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Abstract

Objective We aimed to develop an EQ-5D-5L value set for Romania.

Methods In line with the EuroQoL standardized valuation protocol, computer-assisted interviews were conducted face-to-
face in a representative sample in Romania (November 2018—November 2019).

Valuation methods included composite time trade-off and discrete choice experiment tasks. Several models were tested,
including models that accounted for data censoring, panel structure of the data, heteroscedasticity, conditional logit, and
hybrid models. The final model was selected based on logical consistency, theoretical considerations, and use of all available
data. We compared our value set with other value sets from Central and Eastern Europe region.

Results Data from 1493 respondents was used to estimate the value set. A censored hybrid model corrected for heterosce-
dasticity was selected to represent the value set. The highest decrements in utility were observed for the pain/discomfort
dimension (0.375), followed by the mobility dimension (0.293). Health utilities ranged from 1.000 to — 0.323 and 1.3% of
the values were negative. The model was corrected with survey weights to better reflect the representativeness of the sample,
but the first two coefficients of the self-care dimension stopped being logically consistent. Differences were found between
the Romanian, Hungarian and Polish EQ-5D-5L value sets. Good agreement was noted with the Romanian EQ-5D-3L value
set, with a swap between pain/discomfort and mobility in ranking of dimensions.

Conclusion A value set for EQ-5D-5L is now available for Romania. This will push one-step further the development of
health technology assessment and encourage more health-related quality-of-life research to be conducted locally.
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Introduction

Quality-adjusted life-years (QALYs) are fundamental to
Health Technology Assessment (HTA) processes in many
countries across the world. Even though much debated in
recent years, QALY are still considered the most rigor-
ous available method to guide healthcare resource allo-
cation decisions [1]. QALY s have the benefit of combin-
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In spite of harmonisation and standardization efforts put
into valuation studies, health utilities differ considerably
from one country to another [3]. These differences have
been attributed to differences in either valuation method-
ologies, sociodemographic backgrounds of respondents,
or cultural values [3]. Hence, in order for health utili-
ties to be truly informative for economic evaluations and
for QALY to capture the true impact of morbidity in a
certain country, health utilities and value sets should be
country specific.

One of the most widely used questionnaires to estimate
QALYs is the EQ-5D. The EQ-5D [4] is a simple to use,
short, self-reported instrument that measures a person’s
current health in five dimensions: mobility, self-care,
usual activities, pain/discomfort, and anxiety/depres-
sion [5]. It consists of a 5-item descriptive system and a
visual analogue scale (EQ VAS). Currently, two versions
of the questionnaire are available: the EQ-5D-3L and the
EQ-5D-5L. Differences between the two versions include
wording changes (standardization of middle levels to
moderate in all dimensions for EQ-5D-5L; new descriptor
for the most severe level for mobility for EQ-5D-5L) and
a change in the number of severity levels in each dimen-
sion (three levels of severity for EQ-5D-3L and five, for
the EQ-5D-5L [6]). The recall period for EQ-5D-5L is
today and each dimension has five response levels: no,
slight, moderate, severe, and unable (extreme problems
for the pain/discomfort and anxiety/depression dimen-
sions) [6]. The EQ-5D-5L was developed in response
to EQ-5D-3L’s ceiling effects and reduced sensitivity to
small and medium health changes [6], and has improved
psychometric properties when compared with the EQ-
5D-3L version [7].

So far, in Romania, the EQ-5D-5L has been used in
studies conducted in clinical populations, such as patients
with HIV [8], obstructive sleep apnoea [9], cancer [10] or
hepatitis C [11]. Nevertheless, the preferred instrument
to generate QALY's in Romania is the EQ-5D, just like in
many other countries [12]. Currently, the Romanian HTA
process uses a scorecard system [13], but local authori-
ties intend to transition to a full HTA process based on
cost—utility studies in the near future [14]. Unfortunately,
to date, no country-specific value set exists for EQ-5D-5L
in Romania, and by default, value sets from other coun-
tries, more exactly the United Kingdom, have been used
[12]. Value sets can be culturally sensitive [15] and using
data from elsewhere to guide healthcare decisions and pol-
icies might introduce bias and not represent good value for
money on the long run for the Romanian healthcare system
[14] Therefore, to encourage the use of national priorities
and values, the objective of this study was to develop a
country-specific value set for EQ-5D-5L in Romania.
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Methods

This study followed the most recent protocol approved by
the EuroQoL research foundation [i.e., the EuroQol Valua-
tion Technique (EQ-VT) version 2.1] [16, 17]. It was devel-
oped to allow a parallel estimation of the EQ-5D-3L value
set. This manuscript focuses only on the EQ-5D-5L value
set, and details on the EQ-5D-3L valuation can be found
elsewhere [18].

This study was approved by the Bioethics Com-
mittee of Medicines and Medical Devices, Romania
(194NP/29.10.2018) and by the Faculty of Medical Sciences
Research Ethics Committee, part of Newcastle University's
Research Ethics Committee, United Kingdom (Application
no. 1430/2069/2018). It was registered with the Romanian
National Supervisory Authority for the Processing of Per-
sonal Data (Application no. 27512/2017; 28,446/2017).

Study population

The target population was non-institutionalised adults
(18 +years) residing in Romania at the time of the study.
Participants were selected using a random-walk technique
and next birthday rule from 32 settlements that were ran-
domly selected from all regions of Romania using a three-
stage probability sampling procedure stratified by region
and settlement size. The sample size was estimated at 1794
participants, so that a representative sample at national level
could be achieved. For more details, see Olariu et al. [11,
19].

Data collection and quality control process

Interviews were face-to-face, computer-assisted and took
place in respondents’ homes from November 2018 to
November 2019.

Interviewers were trained by the local study team using
standardized training materials in a 2-day face-to-face train-
ing session in October 2018. Due to five interviewers aban-
doning the study team early on in the data collection process,
another face-to-face training session was organised in June
2019 to recruit more interviewers. In total, 30 interviewers
performed data collection. One interviewer was excluded
from the study team due to non-compliance with quality
criteria.

The interview had five sections: background questions
and the EQ-5D-5L, composite time trade-off (cTTO) valu-
ation tasks (five examples, ten EQ-5D-5L tasks, three EQ-
5D-3L tasks), discrete choice experiment tasks (DCE) (seven
tasks for EQ-5D-5L), the EQ-5D-3L, and a country-specific
questionnaire. This structure of the interview had been used
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before by the US and Hungarian EQ-5D-5L valuation teams
[20, 21]. Similar to other data collection tools, the cTTO
valuation tasks were developed using 86 EQ-5D-5L health
states divided across ten blocks. DCE tasks included 196
pairs of EQ-5D-5L health states, divided across 28 blocks.
Each respondent was assigned to one cTTO block and one
DCE block [22] (for more details, see Olariu et al. [19].

Interviews’ quality was checked weekly by the local team
and every 2 weeks by the EuroQoL research foundation.
Interviewers’ performance and compliance to the study’s
protocol and guidelines were assessed using the EQ-VT
QC software developed by the EuroQoL research founda-
tion [23]. Interviewers were given feedback regarding their
performance either by email or by telephone. Interviews
were considered of suspect quality if explanations for the
wheelchair examples were less than three minutes, if the
worse than dead element was not shown in the examples, if
the duration of the ten EQ-5D-5L tasks was less than five
minutes, and if the worst health state did not have the lowest
value or was at least 0.5 lower than the health state with the
lowest value [15, 23] [more details here [19, 23].

Data analysis

All analyses were run using STATA 16 and SPSS 24. Con-
tinuous variables were summarised using means, 95% con-
fidence intervals and standard deviations. Categorical vari-
ables were reported as frequencies and percentages of all
observed levels.

Exclusion criteria

Prior to modelling, the following exclusion criteria were
defined for the cTTO data:

a. Participants whose interviews were performed by inter-
viewers excluded from the interviewers’ team.

b. Participants whose interviews were performed by inter-
viewers that did not meet the minimum quality criteria
as defined by the QC tool.

c. Participants whose interviews were performed by inter-
viewers that did not conduct enough interviews (20) to
achieve a harmonised learning effect between interview-
ers [24].

d. Participants that did not have any negative values for all
c¢TTO tasks and whose interviews were flagged in the
QC report, because the interviewer had not shown the
worse than dead element in the example section of the
interview.

e. Participants that had a positive slope on the regression
line between their values and the level sum score of the
health states valued or gave the same value to all health
states or did not trade time.

f. Participants that flagged all ten EQ-5D-5L health states
as incorrect on the feedback module.

g. Participants with inconsistencies related to the worse
health state (55,555) that were not removed after the
feedback module.

Additionally, in all models, individual cTTO observa-
tions were removed if the respective health state had been
flagged by respondents as being incorrect in the feedback
module.

Regarding DCE data, participants with suspect patterns
in DCE responses were excluded. Suspect patterns in DCE
responses were considered those responses that were all the
same in all DCE tasks and those that had variations such as
ABABABA or BABABAB.

Model construction

To estimate values for the EQ-5D-5L health states, econo-
metric modelling was used for both cTTO and DCE data.
A hybrid modelling approach was used to combine both
c¢TTO and DCE data into a single model [25]. The dependent
variable for cTTO data was disutility (one minus the cTTO
observed values) and health states were used as explanatory
variables. For DCE data, the dependent variable was the
binary outcome indicating the respondent’s choice for each
pair of EQ-5D-5L states.

We only tested main effects models as the EQ-VT design
was optimized for such models [26]. All our models had 20
parameters: four dummies were created for each EQ-5D-5L
dimension and level one was used as reference. Our dum-
mies were regular dummies, indicating the loss in utility
from level one to that respective level. All models were ini-
tially tested with a constant. If the constant was found non-
significant at the level of 0.05, it was then supressed.

For cTTO data, we tested Tobit models to account for the
censored nature of the data, multilevel models with random
intercepts for interviewer and respondent effects, random
coefficient models, and heteroskedastic models.

For DCE data, we used a conditional logit model. As
DCE valuations are estimated on a latent scale, to allow
direct comparisons, we had to anchor them on a scale from
0 (dead) to 1 (full health) by rescaling them using the theta
parameter of the best-fitting hybrid model [25].

To make use of all available data, we also tested hybrid
models. To test the assumptions of hybrid models, we used
scatter plots to plot DCE versus cTTO. If coefficients of the
c¢TTO models were to be proportional to those of DCE mod-
els, a line would be observed on the scatter plots. Hence, the
assumption of proportionality between DCE and cTTO held
true and hybrid models could be estimated [more details on
hybrid modelling here [27, 28]].
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Model selection
We used the following criteria to select our final model:

1. Logical consistency of parameters: we only considered
models for which coefficients of logically worse health
states were lower than coefficients of logically better
health states.

2. Significance of parameters and models’ p values: we
prioritized models that had the maximum number of
significant parameters at the level of 0.05 and only con-
sidered models that were statistically significant at the
level of 0.05.

3. Theoretical considerations:

e models that accounted for the heteroskedastic nature
of the data were preferred as the observed variance
of the cTTO values increases with the severity of
health states [29].

e hybrid models were preferred as they maximise the
use of all available data by combining both cTTO
and DCE data.

e models that accounted for the censored nature of the
data were preferred as by design, the EQ-VT proto-
col censors observed cTTO values at — 1.

4. Finally, we considered the value range, the ranking
of dimensions based on the size of the coefficient for
the worst level on each dimension and the correlation
between predicted and observed utilities.

The final model was selected based on the consistency
of results, correction of heteroscedasticity, accounting for
data censoring, and the degree it used all the available data.

Sensitivity analysis

We performed a sensitivity analysis to test the robustness of
our estimated parameters when no exclusion criteria were
applied (when no participant was excluded). We also tested
the impact of using survey weights on the final model to
correct for the disproportionate allocation to strata of our
design and potential differences between the sample and the
Romanian general population (see electronic supplementary
material Annex 1 for more details on survey weights).

Comparison with other value sets
We compared the observed cTTO values for Romania with
those of Hungary and Poland for the 86 health states that

were common to all three studies. We used a z test to deter-
mine the statistical significance of the differences between
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the observed means for Romania and Hungary and Poland,
respectively.

We compared our final EQ-5D-5L value set with the
Romanian EQ-5D-3L value set and the Polish and Hungar-
ian EQ-5D-5L value sets. This was done using density plots
to observe range of values, modality, or skewness. We also
used Bland—Altman plots to check the agreement between
the Romanian EQ-5D-3L and EQ-5D-5L utilities of those
health states that are comparable across the EQ-5D-3L and
EQ-5D-5L (i.e., the matched 243 states).

For the entire data analysis, we used a significance level
of a=0.05. We considered correlations to be very strong if
correlation coefficients were > 0.9 [30].

Results

1674 interviews were performed (for response rates and
interviews performed in each settlement see Annex 2 of the
electronic supplementary material). Of these 1674 inter-
views, 1493 were used in the analysis (see electronic sup-
plementary material Annex 3 for all interviews excluded).
The interviews included in the analysis were performed by
24 interviewers.

The mean age of included respondents was 48.6 years
(SD=16.2) (weighted sample: 47.5 years, SD=17.8) and
the mean EQ VAS was 82.5 (SD =15.5) (weighted sample:
81.3, SD=16.6) with the majority of the sample (52.4%)
reporting full health (weighted percentage 49.7%) (see
Table 1). Overall, in our sample, there were more women
(66%) and more people from urban areas (72.8%) than
national average statistics. There were also differences in age
and sex with respect to the Romanian general population:
men were underrepresented in all age groups and women
were overrepresented in age groups from 25 to 74 years (see
Fig. 1).

Interviews lasted on average 47 min (SD=24). Respond-
ents took on average 83.5 s (SD=116.4) and 50.5 s (SD=60)
to complete one cTTO and DCE task, respectively. 311
(20.8%) participants provided inconsistent responses regard-
ing the values assigned to cTTO tasks. After the feedback
module, 64 respondents reconsidered their choices, thus
reducing the number of respondents with logical inconsist-
encies to 247 (16.5%). Subsequently, the use of the feedback
module led to the elimination from analysis of 1,152 cTTO
values (7.7% of the total cTTO values). There were only 143
values at zero representing 1% of the valid values assigned
in the cTTO tasks' and 679 (4.9%) and 146 (1.1%) values at
0.5 and — 0.5, respectively. 12% of the values assigned by

! Valid ¢cTTO values—values assigned to health states that were not
marked as being incorrect by the respondent on the feedback module.
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Table 1 S_O?iodemogr aphic Variable Category V6 (n=1493) Weighted V6 General
characteristics of the sample _

. (n=1493) popula-
selected for analysis. V6 dataset tion
corresponds to exclusion
criteria 1, 2, 3,4, and 5 n % n % %

Sex Female 985 660 776 520 52
Residence area Urban 1087 728 809 542 552
Education level No formal education 6 04 11 07 2
Low 177 119 232 156 369
Medium 747 500 795 533 452
High 555 372 447 299 159
No response 8 05 8 0.5
Occupation Employed 893 598 793 531 521
Unemployed 32 2.1 49 33 39
Retired 370 248 396 265 262
Stay at home/domestic 105 7.0 132 89 7.1
In education 71 52 97 6.5 4.8
No response 16 1.1 26 1.7
Income Below the average 638 427 703 471 414
Average 264 177 248 16.6  30.7
Above the average 471 315 404 271 279
No response 120 8.0 137 9.2
Experience with serious illness In self 299 20.0 314 21.0
In family 680 455 662 444 N/A
In caring for others 246 165 216 145
Self-rated health using EQ-5D-5L 11,111 782 524 743 497 N/A
Any other health state 711 47.6 750  50.3
Fig.1 Age and sex distribu- Age and sex distribution: 5L sample vs general population
tion in the analysed sample
compared with the general
population in Romania
75+
65-74 7.6%
55-64 7.9%
a
>
& 45-54
By 7% 9.2%
<
35-44 8.9%
9.4%
25-34 7.4%
8.0%
18-24 Men 4% Women
4.6%
15.0% 10.0% 5.0% 0.0% 5.0% 10.0% 15.0% 20.0%

Percentages

5L Sample (women) m 5L Sample (men) ® General population (women) ® General population (men)
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respondents to the health states presented in the valid cTTO
tasks were negative and of these 15.9% were values of — 1.
70% of the negative values were assigned to the worst health
state (55555). Health states 52455 and 43555 had the sec-
ond and third highest negative values, but the percentages
remained low when compared with 55555 (2.7% and 1.9%,
respectively) (see Annex 4).

We tested several cTTO and DCE models (see Annex 5
for full list). Table 2 presents the results for those models
that had the maximum number of significant and consist-
ent parameters, accounted for heteroscedasticity and/or
for the censored nature of the data. All parameters for the
selected cTTO models were consistent. The conditional logit
model generated two inconsistent parameters at the slight
and moderate levels of the self-care domain. However, this
was resolved when both ¢cTTO and DCE data were com-
bined using hybrid models, with all hybrid models being
consistent. The agreement between cTTO and DCE data was
very high as shown by the very strong correlations (> 0.9)
between the predictions of the cTTO models and rescaled
DCE model (see Fig. 2).

The two cTTO models performed similarly in terms
of range of values, ranking of dimensions, and correla-
tion coefficients (see Table 2). The censored model had a
slightly higher number of negative values than the uncen-
sored model. In line with our model selection criteria, our
preferred cTTO model was the censored interval regression
model (IRMC). The two hybrid models that met our selec-
tion criteria had almost identical performance in terms of
range of values, ranking of dimensions, correlation coef-
ficients, and number of negative health states (see Table 2).
Of the two hybrid models, we preferred the censored hybrid
model heteroskedastic (HMHC) given the censored nature
of the data. Finally, we chose the HMHC model (the Roma-
nian EQ-5D-5L model) over the IRMC model as the hybrid
model used all available data in line with our theoretical
considerations and aims (see Annex 6 for full details of the
model).

Sensitivity analysis

When our final model was run on the full dataset with no
exclusions applied (dataset V1—see Annex 7 for sociode-
mographic characteristics and Annex 8 for full model), it
generated a value set with fewer negative values and a lower
range of values (see Table 3). Overall, the performance of
the model decreased when interviews that did not meet the
quality criteria standards were kept in the sample. When the
model was run on the weighted sample (weighted V6 data-
set), it generated two inconsistent parameters at the slight
and moderate levels of the self-care dimension (see Table 3
and Annex 9 for full model).
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Finally, we compared the predictions of the final model
run on dataset V1 and V6 regarding the mean observed
cTTO values and the model performed well in all cases (see
Annex 10).

Comparison with other value sets

First, we compared our observed cTTO values with the
observed cTTO values from the Polish and Hungarian valu-
ation studies for all 86 health states that were common to
all three studies (see Fig. 3). We tested the statistical sig-
nificance between the observed mean differences, and we
found that all differences between the observed Romanian
and Hungarian cTTO values were statistically significant,
with the exception of the differences observed for four health
states 11121, 11122, 12111, and 21112. In 91.4% of the
cases, the Romanian observed values were higher than the
Hungarian observed values with differences ranging from
0.011 to 0.59 (see Annex 11). Regarding the Polish observed
values, only 72% of the observed differences were statisti-
cally significant: of these, the Romanian observed values
were lower than the Polish ones in 61.3% of the cases.

We then compared all our estimated values with the Hun-
garian and the Polish EQ-5D-5L value sets. Similar to the
observed cTTO values, the Hungarian EQ-5D-5L value set
was consistently lower than the Romanian EQ-5D-5L value
set. Regarding the Polish EQ-5D-5L value set, the values
of the Romanian EQ-5D-5L value set were lower than the
Polish ones for mild states, but as severity increased, the
Romanian values became higher than the Polish ones (see
Fig. 4). Also, Romanians assigned the highest value to
the worst health state (55,555) (— 0.323 versus -0.590 for
Poland [31] versus — 0.848 for Hungary [21] from all the
three countries that we compared. Finally, the importance
order of the five dimensions of the questionnaire was differ-
ent from one country to another: Romanians, just like the
Polish, placed most weight on the pain/discomfort dimen-
sion, whereas Hungarians ranked mobility first. The anxiety/
depression dimension came fourth for all three countries
(dimension order for Hungary: mobility, pain/discomfort,
self-care, anxiety/depression, usual activities; dimension
order for Poland: pain/discomfort, mobility, self-care, anxi-
ety/depression, and usual activities).

Finally, we compared our EQ-5D-5L value set with the
Romanian EQ-5D-3L value set [18]. The Kernel density
plot showed a unimodal right-skewed distribution for the
EQ-5D-5L value set, whereas the EQ-5D-3L distribution
had a few clusters. More EQ-5D-3L values were concen-
trated at both ends of the utility scale than in case of the
EQ-5D-5L distribution, differences being starker between
the two for the left-end of the utility scale (see Fig. 5a).
The Bland—Altman plot (Fig. 5b) showed a good agreement
across the severity scale between the EQ-5D-3L values and
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Table 2 Estimation results for selected cTTO, DCE, and hybrid models

Variable IRM IRMC CLOGIT HMH HMHC
Coefficient| SE| Coefficient| SE|Coefficient| SE Rescaled| Coefficient| SE| Coefficient| SE
coefficient #
(Constant) 0.019*| 0.004 0.019*| 0.004 N/A| N/A N/A N/A| N/A N/A| N/A
MO2 0.021*| 0.005 0.021*| 0.005 0.450*|0.050 0.061* 0.039*| 0.004 0.039*| 0.004
MO3 0.030*| 0.007 0.030*| 0.007 0.658*|0.058 0.089* 0.055*| 0.005 0.056*| 0.005
MO4 0.083*| 0.008 0.083*| 0.008 1.013*|0.059 0.137* 0.107*| 0.005 0.107*| 0.005
MOS5 0.282*( 0.007 0.283*( 0.008 2.344%10.071 0.316* 0.293*| 0.005 0.293*| 0.005
SC2 0.038*| 0.005 0.039*| 0.005 0.365%|0.055 0.049* 0.047*| 0.003 0.048%*| 0.003
SC3 0.049*| 0.006 0.050*| 0.006 0.364%|0.059 0.049* 0.051*| 0.005 0.052*| 0.005
SC4 0.099*| 0.007 0.101*| 0.007 0.710*|0.060 0.096* 0.097*| 0.005 0.098*| 0.005
SC5 0.246*( 0.007 0.248*( 0.008 1.682%(0.061 0.227* 0.233*| 0.005 0.233*| 0.005
UA2 0.039*| 0.005 0.039*| 0.005 0.153*|0.052 0.021* 0.039*| 0.003 0.039*| 0.003
UA3 0.083*| 0.007 0.083*| 0.007 0.276*|0.057 0.037* 0.057*| 0.005 0.058*| 0.005
UA4 0.122*( 0.007 0.123*( 0.007 0.666%|0.059 0.090* 0.111%*{0.005 0.111*{ 0.005
UA5 0.198%*| 0.007 0.198%*| 0.007 1.530%|0.063 0.206* 0.203*| 0.004 0.203*| 0.005
PD2 0.038*| 0.004 0.039*| 0.004 0.538%*|0.054 0.073* 0.053*| 0.003 0.053*| 0.003
PD3 0.043*| 0.007 0.042%*| 0.007 0.843*|0.060 0.114* 0.078%*| 0.005 0.077*| 0.005
PD4 0.137*| 0.006 0.137*| 0.006 1.449*0.062 0.196* 0.156*| 0.005 0.156*| 0.005
PD5 0.392*| 0.009 0.394*| 0.009 2.837*%|0.074 0.383* 0.376*| 0.006 0.375%| 0.006
AD2 0.035*| 0.004 0.035*| 0.004 0.120*|0.057 0.016* 0.038*| 0.003 0.038%*| 0.003
AD3 0.053*| 0.007 0.053*| 0.007 0.419*|0.059 0.057* 0.059*| 0.005 0.059*| 0.005
AD4 0.107*| 0.006 0.107*| 0.006 0.859*(0.063 0.116* 0.110*| 0.004 0.110*| 0.004
AD5 0.215*| 0.006 0.216*| 0.006 1.612*|0.066 0.217* 0.218%*| 0.005 0.218%*| 0.005
AIC -1058 -344 9604 8706 9421
BIC -742 -28 9763 9046 9761
Spearman's correlation 0.9940 0.9940 0.9862 0.9939 0.9939

(predicted vs observed)

Pearson's correlation 0.9929 0.9928 0.9822 0.9908 0.9907
(predicted vs observed)

U(I1111) 1.000 1.000 1.000 1.000 1.000
UQ1111) 0.960 0.960 0.939 0.961 0.961
u@12111) 0.943 0.943 0.951 0.953 0.952
u(1211) 0.942 0.942 0.979 0.961 0.961
u(11121) 0.942 0.943 0.927 0.947 0.947
U(11112) 0.946 0.946 0.984 0.962 0.962
U(55555) -0.353 -0.358 -0.350 0323 -0.323
No. (%) of health states 53 (1.70%) 56 (1.79%) 59 (1.88%) 42 (1.34%) 42 (1.34%)
WTD (%)
Mean (SD) 0.519 (0.220) 0.517 (0.221) 0.490 (0.216) 0.516 (0.212) 0.515 (0.212)
Ranking of dimensions PD-MO-SC-AD- | PD-MO-SC-AD- PD-MO-SC-AD-UA PD-MO-SC-AD- | PD-MO-SC-AD-
UA UA UA UA

IRM interval regression model, JRMC interval regression model censored at — 1, CLOGIT conditional logit model, HMH hybrid model heter-
oskedastic without constant, HMHC hybrid model heteroskedastic without constant censored at — 1, MO mobility; SC self-care; UA usual activi-
ties, PD pain discomfort, AD anxiety depression, U utility, AIC Akaike information criteria, BIC Bayesian information criterion, SD standard
deviation, WT'D worse than dead

*p value <0.05; values in bold—best performance for the indicator; values in italics—second best performance for the indicator; shaded col-
umns—final model chosen; # theta value 7.410
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Correlation: 0.9781; p-value < 0.00001
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Fig.2 Scatter plots of composite time trade-oftf (cTTO) model predictions

the EQ-5D-5L values of the matched health states, with none
of the differences falling outside of the +2 SD range. The
EQ-5D-3L value set had more negative values than the EQ-
5D-5L and the importance of dimensions changed slightly:
the most important EQ-5D-3L dimension (MO) became sec-
ond in the case of EQ-5D-5L and the second most important
EQ-5D-3L dimension (PD) became first in the case of EQ-
5D-5L. The order of the remaining dimensions stayed the
same (see Annex 12).

Discussion

In this study, we estimated a Romanian value set for the EQ-
5D-5L. We did this according to the latest EQ-VT protocol
approved by the EuroQoL research foundation and following
best practice in the field. We used a main effects model that
combined both cTTO and DCE data and accounted for het-
eroscedasticity and censored data to estimate our value set.
This modelling approach reflects best practice and current
analytical advances in the field [17]. We chose our model
from several candidate models based on maximising the
number of consistent and significant parameters and theo-
retical considerations such as heteroscedasticity correction,
data censoring, and maximum use of the collected data.
We opted for a censored hybrid model corrected for het-
eroscedasticity as our final model. We based our decision on
the strong [30]Jagreement between the cTTO and DCE data,
which supported the use of single estimation [25] consider-
ing cTTO and DCE responses to be stemming from the same
unique utility function [25]. The simultaneous use of the two
elicitation methods allowed us to get a better picture of the
“true” preferences of our respondents, as DCE answers can
improve our understanding of cTTO answers [25]. Addition-
ally, it improved our precision in estimating the parameters
of our model as reflected by the lower standard errors for all
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coefficients of our final model when compared with the rest
of the models. Finally, it allowed us to maximise the use
of all available data. Nevertheless, others might question
our decision to use a hybrid modelling approach in deter-
mining our value set. This is, because, in spite of the ben-
efits of hybrid modelling, to date, there is no agreement on
which modelling strategy might be the best in estimating
value sets [31]: methods that use cTTO data only [21, 32],
DCE scoring algorithms anchored on TTO data; [33, 34] or
methods that use both type of data [31, 35-39] are consist-
ently reported in the literature. Additionally, some argue that
there is not yet available a robust theoretical justification to
combine the two elicitation methods as they represent two
very distinct valuation methods [40].

We compared our EQ-5D-5L value set with the Polish
and Hungarian EQ-5D-5L value sets. We chose these two
countries as, in our opinion, Central and Eastern European
(CEE) countries have a certain degree of similarity in terms
of history and culture. Also, they were the only two coun-
tries in the region that had, at the time of writing this manu-
script, an EQ-5D-5L value set (at that time, Slovenia only
had an EQ-5D-3L value set[41]). Nevertheless, differences
were noted between the three value sets in terms of values
assigned to the worst health state and the relative impor-
tance of the five EQ-5D-5L dimensions. The anxiety/depres-
sion dimension was ranked last but one in all three CEE
countries. This is in contrast with other Western European
countries where it ranked second [32, 35] or even first [42].
Greater stigma and lower awareness about mental health
problems in Romania and other CEE countries [43, 44]
might be behind this finding. Finally, modelling approaches
in arriving to the final value set differed from one country to
another: Hungary used only cTTO data for [32] their model
and both Poland and Romania used cTTO and DCE data
for their final model. Hence, all these differences underline
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Table 3 Sensitivity analysis results

Romanian EQ-5D-5L model V6 (n=1493) Weighted V6 (n=1493) V1 (n=1649)
Variable Coefficient SE Coefficient SE Coefficient SE
(Constant) N/A N/A N/A N/A N/A N/A
MO2 0.039*  0.004 0.040%* 0.004 0.037*  0.003
MO3 0.056*  0.005 0.055%* 0.005 0.055*  0.005
MO4 0.107*  0.005 0.107* 0.005 0.105*  0.005
MO5 0.293*  0.005 0.296* 0.005 0.290*  0.005
SC2 0.048*  0.003 0.055* 0.003 0.048*  0.003
SC3 0.052*  0.005 0.052*  0.005 0.051*  0.004
SC4 0.098*  0.005 0.096* 0.005 0.101*  0.005
SC5 0.233*  0.005 0.241* 0.005 0.231*  0.005
UA2 0.039*  0.003 0.045%* 0.003 0.039*  0.003
UA3 0.058*  0.005 0.060* 0.005 0.059*  0.004
UA4 0.111*  0.005 0.123* 0.005 0.113*  0.005
UAS 0.203*  0.005 0.220%* 0.004 0.203*  0.004
PD2 0.053*  0.003 0.053* 0.003 0.054*  0.003
PD3 0.077*  0.005 0.075* 0.005 0.077*  0.005
PD4 0.156*  0.005 0.142* 0.005 0.153*  0.004
PD5 0.375*  0.006 0.359* 0.006 0.361*  0.006
AD2 0.038*  0.003 0.038* 0.003 0.036*  0.003
AD3 0.059*  0.005 0.058* 0.005 0.056*  0.005
AD4 0.110*  0.004 0.105%* 0.004 0.108*  0.004
AD5 0.218*  0.005 0.220%* 0.005 0.214*  0.004
AIC 9421 N/A 11145

BIC 9761 N/A 11489
Spearman's correlation (predicted vs observed) 0.9939 N/A 0.9935
Pearson's correlation (predicted vs observed) 0.9907 N/A 0.9912
U(11111) 1.000 N/A 1.000
U(21111) 0.961 N/A 0.979
U(12111) 0.952 N/A 0.967
U(11211) 0.961 N/A 0.976
U(11121) 0.947 N/A 0.957
U(11112) 0.962 N/A 0.985
U(55555) -0.323 N/A -0.299

No. (%) of health states WTD (%) 42 (1.34%) N/A 36 (1.15%)
Mean (SD) 0.515 (0.212) N/A 0.521 (0.207)
Ranking of dimensions PD-MO-SC-AD-UA N/A PD-MO-SC-AD-UA

MO mobility, SC self-care, UA usual activities, PD pain discomfort, AD anxiety depression, U utility, AIC Akaike information criteria, BIC
Bayesian information criterion, SD standard deviation, WTD worse than dead, VI the dataset that includes all interviews performed with the
exception of those interviews performed by interviewers that were subsequently excluded from the interviewers’ team due to quality control

issues; V6 the dataset that includes those interviews that were valid after all exclusion criteria have been applied

*p value <0.05; values in bold—best performance for the indicator; values in italics—second best performance for the indicator; shaded col-

umns—final model chosen
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once more the importance of having a national value set for
EQ-5D questionnaires.

We did not compare our value set with the English EQ-
5D-5L value set in spite of it being the default option used
locally in Romania, especially by researchers [45-47]. We
decided this given the ongoing study to develop a new EQ-
5D-5L value set for the UK [48] and the criticisim the cur-
rent EQ-5D-5L value set for England has received [49].

Our EQ-5D-5L value set was fairly similar to the EQ-
5D-3L value set in terms of range of values, value for the
worst health states, and the ranking of the last three dimen-
sions. The EQ-5D-5L value set had fewer negative values
than the EQ-5D-3L value set, but this is in line with the
other studies’ results that used the same methodology as
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ours [21]. Nevertheless, we recommend the use of the EQ-
5D-5L descriptive system in Romania due to its improved
psychometric properties [6], reserving the EQ-5D-3L for
historical cross-country comparisons or clinical trials that
might deem its use more appropriate in their clinical popula-
tion. Regarding the choice between value sets, national value
sets should always be preferred, but other factors should also
be considered such as the context in which the results might
be used, their research application, and the decisions they
might influence [50].

Our study has several limitations. First, changes in the
members of the local study team could have affected how
the feedback and second session of training were provided
to the team of interviewers in spite of the team’s efforts to
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Fig.5 Comparison between the Romanian EQ-5D-3L value set and the Romanian EQ-5D-5L value set using a Kernel density plot (a) and a
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standardize them. Also, our team of interviewers changed
its members several times throughout the study making
it difficult to keep the team small and motivated enough
to ensure a low variability in how interviews were per-
formed. Nevertheless, new comers were always trained
and interviewer bias should have been reduced through the
regular use of the QC tool. Second, our sample differed
from the Romanian general population in terms of age,
sex, and place of residence: men were underrepresented
in all age categories and places of residence (only 29%
of the interviewed men lived in rural areas). One reason
why men are underrepresented in our sample, especially
in rural areas, might be the temporary migration for work
that has been booming in Romania in the past 2 decades.
The seasonal agricultural market from abroad attracts
each year many Romanian rural workers, especially men
[51]. To see whether these differences had a meaningful
impact, we checked whether the observed cTTO values
differed according to age, age groups, sex, and place of
residence. In line with previous literature [52, 53], we
found differences between people from rural and urban
areas and between different age groups when they valued
health states. When stratified by health state or severity,
there was no clear pattern of differences in health state
values between groups, with significance achieved in less
than 30% of the cases when stratified by severity and less
than 15% when stratified by health state. Nevertheless, we
decided to adjust our final model with survey weights to
account for these differences. Unfortunately, most prob-
ably due to the added extra complexity, our final model
stopped being consistent when survey weights were
introduced.

Conclusion

In this study, we developed a Romanian value set for the EQ-
5D-5L using both ¢TTO and DCE data. The availability of a
national value set for the EQ-5D is a landmark event in the
development of HTA in Romania and potentially in the CEE
region. It will not only encourage the development of a more
locally data-driven HTA process, but also promote cross-
country comparisons and collaborations in the CEE region.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10198-022-01481-7.
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