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Abstract
Introduction The International Costs and Utilities Related to Osteoporotic fractures Study is a multinational observational 
study set up to describe the costs and quality of life (QoL) consequences of fragility fracture. This paper aims to estimate 
and compare QoL after hip, vertebral, and distal forearm fracture using time-trade-off (TTO), the EuroQol (EQ) Visual 
Analogue Scale (EQ-VAS), and the EQ-5D-3L valued using the hypothetical UK value set.
Methods Data were collected at four time-points for five QoL point estimates: within 2 weeks after fracture (including pre-
fracture recall), and at 4, 12, and 18 months after fracture. Health state utility values (HSUVs) were derived for each fracture 
type and time-point using the three approaches (TTO, EQ-VAS, EQ-5D-3L). HSUV were used to estimate accumulated QoL 
loss and QoL multipliers.
Results In total, 1410 patients (505 with hip, 316 with vertebral, and 589 with distal forearm fracture) were eligible for analy-
sis. Across all time-points for the three fracture types, TTO provided the highest HSUVs, whereas EQ-5D-3L consistently 
provided the lowest HSUVs directly after fracture. Except for 13–18 months after distal forearm fracture, EQ-5D-3L gener-
ated lower QoL multipliers than the other two methods, whereas no equally clear pattern was observed between EQ-VAS and 
TTO. On average, the most marked differences between the three approaches were observed immediately after the fracture.
Conclusions The approach to derive QoL markedly influences the estimated QoL impact of fracture. Therefore the choice 
of approach may be important for the outcome and interpretation of cost-effectiveness analysis of fracture prevention.
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Introduction

Valuation of health has long been a field of interest in 
health policy research and is integral for the prioritization 
of resources in health care [1]. Cost-effectiveness analysis 
(CEA) compares the relative costs and effects of treatment 

options and provides a rational approach to optimize health 
care spending [2]. Cost-utility analysis (CUA) is a special 
case of cost-effectiveness analysis where effectiveness is 
measured as quality-adjusted life years (QALYs) [3]. Qual-
ity-adjusted life years capture both duration and quality of 
life (QoL) and therefore provide a value of health benefits 
that can be compared across diseases and health states [4]. 
CUA has become the recommended practice for economic 
evaluation in health policy research and preference-based 
QoL values (Health state utility values, HSUVs) are pre-
ferred for estimation of QALYs in CUA [3, 5].

Health state utility values can be obtained using direct 
or indirect methods [6]. Direct methods derive HSUVs 
by mapping preferences directly on to a QoL index. The 
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mapping can be conducted using choice-based methods 
such as time-trade-off (TTO) or standard gamble (SG), or 
Visual Analogue Scales (VAS). Indirect methods derive 
HSUVs by mapping preferences onto a QoL index indi-
rectly via a generic health-related quality of life (HRQoL) 
questionnaire [for example, the EuroQol-5D (EQ-5D) and 
the short form six dimensions (SF-6D)]. Responses to the 
questionnaires are converted to HSUVs using a value set. 
The value set is available from a previous and separate 
study in which health states (responses to the question-
naire) have been assigned utility values using trade-off 
methods from a separate population, frequently a sample 
of the general population. Preferences for health states 
may be obtained from two distinct source populations: (i) 
from individuals who experience the health state (“expe-
rienced health,” EH); or (ii) from individuals who rate a 
hypothetical health state (“hypothetical health,” HH) [7]. It 
has been shown that both the preference elicitation method 
(direct vs. indirect) and the source population (EH vs. HH) 
may substantially affect the estimated HSUV and therefore 
potentially the results of CUA [8].

There is limited information on the impact of the different 
valuation approaches on HSUV in general and in osteopo-
rosis in particular. Osteoporosis is a disease characterized 
by loss of bone mass and microarchitectural deterioration, 
resulting in bone fragility [9]. The main clinical conse-
quences of the disease are fractures [9]. The consequences of 
osteoporotic fracture differ by fracture site, with effects rang-
ing from severe pain, disability, and even death for patients 
with hip fracture [10], to less serious and frequently tran-
sient effects after distal forearm fracture [11]. Osteoporosis 
is associated with substantial burden to both patients and 
society. In Europe, it has been estimated that osteoporosis 
account for 2 million disability-adjusted life years (DALYs) 
annually [12], and the economic burden in the European 
Union was estimated at EUR 37 billion in 2010 [13].

The International Costs and Utilities Related to Osteo-
porotic fractures Study (ICUROS) is a prospective observa-
tional study on the consequences of osteoporotic fracture. 
In the study, patients who sustained an osteoporotic frac-
ture completed three QoL instruments: the EQ-5D 3-level 
descriptive system (EQ-5D-3L), EQ Visual Analogue Scale 
(EQ-VAS), and TTO before fracture (recall), within 2 weeks 
after fracture, and at 4, 12, and 18 months after fracture. 
Analysis of ICUROS data allows for an assessment of the 
impact of both preference elicitation method and source pop-
ulation on HSUVs after osteoporotic fracture. Such analyses 
may improve understanding of the relative impact of differ-
ent approaches to value QoL and facilitate comparisons of 
HSUVs across studies. Therefore, the aim of this study is to 
estimate and compare HSUVs after osteoporotic fractures 
using TTO, EQ-VAS, and EQ-5D-3L.

Methods

Data source

The ICUROS is conducted under the auspices of the Inter-
national Osteoporosis Foundation. To date, 11 countries 
(Australia, Austria, Estonia, France, Italy, Lithuania, Mex-
ico, Russia, Spain, the UK, and the USA) have partici-
pated in the ICUROS, with virtually the same study design 
applied in all countries. The ICUROS enrolls patients who 
sustain a low-energy fracture, defined as a fracture result-
ing from minimal trauma such as a fall from standing-
height or less, based on the following inclusion criteria: 
aged 50 years or more, had the first study interview within 
2 weeks after the first health care contact for the fracture, 
lived in their own home prior to the fracture, the fracture 
was not caused by a co-morbidity (e.g., cancer), judged to 
be capable of answering the patient related questionnaire. 
Vertebral fractures were confirmed by X-ray examination. 
Patients who sustained an additional fracture during the 
study were excluded. For this study, only patients who 
sustained a hip, vertebral, or distal forearm fracture were 
included. HSUVs were elicited during scheduled con-
tacts with patients at enrollment (current and pre-frac-
ture recall), and at 4, 12, and 18 months after first health 
care contact for the fracture. The study design has been 
described in more detail elsewhere [14].

Study population

In the current study, we included only patients who had 
sustained a hip, vertebral, or distal forearm fracture and 
who completed the study having provided data on all QoL 
instruments at all interviews.

Quality of life measurements

Time-trade-off is a direct method to derive HSUVs. It is 
based on the respondent’s choice of staying in a given 
(e.g., their current) health for a specified time (t1) or a 
state of full health for a shorter period of time (t2), both 
alternatives followed by immediate death. The HSUV for 
the respondent’s health state is derived by dividing t2 with 
t1 [15].

The EQ-VAS is a direct method to derive HSUVs. It 
consists of a visual analogue scale from 0 to 100 with 
the endpoints labeled ‘Worst imaginable health state’ (0) 
and ‘Best imaginable health state’ (100). The respondents 
indicate the point on the scale that represents her current 
health state. Given that EQ-VAS does not entail a choice 
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between alternatives, the method is not preference based 
and therefore arguably not suited for derivation of HSUVs 
intended for use in CUA [16].

The EQ-5D 3L descriptive system is an indirect method 
to derive HSUVs. It consists of five dimensions (mobility, 
self-care, usual activities, pain/discomfort, and anxiety/
depression) with three levels: no problems, some problems, 
and severe problems, resulting in a total of 243  (35) health 
states [16]. Each individual health state is converted to a 
HSUV by applying a value set based on preferences elic-
ited for the different health states. In this study, EQ-5D-3L 
HSUVs were obtained using the UK value set which was 
derived by letting members of the general population pro-
vide their preferences for hypothetical EQ-5D-3L health 
states using TTO [17]. This value set was used reflecting 
that it is considered most robust and is recommended by the 
EuroQol group in the absence of country-specific value sets 
[16] and therefore suited to international studies. The three 
different methods used to derive HSUVs are described in 
brief in Table 1.

At each time-point of assessment, (before fracture (recall), 
within 2 weeks after fracture, and at 4, 12, and 18 months 
after fracture), a set of HSUVs was derived for each of the 
three approaches (TTO, EQ-VAS, and EQ-5D-3L) described 
above. In addition to the HSUVs, accumulated QoL loss and 
QoL multipliers were estimated for the time periods 0–12, 
and 12–18 months after fracture. HSUVs derived using the 
EQ-VAS were divided by 100 to facilitate comparisons with 
the EQ-5D-3L and TTO.

Accumulated QoL loss was estimated by subtracting the 
accumulated QoL for the relevant time period after frac-
ture from the inferred accumulated QoL had the fracture not 
occurred, i.e., recalled pre-fracture QoL. QoL multipliers 
were estimated by dividing the accumulated QoL for the rel-
evant time period with pre-fracture QoL. Further details on 
the estimation of accumulated QoL loss and QoL multipliers 
are provided in Supplementary Material 1.

Statistical analysis of study data

For baseline characteristics, comparisons among groups 
were conducted using t tests, F tests, or Chi-square tests 

as appropriate. Comparisons between HSUVs at different 
time-points were conducted using paired t tests. All analyses 
were implemented in STATA 14.0 and the significance level 
was set at 5%.

Given that QoL multipliers are estimated using ratios 
and the underlying data comprise both negative values and 
zeros, estimates of QoL multipliers derived using the arith-
metic mean may be biased. Therefore, bootstrapping of point 
estimates was implemented to derive QoL multipliers (0–6, 
7–12, and 0–12 months) and 95% confidence intervals (CIs) 
were obtained using the percentile method [18]. Further 
details on the bootstrapping methodology are provided in 
Supplementary Material 1.

Results

In total 1410 patients, comprising 505, 316, and 589 patients 
with a hip, vertebral, or distal forearm fracture, respectively, 
were eligible for analysis (Fig. 1). The number of patients by 
country are presented in Supplementary Material 2.

Patient characteristics stratified by fracture type are 
presented in Table 2 below. The mean (SD) age across all 
patients were 68 (10) years, 82% were female, and 24% had 
experienced a previous fracture in the preceding 5 years.

Regardless of the approach used to derive HSUVs, mean 
absolute HSUVs were lower at all follow-up time-points 
compared to pre-fracture for hip and vertebral fractures. For 
distal forearm fracture, the mean decrements compared to 
pre-fracture were significant for all three approaches directly 
after fracture and at 4 months after fracture. At 12 months 
after fracture, the decrements compared to pre-fracture were 
not significant for EQ-VAS, and at 18 months after distal 
forearm fracture, the decrements were not significant for 
EQ-VAS or EQ-5D 3L, but remained significant for TTO 
(Fig. 2).

Numerically, TTO consistently provided the highest mean 
absolute HSUVs across all fracture types and time-points, 
including pre-fracture recall. EQ-VAS and EQ-5D-3L con-
sistently generated the lowest HSUVs before and immedi-
ately after fracture, respectively, across all fractures, with 

Table 1  Brief description of the methods used to derive health state utility values in the study

TTO denotes time-trade-off; EQ-VAS denotes EuroQol Visual Analogue Scale, EQ-5D 3L denotes EuroQol 5-dimension 3-level descriptive 
system

TTO EQ-VAS EQ-5D 3L

Instrument type Choice between two alternatives: (i) 
living in current health 10 years; or (ii) 
living with perfect health for x years

20 cm VAS from ‘Worst imaginable 
health state’ (0) and ‘Best imaginable 
health state’ (100)

5 domains (pain, mobility, usual 
activities, self-care, anxiety/ depres-
sion) with 3 levels

Valuation Direct Direct Indirect
Source population Experienced health Experienced health Hypothetical health
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no such monotonic relationship observed for the other time-
points (Fig. 2).

The largest observed differences between the highest and 
the lowest mean absolute estimate for the different methods 
were consistently observed directly after fracture, where 
the EQ-5D 3L yielded substantially lower absolute mean 
HSUVs compared to the other approaches. The mean differ-
ences between the EQ-5D-3L and EQ-VAS HSUVs for hip, 
vertebral, and distal forearm fracture directly after fracture 
were estimated at 0.49, 0.24, and 0.16, respectively.

The EQ-5D-3L resulted in the lowest estimated mean 
QoL multipliers across all fracture types and phases 

except for 13–18 months after distal forearm fracture. Fur-
thermore, except for 13–18 months after distal forearm 
fracture, the confidence intervals for EQ-5D-3L derived 
multipliers did not overlap the confidence intervals of the 
multipliers derived using the other approaches (Table 3). 
The relative difference between the multipliers derived 
using the EQ-5D-3L and the lowest of the multipliers 
derived using the EQ-VAS and the TTO decreased from 
the 0–12 to the 12–18 months periods for all fracture 
types: from 27 to 8% for hip fracture, from 19 to 12% for 
vertebral fracture, and from 7 to 1% for distal forearm 
fracture.

Fig. 1  Patient inclusion/exclu-
sion flowchart

Ineligible patients n = 821
Only background data n = 66 
Age < 50 n = 37 
More than 2 weeks between 
fracture and first contact n = 654
Housing other than ... n = 86n = 4,635

n = 3,542

Patients with incomplete EQ-5D data
n = 521

n = 3,021

Pa�ents with complete EQ-5D and EQ-VAS data
n = 2,997

Patients with incomplete EQ-VAS data 
n = 27

Excluded patients n = 1,093
Drop out n = 223
Moved n = 35
Withdrew consent n = 35
Not reachable n = 338
New fracture n = 159 
Death n = 206 
Other n = 97

Total number of patients enrolled
n = 5,456

Fracture types: hip, vertebral, wrist
n = 1,410 

Patients with incomplete TTO data
n = 1587
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Discussion

This study shows that the approach used to value health 
materially influences the estimated QoL impact of osteo-
porotic fracture. Therefore, the choice of approach can have 
substantial effect on the cost-effectiveness of pharmacologic 
fracture prevention.

Across all time-points for the three fracture types, TTO 
provided the highest HSUVs, whereas EQ-5D-3L consist-
ently provided the lowest HSUVs directly after fracture. 
Except for 13–18 months after distal forearm fracture, EQ-
5D-3L generated lower QoL multipliers compared to the 
other two methods, whereas no equally clear pattern was 
observed between EQ-VAS and TTO.

The fact that TTO produced higher HSUVs than EQ-
5D-3L indicates that experienced health preferences are less 
sensitive to impaired health compared to hypothetical prefer-
ences. This finding is in line with most previous research, 
including one study in osteoporosis [20–24]. Potential rea-
sons for the difference include individuals’ limited ability 
to predict future preferences, adaptation of expectations on 

QoL, and development of coping strategies [25]. Further-
more, the finding that the largest differences between EH 
and HH preferences were observed directly after fracture 
corresponds with previous observations that the differ-
ences between experienced and hypothetical HSUVs are 
most marked for severe health states [26]. In the context 
of fragility fractures, a potentially compounding factor is 
that patients with recent fracture may not expect their cur-
rent health state to endure and therefore may be reluctant 
to trade life years for QoL. Even though the TTO questions 
pertain to the current health state, the TTO responses may 
reflect patients’ beliefs about their future health [27]. There-
fore the TTO may underestimate the immediate QoL impact 
of a fracture. The EQ-5D-3L and EQ-VAS do not require 
patients to trade quality for quantity of life and therefore 
patients’ expectations of the duration of the current health 
do not influence the responses to these questionnaires. In 
this context, it is interesting to note that QoL 18 months 
after fracture is significantly lower than pre-fracture when 
HSUVs were derived using the TTO, but not the EQ-5D-3L, 
potentially reflecting that TTO, which is a continuous index, 

Table 2  Patient characteristics 
at fracture

For education, data were missing for four patients with hip fracture, and one patient with distal forearm 
fracture. For income, data were missing for 11 patients with hip fracture, one patient with vertebral frac-
ture, and four patients with distal forearm fracture
a For difference among the three fracture types

Hip fracture Vertebral fracture Distal forearm 
fracture

p  valuea

Patient characteristics—n 505 316 589
 Age mean (SD) 73 (10) 67 (9) 65 (9) < 0.001
 Women (%) 75.9 81.1 87.9 < 0.001
 Hospitalized (%) 91.8 27.2 31.8 < 0.001
 Fracture last 5 years (%) 15.9 45.5 19.5 < 0.001
 Employed (%) 13.8 27.2 35.7 0.004
 Days to interview mean (SD) 4.9 (3.7) 3.3 (4.1) 4.7 (4.5) < 0.001

Department at first contact
 Primary care center 3% 24% 7% < 0.001
 Orthopedics 8% 4% 23%
 Emergency 68% 26% 55%
 Traumatology 20% 4% 11%
 GP home visit 0% 1% 0%
 Other 1% 41% 0%

Level of education
 Primary 30% 15% 18% < 0.001
 Secondary 46% 36% 44%
 University 21% 46% 32%
 Professional diploma 3% 3% 6%

Level of income
 Low 41% 16% 28% < 0.001
 Middle 47% 67% 53%
 High 7% 16% 13%
 Decline to answer 5% 2% 6%
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can measure minor impairments in health that may not 
be captured by the discrete health states constituting the 
EQ-5D-3L. In this context, it may be noted that the mean 
TTO decrement observed 18 months after distal forearm 
fracture may fall below the minimally important clinical 

difference (MICD) threshold for the TTO, which has been 
estimated at 0.05 [28]. However, such a difference may 
arguably be important on a population level given that the 
estimated mean change results from a distribution of out-
comes observed on the patient level. To arrive at the mean 

Before fracture A�er fracture 4 months 12 months 18 months
EQ-5D 3L 0.79 (0.77-0.81) -0.02 (-0.06-0.01) 0.54 (0.51-0.58) 0.64 (0.62-0.67) 0.69 (0.67-0.72)
VAS 0.75 (0.73-0.76) 0.47 (0.45-0.49) 0.66 (0.65-0.68) 0.67 (0.65-0.69) 0.69 (0.67-0.71)
TTO 0.83 (0.81-0.85) 0.63 (0.61-0.66) 0.77 (0.75-0.80) 0.76 (0.74-0.79) 0.76 (0.73-0.79)

Before fracture A�er fracture 4 months 12 months 18 months
EQ-5D 3L 0.84 (0.81-0.86) 0.27 (0.22-0.31) 0.63 (0.60-0.67) 0.69 (0.66-0.72) 0.69 (0.65-0.72)
VAS 0.79 (0.77-0.80) 0.51 (0.49-0.53) 0.70 (0.68-0.71) 0.71 (0.69-0.72) 0.71 (0.69-0.73)
TTO 0.91 (0.89-0.93) 0.53 (0.49-0.57) 0.85 (0.83-0.87) 0.86 (0.84-0.89) 0.86 (0.84-0.89)

Before fracture A�er fracture 4 months 12 months 18 months
EQ-5D 3L 0.89 (0.87-0.90) 0.47 (0.45-0.49) 0.81 (0.79-0.83) 0.87 (0.85-0.89) 0.88 (0.87-0.90)
VAS 0.80 (0.78-0.81) 0.63 (0.62-0.65) 0.77 (0.76-0.79) 0.80 (0.79-0.82) 0.80 (0.78-0.81)
TTO 0.92 (0.91-0.94) 0.79 (0.77-0.81) 0.90 (0.88-0.91) 0.90 (0.89-0.92) 0.90 (0.89-0.92)

(a) (b)

(c)
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Fig. 2  Health state utility values and 95% confidence intervals by 
elicitation approach for a hip fracture, b vertebral fracture, c distal 
forearm fracture. TTO denotes time-trade-off; EQ-VAS denotes Euro-

Qol Visual Analogue Scale, EQ-5D 3L denotes EuroQol 5-dimension 
3-level descriptive system

Table 3  Accumulated QoL loss 
and QoL multiplier by fracture 
type and time since fracture

a Disregarding any mortality effect of fracture. TTO denotes time-trade-off; EQ-VAS denotes EuroQol Vis-
ual Analogue Scale, EQ-5D 3L denotes EuroQol 5-dimension 3-level descriptive system

Time-point EQ-5D 3L EQ-5D VAS TTO

Hip fracture
 QALYs lost 0–12 months 0.30 (0.28–0.33) 0.13 (0.12–0.14) 0.08 (0.06–0.10)
 QALYs  losta 12–18 months 0.06 (0.05–0.07) 0.03 (0.03–0.04) 0.03 (0.02–0.05)
 Multiplier 0–12 months 0.62 (0.58–0.65) 0.85 (0.83–0.86) 0.90 (0.88–0.92)
 Multiplier 12–18 months 0.85 (0.82–0.88) 0.93 (0.91–0.94) 0.92 (0.89–0.95)

Vertebral fracture
 QALYs  losta 0–12 months 0.25 (0.22–0.28) 0.10 (0.09–0.12) 0.11 (0.09–0.12)
 QALY  losta 12–18 months 0.07 (0.06–0.09) 0.03 (0.02–0.04) 0.02 (0.01–0.03)
 Multiplier 0–12 months 0.71 (0.67–0.74) 0.88 (0.87–0.90) 0.88 (0.86–0.90)
 Multiplier 12–18 months 0.82 (0.78–0.86) 0.93 (0.92–0.95) 0.95 (0.92–0.97)

Distal forearm fracture
 QALYs  losta 0–12 months 0.11 (0.10–0.13) 0.05 (0.05–0.06) 0.04 (0.03–0.05)
 QALY  losta 12–18 months 0.01 (0.00-0.01) 0.01 (0.00-0.01) 0.01 (0.00-0.02)
 Multiplier 0–12 months 0.87 (0.86–0.89) 0.94 (0.93–0.95) 0.96 (0.94–0.97)
 Multiplier 12–18 months 0.99 (0.97-1.00) 0.99 (0.98-1.00) 0.98 (0.97-1.00)
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estimated decrement of 0.02, a proportion of patients will 
experience decrements higher than 0.05 the MICD thresh-
old. Therefore, and for the reason that individuals may value 
differences that are smaller than the MICD, in a health eco-
nomic context, a mean decrement of 0.02 may be relevant.

The impact of the choice of elicitation method and source 
population on the outcome of an economic evaluation may 
be complex. In the context of osteoporosis, all else equal, 
the higher QoL multipliers observed with TTO and EQ-VAS 
compared to EQ-5D would reduce QALY gains from avoid-
ing fractures. On the other hand, fractures are associated 
with mortality and avoiding fractures therefore, on average, 
increases longevity and the QALY impact of the reduced 
mortality would also be affected by the HSUVs. In addition, 
side effects of treatments may also need to be taken into 
consideration and the QALY impact of those also reflect the 
choice of elicitation method and source population. Finally, 
it is not evident that the willingness to pay per QALY, i.e., 
the threshold that society is willing to pay per QALY, is the 
same for EH- and HH-derived HSUVs.

The choice between preference source populations is 
inherently normative and depends on decision context [25]. 
For example, the UK National Institute of Healthcare and 
Clinical Excellence (NICE) [29], the Dutch Zorginstituut 
[30], and the First and Second Panels on Cost-Effectiveness 
in Health and Medicine [32] advocates HSUV derived using 
hypothetical health states, whereas the Swedish HTA agency 
TLV prefers experienced base health states [33]. In terms of 
preventive treatments, it has been argued that hypothetical 
health states are most relevant, given that the majority of 
the population under consideration for treatment have not 
experienced the health state [24].

Differences in perceptions of health and provision of spe-
cific health-related services may result in differences in valu-
ation of health across countries. For this, and other reasons, 
including elicitation methodology, EQ-5D-3L value sets dif-
fer between countries [34]. Therefore, it is important to note 
that the HSUV from the EQ-5D-3L were derived using the 
UK value set and that other value sets may have produced 
other results [34]. While we are not aware of any studies 
specific to osteoporosis; in patients with acute lower respira-
tory tract infection, the UK value set produced HSUVs that 
were more sensitive to changes in health status than other 
value sets [35]. Therefore, the differences between HSUVs 
derived using EQ-5D 3L and HSUVs derived using EQ-VAS 
and TTO may have been smaller had another value set been 
implemented. However, it is unlikely that the implementa-
tion of another HH value set would have substantially altered 
the results observed with respect to preference source pop-
ulation, reflecting that the only experienced-based EQ-5D 
value set produced the highest HSUV of all EQ-5D value 
sets for severe health states [36], suggesting a substantial dif-
ference between HH- and EH-derived value sets in general. 

Indeed had the EH value set been implemented, the differ-
ences between the EQ-5D-3L derived HSUVs may have 
been smaller or even been reversed. Such a result would 
indicate that the choice of source population (experienced 
based vs. hypothetical health) may be more important than 
the elicitation method (direct versus indirect) in terms of 
impact on HSUVs.

This study has several limitations. Firstly, the inclusion/
exclusion criteria may have resulted in a study population 
that is healthier than the average patient sustaining a frac-
ture, albeit this may differ between countries [14]. Secondly, 
all patients included in the analysis had to have completed all 
QoL instruments at all interviews, resulting in a substantial 
loss to follow-up; predominately reflecting that patients did 
not complete the TTO instrument. The difficulty to com-
plete the TTO instrument may reflect that old patients may 
not expect to live 10 years and therefore have difficulties in 
making a choice involving a 10 years’ time horizon. Another 
potential explanation is that mild cognitive impairment 
associated with advanced age may render the TTO instru-
ment difficult to comprehend. In addition, it may be noted 
that even mild cognitive impairment may affect the elicited 
HSUVs [37], potentially introducing additional uncertainty 
to the estimates. Given that loss to follow-up may be associ-
ated with poor health, the QoL impact of osteoporotic frac-
ture across all approaches are likely underestimated in this 
study. However, the effect on the relative impact of QoL 
from the different approaches is less likely to be biased. 
In this context, it is notable that a small minority of hip 
fractures did not result in hospitalization, more than 80% 
of those patients were enrolled in Russia, consistent with 
previous observations that a substantial minority of patients 
sustaining hip fracture in Russia may not be hospitalized 
[38]. More generally, differences between countries and 
cultures with respect to delivery of health care, perception 
of health, longevity, and their relative importance means 
that the results in this study may not be generalizable to all 
settings.

The methods for deriving the HH and EH HSUVs were 
different. Important discrepancies include that the EH can-
not include dead as a health state and do not incorporate 
negative values. In addition, recall was employed to estimate 
pre-fracture QoL. Therefore, it is possible that pre-fracture 
QoL estimates are biased. However, the maximum time 
from the first health care contact for the fracture and the 
first interview was 14 days, rendering substantial recall bias 
unlikely given that patients can accurately recall their QoL 
up to 6 weeks [39]. In this context, it may be noted that mean 
HSUV 18 month after distal forearm fracture was similar 
to mean HSUV prior to fracture across the three methods 
(maximum mean absolute difference 0.02 [cf Fig. 2]). Given 
that sequelae after distal forearm fracture are generally mild 
[40], this finding suggest that pre-fracture QoL recall is 
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unlikely to be systematically biased. If recall pre-fracture 
QoL was systematically biased, long-term QoL would have 
differed from pre-fracture QoL after distal forearm fracture. 
Additionally, it has been shown that replacing recalled QoL 
with age-matched general population values for EQ-5D 3L 
does not systematically affect the estimate QoL impact of 
fracture [41].

Further research in this area is needed. It would be impor-
tant to better understand the differences between HH and 
EH preferences. Determining, the reasons for the appar-
ent differences would be of value, and exploring the extent 
to which those differences are driven by the choice of HH 
value set could elevate the interpretation of the results. In 
this context, exploring differences between countries and 
cultural clusters could also be valuable for policy makers, 
whose decisions often are regional or national in nature. 
Furthermore, it would be informative to explore valuation of 
health state in persons who have experienced a health state 
but since have recovered. Such data would inform policy 
makers as to whether experience of a health state results in 
a permanent or transitory change in preferences, potentially 
guiding the choice between experienced or hypothetical-
based preferences.

With the caveats discussed above, this study shows that 
the approach to derive QoL markedly influences the esti-
mated QoL impact of osteoporotic fracture and therefore has 
the potential to affect decisions on health care prioritization.

Acknowledgements We are grateful to the quality of life and Epi-
demiology Working Group of the Committee of Scientific Advisors 
for the International Osteoporosis Foundation under whose supervi-
sion this study was undertaken. The Mexican substudy are 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 Russia, the following 
team members provided valuable contributions to the study: Dr. Natalia 
Toroptsova, Dr. Oxana Nikitinskaya, Dr. Olga Dobrovolskaya (Insti-
tute of Rheumatology, RAS, Moscow), Prof. Larissa Menshikova, Dr. 
Julia Varavko (Medical Institute of Postgraduate Training, Irkutsk), 
Dr. Ksenia Belova (Yaroslavl State Medical University, 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. Alexander 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 valuable contributions 
to the Australian substudy: Prof JJ Watts and Professors GC Nicholson, 
E Seeman, R Prince, G Duque, T Winzenberg, L March, and PR Ebe-
ling. In France, the following gratitude is extended to the following pro-
fessors Bernard Cortet, Roland Chapurlat, Patrice Fardellone, Philippe 
Orcel, and Christian Roux. The global study team would like to thank 
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. VA, 
MLB, PC, MDC, HPD, MJ, AU, ML, RK, OL, OM, OE, KMS, SS, 
MT, and TT led the data collection. AS and EH designed and executed 

the statistical analyses. AS led the interpretation of findings with 
inputs from the other authors. AS drafted the manuscript. All authors 
reviewed the manuscript and approved the submission for publication.

Funding On its international level, the ICUROS is 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 Institu-
tion (Hauptverband der österreichischen Sozialversicherungsträger), 
Austrian Society for Bone and Mineral Research (AuSBMR), Merck 
Sharp & Dohme, Servier GmbH, Medtronic GmbH, Amgen GmbH, 
Novartis GmbH, Nycomed GmbH, Roche GmbH, Sanofi-Aventis 
GmbH, and Daiichi-Sankyo GmbH. In Mexico, the study was sup-
ported 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 supported 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.

Compliance with ethical standards 

Conflict of interest AS and EH are employees of Mapi, a contract 
research organization. FB and OS are employed by and own equity 
in Quantify Research, a contract research organization. JAK received 
consultancies/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 ActiveSig-
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.

Informed consent Informed consent was obtained from all individual 
participants included in the study and all study participants could with-
draw from the study at any time at their own request.



715Quality of Life Research (2018) 27:707–716 

1 3

References

 1. Neumann, P. J., Goldie, S. J., & Weinstein, M. C. (2000). Pref-
erence-based measures in economic evaluation in health care. 
Annual Review of Public Health, 21, 587–611.

 2. Neumann, P. J. (2004). Using cost-effectiveness analysis to 
improve health care: Opportunities and barriers. Oxford: Oxford 
University Press.

 3. Drummond, M. F., Sculpher, M. J., Claxton, K., Stoddart, G. L., 
& Torrance, G. W. (2015). Methods for the economic evaluation 
of health care programmes. Oxford: Oxford university press.

 4. Weinstein, M. C., Torrance, G., & McGuire, A. (2009). QALYs: 
The basics. Value in Health, 12(Suppl 1), S5–S9.

 5. Torrance, G. W. (1986). Measurement of health state utilities for 
economic appraisal. Journal of Health Economics, 5(1), 1–30.

 6. Arnold, D., Girling, A., Stevens, A., & Lilford, R. (2009). Com-
parison of direct and indirect methods of estimating health state 
utilities for resource allocation: Review and empirical analysis. 
BMJ, 339, b2688.

 7. Morimoto, T., & Fukui, T. (2002). Utilities measured by rating 
scale, time trade-off, and standard gamble: Review and reference 
for health care professionals. Journal of Epidemiology, 12(2), 
160–178.

 8. Miller, W., Robinson, L. A., & Lawrence, R. S. (2006). Valuing 
health for regulatory cost-effectiveness analysis. Washington: 
National Academies Press.

 9. Kanis, J. A. (2002). Diagnosis of osteoporosis and assessment of 
fracture risk. The Lancet, 359(9321), 1929–1936.

 10. Cummings, S. R., & Melton, L. J. (2002). Epidemiology and 
outcomes of osteoporotic fractures. The Lancet, 359(9319), 
1761–1767.

 11. Hallberg, I., Rosenqvist, A. M., Kartous, L., Lofman, O., Wahl-
strom, O., & Toss, G. (2004). Health-related quality of life after 
osteoporotic fractures. Osteoporosis International, 15(10), 
834–841.

 12. Johnell, O., & Kanis, J. A. (2006). An estimate of the worldwide 
prevalence and disability associated with osteoporotic fractures. 
Osteoporosis International, 17(12), 1726–1733.

 13. Hernlund, E., Svedbom, A., Ivergard, M., Compston, J., Cooper, 
C., Stenmark, J., McCloskey, E. V., Jonsson, B., & Kanis, J. A. 
(2013). Osteoporosis in the European Union: Medical manage-
ment, epidemiology and economic burden. A report prepared 
in collaboration with the International Osteoporosis Foundation 
(IOF) and the European Federation of Pharmaceutical Industry 
Associations (EFPIA). Archives of Osteoporosis, 8, 136.

 14. Borgstrom, F., Lekander, I., Ivergard, M., Strom, O., Svedbom, 
A., Alekna, V., Bianchi, M. L., Clark, P., Curiel, M. D., Dimai, 
H. P., Jurisson, M., Kallikorm, R., Lesnyak, O., McCloskey, E., 
Nassonov, E., Sanders, K. M., Silverman, S., Tamulaitiene, M., 
Thomas, T., Tosteson, A. N., Jonsson, B., & Kanis, J. A. (2013). 
The international costs and utilities related to osteoporotic frac-
tures study (ICUROS)—Quality of life during the first 4 months 
after fracture. Osteoporosis International, 24(3), 811–823.

 15. Torrance, G. W., Thomas, W. H., & Sackett, D. L. (1972). A util-
ity maximization model for evaluation of health care programs. 
Health Services Research, 7(2), 118.

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

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

 18. Barber, J. A., & Thompson, S. G. (2000). Analysis of cost data in 
randomized trials: An application of the non-parametric bootstrap. 
Statistics in Medicine, 19(23), 3219–3236.

 19. Peeters, Y., & Stiggelbout, A. M. (2010). Health state valua-
tions of patients and the general public analytically compared: A 

meta-analytical comparison of patient and population health state 
utilities. Value in Health, 13(2), 306–309.

 20. Bremner, K. E., Chong, C. A., Tomlinson, G., Alibhai, S. M., 
& Krahn, M. D. (2007). A review and meta-analysis of prostate 
cancer utilities. Medical Decision Making, 27(3), 288–298.

 21. De Wit, G. A., Busschbach, J. J., & De Charro, F. T. (2000). Sen-
sitivity and perspective in the valuation of health status: Whose 
values count? Health Economics, 9(2), 109–126.

 22. Noel, C. W., Lee, D. J., Kong, Q., Xu, W., Simpson, C., Brown, 
D., Gilbert, R. W., Gullane, P. J., Irish, J. C., Huang, S. H., 
O’Sullivan, B., Goldstein, D. P., & de Almeida, J. R. (2015). 
Comparison of health state utility measures in patients with head 
and neck cancer. JAMA Otolaryngol Head Neck Surgery, 141(8), 
696–703.

 23. Zethraeus, N., & Johannesson, M. (1999). A comparison of patient 
and social tariff values derived from the time trade-off method. 
Health Economics, 8(6), 541–545.

 24. Gabriel, S. E., Kneeland, T. S., Melton, L. J., 3rd, Moncur, M. 
M., Ettinger, B., & Tosteson, A. N. (1999). Health-related quality 
of life in economic evaluations for osteoporosis: Whose values 
should we use? Medical Decision Making, 19(2), 141–148.

 25. Brazier, J., Akehurst, R., Brennan, A., Dolan, P., Claxton, K., 
McCabe, C., Sculpher, M., & Tsuchyia, A. (2005). Should patients 
have a greater role in valuing health states? Applied Health Eco-
nomics and Health Policy, 4(4), 201–208.

 26. Burstrom, K., Johannesson, M., & Diderichsen, F. (2006). A com-
parison of individual and social time trade-off values for health 
states in the general population. Health Policy, 76(3), 359–370.

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

 28. Neumann, P. J., Sanders, G. D., Russell, L. B., Siegel, J. E., & 
Ganiats, T. G. (2016). Cost-effectiveness in health and medicine. 
Oxford: Oxford University Press.

 29. Excellence, N. I., f., C., & Excellence, N. I. f. C. (2004). Guide to 
the methods of technology appraisal (p. 12). London: NICE.

 30. Nederland, Z. (2015). Richtlijn voor het uitvoeren van econo-
mische evaluaties in de gezondheidszorg. Diemen: Zorginstituut 
Nederland.

 31. Weinstein, M. C., Siegel, J. E., Gold, M. R., Kamlet, M. S., & 
Russell, L. B. (1996). Recommendations of the panel on cost-
effectiveness in health and medicine. JAMA, 276(15), 1253–1258.

 32. 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., Sculpher, M. J., Trikalinos, T. A., Russell, 
L. B., Siegel, J. E., & Ganiats, T. G. (2016). Recommendations 
for conduct, methodological practices, and reporting of cost-effec-
tiveness analyses: second panel on cost-effectiveness in health and 
medicine. JAMA, 316(10), 1093–1103.

 33. Board, P. B. (2003). General Guidelines for economic evaluations 
from the Pharmaceutical Benefits Board (LFNAR 2003: 2). Solna: 
Swedish Pharmaceutical Benefits Board.

 34. 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.

 35. Oppong, R., Kaambwa, B., Nuttall, J., Hood, K., Smith, R. D., 
& Coast, J. (2013). The impact of using different tariffs to value 
EQ-5D health state descriptions: An example from a study of 
acute cough/lower respiratory tract infections in seven countries. 
The European Journal of Health Economics, 14(2), 197–209.

 36. Persson, U. (2014). Hypothetical versus experience-based EQ-5D 
valuations: What are the implications for health economic evalu-
ations?. Amsterdam: ISPOR.

 37. Ekman, M., Berg, J., Wimo, A., Jönsson, L., & McBurney, 
C. (2007). Health utilities in mild cognitive impairment and 



716 Quality of Life Research (2018) 27:707–716

1 3

dementia: A population study in Sweden. International Journal 
of Geriatric Psychiatry, 22(7), 649–655.

 38. Lesnyak, O., Ershova, O., Belova, K., Gladkova, E., Sinitsina, 
O., Ganert, O., Romanova, M., Khodirev, V., Johansson, H., 
McCloskey, E., & Kanis, J. A. (2012). Epidemiology of fracture 
in the Russian Federation and the development of a FRAX model. 
Archives of Osteoporosis, 7, 67–73.

 39. Marsh, J., Bryant, D., & MacDonald, S. J. (2009). Older patients 
can accurately recall their preoperative health status six weeks 
following total hip arthroplasty. The Journal of Bone & Joint Sur-
gery, 91(12), 2827–2837.

 40. Rohde, G., Haugeberg, G., Mengshoel, A. M., Moum, T., & Wahl, 
A. K. (2009). No long-term impact of low-energy distal radius 
fracture on health-related quality of life and global quality of life: 
A case-control study. BMC Musculoskeletal Disorders, 10, 106.

 41. Borgstrom, F., Zethraeus, N., Johnell, O., Lidgren, L., Ponzer, 
S., Svensson, O., Abdon, P., Ornstein, E., Lunsjo, K., Thorngren, 
K. G., Sernbo, I., Rehnberg, C., & Jonsson, B. (2006). Costs and 
quality of life associated with osteoporosis-related fractures in 
Sweden. Osteoporosis International, 17(5), 637–650.

Affiliations

Axel Svedbom1 · Fredrik Borgström2 · Emma Hernlund1 · Oskar Ström2 · Vidmantas Alekna3 · Maria Luisa Bianchi4 · 
Patricia Clark5 · Manuel Díaz Curiel6,7 · Hans Peter Dimai8 · Mikk Jürisson9 · Anneli Uusküla9 · Margus Lember9 · 
Riina Kallikorm9 · Olga Lesnyak10,11 · Eugene McCloskey12 · Olga Ershova13 · Kerrie M. Sanders14 · 
Stuart Silverman15 · Marija Tamulaitiene3 · Thierry Thomas16 · Anna N. A. Tosteson17 · Bengt Jönsson18 ·  
John A. Kanis14,19

1 Mapi, Stockholm, Sweden
2 LIME/MMC, Karolinska Institutet, 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, Mexico City, 
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 Ural State Medical University, Yekaterinburg, Russia
11 North West Mechnikov State Medical University, 

St. Petersburg, Russia

12 Academic Unit of Bone Metabolism, Centre for Integrated 
research in Musculoskeletal Ageing, Mellanby Centre 
for Bone research, University of Sheffield, University 
of Sheffield, Sheffield, UK

13 Yaroslavl State Medical University, Yaroslavl, Russia
14 Institute for Health and Ageing, Australian Catholic 

University, Melbourne 3000, Australia
15 Cedars-Sinai Medical Center and David Geffen School 

of Medicine, University of California, Los Angeles, CA, 
USA

16 INSERM U1059, Lab Biologie Intégrée du Tissu Osseux, 
Service de Rhumatologie, CHU de Saint-Etienne, Université 
de Lyon, Saint Etienne, France

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

18 Stockholm School of Economics, Stockholm, Sweden
19 Centre for Metabolic Bone Diseases, University of Sheffield, 

Sheffield, UK


	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
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Data source
	Study population
	Quality of life measurements
	Statistical analysis of study data

	Results
	Discussion
	Acknowledgements 
	References


