random intercept model 
without censoring, and (ii) a random-effects Tobit model. 
The Tobit model takes explicit account of the censoring 
feature of the cTTO data that is due to the construction 
of the EQ-VT, where the observed values are censored 
at − 1 [35]. Thus, from a conceptual point of view, the 
Tobit model is preferred to the GLS model and the Tobit 
model is the preferred choice in the most recent literature 
[28, 36, 37]. Both the Tobit model and the random effects 
part of the GLS model deal with another main feature of 
cTTO data, namely heteroscedasticity. Heteroscedastic-
ity refers to the substantial variation among respondents 
regarding the valuation of health states, which tends to be 
more prominent for moderate and severe health states [24].

The McFadden conditional logit model is typically the 
preferred choice for DCE data [38]. However, parameter 
estimates from DCE data are not directly comparable to 
those from cTTO data as DCE data are not anchored on a 
0–1 scale. Therefore, a conditional logit model was used 
to model DCE data with the scaling issue addressed by 
using the multiplicative constant from the hybrid model 
[39]. As a robustness check, a heteroscedastic conditional 

logit model with heteroscedasticity being a function of 
observables was also estimated [40].

To explore whether modelling was improved by com-
bining cTTO and DCE data in a hybrid model, a DCE con-
ditional logit model was used as a building block with (i) 
the GLS random intercept model (=hybrid GLS and het-
eroscedasticity model), and (ii) the random-effects Tobit 
model (=heteroscedastic censored Tobit hybrid model) 
[39]. The key assumption behind the hybrid model is that 
the parameter vector from the analysis of cTTO data, β, 
equals the parameter vector from the analysis of DCE data, 
β´, up to a multiplicative constant, β = β´·θ. This assump-
tion is assessed via plots of the predicted values of the 
health states from the cTTO data based on the estimated 
random-effects Tobit parameters and the conditional logit 
parameters. If the plots show a straight line, this supports 
the key assumption. Heterogeneity is accounted for in the 
hybrid model by letting the scale parameter, θ, be a func-
tion of the explanatory variables. Further details of the 
hybrid model are available in Ramos-Goñi et al. [39, 41].

Model performance was evaluated by (i) logical con-
sistency where the absolute value of parameters associ-
ated with logically worse dimension levels must be higher 
than those associated with logically better levels, and (ii) 
goodness of fit for comparable model types if required. 
Traditional methods for comparing statistical models, i.e. 
Akaike information criterion (AIC) and Bayesian informa-
tion criterion (BIC), were not viable as the log-likelihood 
of the hybrid model was larger than its constituent parts 
from the random-effects Tobit model and conditional logit 
model. Furthermore, use of recently popularized methods 
such as mean squared error or mean absolute error is not 
warranted for the hybrid model due to lack of supporting 
evidence [24].

2.5.2  Sensitivity Analyses

In line with recent reporting practices [24, 36], the robust-
ness of the results was tested by repeating the modelling 
analyses after reintroducing the cTTO data for states that 
respondents had identified in the cTTO feedback module as 
inappropriately ranked.

2.6  Comparison of Value Sets

The characteristics of the Danish EQ-5D-5L value set were 
compared with those of the Danish EQ-5D-3L value set 
[5] and those of the Danish crosswalk value set, which was 
derived from a mapping procedure on pooled 3L and 5L data 
from six countries including Denmark [8, 9].
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3  Results

Between October 2018 and November 2019, 1052 interviews 
were carried out. None of 13 interviewers performed poorly, 
but two were asked to leave as they were not sufficiently 
available for interviewing and their interviews were dropped 
(n = 5). Twelve further interviews were dropped due to soft-
ware issues or respondents withdrawing consent or having 
cognitive/emotional issues. Participants not contributing 
both cTTO and DCE data (n = 21) were dropped, leaving 
1014 interviews for inclusion.

3.1  The Sample

The sample was similar to the adult Danish general popula-
tion on gender, age (slight under-representation of 18- to 
24-year-olds and over-representation of 65- to 74-year-olds), 
marital status, and geographical region (Table 1). The sam-
ple had slightly more respondents with higher education than 
in the general population. Most respondents rated their own 
health as very good or excellent (64%), and under 10% had 
less good or poor health (Online Supplementary Material 
(OSM) 1). About half (49%) reported pain or discomfort, 
and 25–27% had problems with mobility or usual activities. 
Mean self-reported EQ VAS was 82.4 (SD 15.9) (OSM 1).

3.2  cTTO Data and Models

Each of the 1014 respondents valued ten health states with 
cTTO, providing 10,140 observations in total. All respond-
ents assessed the most severe EQ-5D-5L state (55555), 
while the “mild” states had 195–214 evaluations (average 
202.8), and the 80 “moderate” states had 96–111 evalua-
tions (average 101.4). Descriptive statistics for the values 
for the 86 health states are given in OSM 2.

Figure 1 shows that mean cTTO values decreased with 
increasing health state severity as expected, with data het-
eroscedasticity reflected in higher standard deviations with 
greater severity. Observed cTTO values ranged from 1 to 
− 1, and 22% of states were considered worse than death 
(Fig. 2).

Removal of health states identified by respondents as 
being incorrectly ranked (n = 712) gave 9428 observa-
tions for cTTO modelling. The GLS model (OSM 3) and 
random-effects Tobit-based model (Table 2) gave com-
parable results, but the Tobit model generally produced 
parameter estimates with slightly lower variance. In the 
Tobit model, the parameter estimate for mobility level 3 
was inconsistent but not significantly different from the 
estimate for mobility level 2. The parameter estimates for 
self-care level 2, self-care level 3, and usual activities level 
5 were not significantly different from the preceding level.

Table 1  Characteristics of the study sample compared to the Danish 
adult general population

IQR interquartile range, SD standard deviation
a From Statistics Denmark 2018
b Full information provided by Statistics Denmark

Characteristics Study 
sample

Danish adult 
general 
 populationa

(n = 1014)

N % %

Gender
 Female 523 51.6 50.6
 Male 491 48.4 49.4

Age group (years)
 18–24 40 3.9 11.4
 25–34 136 13.4 15.8
 35–44 135 13.3 15.3
 45–54 198 19.5 17.6
 55-64 187 18.4 15.4
 65–74 219 21.6 14.1
 75+ 99 9.8 10.5

Marital status (n = 1013)
 Widowed 48 4.7 5.9
 Divorced 107 10.6 12.4
 Married 509 50.2 48.0
 Unmarried 349 34.4 33.7

Highest education (n = 1010)
 Secondary school 82 8.1 25.9
 High school/other 67 6.6 12.0
 Skilled worker 277 27.4 29.9
 Short-cycle higher education 126 12.5 4.9
 Medium-cycle higher education 279 27.6 16.9
 Long-cycle higher education 179 17.7 10.3

Work status (n = 1010)
 Employed/self-employed 546 54.0 60.1
 Unemployed (able to work) 44 4.4 2.1
 Outside the working force (e.g., 

retired, student)
420 33.5 37.8

Annual income (n = 1010)
 Under DKK 299,999 367 36.3 54.6
 DKK 300,000–499,999 426 42.2 30.9
 Over DKK 500,000 155 15.3 14.4
 Declined to answer 28 2.8 b

 Did not know 34 3.4 b

Geographical region
 The North Denmark Region 152 15.0 11.1
 Central Denmark Region 251 24.7 24.2
 The Region of Southern Denmark 197 19.4 20.4
 The Capital Region of Denmark 282 27.8 31.2
 Region Zealand 132 13.0 13.0
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To additionally assess the issues regarding heterosce-
dasticity, an interval regression was fitted to the data. This 
model took censoring into account and allowed for hetero-
scedasticity to be specified as a function of observables. The 
result was several inconsistencies that were significant. The 
random-effects Tobit model was therefore taken forward.

3.3  DCE Data and Models

Each of the 1014 respondents valued seven choice pairs 
resulting in 7098 observations. No additional exclusion cri-
teria were applied for the DCE data. The conditional logit 
model gave inconsistent parameters for self-care level 3 and 
usual activity level 3 that were not significantly different 
from the preceding level (OSM 3).

The heteroscedastic conditional logit model gave similar 
results, with inconsistent parameters not significantly differ-
ent from the preceding level (data not shown). As this model 
did not add more information, it was not taken further, and 
the simpler conditional logit model was preferred.

Scatter plots showed strong correlations between the pre-
dicted values for the 86 health states from the random-effects 
Tobit model and the conditional logit model (Fig. 3) indicat-
ing similar rank orderings of health states and supporting 
investigation into a hybrid model.

3.4  cTTO and DCE Hybrid Models

The combination of cTTO and DCE data in the hetero-
scedastic censored hybrid model removed the inconsist-
ent parameter estimates present in the individual models 
(Table 2). Thus, all the parameter estimates were consistent, 
although the estimates for mobility level 3, self-care level 3, 
and usual activities level 3 were not significantly different 
from the estimate for the preceding level.

The hybrid model without censoring gave similar results 
to the heteroscedastic censored hybrid model, but the param-
eter estimates had slightly higher variance and a further level 
(usual activities level 5) had an insignificant parameter esti-
mate (OSM 3). The heteroscedastic censored hybrid model 

Fig. 1  Distribution of mean observed cTTO value (n = 10,140) by 
severity level of the health state. Severity level is calculated as the 
sum score of the dimension levels (e.g., health state 11112 gives a 

severity level of 1 + 1 + 1 + 1 + 2 = 6). cTTO composite time trade-
off, sd standard deviation

Fig. 2  Distribution (%) of observed cTTO values (n = 10,140) ranging from 1 (representing full health) to 0 (dead) and − 1 (representing states 
considered worse than dead). cTTO composite time trade-off



The Danish EQ-5D-5L Value Set

Ta
bl

e 
2 

 R
es

ul
ts

 fo
r t

he
 ra

nd
om

-e
ffe

ct
s 

To
bi

t m
od

el
 fo

r c
om

po
si

te
 ti

m
e 

tra
de

-o
ff 

(c
TT

O
) d

at
a 

an
d 

fo
r t

he
 h

yb
rid

 m
od

el
 b

as
ed

 o
n 

cT
TO

 p
lu

s 
di

sc
re

te
 c

ho
ic

e 
ex

pe
rim

en
t (

D
C

E)
 d

at
a.

 B
et

a 
co

ef
-

fic
ie

nt
s s

ho
ul

d 
be

 re
ad

 a
s u

til
ity

 d
ec

re
m

en
ts

 in
 th

e 
ca

lc
ul

at
io

n 
of

 h
ea

lth
-r

el
at

ed
 q

ua
lit

y 
of

 li
fe

ad
 a

nx
ie

ty
/d

ep
re

ss
io

n,
 C
I c

on
fid

en
ce

 in
te

rv
al

, m
o 

m
ob

ili
ty

, p
d 

pa
in

/d
is

co
m

fo
rt,

 sc
 se

lf-
ca

re
, S
E 

st
an

da
rd

 e
rr

or
, u
a 

us
ua

l a
ct

iv
ity

a  Pr
ef

er
re

d 
m

od
el

D
im

en
si

on
 le

ve
l

R
an

do
m

-e
ffe

ct
s T

ob
it 

m
od

el
H

et
er

os
ce

da
sti

c 
ce

ns
or

ed
 h

yb
rid

 m
od

el

β
[9

5 
%

 C
I]

β
P 

va
lu

e
β

SE
[9

5 
%

 C
I]

Re
gu

la
r d

um
m

ie
s

Re
gu

la
r d

um
m

ie
s

In
cr

em
en

ta
l d

um
-

m
ie

s
In

cr
em

en
ta

l d
um

-
m

ie
s

Re
gu

la
r  d

um
m

ie
sa

Re
gu

la
r d

um
m

ie
s

Re
gu

la
r d

um
m

ie
s

m
o2

0.
08

0
[0

.0
49

9–
0.

10
95

]
0.

04
1

0.
00

0
0.
04
1

0.
00

7
[0

.0
26

5–
0.

05
53

]
m

o3
0.

06
1

[0
.0

29
4–

0.
09

21
]

0.
01

3
0.

28
1

0.
05
4

0.
01

2
[0

.0
31

1–
0.

07
65

]
m

o4
0.

16
6

[0
.1

31
5–

0.
20

00
]

0.
10

3
0.

00
0

0.
15
7

0.
01

1
[0

.1
34

7–
0.

17
88

]
m

o5
0.

20
5

[0
.1

74
0–

0.
23

68
]

0.
06

3
0.

00
0

0.
22
0

0.
01

1
[0

.1
98

6–
0.

24
15

]
sc

2
0.

03
0

[–
0.

00
01

–0
.0

59
1]

0.
03

5
0.

00
0

0.
03
5

0.
00

7
[0

.0
21

6–
0.

04
79

]
sc

3
0.

04
5

[0
.0

11
3–

0.
07

83
]

0.
01

5
0.

17
9

0.
05
0

0.
01

1
[0

.0
28

8–
0.

07
04

]
sc

4
0.

11
1

[0
.0

77
6–

0.
14

48
]

0.
09

4
0.

00
0

0.
14
4

0.
01

1
[0

.1
21

5–
0.

16
56

]
sc

5
0.

17
2

[0
.1

41
5–

0.
20

20
]

0.
06

5
0.

00
0

0.
20
9

0.
01

0
[0

.1
88

6–
0.

22
91

]
ua

2
0.

04
5

[0
.0

14
8–

0.
07

62
]

0.
03

3
0.

00
0

0.
03
3

0.
00

7
[0

.0
19

4–
0.

04
71

]
ua

3
0.

08
5

[0
.0

51
6–

0.
11

79
]

0.
00

7
0.

53
1

0.
04
0

0.
01

1
[0

.0
19

5–
0.

06
08

]
ua

4
0.

15
3

[0
.1

20
4–

0.
18

60
]

0.
09

9
0.

00
0

0.
13
9

0.
01

0
[0

.1
18

7–
0.

15
92

]
ua

5
0.

17
2

[0
.1

41
0–

0.
20

21
]

0.
03

5
0.

00
7

0.
17
4

0.
01

1
[0

.1
52

6–
0.

19
51

]
pd

2
0.

03
8

[0
.0

10
6–

0.
06

61
]

0.
04

8
0.

00
0

0.
04
8

0.
00

6
[0

.0
36

1–
0.

06
06

]
pd

3
0.

07
7

[0
.0

43
0–

0.
11

06
]

0.
04

5
0.

00
0

0.
09
4

0.
01

1
[0

.0
71

8–
0.

11
54

]
pd

4
0.

36
3

[0
.3

33
0–

0.
39

34
]

0.
28

7
0.

00
0

0.
38
1

0.
01

2
[0

.3
57

6–
0.

40
44

]
pd

5
0.

52
7

[0
.4

94
7–

0.
55

97
]

0.
15

6
0.

00
0

0.
53
7

0.
01

3
[0

.5
10

9–
0.

56
35

]
ad

2
0.

08
4

[0
.0

52
0–

0.
11

58
]

0.
07

2
0.

00
0

0.
07
2

0.
00

7
[0

.0
58

9–
0.

08
51

]
ad

3
0.

20
9

[0
.1

72
7–

0.
24

49
]

0.
11

9
0.

00
0

0.
19
1

0.
01

1
[0

.1
69

9–
0.

21
21

]
ad

4
0.

43
0

[0
.3

96
9–

0.
46

30
]

0.
23

9
0.

00
0

0.
43
0

0.
01

1
[0

.4
08

1–
0.

45
12

]
ad

5
0.

56
6

[0
.5

35
9–

0.
59

70
]

0.
18

8
0.

00
0

0.
61
8

0.
01

3
[0

.5
93

5–
0.

64
28

]
C

on
st

an
t

−
 0

.0
04

[–
 0

.0
45

1 
to

 
0.

03
64

]
N

ot
 u

se
d

N
ot

 u
se

d



 C. E. Jensen et al.

was thus the best model, with no logical inconsistencies. A 
scatter plot showed strong correlation with the cTTO and 
DCE models (Fig. 3).

3.5  Sensitivity Analyses

When the 712 states that were identified by respondents 
as being incorrectly ranked on cTTO were re-introduced, 
the model estimates were qualitatively unchanged (data not 
shown). As it was preferred to accept respondents’ judg-
ments about health states that were incorrectly ranked, the 
final model did not include the data for these states.

3.6  The Final Model for the Danish 5L Value Set

The heteroscedastic censored hybrid model combining 
cTTO and DCE data was chosen for modelling the final 
Danish value set (Table 2). The parameter estimates repre-
sent the utility decrements associated with each EQ-5D-5L 
dimension level and allow a value (utility) to be assigned to 
each of the 3125 health states, for example state 13224 has 
the utility, U = 1–0–0.050–0.033–0.048–0.430 = 0.439. The 
lowest score in the Danish value set is for health state 55555 

at − 0.757. Respondents placed most weight on EQ-5D 
dimensions of anxiety/depression and pain/discomfort when 
expressing their preferences for the different health states.

3.7  Comparison of Value Sets

The 5L value set had a lower value for the worst possible 
health state (55555) compared to EQ-5D-3L and cross-
walk value sets [5, 9] (Table 3). The 3L and 5L value 
sets had similar proportions of states worse than death 
(20–22%) compared to the crosswalk value set with 11%. 
The largest utility decrement in the 3L value set was for 
mobility followed by pain/discomfort and anxiety/depres-
sion, whereas the largest decrement in the 5L value set was 
for anxiety/depression followed by pain/discomfort and 
then mobility. In the 3L value set, the utility decrement 
of 0.411 for mobility level 3 was only slightly higher than 
the 0.396 for pain/discomfort level 3 [5]. In comparison, 
the 5L value set showed a substantial preference differ-
ence between these two dimensions where the decrement 
for pain/discomfort level 5 was 0.537 compared to 0.220 
for mobility level 5.

Fig. 3  Scatter plot of the predicted values for the 86 health states val-
ued in cTTO using a random-effects Tobit model (cTTO data), the 
logit model (DCE data), and heteroscedastic censored hybrid model 

(cTTO and DCE data). cTTO composite time trade-off, DCE discrete 
choice experiment
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4  Discussion

This study reports the development of the Danish EQ-5D-5L 
value set based on preferences from the adult Danish gen-
eral population using cTTO and DCE. A heteroscedastic 
censored hybrid model using both cTTO and DCE data was 
found to be the best approach for generating the Danish EQ-
5D-5L value set.

Particular strengths of this study were the rigid adher-
ence to the updated EQ-VT protocol version 2.1 [16] and 
the collaboration with Statistics Denmark. Compared to 
earlier valuation studies, this collaboration improved the 
sample representativity and represents a novel approach to 
sample selection and evaluation of representativity. Statis-
tics Denmark provided precise knowledge of the distribu-
tion of age, gender, marital status, geographical region, 
and education needed for a representative sample of the 
Danish population above 18 years of age, and this was 
used to guide the recruitment of participants. A limitation 
of the study was the need to change recruitment source 
(i.e., from Statistics Denmark to a Danish market research 
company) for achieving the final sample numbers because 
recruitment was going too slowly. However, both strategies 
were governed by the statistical information from Statistics 
Denmark on the requirements for a representative sample. 
We were aware of potential differences between respond-
ents randomly chosen by Statistics Denmark and those who 
were in the market research company’s panel. To ensure 
that no “professional” respondents were recruited from the 
panel, respondents from the market research company were 
not eligible for participation if they had participated in a 
health survey within the last 6 months.

It was expected that it would be difficult to recruit partici-
pants for the study as the interview was of 1.5–2 h duration 
(due to extra questions on DCE and prioritisation, which 
is reported elsewhere) and there was no direct payment to 
participants, only an opportunity to enter a lottery for prizes. 
Furthermore, interviews were to be carried out across the 
country to ensure representativeness of the final sample. As 
the interviewers all lived in a rather small area in and around 
the North Denmark Region, the number of days available for 
interviews in each of the five different regions of Denmark 
was limited. It might have eased recruitment if an interview 
team had been available in each of the five regions, giving 
more time slots for interviews in each region. However, it 
was prioritized to have only one interview team working 
closely together to limit any interviewer effects.

The final sample of individuals showed a good repre-
sentation of the general Danish population except for slight 
under-representation of individuals aged 18–24 years and 
of individuals with the lowest educational level. Under-rep-
resentation of individuals with lower educational level has 
been demonstrated in other 5L valuation studies [26, 42–44] 
and occurred despite our best efforts during data collection.

The present study is characterized by high-quality cTTO 
data according to EQ-VT indicators as witnessed by the QC 
tool. The collected data showed high protocol compliance, 
for example with regards to the duration of interviews both 
within and across interviewers, no interviewers flagged as 
performing poorly, and high face validity of the data. The 
high quality can be traced to several sources. First, the inter-
viewers had strong theoretical and methodological compe-
tence within the field and underwent extensive training prior 
to data collection. This is believed to have resulted in high 
protocol compliance that was evident in the quality reports. 

Table 3  Comparison of 
key characteristics of the 
three Danish value sets for 
EQ-5D-3L, the crosswalk, and 
EQ-5D-5L

cTTO composite time trade-off, DCE discrete choice experiments, TTO time trade-off, WTD worse than 
dead
a Based on the utility decrement for the most severe level in each dimension (level 3 for EQ-5D-3L, level 5 
for the crosswalk, and EQ-5D-5L)
b Health state 33333
c Health state 55555

Characteristics EQ-5D-3L Crosswalk EQ-5D-5L

Valuation method TTO Crosswalk (TTO) Hybrid (cTTO/DCE)
Maximum value 1 1 1
Minimum value − 0.624b − 0.624c − 0.757c

Number of health states 243 3125 3125
Health states WTD (%) 19.75% 11.01% 21.7%
Dimensions ordered by largest to 

smallest utility  decrementsa
Mobility Mobility Anxiety/Depression
Pain/Discomfort Pain/Discomfort Pain/Discomfort
Anxiety/Depression Anxiety/Depression Mobility
Self-care Self-care Self-care
Usual Activities Usual Activities Usual Activities
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Second, the study used the most recent EQ-VT, version 2.1 
[16], which includes a “dynamic” question during the cTTO 
example to ensure that respondents are introduced to valu-
ation of health states both better than dead and worse than 
dead. The use of the QC tool itself enables continual moni-
toring of the data collected and facilitated individual feed-
back to interviewers to ensure high performance [16, 33, 45].

A heteroscedastic censored hybrid model combin-
ing cTTO and DCE data was established as the preferred 
approach. As the EQ-5D-5L has been demonstrated to have 
improved measurement properties over the EQ-5D-3L [46], 
we recommend the EQ-5D-5L with this newly developed 
value set to be used by Danish decision-makers when esti-
mating QALYs.

A comparison of the three Danish value sets shows that 
the percentage of health states valued as being worse than 
dead was similar in the 3L [5] (20%) and 5L (22%) value 
sets, which is reassuring considering the addition of DCE 
data and the 20-year interval between the collection of data 
for the 3L study and the present study. The percentage of 
states worse than dead was noticeably lower in the crosswalk 
value set [9] (11%), possibly due to this being based on a 
mapping algorithm [8], whereas the 3L and 5L value sets 
are based on directly elicited preferences from the general 
population.

The percentage of health states valued as worse than dead 
in the Danish 5L value set was comparable to that in the US 
[47] 5L value set (20%), but lower than that in the Indo-
nesian [48] (35%) and Irish [26] (36%) 5L value sets and 
higher than that in the French [37] (13%) and Polish [25] 
(4.4%) 5L value sets. It is difficult to ascertain the reasons 
for these differences. The general difficulty of interpreting 
states worse than death should be kept in mind as Gandhi 
et al. found little association between health-state severity 
and negative values, and questioned the usefulness of ask-
ing people to value health states considered worse than dead 
[49]. Other factors may play a part, however. Purba et al. 
[48] suggested that the high level of collectivism in Indo-
nesia could make people want to avoid being a burden for 
their family and friends, thus they would rather die than be 
in severe health states for any length of time. Certainly, Dan-
ish society scores much higher on individualism (score of 
74) and is similar to Ireland, France, and Poland (scores of 
60–71) though lower than the USA (score of 91) compared 
to Indonesia (score of 14) [50]. Secondly, religious beliefs 
seem to influence people’s preferences for health states. In a 
Polish study [51], respondents who believed in the afterlife 
tended to be non-traders (i.e., unwilling to give up any life 
to avoid poor health states) and were less likely to consider 
a state worse than death, and the later Polish 5L valuation 
study included a parameter that scaled down the disutilities 
given by religious respondents [25]. Although the French 
valuation study had 13% of states considered worse than 

death, nearly 14% of respondents were non-traders [37]. In 
comparison, only seven respondents (0.7%) were non-traders 
in the Danish sample and approximately 22% of health states 
considered worse than death.

An important difference between the Danish 5L and 
3L value sets was the change in the ranking of the EQ-5D 
dimensions based on the utility decrements. While the anxi-
ety/depression dimension showed the largest utility decre-
ment in the 5L value set, the mobility dimension showed 
the largest decrement in the 3L value set [5]. This apparent 
change in health preferences may affect future prioritization 
in the Danish healthcare sector. Reasons for the change in 
Danish preferences are unclear, but similar changes were 
noted in Poland and some other (high-income) countries by 
Golicki et al. [25], and may be in part be due to the change in 
the wording of the most severe mobility level. It is possible 
that Danes perceive mobility issues to be less problematic 
than earlier due to reforms to the Disability Pension Scheme 
in 2003 and 2012 [52] and the introduction of “Everyday 
rehabilitation” services in 2015 (section 83a of the Service 
Act) [53], which require the Danish municipalities to offer 
rehabilitation and assistance to people with disabilities to 
allow them to lead as normal and independent a life as possi-
ble. More weight might be placed on the anxiety/depression 
dimension as mental disorders have received more attention 
in Denmark, among others politically. Treatment of men-
tal illness, including anxiety and depression, has likewise 
increased in Denmark from 188 health service contacts per 
1,000 people in 2009 to 246 contacts per 1,000 people in 
2017 [54], reflecting an increased incidence, more treatment 
opportunities, and/or greater recognition and acceptance of 
mental illness among the general population.

Comparing 5L value sets from other countries shows 
that the ranking in the Danish value set (anxiety/depres-
sion, pain/discomfort, mobility, self-care, usual activities) 
is identical to that in Ireland [26], and the first three dimen-
sions are identical to those in the Ethiopian [55] 5L value 
set. In Poland [25], Portugal [24], the USA [47], and France 
[37], pain/discomfort has the greatest utility decrement, fol-
lowed by mobility and then anxiety/depression as the third 
or fourth. The usual activities dimension has the smallest 
utility decrement in six of eight 5L value sets compared here 
including the Danish set; exceptions are the Ethiopian [55] 
and the Indonesian [48] 5L value sets, where self-care and 
pain/discomfort have the smallest utility decrement, respec-
tively. Cross-national differences in the ranking of dimen-
sions might limit the transferability of value sets across 
countries, suggesting the relevance of country-specific valu-
ation studies. Again, it is difficult to be certain about the 
reasons for these differences. The 5L valuation studies that 
used the EQ-VT approach are less likely to have methodo-
logical differences as suggested for 3L studies, despite some 
similarities among Northern European countries including 
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Denmark [56]. Purba et al. [48] noted possible translation 
effects where the Indonesian word used for “depression” 
could be interpreted more as “sadness”, and this is possibly 
perceived as less severe than the Danish word, which lies 
further along the continuum towards clinical depression. In 
addition, mental health has received increased attention in 
recent years in Denmark with the launching in 2018 of a 
nationwide programme to provide earlier treatment of psy-
chiatric disorders, free psychological help for mild mental 
illness, and individually tailored outpatient treatments [57].

The current study builds on recent interest in utilising 
different types of data for valuation studies and, in line with 
several recently derived value sets, a hybrid model combing 
cTTO and DCE data was identified as most appropriate for 
the Danish value set [24, 27, 28, 36]. DCE thus appears to 
contribute a different type of information than TTO, but it 
may not be easier to understand and answer than TTO [58], 
and the problem of 0–1 anchoring of DCE values is still to 
be resolved. One approach may be to incorporate duration 
into the DCE choices [59, 60].

A hybrid model was chosen here from a statistical point 
of view, but it is also important to review the utility theory 
models for TTO and DCE and ask how well the hybrid model 
reflects the underlying theoretical foundations. McFadden’s 
conditional logit model is typically the preferred choice for 
DCE random utility models [38], but the parameter estimates 
from DCE and cTTO are not directly comparable as DCE 
data are not anchored on a 0–1 scale. A conditional logit 
model was thus used to model DCE data with the scaling 
issue addressed by using the multiplicative constant from the 
hybrid model. This is an example of statistical convenience. 
It should be investigated how well the underlying theoretical 
model, for example the Hicksian utility model for TTO [61, 
62], corresponds to the econometric specification and vice 
versa. One of the few attempts to provide a utility theoreti-
cal basis for the hybrid model is the episodic random utility 
model that unifies TTO and DCE approaches [63]. A vari-
ety of econometric modelling approaches are available for 
modelling preference data, and choice of the “right” model 
should be based on both statistical and theoretical properties. 
Devlin has noted that the choice of valuation method has a 
non-trivial impact on quality-of-life utilities and cannot be 
determined with recourse to statistical properties alone. Or, 
in other words, theory matters a lot. This holds even more 
when TTO and DCE are used together [64]. More research 
should be done on the utility theoretical foundations – even 
before new statistical are being introduced.

5  Conclusions

A heteroscedastic censored hybrid model using both 
cTTO and DCE data was identified as the best approach 
for generating the Danish EQ-5D-5L value set. A high-
quality data set was achieved from a representative sample 
of the adult Danish general population, which is impor-
tant for real-world use in a priority-setting context for, 
among other things, hospital-dispensed medicines. The 
study results emphasize the importance of a standard and 
detailed interview protocol, extensive interviewer training, 
and quality control during data collection.
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