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Abstract
Introduction  EQ-5D-3L preference-based value sets are predominately based on hypothetical health states and derived in 
cross-sectional settings. Therefore, we derived an experience-based value set from a prospective observational study.
Methods  The International Costs and Utilities Related to Osteoporotic fractures Study (ICUROS) was a multinational study 
on fragility fractures, prospectively collecting EQ-5D-3L and Time trade-off (TTO) within two weeks after fracture (includ-
ing pre-fracture recall), and at 4, 12, and 18 months thereafter. We derived an EQ-5D-3L value set by regressing the TTO 
values on the ten impairment levels in the EQ-5D-3L. We explored the potential for response shift and whether preferences 
for domains vary systematically with prior impairment in that domain. Finally, we compared the value set to 25 other EQ-
5D-3L preference-based value sets.
Results  TTO data were available for 12,954 EQ-5D-3L health states in 4683 patients. All coefficients in the value set had the 
expected sign, were statistically significant, and increased monotonically with severity of impairment. We found evidence 
for response shift in mobility, self-care, and usual activities. The value set had good agreement with the only other experi-
ence- and preference-based value set, but poor agreement with all hypothetical value sets.
Conclusions  We present an experience- and preference-based value set with high face validity. The study indicates that 
response shift may be important to account for when deriving value sets. Furthermore, the study suggests that perspective 
(experienced versus hypothetical) is more important than country setting or demographics for valuation of EQ-5D-3L health 
states.
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Introduction

The EQ-5D 3L descriptive system is generic multi-attribute 
utility instrument for measuring health-related quality of 
life (HRQoL). The instrument comprises five dimensions 
(mobility, self-care, usual activities, pain/discomfort, and 
anxiety/depression) with three levels equivalent to “no prob-
lems,” “some problems,” and “severe problems,” resulting 
in a total of 243 (35) health states [1]. The health states can 

be linked to a ‘value set,’ to derive a summary ‘index value’ 
(‘utility’), anchored at 1 (perfect health) and 0 (death) [2]. 
Value sets are derived in stand-alone studies where partici-
pants rate EQ-5D health states [2]. The health states and 
ratings of the participants are combined in regression models 
where the resulting coefficients constitute the value set [2]. 
In studies that develop value sets, ratings of health states are 
done on a visual analog scale (VAS) or using a preference-
based time trade-off (TTO) method [1]. It has been argued 
that preference-based methods such as the TTO are better 
suited to derive HSUVs to inform decisions on research allo-
cation [3]. One reason is that the TTO involves a sacrifice 
which is congenial to decisions on resource allocation under 
conditions of scarcity [4].
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There are two main considerations when eliciting values 
for generic health states: (i) Whose values should be elicited, 
and (ii) what should be valued [5, 6]. The first consideration 
pertains to whether the ratings should reflect the preferences 
of patients or those of the public, and the second whether the 
participants should rate hypothetical health states or health 
states they have experienced. In general, individuals with 
first-hand experience of impaired health states tend to value 
these health states higher than individuals without such 
experience [6]. This tendency is especially strong in individ-
uals who value their own health [6]. Historically, most HTA 
agencies have preferred utilities derived from the general 
public using hypothetical health [6] but utilities derived from 
patients and those who have experienced the health states 
are gaining more support [7]; parallel use of HSUVs derived 
using patient and public preferences have been advocated 
[8]; and the second panel of cost-effectiveness identified the 
relationship between rating of public and patient preferences 
a research priority [9].

Most value sets—especially those using TTO—reflect 
public preferences for hypothetical health states [10].To the 
best of our knowledge, only one EQ-5D 3L preference-based 
value set using experience-based health exist: A TTO value 
set derived using data from a postal survey of the general 
public in Sweden [11].

Furthermore, as far as we are aware, all current value 
set were derived in cross-sectional settings (during one 
session for each participant) and therefore it is implicitly 
assumed that preferences for health states remain constant 
as health changes. However, the process of adaptation may 
change patients’ preferences for health—a concept known 
as response shift. Several theoretical frameworks for defin-
ing and understanding response shift exist [12]. In HRQoL 
research, a popular framework posits that ‘response shifts’ 
are triggered by changes (catalysts) to health states, lead-
ing to changes in internal standards (recalibration), values 
(reprioritization), or meaning (reconceptualization) of the 
measured health constructs [13]. Reprioritization may be 
of special importance for multidimensional HRQoL instru-
ments such as the EQ-5D as reprioritization relates to change 
in relative importance of health dimensions [14]. It would 
also be valuable to better understand whether preferences 
for domains vary systematically with prior impairment in 
that domain.

Deriving an EQ-5D 3L value set using longitudinal data 
on patients who experience shifts in health state over time 
would provide an alternative source for HSUVs and allow 
for exploring systematic differences in patients’ valuation of 
their currently experienced health state (“own health”) over 
time. To these ends, we analyzed data from the prospective 
International Costs and Utilities after Osteoporotic fracture 
Study (ICUROS) with three objectives: (i) to derive a value 
set using patients’ preferences for the own current health (the 

“ICUROS value set”); (ii) to explore the potential impact of 
response shift and prior health impairment on value sets; 
and (iii) to compare and contextualize the ICUROS value set 
with existing EQ-5D-3L preference-based value sets.

Methods

Participants

The ICUROS was conducted under the auspices of the Inter-
national Osteoporosis Foundation and enrolled patients from 
11 countries (Australia, Austria, Estonia, France, Italy, Lith-
uania, Mexico, Russia, Spain, the UK, and the USA), albeit 
the US arm of the study did not include the TTO question 
and was not included in the study at hand.

The ICUROS enrolled patients who had recently (within 
two weeks) had their first healthcare contact for a low-energy 
fracture. Patients had to be aged 50 years or more, live in 
their own home prior to the fracture, having sustained a frac-
ture that was not caused by a co-morbidity (e.g., cancer), 
and judged to be capable of answering the patient-related 
questionnaire. Patients with any type of low-energy frac-
tures could be enrolled, but a substantial majority of the 
patients had hip fracture, distal forearm fracture, or vertebral 
compression fracture. Vertebral compression fractures were 
confirmed by x-ray examination. Health-Related Quality of 
Life was elicited during scheduled contacts with patients 
at enrollment (pre-fracture recall [phase 0] and current 
[phase 1]), and at 4 months (phase 2), 12 months (phase 
3), and 18 months [phase 4] after enrollment. Thus, dur-
ing the enrollment visit that took place within two weeks 
of fracture, patients were asked to rate both their own cur-
rent HRQoL (phase 1) and the HRQoL they experienced 
before the fracture (phase 0). In all phases the patients rated 
their own current HRQoL using the EQ-5D 3L and the TTO 
instrument. The study design has been described in more 
detail elsewhere [15, 16].

During enrollment the patient populated a clinical report 
form (CRF) guided by a study nurse. Follow-up interviews 
were conducted over the telephone.

Outcomes and variables

The main variables of interest in this study were the EQ-
5D-3L descriptive system, the EQ-VAS, and a TTO task. 
Those were collected for each phase. Information on 
country, fracture site, age at fracture, sex, income (patient 
reported), and education (patient reported) were obtained 
at study enrollment. The official EQ-5D-3L and EQ-VAS 
versions of the 10 participating countries were used. The 
TTO question and visual aid are presented in the Online 
Supplement.
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Education was reported in five categories and patients 
reported the highest level achieved: Primary, secondary, 
professional diploma, and university. Income had three cat-
egories: low, middle, or high.

Value set

We derived the value set using a regression model on 
patient-level data. The outcome variable in the regression 
models was TTO at each visit and independent variables 
comprised dichotomous variables for impairment in each 
EQ-5D dimension. We use the following abbreviations to 
facilitate readability: MO for mobility, UA for usual activi-
ties, SC for self-care, PD for pain/discomfort, and AD for 
anxiety/depression. Furthermore, we use “2 “ to denote 
“some problems” and “3” to denote “severe problems.” For 
example, MO2 denotes “some problems” in the mobility 
dimension and SC3 denotes “severe problems” in the self-
care dimension. The model is presented in more detail in the 
online supplement.

Response shift

The ICUROS study was not originally designed to measures 
response shift but the data were collected for other purposes. 
Therefore, the study at hand aims to evaluate response shift 
from secondary data and the analyses were informed by 
guidelines for this specific study type [14]. We focused on 
response shift from the measurement time-point immediately 
after fracture to subsequent time points. The reason is two-
fold: Changes to health domains are likely most rapid in the 
first months after fracture, making the potential for response 
shift larger during this time-period. Less drastic changes to 
health may not produce important changes in outcomes on 
the group level and therefore no measurable response shift 
[14]. Secondly, it has been argued that respondents rating 
hypothetical health states imagine themselves transitioning 
to the health state in question and therefore may value it dif-
ferently than if they would have been accustomed to or better 
informed about the health state in question [7]. Exploring 
whether response shift occurs after an initial actual transition 
in health may help to support or reject this notion.

Valuation of domains with prior impairment

We explored whether valuation of specific domains varied 
systematically with prior impairment in that domain by com-
paring the health state valuations of those with impaired 
health before fracture and those without impaired health 
before fracture for each dimension.

To contextualize the impact of response shift and prior 
impairment, we compared the estimates to the minimally 
important difference for EQ-5D 3L, which has been 

estimated at 0.074 for the UK Measurement and Valuation 
of Health (MVH) value set [17].

Comparisons of value sets

We compared the value set derived using the ICUROS to 
all other value sets derived using TTO available in the R 
package EQ-5D [18] by estimating the intraclass correla-
tion coefficients (ICC), a measure of agreement between 
two ratings, using all 243 health states. To contextualize the 
agreement, we also estimated the ICCs for ICUROS value 
set, the Swedish TTO experience-based value set [11], and 
the UK TTO hypothetical MVH value set [19] to the value 
sets available in the R package EQ-5D.

Statistical analysis

Patient characteristics were described using frequencies and 
percentages for dichotomous variables and median and inter-
quartile ranges for continuous variables.

In the regression models, we excluded data for the pre-
fracture recall as outcome given that they are not based 
on the patient’s current experience. However, pre-fracture 
recall was used for stratification of patients in the analysis 
of impact of prior impairment. We excluded phase 1 data for 
patients who reported higher TTO at enrollment than before 
the fracture given that this indicated that patients may have 
misunderstood the TTO task. We also excluded data from 
contacts where patients reported (i) “severe problems” with 
mobility but “no problems” with usual activities or self-care, 
and “severe problems” in usual activities but “no problems” 
with self-care. The rationale for this exclusion is that these 
combinations of impairment may be considered inconsist-
ent with each other and could therefore indicate data entry 
errors: either on part of the patient or the study nurse. Given 
that single patients could contribute with multiple observa-
tions and that patients may be more similar within hospitals, 
countries, and phases than between hospitals, countries, and 
phases, we modeled random effects [20] for patients, hospi-
tals, countries, and phases.

We derived the value set by fitting a linear mixed effects 
regression model with ten dichotomous variables—one for 
each level of impairment in the five EQ-5D dimension—
on TTO. The regression model is presented in the online 
supplement.

We assessed the model using split sample validation. 
Observations were assigned with equal probability to the 
estimation and validation samples. We derived the coef-
ficients in the estimation sample and estimated the mean 
absolute error, the root mean square error, and the Pearson 
correlation coefficient by comparing predicted and observed 
TTO values in the validation sample.
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To explore response shift, we followed the approach sug-
gested by Lowy and Bernhard (2004) [21] and fit a mixed 
effects regression model with an interaction for the response 
shift time-point. Consequently, we entered interaction terms 
for phase 1 (the contact immediately after fracture) and each 
of the ten variables in the mixed effects regression model used 
to derive the value set. Hence, the model included 22 vari-
ables: ten for impairments, one categorical variable for phase 
1, a constant, and the product between the categorical variable 
for phase 1 and the ten impairment variables. The coefficient 
for an interaction can be interpreted an estimate of the mean 
HSUV difference of experiencing a particular impairment 
in Phase 1 compared to subsequent phases. In essence, this 
approach compared a predicted value to an observed value, 
with the difference attributed to a response shift. The regres-
sion model is presented in the online supplement.

To explore the impact of prior impairment, we entered 
interaction terms for any impairment prior to fracture in each 
of the five dimensions with the corresponding impairment 
variables in the mixed effects regression model used to derive 
the value set, excluding phase 1. Hence, the model included 
26 variables: ten for impairments, five categorical variables 
for any impairment prior to fracture, and ten terms for the 
product between the categorical variable for impairment in 
each dimension prior to fracture and the categorical variables 
for “some” and “severe” impairment in each dimension, and 
a constant. The coefficient for an interaction is an estimate 
of the mean HSUV difference for a specific impairment in 
patients who had impaired health in that dimension prior to 
fracture compared to those who did not have impaired health 
in that dimension prior to fracture. The coefficient may be 
interpreted as the impact of prior impairment in a domain on 
the valuation of that domain, all else equal. The regression 
model is presented in the online supplement.

We described the agreement between value sets by esti-
mating individual absolute-agreement ICCs between value 
sets across all 243 EQ-5D health states using two-way ran-
dom effect models. We categorized agreement for ICC point 
estimates between value sets below 0.40 as poor, between 
0.40 and 0.59 as fair, between 0.60 and 0.74 as good, and 
above 0.75 as excellent [22, 23].

The HSUVs for all value sets except the ICUROS value 
set were obtained using the package EQ-5D in R version 
3.6.2. All other analyses were done in Stata version 16.2 
(StataCorp LP, College Station, TX, USA).

Results

Patient selection

Among the 6298 patients enrolled in ICUROS with data 
after fracture, 6295 patients reported data for 20,220 

experienced health states. After having removed patient 
without TTO data, implausible EQ-5D health states and 
TTO scores 12,954 health states in 4683 patients were eli-
gible for analysis (Online Resource Figure S2).

Patient characteristics

Patient characteristics are presented in Table 1. Patients were 
predominately female (3,789/4,683; 81%) and the median 
(IQR) age was 71 years (61–79). The number of patients 
per country ranged from 145 (3%) for Italy to 1047 (22%) 
for Russia and hip fracture was the most common fracture 
site (1840, 39%). Recalled median (IQR) TTO and EQ-VAS 

Table 1   Patient characteristics at enrollment

Characteristic

Patients 4683
Female sex n (%) 3789 (80.9%)
Age at fracture median (IQR) 71 (61, 79)
Fracture site n (%) 1840 (39.3%)
Hip
 Distal forearm 1322 (28.2%)
 Vertebral 650 (13.9%)
 Humeral 398 (8.5%)
 Ankle 394 (8.4%)
 Other 79 (1.7%)
 TTO prior to fracture, median (IQR) 1.00 (0.80, 1.00)
 EQ-VAS prior to fracture, median (IQR) 0.80 (0.68, 0.90)

Country n (%)
 Austria 716 (15.3%)
 Australia 622 (13.3%)
 Estonia 197 (4.2%)
 Spain 343 (7.3%)
 France 319 (6.8%)
 Italy 145 (3.1%)
 Lithuania 609 (13.0%)
 Mexico 353 (7.5%)
 Russia 1047 (22.4%)
 United Kingdom 332 (7.1%)

Level of income n (%)
 Low 1706 (37.0%)
 Medium 2254 (48.9%)
 High 475 (10.3%)
 Prefer not to answer/missing 248 (5.3%)

Highest level of education
 Primary school 1369 (29.6%)
 Secondary school 1957 (42.3%)
 University 1093 (23.6%)
 Other 208 (4.5%)
 Missing 56 (1.2%)
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prior to fracture were 1.00 [0.80–1.00] and 0.80 [0.68–0.98], 
respectively.

Experienced health states and reported TTO values

The number of observations for different levels of impair-
ment in the five dimensions ranged from 1,108 to 8,175 
(Table 2) across all observations. When stratifying health 
states between Phase 1 and subsequent phases, the most 
infrequent impairments were “No impairment” in usual 
activities in Phase 1 and severe mobility impairment during 
subsequent phases, each observed 194 times. Among the 
240 possible health states (three health states excluded), 128 
were experienced at least once, 100 at least five times, and 
85 at least ten times. The TTO values ranged from 0 (nega-
tive values not possible) to 1.00 and the median [IQR] TTO 
was 0.90 [0.55 to 1.00].

Value set

The results from the mixed effects regression model used 
to derive the value set are presented in Table 3. All coef-
ficients had the expected sign, were statistically significant, 
and increased monotonically with severity of impairment. 
The decrements ranged from − 0.019 (95% CI: − 0.029; 
− 0.008) for “some problems” in pain and discomfort to 
− 0.135 (95% CI: − 0.152; − 0.117) for “severe problems” 
in anxiety/depression. The value set ranged from 0.932 to 
0.446.

Validation of value set

The MAE, RMSE, and Pearson correlation coefficients 
between predicted and observed values in the split sample 
validation were estimated at 0.178, 0.238, and 0.514, respec-
tively. Predicted and observed TTO for health states with at 
least ten observations are presented in Fig. 1.

Response shift

The coefficients for the interactions between phase 1 and 
MO2, MO3, and PD3 were negative and statistically sig-
nificant (Fig. 2A), indicating that these impairments had a 
stronger impact in phase 1 compared to subsequent phases. 
On the other hand, the coefficients for the interactions 
between phase 1 and SC3, UA2, UA3, and AD3 were posi-
tive and statistically significant (Fig. 2A), indicating that 
these impairments had a weaker impact in phase 1 compared 
to subsequent phases. The point estimates of the coefficients 
for the interaction terms for MO2, MO3, UA2, UA3, and 
SC3 exceeded the conventional threshold for clinical signifi-
cance of 0.074. The full regression model for the analysis of 
response shift is presented in Online Supplement.

Table 2   Distribution of severity 
of impairment by dimension 
and by all, and acute (phase 1) 
and non-acute (phases 1, 2, and 
3) phases

Mobility Self-care Usual activities Pain and discomfort Anxiety/depression

All phases
 No problem n (%) 6101 (47) 7081 (55) 5340 (41) 4730 (37) 8175 (63)
 Some problem n (%) 5225 (40) 4087 (32) 5189 (40) 6687 (52) 3671 (28)
 Severe problem n (%) 1628 (13) 1786 (14) 2425 (19) 1537 (12) 1108 (9)

Acute (Phase 1)
 No problem n (%) 899 (23) 369 (10) 194 (5) 396 (10) 1568 (41)
 Some problem n (%) 1520 (39) 1975 (51) 1660 (43) 2381 (62) 1582 (41)
 Severe problem n (%) 1434 (37) 1509 (39) 1999 (52) 1076 (28) 703 (18)

Non-acute (Phases, 2,3, 4)
 No problem n (%) 5202 (57) 6712 (74) 5146 (57) 4334 (48) 6607 (73)
 Some problem n (%) 3705 (41) 2112 (23) 3529 (39) 4306 (47) 2089 (23)
 Severe problem n (%) 194 (2) 277 (3) 426 (5) 461 (5) 405 (4)

Table 3   Coefficients from the linear mixed effects regression model 
of time trade-off (TTO) values on EQ-5D-3L dimensions

MO stands for mobility, UA for usual activities, SC for self-care, 
PD for pain/discomfort, and AD for anxiety/depression; “2 “ denote 
“some problems” and “3” to denote “severe problems” in the dimen-
sions

Variable Mean (95% CI) p value

MO2 − 0.033 (− 0.043; − 0.022)  < 0.001
MO3 − 0.055 (− 0.076;− 0.034)  < 0.001
SC2 − 0.111 (− 0.123;− 0.099)  < 0.001
SC3 − 0.112 (− 0.136;− 0.089)  < 0.001
UA2 − 0.023 (− 0.035;− 0.011)  < 0.001
UA3 − 0.076 (− 0.098;− 0.055)  < 0.001
PD2 − 0.019 (− 0.029;− 0.008)  < 0.001
PD3 − 0.107 (− 0.124;− 0.090)  < 0.001
AD2 − 0.058 (− 0.068;− 0.047)  < 0.001
AD3 − 0.135 (− 0.152;− 0.117)  < 0.001
Constant 0.932 (0.88;0.983)  < 0.001
Prob > F  < 0.001
AIC 1270
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Valuation of domains with prior impairment

The coefficients for the interactions between any impairment 
in the relevant dimension prior to fracture and MO3, PD2, 
and PD3 were statistically significant and positive (Fig. 2B), 
implying that prior impairment may attenuate the effect of 
these impairments. All the point estimates for the interaction 
coefficients fell below the conventional threshold for clinical 
significance of 0.074 (Fig. 2B). The full regression model 
for the analysis of impact of prior impairment is presented 
in Online Resource Table S3.

Comparisons of value sets

The ICCs between the ICUROS and the Swedish experi-
ence-based TTO value set was estimated at 0.74 (95% CI: 

0.48–0.85), considered good agreement. The agreement 
between ICUROS and all other value sets were poor. The 
agreement between the Swedish and the other value sets was 
fair for four countries and poor for 21 countries. For the UK 
MVH value set, agreement was considered excellent for 12 
value sets, good for 5, fair for 6, and poor for 2. Please see 
Online Supplement for the ICCs of individual comparisons.

Discussion

Principal findings

Using longitudinal data on patients with a recent fragility 
fracture, we derived a preference- and experience-based 
EQ-5D-3L value set with high face validity: All coefficients 

Fig. 1   Line plot of mean 
predicted time trade-off (TTO) 
values and mean observed TTO 
values for health states with 
at least ten observations in the 
validation set (sorted by pre-
dicted TTO value). The health 
states are ordered from highest 
to lowest predictive value

0.000

0.100

0.200

0.300

0.400

0.500

0.600

0.700

0.800

0.900

1.000

He
al

th
 st

at
e 

u�
lit

y 
va

lu
e

Health states

Observed TTO Predicted TTO

A B 

-0.300

-0.200

-0.100

0.000

0.100

0.200

0.300

MO2 MO3 SC2 SC3 UA2 UA3 PD2 PD3 AD2 AD3

-0.300

-0.200

-0.100

0.000

0.100

0.200

0.300

MO2 MO3 SC2 SC3 UA2 UA3 PD2 PD3 AD2 AD3

Fig. 2   Panel A shows the interaction coefficients and 95% confidence 
intervals between each level of impairment for the five dimensions of 
the EQ-5D and Phase 1. Positive values indicate a potential negative 
response shift with time, i.e., that patients value impairments more 
with time, whereas negative values indicate a negative response shift, 

i.e., that patients value impairments less with time. Panel B shows the 
interaction coefficients and 95% confidence intervals between each 
level of impairment for the five dimensions of the EQ-5D and any 
impairment in the same dimension prior to fracture. The dotted lines 
indicate a clinically significant change
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had the expected sign, were statistically significant, and 
increased monotonically with severity of impairment. Fur-
thermore, we found that response shift may have a substan-
tial effect on the valuation of health states.

Strengths and weaknesses

To the best of our knowledge this is the first ever prefer-
ence- and experience-based EQ-5D-3L value set based on 
a longitudinal data. The main strengths of the study are its 
prospective design and inclusion of patients expected to 
transition through different health states during the study, 
enabling us to address two key challenges when deriving 
own health-based value sets: Few observations with severe 
impairments and complete lack of training for the partici-
pants [6]. Furthermore, the longitudinal design also allowed 
for the exploration of response shift in a way that is not pos-
sible in cross-sectional studies.

One key weakness of the study is its generalizability. 
Firstly, the study is based on convenience sampling of 
patients who had sustained a fragility fracture and the sam-
ple is therefore not representative of the general population, 
or even patients who experience the given health states. 
Secondly, a substantial proportion of observations with 
complete EQ-5D-3L data did not have TTO data, indicat-
ing further selection bias. Thirdly, the analysis exploring 
response shift demonstrated that the valuation of health 
states differed substantially between phase 1 and subsequent 
phases; the composition of acute and more chronic health 
states is a function of study design rather than distribution 
of chronic and acute health states in the population, further 
limiting generalizability. Finally, the participants came from 
eleven countries and the study results are not applicable to 
any specific country. Nevertheless, the good—bordering on 
excellent—ICC between the ICUROS and Swedish experi-
ence-based TTO value set [11] suggests that the ICUROS 
value set may generalize well in practice in situations where 
an experience- and preference-based value set is required.

Other weaknesses include that the TTO task did not allow 
for negative values and that respondents had to report a sin-
gle value without formal deliberation, thereby not adher-
ing to the most common TTO-methodology [7]. A related 
limitation is that no visual aids were provided to the patients 
during telephone contacts, this may have complicated the 
tasks for the respondents. It may also be noted that we did 
not measure the time respondents took to complete the tasks 
and therefore cannot verify that they took sufficient time to 
properly deliberate on the TTO and EQ-5D questions. A 
limitation of the analyses of response shift is that the study 
was not primarily designed to observe response shift and 
therefore lack information that would be important for a 
more comprehensive understanding of response shift in the 
context of either EQ-5D value set derivation or osteoporotic 

fracture. For example, it would be valuable to understand 
whether the observed response shift is mainly a function of 
reprioritization or whether reconceptualization and recali-
bration also play important roles. Furthermore, it is possi-
ble that misspecification of the regression model may have 
produced inaccurate estimates from which response shift is 
deduced [12].

It should also be noted that the threshold for clinical sig-
nificance for HSUV used for comparison is based on the 
UK MVH value set and therefore may not be applicable to 
the current data.

Comparison to other studies

The ICC analysis suggest that the ICUROS value set is 
similar to the Swedish experience-based value set [11], 
but dissimilar to the other preference-based value sets. In 
addition, the ICUROS and Swedish value sets are the only 
value sets with a maximum below one and minimum above 
zero. In terms of coefficients, the largest differences between 
the point estimates for the two experience-based value sets 
were UA2 and SC3 (combined SC2 and SC3 in the Swed-
ish value set) at 0.085 (more negative in the Swedish value 
set) and 0.078 (more negative in the ICUROS value set), 
respectively. The Swedish value set had lower mean abso-
lute error and higher Pearson correlation coefficient than the 
ICUROS value set, potentially reflecting fewer observations 
in impaired health states—where measurement error appears 
greater (cf Fig. 1)—in the Swedish value set.

The difference between the coefficients SC2 (− 0.111 
(95% CI: − 0.123; − 0.099)) and SC3 (− 0.112 (95% CI: 
− 0.136; − 0.089)) was very small in the ICUROS value 
set. For the Swedish TTO value set, the coefficient for SC2 
was lower than for SC3, and several other value sets had 
similar issues with self-care [11]. This phenomenon has 
been hypothesized to be an artifact of few observations with 
impaired self-care in the previous studies [11]. However, 
the distribution of health states used to derive the ICUROS 
value set (cf Table 2) does not support this notion.

Implications

The good agreement between the ICUROS and Swedish 
value sets and the generally poor agreement between these 
two value sets and value sets based on hypothetical health 
indicate that the perspective (experienced versus hypotheti-
cal health) is more important than country setting or patient 
population. These findings suggest that it is more impor-
tant to choose a value set based on preferred perspective 
(experienced versus hypothetical health) instead of country 
setting or patient population. Currently, experienced health 
plays a limited role in HTA for reimbursement decisions 
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[24]. However, the interest for experienced health in HTA 
is growing [8].

The existence of response shift is well known and theo-
retical models of the concept exist [12–14]; but to the best 
of our knowledge, this is the first study that explores the 
potential impact of response shift on EQ-5D value sets, 
important topics given the central role of EQ-5D in esti-
mation of HSUV used in HTA to inform reimbursement 
decisions. The findings demonstrate that participants’ valu-
ation of mobility, self-care, and usual activities differ sub-
stantially between the acute and later phases, indicating that 
response shift may have substantial impact on health state 
valuation. This result questions the validity of value sets 
derived using hypothetical health for the valuation of long-
term health impairment. Participants in hypothetical health 
valuation studies frequently value health states with which 
they have no experience [8]. It is therefore likely that these 
participants rate the consequences of the health states more 
similar to patients who have limited experience of the rel-
evant health state than to patients with longer experience of 
the health state. Therefore, measuring the impact of long 
term or chronic impairment using hypothetical health may 
materially overestimate the impact of mobility impairment 
on HSUVs but underestimate the impact of usual activities 
and self-care. This finding may also explain some of the 
observed discrepancy between HSUVs derived using hypo-
thetical health and experienced health: Experienced health 
generally measures the long-term utility of a health state, 
whereas hypothetical health generally measures the short-
term utility impact of transitioning to that health state.

In terms of cost-effectiveness analysis for HTA, account-
ing for response shift may alter the relative cost-effective-
ness of treatments. The impact likely depends on whether the 
health effects of a disease are transitory or chronic and the 
dimensions of health the disease affects. The consequences 
of fragility fracture—the event used for the analysis in this 
study—on HRQoL are partly transitory and impacts mobil-
ity, self-care, and usual activities. Therefore, it is difficult to 
determine whether treatment of osteoporosis would become 
relatively more or less cost-effective if response shift in 
health state valuation was accounted for.

Future studies and conclusions

Further studies on own health and preference-based value 
sets are warranted and may address important questions on 
generalizability of value sets in different settings. Especially, 
it would be beneficial to better understand whether there 
are substantial differences in value sets derived in patients 
with different diseases. A longitudinal study incorporating 
EQ-5D, TTO, and instruments specifically developed to 
explore response shift such as the QOL Appraisal Profile 
along with objective measures of impairment in the EQ-5D 

dimensions could provide information on response shift 
after fracture in general. Further research on systematic 
differences and their causes between the preferences of the 
general population and those who have more experience 
of the health states are warranted. Such information may 
be important when deriving EQ-5D value sets and choos-
ing HSUVs for economic evaluations. Another interesting 
area for future research is the reason for the differing ICCs 
between the value sets.

In conclusion, this study presented an experience- and 
preference-based value set with high face validity. The 
study also indicates that response shift may be important to 
account for when deriving EQ-5D value sets.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11136-​022-​03303-y.

Acknowledgements  The authors acknowledge the contribution of 
Maria-Luisa Bianchi, who died in September 2021. We are grateful to 
the quality of life and Epidemiology Working Group of the Committee 
of Scientific Advisors for the International Osteoporosis Foundation 
under whose supervision this study was undertaken. The Mexican sub-
study is grateful to Danai Curiel, and Fernando Carlos MHE Mexico 
City. In Lithuania, gratitude is extended to Violeta Sinkeviciene and 
Inga Tamulaityte-Morozoviene for skilful technical assistance. In Rus-
sia, the following team members provided valuable contributions to 
the study: Dr. Natalia Toroptsova, Dr. Oxana Nikitinskaya, Dr. Olga 
Dobrovolskaya (Institute of Rheumatology, RAS, Moscow), Prof. Lar-
issa Menshikova, Dr. Julia Varavko (Medical Institute of Postgraduate 
Training, Irkutsk), Dr. Ksenia Belova (Yaroslavl State Medical Univer-
sity, Yaroslavl), Dr. Alexander Solodovnikov, Dr. Ksenia Usenko (Ural 
State Medi- cal University, Yekaterinburg), Prof. Georgij Golubev, Dr. 
Vyacheslav Grebenshikov (Rostov-on-Don State Medical University, 
Rostov-on-Don), Prof. Eugenij Zotkin, Dr. Irina Zubkova (North-West 
Mechnikov State Medical University, Saint-Petersburg), Prof. Alex-
ander Kochish, Dr. Sergej Ivanov (Vreden Institute of Traumatology 
and Orthopedics, Saint-Petersburg), and Dr. Radik Nurligayanov (City 
Clinical Hospital # 21, Ufa). The following investigators provided valu-
able contributions to the Australian substudy: Prof JJ Watts and Profes-
sors GC Nicholson, E Seeman, R Prince, G Duque, T Winzenberg, L 
March, and PR Ebeling. In France, the following gratitude is extended 
to the following professors Bernard Cortet, Roland Chapurlat, Patrice 
Fardellone, Philippe Orcel, and Christian Roux. The global study team 
would like to thank Oskar Ström, Ingrid Lekander, Erik Landfeldt, 
Martin Kleman, Moa Ivergård, and Viktor Wintzell for contributing 
to the study.

Author contributions  FB, AT, BJ, and JAK: designed the study. EM, 
PC, MDL, HPD, MJ, MLB, OL, KMS, SS, MT, TT, and VA: led the 
data collection. AS and EH: designed and executed the statistical analy-
ses. AS: led the interpretation of findings with inputs from the other 
authors. AS: drafted the manuscript. All authors except MB reviewed 
the manuscript and approved the submission for publication.

Funding  Open access funding provided by Karolinska Institute. On its 
international level, the ICUROS was sponsored by Amgen, Eli Lilly, 
Medtronic, Novartis, Sanofi-Aventis, Servier, and Pfizer. In Australia, 
the study was supported by project Grant No.628422 from the National 
Health and Medical Research Council with supplementary funding 
from Merck Pty Ltd. In Austria, the study was sponsored by Central 
Association of Austrian Social Security Institution (Hauptverband 
der österreichischen Sozia-versicherungs-träger), Austrian Society 
for Bone and Mineral Research (AuSBMR), Merck Sharp & Dohme, 

https://doi.org/10.1007/s11136-022-03303-y


1207Quality of Life Research (2023) 32:1199–1208	

1 3

Servier GmbH, Medtronic GmbH, Amgen GmbH, Novartis GmbH, 
Nycomed GmbH, Roche GmbH, Sanofi-Aventis GmbH, and Daiichi-
Sankyo GmbH. In Mexico, the study was supported by CONACyT 
Grant No. El 2008-01-87106. In Lithuania, the work was supported by 
the National Osteoporosis Center. In the USA, Amgen Inc., Ingenix 
Pharmaceutical Services, Eli Lilly and Company, Medtronic Spine 
LLC, and Pfizer (formerly Wyeth) sponsored the study. Hoffmann La 
Roche and Amgen provided support. In Estonia, the study was sup-
ported by the Estonian Science Foundation [Grant #9368], and the 
Estonian Ministry of Education and Research [grants # IUT 34-17, 
IUT 2-8]. In Russia, the study was supported by Hoffmann La Roche, 
Amgen, and the Russian Osteoporosis Association.

Data availability  Due to ethical concerns, supporting data cannot be 
made openly available.

Declarations 

Conflict of interest  During development of the manuscript, a contract 
research organization. FB is employed by and own equity in Quan-
tify Research, a contract research organization. JAK received con-
sultancies/speaking fees from AgNovos healthcare, Amgen, D3A, 
Lilly, Medimaps, Unigene, Radius Health, Pfizer, Servier, and Takeda; 
and research support from Asahi, Amgen, GSK, Lilly, Medtronic, 
Novartis, Pfizer, Sanofi-Aventis, Servier, and Warner Chilcott. EM 
received consultancies, honoraria and speaking fees from Active Sig-
nal, Alliance for Better Bone Health, Amgen, Bayer, Boehringer In-
gelheim, Consilient Healthcare, Eli Lilly, GE Lunar, GSK, Hologic, 
Internis, Medtronic, Merck, Novartis, Pfizer, Roche, Servier, Synexus, 
Tethys, and UCB; and research funding from the Alliance for Better 
Bone Health, Amgen, Arthritis Research UK, EPSRC, Internis, Medi-
cal Research Council, and NIHR. HPD reports consultancies, hono-
raria and speaking fees from Amgen, BRAINCON, Daiichi-Sankyo, 
Eli Lilly, Merck Sharp & Dohme, Novartis, Nycomed, Servier, Sina-
pharm, Alexion, Daiichi-Sankyo, Genericon, Kyphon, and Genericon. 
TT reports consultancies, honoraria and speaking fees, and grants from 
Abbvie, Amgen, BMS, Chugai/Roche, Eli Lilly, Expanscience, Gilead, 
Merck Sharp & Dohme, Medac, Thuasne, UCB, HAC-Pharma, LCA, 
Novartis, Pfizer, Servier, and TEVA. The remaining authors report no 
conflict of interest.

Ethical approval  All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards. 
Ethics approval were obtained for all countries with the following 
record identification numbers: Australia (Barwon health human ethics 
research committee) BH HREC 09/49; Austria (Medical University of 
Graz) 18-001 ex 06/07; Estonia (University of Tartu) 192/T-4; France 
(Commission NAtionale de l’informatique et des Libertes /Direction 
Generale del la Recherce et de l’innovation) AT/YPA/SV/SN/GDP/
EM/AR081020; Lithuania (Lithuanian Bioethics Committee) 2007-06-
21 Nr. 16; Italy (Istituto Auxologico Italiano) 02A603; Mexico (Hospi-
tal Infantil de Mexico Federico Gómez) FMED/CI/GRD/042/06/2008; 
Russia (Ural State Medical University) 1.14.03.2007; Spain (Institut 
Municipal d’Assistencia Sanitaria, Barcelona) 26/09/2007; UK (South 
Yorkshire Research Ethics Committee): 09/H1310/53.

Consent to participate  Informed consent was obtained from all indi-
vidual participants included in the study and all study participants 
could with draw from the study at any time at their own request.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 

as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

Reference lists

	 1.	 Devlin, N., Parkin, D., & Janssen, B. (2020). Methods for analys-
ing and reporting EQ-5D Data. Springer.

	 2.	 Oppe, M., Devlin, N. J., & Szende, A. (2007). EQ-5D value sets: 
Inventory, comparative review and user guide. Springer.

	 3.	 Lamers, L. M., Stalmeier, P. F., Krabbe, P. F., & Busschbach, J. J. 
(2006). Inconsistencies in TTO and VAS values for EQ-5D health 
states. Medical Decision Making, 26(2), 173–181.

	 4.	 Lugnér, A. K., & Krabbe, P. F. M. (2020). An overview of the 
time trade-off method: Concept, foundation, and the evaluation 
of distorting factors in putting a value on health. Expert Review 
of Pharmacoeconomics & Outcomes Research, 20(4), 331–342.

	 5.	 Stamuli, E. (2011). Health outcomes in economic evaluation: Who 
should value health? British Medical Bulletin, 97, 197–210.

	 6.	 Brazier, J., Rowen, D., Karimi, M., Peasgood, T., & Tsuchiya, 
A. (2018). Ratcliffe J Experience-based utility and own health 
state valuation for a health state classification system: why and 
how to do it. The European Journal of Health Economics, 19(6), 
881–891.

	 7.	 Brazier, J., Ratcliffe, J., Saloman, J., & Tsuchiya, A. (2017). Meas-
uring and valuing health benefits for economic evaluation. Oxford 
University Press.

	 8.	 Versteegh, M. M., & Brouwer, W. B. (2016). Patient and general 
public preferences for health states: A call to reconsider current 
guidelines. Social Science and Medicine, 165, 66–74.

	 9.	 Sanders, G. D., Neumann, P. J., Basu, A., Brock, D. W., Feeny, D., 
Krahn, M., Kuntz, K. M., Meltzer, D. O., Owens, D. K., Prosser, 
L. A., & Salomon, J. A. (2016). Recommendations for conduct, 
methodological practices, and reporting of cost-effectiveness anal-
yses: Second panel on cost-effectiveness in health and medicine. 
JAMA, 316(10), 1093–1103.

	10.	 Xie, F., Gaebel, K., Perampaladas, K., Doble, B., & Pulle-
nayegum, E. (2014). Comparing EQ-5D valuation studies: A sys-
tematic review and methodological reporting checklist. Medical 
Decision Making, 34(1), 8–20.

	11.	 Burström, K., Sun, S., Gerdtham, U. G., Henriksson, M., Johan-
nesson, M., Levin, L. Å., & Zethraeus, N. (2014). Swedish expe-
rience-based value sets for EQ-5D health states. Quality of Life 
Research, 23(2), 431–442.

	12.	 Sébille, V., Lix, L. M., Ayilara, O. F., Sajobi, T. T., Janssens, A. 
C., Sawatzky, R., Sprangers, M. A., & Verdam, M. G. (2021). 
Critical examination of current response shift methods and pro-
posal for advancing new methods. Quality of Life Research, 
30(12), 3325–3342.

	13.	 Sprangers, M. A., & Schwartz, C. E. (1999). Integrating response 
shift into health-related quality of life research: A theoretical 
model. Social Science and Medicine, 48(11), 1507–1515.

	14.	 Schwartz, C. E., Ahmed, S., Sawatzky, R., Sajobi, T., Mayo, N., 
Finkelstein, J., Lix, L., Verdam, M. G., Oort, F. J., & Sprang-
ers, M. A. (2013). Guidelines for secondary analysis in search of 
response shift. Quality of Life Research, 22(10), 2663–2673.

	15.	 Svedbom, A., Borgström, F., Hernlund, E., Ström, O., Alekna, V., 
Bianchi, M. L., Clark, P., Curiel, M. D., Dimai, H. P., Jürisson, 

http://creativecommons.org/licenses/by/4.0/


1208	 Quality of Life Research (2023) 32:1199–1208

1 3

M., & Uusküla, A. (2018). Quality of life after hip, vertebral, and 
distal forearm fragility fractures measured using the EQ-5D-3L, 
EQ-VAS, and time-trade-off: results from the ICUROS. Quality 
of Life Research, 27(3), 707–716.

	16.	 Borgström, F., Lekander, I., Ivergård, M., Ström, O., Svedbom, 
A., Alekna, V., Bianchi, M. L., Clark, P., Curiel, M. D., Dimai, 
H. P., & Jürisson, M. (2013). The International Costs and Utilities 
Related to Osteoporotic Fractures Study (ICUROS)–quality of 
life during the first 4 months after fracture. Osteoporosis Interna-
tional, 24(3), 811–823.

	17.	 Walters, S. J., & Brazier, J. E. (2005). Comparison of the mini-
mally important difference for two health state utility measures: 
EQ-5D and SF-6D. Quality of life research, 14(6), 1523–1532.

	18.	 Bartko, J. J. (1966). The intraclass correlation coefficient as a 
measure of reliability. Psychological Reports, 19(1), 3–11.

	19.	 Dolan, P. (1997). Modeling valuations for EuroQol health states. 
Medical Care, 35(11), 1095–1108.

	20.	 Rabe-Hesketh, S., & Skrondal, A. (2008). Multilevel and longitu-
dinal modeling using Stata. STATA press.

	21.	 Lowy, A., & Bernhard, J. (2004). Quantitative assessment of 
changes in patients’ constructs of quality of life: An application 
of multilevel models. Quality of Life Research, 13(7), 1177–1185.

	22.	 Kiadaliri, A. A., Eliasson, B., & Gerdtham, U.-G. (2015). Does 
the choice of EQ-5D tariff matter? A comparison of the Swed-
ish EQ-5D-3L index score with UK, US, Germany and Denmark 
among type 2 diabetes patients. Health and Quality of Life Out-
comes, 13(1), 1–10.

	23.	 Shrout, P. E., & Fleiss, J. L. (1979). Intraclass correlations: Uses 
in assessing rater reliability. Psychological bulletin, 86(2), 420.

	24.	 Rowen, D., Azzabi Zouraq, I., Chevrou-Severac, H., & van Hout, 
B. (2017). International regulations and recommendations for util-
ity data for health technology assessment. PharmacoEconomics, 
35(1), 11–19.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Axel Svedbom1,18   · Fredrik Borgstöm2 · Emma Hernlund1 · Vidmantas Alekna3 · Maria Luisa Bianchi4 · 
Patricia Clark5 · Manuel Diaz‑Curiel6,7 · Hans Peter Dimai8 · Mikk Jürisson9 · Olga Lesnyak10 · Eugene McCloskey11 · 
Kerrie M. Sanders12 · Stuart Silverman13 · Marija Tamulaitiene3 · Thierry Thomas14 · Anna N. A. Tosteson15 · 
Bengt Jönsson16 · John A. Kanis12,17

1	 ICON, Stockholm, Sweden
2	 LIME/MMC, Karolinska Institustet, Stockholm, Sweden
3	 Faculty of Medicine, Vilnius University, Vilnius, Lithuania
4	 Bone Metabolism Unit, Istituto Auxologico Italiano IRCCS, 

Milan, Italy
5	 Clinical Epidemiology Unit, Hospital Infantil Federico 

Gómez and Faculty of Medicine UNAM, Ciudad de Mexico, 
Mexico

6	 Servicio de Medicina Interna/Enfermedades Metabolicas 
Oseas, Fundacion Jimenez Diaz, Madrid, Spain

7	 Catedra de Enfermedades Metabolicas Óseas, Universidad 
Autonoma, Madrid, Spain

8	 Division of Endocrinology and Diabetology, Department 
of Internal Medicine, Medical University of Graz, Graz, 
Austria

9	 Faculty of Medicine, University of Tartu, Tartu, Estonia
10	 North-West State Medical University Named After 

I.I.Mechnikov, St.Petersburg, Russian Federation

11	 Academic Unit of Bone Metabolism, Metabolic Bone 
and Centre for Integrated Research in Musculoskeletal 
Ageing University of Sheffield, Sheffield, UK

12	 Department of Clinical Medicine, Western Health 
and Sunshine Campus Melbourne University, Victoria, 
Australia

13	 Cedars-Sinai Medical Center, Los Angeles, USA
14	 Department of Rheumatology, Hôpital Nord, Centre 

Hospitalier Universitaire (CHU) Saint‑Etienne, INSERM 
U1059, Lyon University, Saint‑Etienne, France

15	 The Dartmouth Institute for Health Policy and Clinical 
Practice, Geisel School of Medicine at Dartmouth, Lebanon, 
USA

16	 Stockholm School of Economics, Stockholm, Sweden
17	 Centre for Metabolic Bone Diseases, University of Sheffield, 

Sheffield, UK
18	 Division of Dermatology and Venereology, Department 

of Medicine, Karolinska Institutet, Stockholm, Sweden

http://orcid.org/0000-0003-2596-1679

	An experience- and preference-based EQ-5D-3L value set derived using 18 months of longitudinal data in patients who sustained a fracture: results from the ICUROS
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Participants
	Outcomes and variables
	Value set
	Response shift
	Valuation of domains with prior impairment
	Comparisons of value sets
	Statistical analysis

	Results
	Patient selection
	Patient characteristics
	Experienced health states and reported TTO values
	Value set
	Validation of value set
	Response shift
	Valuation of domains with prior impairment
	Comparisons of value sets

	Discussion
	Principal findings
	Strengths and weaknesses
	Comparison to other studies
	Implications
	Future studies and conclusions

	Anchor 31
	Acknowledgements 
	References




