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Abstract
Background and Objective  Although value sets for the five-level version of the generic health-related quality-of-life instru-
ment EQ-5D are emerging, there is still no value set available in the literature based on time trade-off valuations made by 
individuals experiencing the valued health states. The aim of this study was to estimate experience-based value sets for the 
EQ-5D-5L for Sweden using time trade-off and visual analogue scale valuation methods.
Methods  In a large, cross-sectional, population-based, self-administered postal health survey, the EQ-5D-5L descriptive 
system, EQ visual analogue scale and a time trade-off question were included. Time trade-off and visual analogue scale 
valuations of the respondent’s current health status were used in statistical modelling to estimate a single-index value of 
health for each of the 3125 health states. Ordinary least-squares and generalised linear models were estimated with the main 
effect within each of the five dimensions represented by 20 dummy variables reflecting the additional decrement in value 
for levels 2–5 when the severity increases by one level sequentially beginning from having no problem. Interaction variables 
representing the occurrence of severity levels in at least one of the dimensions were tested: severity level 2 or worse (N2); 
severity level 3 or worse (N3); severity level 4 or worse (N4); severity level 5 (N5).
Results  A total of 896 health states (28.7% of the 3125 possible EQ-5D-5L health states) were reported by the 25,867 
respondents. Visual analogue scale (n = 23,899) and time trade-off (n = 13,381) responders reported valuations of their 
currently experienced health state. The preferred regression models used ordinary least-squares estimation for both time 
trade-off and visual analogue scale values and showed consistency in all coefficients after combining certain levels. Levels 
4 and 5 for the dimensions of mobility, self-care and usual activities were combined in the time trade-off model. Including 
the interaction variable N5, indicating severity level 5 in at least one of the five dimensions, made it possible to distinguish 
between the two worst severity levels where no other dimension is at level 5 as this coefficient is applied only once. In the 
visual analogue scale regression model, levels 4 and 5 of the mobility dimension were combined. The interaction variables 
N2–N4 were included, indicating that each of these terms reflect a statistically significant decrement in visual analogue scale 
value if any of the dimensions is at severity level 2, 3 or 4, respectively.
Conclusions  Time trade-off and visual analogue scale value sets for the EQ-5D-5L are now available for Sweden. The time 
trade-off value set is the first such value set based on experience-based time trade-off valuation. For decision makers with 
a preference for experience-based valuations of health states from a representative population-based sample, the reported 
value sets may be considered fit for purpose to support resource allocation decision as well as evaluating population health 
and healthcare performance.

1  Introduction

The generic health-related quality-of-life instrument EQ-5D 
has been widely used to estimate the quality-of-life compo-
nent in quality-adjusted life-years and to measure population 
health and healthcare performance. The original EQ-5D-3L 
version of the instrument, with five dimensions and three 
levels of severity for each dimension [1], has more recently 
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been developed into the EQ‐5D-5L with the same dimen-
sions, but with five levels of problem restrictions rather than 
three [2], defining 3125 health states compared with 243 for 
the EQ-5D-3L. This development was undertaken to accom-
modate concerns that the EQ-5D-3L version is not granu-
lar enough to discriminate between milder health problems 
and to identify small changes in health status. There is also 
a difference in the wording for the mobility dimension as 
the most severe level is “I am unable to walk about” in the 
EQ-5D-5L compared to “I am confined to bed” in the EQ-
5D-3L. There are plenty of value sets, i.e. single-index val-
ues for the health states defined by the EQ-5D, available for 
the EQ-5D-3L version of the instrument, and value sets for 
the EQ-5D-5L version are emerging in the literature [3‒5], 
sometimes not without controversy as concerns about the 
quality and reliability of the data collected and the methods 
used in the modelling have been raised in the valuation study 
in England, one of the first studies conducted [6, 7].

In determining values for the health states defined by 
the EQ-5D, methods of valuation as well as the source of 
the valuations must be considered. Regarding the former, 
value sets based on the rating scale may be considered use-
ful when jurisdictions in their decisions focus on clinical 
endpoints, whereas choice-based value sets may be preferred 
for quality-adjusted life-year calculations [8]. A number of 
jurisdictions are informing their decisions on value sets 
based on general population valuations of hypothetical 
health states, for example, the National Institute for Health 
and Care Excellence in the UK [9]. In contrast, the Swedish 
Dental and Pharmaceutical Benefits Agency responsible for 
the reimbursement of prescription drugs in Sweden, explic-
itly states that experience-based rather than hypothetical 
values are preferred [10, 11]. Still, most applied economic 

evaluations in Sweden, including those submitted to the 
Swedish Dental and Pharmaceutical Benefits Agency, have 
used the UK version of the EQ-5D-3L value set, even though 
the underlying preferences were elicited from an English, 
Scottish and Welsh population valuing hypothetical health 
states back in 1993 [12].

It seems reasonable that up-to-date values obtained in a 
Swedish setting should be used when applying the EQ-5D 
instrument in a Swedish decision-making context. To 
achieve this, we previously developed value sets based on 
valuations obtained from the Swedish general population for 
the EQ-5D-3L version [13]. For the more recent EQ-5D-5L 
version, no value sets are available for Sweden. The UK 
value set for the EQ-5D-3L version has for a long time been 
a clear candidate to use for other countries [12]. Without 
such a clear value set candidate for the EQ-5D-5L version, 
the value sets presented herein ought to have potential for 
widespread use and acceptance.

In the present study, the respondents value the health state 
they are currently experiencing. The current health state of 
a respondent reflects a clearly defined reference of experi-
ence, as experience can also be derived from observing the 
health states of others [14]. Both the visual analogue scale 
(VAS), rendering a direct valuation of the health state, and 
the time trade-off (TTO) method, rendering a preference-
based valuation, are employed. Experience-based value sets 
for the EQ-5D have been estimated for several countries, 
both for the EQ-5D-3L version [13, 15, 16] and the EQ-
5D-5L version [17]. They have further been tested and used 
in several disease areas (for a brief overview, see Leidl and 
Reitmeir [17]).

The aim of this present work was to estimate TTO and 
VAS value sets for the EQ-5D-5L for Sweden based on 
individuals with experience of the valued health states. 
The contribution of this work is primarily Swedish value 
sets for the EQ-5D-5L, but it will also add methodological 
and conceptual aspects to the emerging EQ-5D-5L value 
set literature by providing the first such value set based on 
experience-based TTO valuations [18]. In a large population 
survey, valuations of the respondent’s current health status 
were used in statistical modelling to estimate a single-index 
value of health for each health state of the EQ-5D-5L version 
of the instrument.

2  Methods

2.1 � Study Population and Material

This study employed data from the cross-sectional popula-
tion-based health survey, Life & Health 2017, conducted in 
2017 in the regions/county councils of Uppsala, Sörmland, 
Västmanland, Värmland and Örebro in Sweden (CDUST 

Key Points for Decision Makers 

Experience-based EQ-5D-5L value sets based on the 
time trade-off method are not reported in the literature

This work presents experience-based time trade-off and 
visual analogue scale EQ-5D-5L value sets for Sweden 
based on data from a large population-based survey

The anxiety/depression dimension had the greatest 
impact on both time trade-off and visual analogue scale 
values

Experience-based EQ-5D-5L value sets for decision 
makers with a preference for experience-based valua-
tions of health states from a representative population-
based sample are now available for use in economic 
evaluations and health-related quality-of-life studies
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Region) [19]. The sampling method is described in the 
Electronic Supplementary Material (ESM). The sociode-
mographic composition of the CDUST Region resembles 
overall data from Sweden with respect to the proportion 
of men and women, age, educational level and median 
income (Table S1 of the ESM1). The national average age 
was 41.2 years and ranged from 40.1 to 49.7 years (average 
43.1 years) in the studied regions. The national proportion 
of low educational level was 21.2% among men and 19.0% 
among women; the corresponding proportions ranged from 
19.3 to 24.6% among men and from 16.5 to 23.2% among 
women in the studied regions. The national median income 
for men and women was SEK 256,600, and ranged from 
SEK 235,500 to SEK 260,700 in the studied regions.

The self-administered postal questionnaires included 
questions on living conditions, health-related behaviours 
and health, and were tailored according to content into 
three age groups; 18–29, 30–69, and 70 years and above. 
Data used in the present study thus include VAS responses 
in the ages 30–104 years (n = 23,899) and TTO responses 
in the ages 30–69 years (n = 13,381). Neither the VAS nor 
the TTO question was included in the questionnaire to the 
18–29-year-old age group and the TTO was not included 
to those aged 70 years and above (see Figs. S1–S2 of the 
ESM1).

The pseudonymised data are based on information from 
individuals who agreed to participate after having been 
informed about the study. The survey has been approved 
by the Regional Ethical Review Board in Uppsala (Dnr: 
2015/417). The present study has been approved by the 
Swedish Ethical Review Authority (Dnr: 2019–00763).

2.1.1 � EQ‑5D‑5L Descriptive System

Respondents classify their own health into five dimen-
sions (mobility; self-care; usual activities; pain/discomfort; 
anxiety/depression) and five levels of severity [problems] 
(no; slight; moderate; severe; extreme/unable to), which 
describes 3125 (55) unique health profiles or health states 
[2].

2.1.2 � Time Trade‑Off Valuation

The TTO response option consisted of a horizontal line rep-
resenting 0−10 years (every year was marked and labelled 
0, 1, 2 …, 10 years and every half year was marked, but not 
labelled) and the question read: “Imagine that you are told 
that you have 10 years left to live. In connection with this 
you are also told that you can choose to live these years 
in your current health state or that you can choose to give 
up some life years to live for a shorter time period in full 
health.” The respondent was asked to indicate the number 
of years (×) in full health that would be of equal value to 

10 years in their current health state on the response option 
provided. Below the line, there was an additional sentence in 
parenthesis: “if you think that you currently have full health, 
you should mark 10 years”. The individual TTO value was 
obtained by dividing the response to the TTO question by 
10. Such an open-ended TTO question for currently experi-
enced health was used for the TTO value set for EQ-5D-3L 
in Sweden [13], and similar versions have been employed in 
other studies [20‒23].

2.1.3 � Visual Analogue Scale Valuation

With the EQ VAS, respondents rated their own overall health 
between 100 (best imaginable health) and 0 (worst imagi-
nable health).

2.2 � Modelling

Each respondent valued one health state, their own current 
health state, using the TTO and the VAS methods for valu-
ation. EQ-5D-5L dimensions were regressed on individual 
TTO and VAS values as dependent variables to develop one 
value set through each valuation method. The independent 
variables are the five EQ-5D-5L dimensions at the different 
severity, or problem, levels.

2.3 � Models Assessed

Regression models through ordinary least-squares (OLS) 
models and generalised linear models (GLMs) were esti-
mated on TTO and VAS values to develop the value sets. 
Table 1 presents variables and specifications employed in 
the different models. The modelling of TTO values assessed 
five OLS models and four GLMs (through binomial dis-
tribution with logit link function). The main effect within 
each of the five EQ-5D-5L dimensions was represented by 
20 dummy variables reflecting the additional decrement in 
value for levels 2–5 when the severity increases by one level 
sequentially beginning from having no problem (Model 1). 
Interaction variables were created representing the occur-
rence of severity levels in at least one of the dimensions: 
severity level 2 or worse (N2); severity level 3 or worse 
(N3); severity level 4 or worse (N4); severity level 5 (N5). 
In addition to the main effects, the variables N2–N5 were 
added (Model 2). Monotonicity was expected, i.e. that the 
ordinal nature of the severity levels within each dimension 
should be reflected in the regressions. In the TTO analy-
ses using OLS, such inconsistencies were found between 
severity levels 4 and 5 in the mobility, self-care and usual 
activities dimensions. We combined levels 4 and 5 (Model 
3), added the variables N2–N5 (Model 4) and included only 
N5 (Model 5) in the regressions. In all the OLS models, 
robust standard errors were reported because of potential 
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heteroscedasticity. Among the models assessed, Models 3 
and 5 were selected as candidates for further testing of their 
predictive performance as they both fulfilled the requirement 
of monotonicity.

GLMs were assessed in addition to OLS models as they 
were shown to provide better predictive performance among 
candidate models in the development of experience-based 
EQ-5D-3L and EQ-5D-5L value sets for Germany, a bino-
mial distribution with a log link ensures precise estimates, 
which only vary between zero and unity [15, 17]. The GLMs 
included the main effects with the 20 dummy variables 
(Model 6), the variables N2–N5 added (Model 7), the main 
effects and N3 and N5 added (Model 8), and only N5 added 
(Model 9). The GLMs were developed with a constraint 
restricting estimates to a maximum of zero. Restriction was 
employed as a means of dealing with inconsistencies by lim-
iting estimates to zero. Among the models assessed, Model 
7 was chosen as a candidate for further comparison of its 
predictive performance with the candidate OLS models as 

it demonstrated the lowest error terms as shown by Akaike 
Information Criterion and Bayesian Information Criterion.

The modelling of VAS values assessed five OLS mod-
els and three GLMs (Table 1). The OLS regression showed 
the main effects (Model 1) and adding the variables N2–N5 
(Model 2). Levels 4 and 5 for the mobility were combined 
to address the inconsistency (Model 3). The variables 
N2–N5 were added to the main effects (Model 4) and N2–N4 
included (Model 5). Similar to the case of TTO, VAS Mod-
els 3 and 5, which fulfilled the requirement of monotonicity, 
were again both chosen as candidates for further testing of 
their predictive performance.

The GLMs, for VAS modelling included the main effects 
(Model 6), the variables N2–N5 added (Model 7), and the 
main effects and only N5 (Model 8). Among the models 
assessed, Model 7 was chosen as a candidate for further test-
ing of its predictive performance because of its lowest error 
terms according to akaike information criterion and akaike 
information criterion values.

Table 1   Models assessed

Variable definitions: MO_2: 1 if mobility at level 2, 3, 4 or 5; 0 otherwise; MO_3: 1 if mobility at level 3, 4 or 5; 0 otherwise; MO_4: 1 if mobil-
ity at level 4 or 5; 0 otherwise; MO_5: 1 if mobility at level 5; 0 otherwise. SC_2/3/4/5, UA_2/3/4/5, PD_2/3/4/5 and AD_2/3/4/5 were defined 
in the same manner as MO_2/3/4/5
GLM generalised linear model, OLS ordinary least squares, TTO time trade-off, VAS visual analogue scale

TTO models Functions

OLS, Model 1 f (MO2 MO3 MO4 MO5 SC2 SC3 SC4 SC5 UA2 UA3 UA4 UA5 PD2 PD3 PD4 PD5 AD2 AD3 AD4 AD5)
OLS, Model 2 f (MO2 MO3 MO4 MO5 SC2 SC3 SC4 SC5 UA2 UA3 UA4 UA5 PD2 PD3 PD4 PD5 AD2 AD3 AD4 AD5 N2 

N3 N4 N5)
OLS, Model 3 f (MO2 MO3 MO4 SC2 SC3 SC4 UA2 UA3 UA4 PD2 PD3 PD4 PD5 AD2 AD3 AD4 AD5)
OLS, Model 4 f (MO2 MO3 MO4 SC2 SC3 SC4 UA2 UA3 UA4 PD2 PD3 PD4 PD5 AD2 AD3 AD4 AD5 N2 N3 N4 N5)
OLS, Model 5 f (MO2 MO3 MO4 SC2 SC3 SC4 UA2 UA3 UA4 PD2 PD3 PD4 PD5 AD2 AD3 AD4 AD5 N5)
GLM (constraint), Model 6 f (MO2 MO3 MO4 MO5 SC2 SC3 SC4 SC5 UA2 UA3 UA4 UA5 PD2 PD3 PD4 PD5 AD2 AD3 AD4 AD5)
GLM (constraint), Model 7 f (MO2 MO3 MO4 MO5 SC2 SC3 SC4 SC5 UA2 UA3 UA4 UA5 PD2 PD3 PD4 PD5 AD2 AD3 AD4 AD5 N2 

N3 N4 N5)
GLM (constraint), Model 8 f (MO2 MO3 MO4 MO5 SC2 SC3 SC4 SC5 UA2 UA3 UA4 UA5 PD2 PD3 PD4 PD5 AD2 AD3 AD4 AD5 N3 

N5)
GLM (constraint), Model 9 f (MO2 MO3 MO4 MO5 SC2 SC3 SC4 SC5 UA2 UA3 UA4 UA5 PD2 PD3 PD4 PD5 AD2 AD3 AD4 AD5 N5)

VAS models Functions

OLS, Model 1 f (MO2 MO3 MO4 MO5 SC2 SC3 SC4 SC5 UA2 UA3 UA4 UA5 PD2 PD3 PD4 PD5 AD2 AD3 AD4 AD5)
OLS, Model 2 f (MO2 MO3 MO4 MO5 SC2 SC3 SC4 SC5 UA2 UA3 UA4 UA5 PD2 PD3 PD4 PD5 AD2 AD3 AD4 AD5 N2 

N3 N4 N5)
OLS, Model 3 f (MO2 MO3 MO4 SC2 SC3 SC4 SC5 UA2 UA3 UA4 UA5 PD2 PD3 PD4 PD5 AD2 AD3 AD4 AD5)
OLS, Model 4 f (MO2 MO3 MO4 SC2 SC3 SC4 SC5 UA2 UA3 UA4 UA5 PD2 PD3 PD4 PD5 AD2 AD3 AD4 AD5 N2 N3 N4 

N5)
OLS, Model 5 f (MO2 MO3 MO4 SC2 SC3 SC4 SC5 UA2 UA3 UA4 UA5 PD2 PD3 PD4 PD5 AD2 AD3 AD4 AD5 N2 N3 N4)
GLM (constraint), Model 6 f (MO2 MO3 MO4 MO5 SC2 SC3 SC4 SC5 UA2 UA3 UA4 UA5 PD2 PD3 PD4 PD5 AD2 AD3 AD4 AD5)
GLM (constraint), Model 7 f (MO2 MO3 MO4 MO5 SC2 SC3 SC4 SC5 UA2 UA3 UA4 UA5 PD2 PD3 PD4 PD5 AD2 AD3 AD4 AD5 N2 

N3 N4 N5)
GLM (constraint), Model 8 f (MO2 MO3 MO4 MO5 SC2 SC3 SC4 SC5 UA2 UA3 UA4 UA5 PD2 PD3 PD4 PD5 AD2 AD3 AD4 AD5 N5)
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2.4 � Predictive Performance of Candidate Models

Among the TTO and VAS models, Models 3, 5 and 7 were 
selected as candidate models for their predictive performance 
based on their better model fit and monotonicity of their esti-
mates, i.e. the models were not specified a priori. To compare 
the goodness of fit of these three models, the observed (TTO 
and VAS) values were compared with the predicted (through 
the models) values by calculating the root mean square error 
(RMSE), mean absolute error (MAE) and Spearman’s cor-
relation coefficients [24‒26]. The RMSE has higher values 
than the MAE and gives higher weights for larger errors as 
the errors are squared before they are averaged [26]. The final 
choice of model specification (Model 5 for both TTO and 
VAS) to be employed for calculation of the TTO and VAS 
value sets were chosen considering the criteria of consist-
ency (monotonicity), predictive performance (goodness of 
fit); simplicity of the model (parsimony) and ease of under-
standing by non-experts in statistics (transparency).

2.5 � Model Validation

The final models were assessed for their robustness through 
split sample validation and simple bootstrap analysis (Tables 
S2–7 of the ESM1). In the split sample validation, the total 
samples were randomly divided into two groups of equal size 
(6691 and 6690 for TTO models; 11,950 and 11,949 for VAS 
models), and the estimations from one half were employed 
to predict the values in the remaining half, respectively for 
the TTO and VAS samples. In the simple bootstrap analysis, 
resampling with replacement was used, 1000 for the TTO 
sample and 100 for the larger VAS sample. Determining the 
size of the resample considered original sample size, which 
was larger for VAS than for TTO. The final models were 
tested on the resamples to assess model performance.

2.6 � Sensitivity Analyses

An inverse probability weighting approach was followed for 
the weighting procedure applied to control for selection bias 
(Tables S8–10 and Figs. S3–4 of the ESM) [27]. The influ-
ence of sociodemographic variables was assessed by adding 
them to the final models sequentially (Tables S11 [TTO] and 
S12 [VAS] of the ESM). All the analyses were conducted 
using SAS software version 9.4 (SAS Institute Inc., Cary, 
NC, USA).

3 � Results

Sociodemographic characteristics and self-reported health 
status of the respondents are shown in Table 2. The dis-
tribution of educational level was similar to that in census 

data (Table S1 of the ESM). A total of 896 health states 
(28.7% of the 3125 possible EQ-5D-5L health states) were 
reported by the 25,867 respondents. For the TTO and VAS 
value sets development, the respective samples provided 531 
and 831 health states, respectively (Table S13 of the ESM 
shows the characteristics of the sample presented with the 
TTO question.)

3.1 � EQ‑5D‑5L Value Set Developed by Time 
Trade‑Off Valuation

Based on OLS (Table 3), the main effect Model 1 showed 
monotonic decrement in the TTO value corresponding to an 
increase in the level of severity in each dimension with the 
exception of moving from severity level 4 to 5 in the mobil-
ity, self-care and usual activities dimensions. Models 2 and 
4 showed inconsistency in at least one of the coefficients. 
In contrast, Model 3 (containing a combination of levels 
4 and 5 for the dimensions of mobility, self-care and usual 
activities) and Model 5 (a combination of levels 4 and 5 for 
the dimensions of mobility, self-care and usual activities 
together with the N5 variable) showed consistency in all 
coefficients.

Based on constraint GLMs (Table 4), the main effect 
Model 6, Model 7 including all N variables, and Models 
8 and 9 with selected N variables were developed. Among 
these, Model 7 showed the lowest prediction error indicating 
a better model fit.

Results of the comparison of the candidate models 
showed that the MAE and RMSE coefficients, indicating 
level of predictive performance, for Models 3 and 5 were 
equal and also better than for Model 7 (Table 5). However, 
Model 5 had an N5 variable that differentiated between lev-
els 4 and 5 with the added decrement attached. Based on 
the goodness-of-fit analyses, together with the consistency 
criteria and the fact that the N5 variable was significant, 
Model 5 was chosen as the final model for estimation of 
an experience-based TTO value set. The predictions for 
the TTO values showed a pronounced deviation from the 
observed values at worse health states. The findings of split 
sample validation and simple bootstrap analysis indicated 
that the final TTO model, along with the other candidate 
models, was stable (Tables S2–S4 of the ESM). A graph 
comparing the observed with predicted TTO values based 
on the final model (Model 5) is shown in Fig. 1.

3.2 � EQ‑5D‑5L Value Set Developed by Visual 
Analogue Scale Valuation

Based on OLS (Table 6), the main effect Model 1 showed 
monotonic decrements from mild to more severe levels in 
each dimension, with the exception of the move from level 
4 to 5 in the mobility dimension. In Model 2 (added terms 
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Table 2   Characteristics of 
respondents in Life & Health 
2017 (n = 25,867)

Variable % n

Sex
 Men 47.4 12,249
 Women 52.6 13,618

Mean age (years) [SD] 64.3 [16.0]
Age group (years)
 30–34 4.4 1127
 35–39 4.6 1202
 40–44 5.7 1473
 45–49 6.7 1722
 50–54 7.0 1824
 55–59 7.4 1917
 60–64 8.3 2144
 65–69 10.2 2647
 70–74 17.4 4489
 75–79 11.5 2972
 80–84 6.7 1723
 85–89 6.8 1762
 90–94 2.7 703
 95 +  0.6 162

Educational level
 Low 23.2 6005
 Medium 42.6 11,027
 High 33.6 8694
 Missing 0.6 141

Income
 First quintile 19.9 5159
 Second quintile 20.0 5160
 Third quintile 19.9 5159
 Fourth quintile 20.0 5160
 Fifth quintile 19.9 5159
 Missing 0.3 70

Self-rated health
 Very good 15.7 4064
 Good 48.9 12,650
 Neither good nor bad 28.5 7378
 Bad 5.1 1323
 Very bad 1.0 262
 Missing 0.7 190

Less than good self-rated health 34.6 9153
Mobility
 No problems 67.6 17,491
 Slight problems 17.2 4448
 Moderate problems 9.7 2500
 Severe problems 4.4 1127
 Extreme problems 1.2 301

Self-care
 No problems 89.2 23,076
 Slight problems 6.0 1553
 Moderate problems 2.8 721
 Severe problems 1.1 296
 Extreme problems 0.8 221
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N2–N5), consistency decrements were shown with excep-
tions in the decrement from level 4 to 5 of the mobility 
dimension and the N5 term. Model 3 (mobility levels 4 and 
5 combined) and Model 5 (mobility levels 4 and 5 combined 
and N2–N4 added) showed consistent decrements for all var-
iables and were taken as candidate models to be assessed 
for their model performances. Model 4, which included 
combined levels 4 and 5 in the mobility dimension and the 
N variables showed inconsistency in the N5 variable. Of 
the three constraint GLMs (Table 7), Model 7, which added 
the N variables to the five EQ-5D-5L dimensions, showed a 
better model fit based on the lowest prediction error, hence 
making it one of the candidate models. 

Model 5 demonstrated the best fit with the lowest MAE 
and RMSE as well as the highest correlation between 
observed and predicted VAS values (Table 6). As it fulfilled 
the criteria for model selection, Model 5 was chosen as the 
final model to be proposed to be employed for estimation of 
the VAS value set. Although the econometric strategy was 
the same for estimation of the TTO and VAS value sets, 
they resulted in partly different model specifications. The 
findings of split sample validation and simple bootstrap 
analyses demonstrated stability of all the candidate VAS 
models (Tables S5–7 of the ESM1). A graph comparing 
the observed with predicted VAS values based on the final 
model (Model 5) is shown in Fig. 2.

3.3 � Impact of Health Dimensions and Severity 
Levels on Time Trade‑Off and Visual Analogue 
Scale Values

The final TTO and VAS models, with coefficients for direct 
calculation of the experience-based TTO and VAS value 
sets, are presented in Table 8 together with examples dem-
onstrating how to calculate EQ-5D-5L TTO and VAS values 
for a health state.

In the final TTO model, the anxiety/depression dimen-
sion had the greatest effect on TTO values (0.234 for level 
5; 0.200 for level 4), followed by pain/discomfort (0.197 
for level 5) and usual activities (0.164 for levels 4 and 5) 
(Table 8). The coefficient for level 3 was greatest in abso-
lute terms for the usual activities dimension (0.114). The 
coefficient for level 2 was smallest for the pain/discomfort 
dimension (0.011), followed by self-care (0.025) and mobil-
ity (0.029). The smallest coefficient for level 5 was seen for 
mobility (0.052).

A similar pattern was found in the final VAS model with 
anxiety/depression having the greatest effect on VAS values 
(27.3 for level 5), followed by pain/discomfort and usual 
activities (17.1 for levels 5) (Table 8). The coefficients for 
levels 4 and 3 were greatest for anxiety/depression (16.5 
and 10.8, respectively). Pain/discomfort had the smallest 
coefficient for level 2 (1.6) followed by self-care (2.3) and 

Table 2   (continued) Variable % n

Usual activities
 No problems 69.2 17,900
 Slight problems 18.2 4701
 Moderate problems 7.1 1834
 Severe problems 3.6 926
 Extreme problems 2.0 506

Pain/discomfort
 No problems 32.0 8264
 Slight problems 39.8 10,308
 Moderate problems 22.5 5828
 Severe problems 5.2 1352
 Extreme problems 0.4 115

Anxiety/depression
 No problems 62.8 16,249
 Slight problems 28.8 7453
 Moderate problems 6.0 1548
 Severe problems 2.0 510
 Extreme problems 0.4 107

Problem in at least one EQ-5D-5L dimension 75.9 19,633
Problem at level 5 in at least one EQ-5D-5L dimension 2.9 759
Mean EQ VAS score [SD] 76.1 [18.7]
Mean TTO value [SD] (n = 13,381) 0.9 [0.2]

SD standard deviation, SRH self-rated health, TTO time trade-off, VAS visual analogue scale
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mobility (3.4). For level 5, the smallest coefficients were 
seen for self-care (7.8) and mobility (9.1).

The predicted TTO and VAS values for all 3125 health 
states are presented in Fig. 3. A Swedish TTO value set for 
EQ-5D-5L and a Swedish VAS value set for EQ-5D-5L are 
presented in the ESM2 annd ESM3, respectively.

3.4 � Results of Additional Analyses

The distributions of the health states in the TTO and VAS 
samples according to the Misery Index are presented in Fig. 
S5–6 of the ESM1. Figures S7–8 of the ESM1 show the 
distribution of TTO and VAS values, and Tables S14–23 of 

Table 5   Predictive performances (mean absolute error [MAE], root mean square error [RMSE], correlation) of the candidate models developed 
through regression on time trade-off (TTO) and visual analogue scale (VAS) values

GLM generalised linear model, OLS ordinary least squares

Number of 
health states 
observed

Number of health 
states in the 
sample

Sample size Model 3 TTO (OLS) Model 5 TTO (OLS) Model 7 TTO (GLM)

MAE RMSE Correlation MAE RMSE Correlation MAE RMSE Correlation

All 531 13,381 0.0938 0.1600 0.4647 0.0938 0.1600 0.4647 0.0940 0.1601 0.4634
 ≥ 5 138 12,714 0.0878 0.1530 0.4154 0.0878 0.1530 0.4154 0.0880 0.1531 0.4139
 ≥ 10 77 12,329 0.0843 0.1491 0.3828 0.0843 0.1491 0.3828 0.0846 0.1493 0.3811

Model 3 VAS (OLS) Model 5 VAS (OLS) Model 7 VAS (GLM)

MAE RMSE Correlation MAE RMSE Correlation MAE RMSE Correlation

All 831 23,899 0.0929 0.1255 0.6876 0.0922 0.1250 0.6880 0.0923 0.1252 0.6873
 ≥ 5 279 22,939 0.0910 0.1229 0.6641 0.0903 0.1224 0.6646 0.0904 0.1226 0.6638
 ≥ 10 163 22,201 0.0898 0.1211 0.6424 0.0892 0.1207 0.6429 0.0893 0.1209 0.6420

Fig. 1   Line plot of mean predicted time trade-off (TTO) values based on the final model compared to mean observed TTO values for health 
states with five or more observations (sorted by observed TTO value). OLS ordinary least squares
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the ESM1 show the analyses of characteristics of respond-
ents with TTO = 0 and TTO = 1, VAS = 0 and VAS = 100, 
and a health state of 11111. Results of the sensitivity analy-
sis using the weighting approach for selection bias showed 
stable coefficients (Tables S8–10 and Figs. S3–S4 of the 
ESM1) and modest influence of sociodemographic variables 
(Tables S11–12 of the ESM1).

4 � Discussion

4.1 � Summary of Findings

This study aimed at generating value sets for all health states 
experienced in a general population. We have estimated EQ-
5D-5L value sets for Sweden based on TTO and VAS using 

Table 7   Regression analysis on visual analogue scale (VAS) values through generalised linear models (GLMs), EQ-5D-5L dimensions and 
incremental estimates (n = 23,899)

Increment incremental estimates, RMSE root mean square error, SE standard error
Model title highlighted in italic indicates candidate model selected to be further assessed for its predictive performance; model estimates high-
lighted in italic indicate inconsistencies

Variable Model 6 VAS (GLM)
21 parameters

Model 7 VAS (GLM)
25 parameters (N2; N3; N4; N5)

Model 8 VAS (GLM)
22 parameters (N5)

EQ-5D-5L dimension Estimate increment SE P-value Estimate increment SE P-value Estimate increment SE P-value

Intercept 1.9640 0.0034  < 0.0001 2.0759 0.0042  < 0.0001 1.9640 0.0034  < 0.0001
MO_2 − 0.2205 0.0048  < 0.0001 − 0.1865 0.0048  < 0.0001 − 0.2205 0.0048  < 0.0001
MO_3 − 0.1280 0.0062  < 0.0001 − 0.0719 0.0063  < 0.0001 − 0.1280 0.0062  < 0.0001
MO_4 − 0.1641 0.0087  < 0.0001 − 0.1555 0.0096  < 0.0001 − 0.1641 0.0087  < 0.0001
MO_5 0.0000 0.0000 0.0000
SC_2 − 0.0724 0.0066  < 0.0001 − 0.0900 0.0066  < 0.0001 − 0.0724 0.0066  < 0.0001
SC_3 − 0.0114 0.0104 0.2754 − 0.0218 0.0104 0.0353 − 0.0114 0.0104 0.2754
SC_4 − 0.1253 0.0164  < 0.0001 − 0.1426 0.0162  < 0.0001 − 0.1253 0.0164  < 0.0001
SC_5 − 0.1178 0.0217  < 0.0001 − 0.0834 0.0215 0.0001 − 0.1178 0.0217  < 0.0001
UA_2 − 0.3222 0.0049  < 0.0001 − 0.2805 0.0049  < 0.0001 − 0.3222 0.0049  < 0.0001
UA_3 − 0.2204 0.0066  < 0.0001 − 0.1859 0.0067  < 0.0001 − 0.2204 0.0066  < 0.0001
UA_4 − 0.1591 0.0097  < 0.0001 − 0.1563 0.0102  < 0.0001 − 0.1591 0.0097  < 0.0001
UA_5 − 0.1598 0.0142  < 0.0001 − 0.1365 0.0140  < 0.0001 − 0.1598 0.0142  < 0.0001
PD_2 − 0.2949 0.0044  < 0.0001 − 0.0688 0.0064  < 0.0001 − 0.2949 0.0043  < 0.0001
PD_3 − 0.2927 0.0044  < 0.0001 − 0.1059 0.0067  < 0.0001 − 0.2927 0.0044  < 0.0001
PD_4 − 0.2266 0.0071  < 0.0001 − 0.2469 0.0090  < 0.0001 − 0.2266 0.0071  < 0.0001
PD_5 − 0.3214 0.0255  < 0.0001 − 0.3728 0.0255  < 0.0001 − 0.3214 0.0255  < 0.0001
AD_2 − 0.3395 0.0036  < 0.0001 − 0.2686 0.0039  < 0.0001 − 0.3395 0.0036  < 0.0001
AD_3 − 0.3204 0.0064  < 0.0001 − 0.2288 0.0068  < 0.0001 − 0.3204 0.0064  < 0.0001
AD_4 − 0.2565 0.0116  < 0.0001 − 0.2535 0.0126  < 0.0001 − 0.2565 0.0116  < 0.0001
AD_5 − 0.5843 0.0267  < 0.0001 − 0.5445 0.0262  < 0.0001 − 0.5843 0.0267  < 0.0001
N2 − 0.3530 0.0078  < 0.0001
N3 − 0.2960 0.0074  < 0.0001
N4 − 0.0632 0.0100  < 0.0001
N5 0.0000 0.0000
− 2 log likelihood 336,000 331,577 336,000
Akaike information 

criterion
336,042 331,627 336,044

Bayesian information 
criterion

336,212 331,829 336,222
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data from a cross-sectional population-based health survey. 
The 25,867 respondents reported valuations of their cur-
rently experienced health state of a total of 896 health states, 
or nearly 29% of all states of the EQ-5D-5L, meaning that 
our results are derived from a large data set with relatively 
good coverage of possible health states. Our sample does 
not cover all regions in Sweden, but the sociodemographic 
composition of the CDUST Region suggests that the results 
can be generalisable to Sweden as a whole with respect to 
the studied age groups. Furthermore, conduct of a written 
survey precluded use of an iterative procedure in TTO elic-
itation, making study results comparable to other studies 
using direct TTO valuation.

Our preferred regression models used OLS estimation 
for both TTO and VAS values and showed consistency in all 
coefficients. In the preferred TTO regression model, levels 
4 and 5 for the dimensions of mobility, self-care and usual 
activities were combined, which means we could not distin-
guish between the two worst severity levels in those dimen-
sions. Including the interaction variable N5, which indicates 
severity level 5 in at least one of the five dimensions, made it 
possible to distinguish between the two worst severity levels 
where no other dimension is at level 5 as this coefficient is 

applied only once. In the preferred VAS regression model, 
levels 4 and 5 of the mobility dimension were combined. 
The interaction variables N2–N4 were included, indicating 
that each of these terms reflects a statistically significant 
decrement in VAS value if any of the dimensions is at sever-
ity level 2, 3 or 4, respectively. The frequency distribution of 
health states in the population sample used, together with the 
respective model accuracy linked to these states, will also 
determine model choice.

The relative impact of the different dimensions on TTO 
and VAS was similar, with anxiety/depression having the 
greatest effect (the greatest coefficient in absolute terms), 
followed by pain/discomfort and usual activities. For level 
5, the smallest coefficient was observed for the mobil-
ity and self-care dimension in the TTO and VAS models, 
respectively.

4.2 � Econometric Considerations

Our main challenge was to develop an appropriate econo-
metric model that can predict TTO and VAS values for dif-
ferent combinations of EQ-5D-5L dimensions and levels in 
a consistent manner. A number of caveats have been raised 

Fig. 2   Line plot of mean predicted visual analogue scale (VAS) values based on the final model compared to mean observed VAS values for 
health states with five or more observations (sorted by observed VAS value). OLS ordinary least squares
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Table 8   Calculation of time trade-off (TTO) and visual analogue 
scale (VAS) values based on TTO (n = 13,381) and VAS (n = 23,889) 
models

EQ-5D-5L dimension Model 5 TTO 
(OLS)

Health state (34543)

Intercept 0.9755 0.9755
Mobility
Level 2 − 0.0287
Level 3 − 0.0346 − 0.0346
Level 4 or 5 − 0.0523
Self-care
Level 2 − 0.0254
Level 3 − 0.0817
Level 4 or 5 − 0.0824 − 0.0824
Usual activities
Level 2 − 0.0549
Level 3 − 0.1143
Level 4 or 5 − 0.1639 − 0.1639
Pain/discomfort
Level 2 − 0.0108
Level 3 − 0.0428
Level 4 − 0.1024 − 0.1024
Level 5 − 0.1974
Anxiety/depression
Level 2 − 0.0325
Level 3 − 0.0868 − 0.0868
Level 4 − 0.2002
Level 5 − 0.2339
N5 (at least one dimension 

at severity level 5)
− 0.0023 − 0.0023

TTO value 0.5031

OLS ordinary least squares

Table 8   (continued)

EQ-5D-5L dimension Model 5 VAS 
(OLS)

Health state (34543)

Intercept 88.85 88.85
Mobility
Level 2 − 3.37
Level 3 − 5.53 − 5.53
Level 4 or 5 − 9.05
Self-care
Level 2 − 2.25
Level 3 − 2.82
Level 4 − 6.07 − 6.07
Level 5 − 7.83
Usual activities
Level 2 − 5.23
Level 3 − 10.12
Level 4 − 14.07
Level 5 − 17.05 − 17.05
Pain/discomfort
Level 2 − 1.63
Level 3 − 4.43
Level 4 − 10.14 − 10.14
Level 5 − 17.05
Anxiety/depression
Level 2 − 4.97
Level 3 − 10.75 − 10.75
Level 4 − 16.52
Level 5 − 27.30
N2 (at least one dimension 

at severity level 2, 3, 4 
or 5)

− 2.75 − 2.75

N3 (at least one dimension 
at severity level 3, 4, or 5)

− 4.19 − 4.19

N4 (at least one dimension 
at severity level 4 or 5)

− 1.85 − 1.85

VAS value 30.52
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by Hernández-Alava et al. [7] in relation to similar studies, 
mainly Devlin et al. [6], although some of these caveats do 
not arise in our study, e.g. small sample, few health states 
valued and dependence between values on a within-respond-
ent basis. The large sample of the present study is an obvious 
strength, as is the good coverage of possible health states. 
The TTO and VAS value sets are based on valuations of 
17% and 27% of the possible health states, respectively, a 
higher percentage compared with studies developing non-
experienced value sets, where 2.8% of the 3125 possible 
health states were directly valued [3].

The sensitivity analyses undertaken in general indicate 
robustness in our results. This is the case also with respect to 
often observed inconsistencies, which has been documented 
in the EQ-5D-5L value set for the Netherlands [28], and for 
the TTO component of the EQ-5D-5L value sets for England 
[6], Germany [29], Ireland [30] and Spain [31], as well as in 
the EQ-5D-5L VAS value set for Germany [17]. Our study 
also reports beyond these inconsistencies that some point 
estimates of levels are indeed successively higher (greater 
coefficients in absolute terms) but insignificantly so. Sev-
eral studies with different estimation models thus encoun-
tered such inconsistencies. Besides problems in economet-
ric specification, it cannot be excluded from our study that 

the population was not able to discriminate between certain 
levels in the valuation approaches used here. A potential 
issue is the heterogeneity of effects in subpopulations. The 
TTO value was relatively constant with age, and for the VAS 
values there was no clear age gradient. Even if there was a 
modest influence of socioeconomic variables on TTO and 
VAS values, further analyses should investigate heterogene-
ity in subpopulations, especially among men and women as 
women had significantly higher TTO and VAS values than 
men. That our samples were restricted to certain age groups 
(30 years of age and above for VAS, and for TTO, the upper 
age limit was 69 years) is also a limitation and might be a 
limitation in terms of generalisability.

4.3 � Results in Context

Our study adds to the emerging evidence in the literature 
regarding EQ-5D-5L value sets [3‒6] and provides the first 
such experience-based value set based on TTO. Regarding 
an experience-based VAS value set for EQ-5D-5L, only one 
set for Germany exists so far [17]. In comparison, the Swed-
ish study has almost three times as many respondents and, 
even more importantly, the number of health states observed 
exceeds that of the German study by a factor of 2.75. This 

Fig. 3   A scatter plot of predicted visual analogue scale (VAS) and time trade-off (TTO) values based on final models
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assured a stronger base for deriving a value set. While the 
German study only used GLMs models because of previous 
specification tests with EQ-5D-3L data, it was interesting 
to learn that an OLS model outperformed the GLMs in the 
present study.

The finding that the anxiety/depression dimension had 
the greatest impact on both TTO and VAS outcomes was 
also seen in the Swedish experience-based TTO and VAS 
values for the EQ-5D-3L [13]. However, for the EQ-5D-3L, 
severe problems with usual activities and mobility had a 
greater impact on the TTO model than pain/discomfort, and 
usual activities in the VAS model. The TTO value for full 
health (health state 11111) was 0.975 in the present study, 
close to the 0.969 in the EQ-5D-3L study. The VAS value 
for full health was 88.9 in both studies. The TTO value was 
0.243 and the VAS value was 1.78 for the most severe health 
state 55555.

4.4 � Which Value Set?

4.4.1 � Experience Based vs Hypothetical

There is an ongoing discussion, and considerable disagree-
ment, on whether to use value sets generated from individ-
uals with experience from the health states or from indi-
viduals valuing described health states. The main argument 
favouring experience-based value sets is that individuals 
with their own experience from the health states are often 
considerably better informed about them compared with 
those who value health states based merely on a description 
[18, 32‒36]. This may be considered an advantage when 
the EQ-5D is used as an integral part of the monitoring and 
assessment of healthcare interventions in quality registers, a 
common feature in Sweden [37]. The main argument favour-
ing value sets based on described health states stresses that 
they express social values when elicited from the general 
population [18, 32, 38‒40]. There are also arguments on 
both sides in the debate stressing the opposing positions’ 
difficulties in making the valuations because of the effects of 
adaptation, focusing effects and distortions due to reference 
point effects [18, 32, 35, 40‒42].

This study used experience-based values from a pop-
ulation survey, hence one may argue that it considers 
strengths from both sides in the debate by using values 
based on experience and by being representative of the 
general population. An additional advantage with the 
present approach may be that preferences starting from 
a real-life context are clearly defined while those starting 
from an unspecified mix of real context and hypothetical 
imagination are not.

4.4.2 � For Use in Economic Evaluation

The VAS was anchored between worst and best imaginable 
health and did not allow for anchoring between 0 (dead) and 
1 (full health). The estimated VAS values do not correspond 
to the 0–1 scale required for quality-adjusted life-year calcu-
lations. If the presented value sets are to be used in evalua-
tions where it is considered appropriate that the health state 
11111 is anchored at 1, rescaling can be performed.

With or without rescaling, the value sets based on VAS 
and TTO may yield different health outcomes in practical 
evaluations. Furthermore, experience-based and hypotheti-
cal value sets may also provide differences in estimated 
health outcomes. Recently, it was shown that the difference 
between experience-based and hypothetical valuations may 
be small only for less severe health states [17, 43]. Future 
studies may shed light on the differences between experi-
ence-based and hypothetical valuations, in particular when 
TTO has been used in the valuation.

5 � Conclusions

This article reports TTO and VAS value sets for the EQ-
5D-5L for Sweden. The TTO value set is the first such value 
set based on experience-based TTO valuation. The anxiety/
depression dimension had the greatest impact on both TTO 
and VAS values. For decision makers with a preference for 
experienced-based valuations of health states using a repre-
sentative population-based sample, the reported value sets 
may be considered fit for purpose to support resource allo-
cation decisions as well as evaluating population health and 
healthcare performance.
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