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Background: The 5-level version of the EQ-5D (EQ-5D-5L) was

recently developed. A number of preference-based scoring systems

are being developed for several countries around the world.

Objective: To develop a value set for the EQ-5D-5L based on

societal preferences in Canada.

Methods: We used age, sex, and education quota sampling from the

general population from 4 cities across Canada. Composite time

trade-off (cTTO) and traditional time trade-off (tTTO) were used as

the main elicitation technique. A total of 86 EQ-5D-5L health states

grouped into 10 blocks were valued using cTTO, whereas a subset

of 18 severe states was also valued using tTTO. Participants

meeting predefined inconsistency criteria were excluded from the

analyses. For the value set development, we used tTTO and positive

cTTO values, while censoring negative and zero cTTO values at

zero. Models with the main effects presented using linear terms

combined with various additional terms were estimated. The pre-

ferred model was selected based primarily on logically ordered

coefficients, and secondly model fit.

Results: Of the 1209 participants who completed the interview, 136

met criteria that excluded them from the primary analyses. The

demographics and socioeconomic status of the remaining 1073

participants were similar to the Canadian general population. The

preferred model has 5 linear terms for the main effects, a term for

level 4 or 5 for each dimension, and a term for the squared total

number of level 4 or 5 beyond the first. For this preferred model, the

health utilities ranged from �0.148 for the worst (55555) to 0.949

for the best (11111) EQ-5D-5L states.

Conclusions: This is the first TTO-based value set of the EQ-5D-5L

for Canada. It can be used to support the health utility estimation in

economic evaluations for reimbursement decision making in Canada.
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Canada was one of the first countries that required eco-
nomic evaluation to inform drug and health technology

reimbursement decision making in the 1990s.1,2 The latest
economic evaluation guidelines by the Canadian Agency for
Drugs and Technologies in Health (CADTH) recommend
that preference-based measures be used to capture the
meaningful change in health-related quality of life among
alternative treatments.3

Preference-based measures are typically comprised of
2 components: a descriptive system that is used to define
health states and a scoring algorithm to assign health utility
to those health states (also known as “value set”). A few
established preference-based measures such as the Health
Utility Index, the Short Form 6D, and the EuroQol 5D (EQ-
5D) are identified in the CADTH guidelines, with no explicit
preference among these measures. Instead, the CADTH
guidelines state that “a representative sample of the general
public, suitably informed, is the preferred source for pref-
erences.”3

The EQ-5D is a prominent example of preference-based
measures developed by the EuroQol Group.4 It has been sug-
gested to be the most widely used preference-based measures in
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the world.5,6 The EQ-5D consists of 5 dimensions: mobility
(MO), self-care (SC), usual activities (UA), pain/discomfort
(PD), and anxiety/depression (AD). In the original version, each
dimension has 3 response options for no (level 1), some (level
2), and extreme problems (level 3).4 A unique health state can
be described using a 5-digit vector formed according to the
responses to the 5 questions. For example, no problems in MO,
SC, and UA, but some problem in PD and extreme problem in
AD can be referred to as “11123.” To improve the descriptive
richness and discriminatory power of the EQ-5D, a new version
was recently developed, keeping its original 5 dimensions, but
expanding the response options from 3 to 5 levels (hereafter
referred as the EQ-5D-5L) to reflect no, slight, moderate, severe,
and extreme problems.7 The EQ-5D-5L now defines a total of
3125 health states compared with only 243 from the 3-level
version. The EQ-5D-5L descriptive system has been formally
translated and validated into Canadian English and French.
Although a value set exists for the 3-level version,8 no values
exist in Canada for the 5-level version. The primary objective of
this study (the Canadian EQ-5D-5L Valuation Study) was to
develop a value set for this instrument for Canada.

METHODS

Study Overview
This study was a multicenter, population-based study,

using face-to-face interviews with assistance of the EuroQol
Valuation Technology (EQ-VT), a computerized survey
software recently developed by the EuroQol Group.9 Ac-
cording to a multicountry pilot study, it was determined that
the recommended total sample size for using the EQ-VT is
1000 per country and the total number of health states in-
cluded for time trade-off (TTO) is 86, allowing for the es-
timation of 50 parameters with acceptable precision.9 We
used a quota sampling to select a sample representative in
terms of age, sex, and education status from the wider
Canadian general population. Participant recruitment was
conducted primarily through random dialing of published
landline telephone numbers within each of the recruitment
areas and supplemented by publically posted recruitment
flyers. English-speaking participants were recruited from the
greater metropolitan areas of Hamilton, Vancouver, and
Edmonton, 3 populous cities located in Ontario (east), British
Columbia (west), and Alberta (central west, a prairie prov-
ince) in Canada, respectively, whereas French-speaking
participants were recruited in Montreal.

Interview Process
The first module of the EQ-VT asked the participants

to complete the EQ-5D-5L according to their own health
status and provide their age and sex. Each participant was
then familiarized with the tasks and the on-screen elements
by going through a practice example with the interviewer.
The second module was the composite TTO (cTTO) tasks10

for 1 randomly assigned block of 10 health states presented
in a random order. The last module of the EQ-VT was the
Canada-specific demographic questions. The evidence and
experience in using cTTO to value health states were limited
at the time of designing this valuation study. Therefore, we

also used traditional TTO (tTTO) to supplement the EQ-VT
as tTTO has been the primary technique in the EQ-5D value
set development. After the completion of the EQ-VT, each
participant was asked to also complete a tTTO task for 2
severe health states selected from the 10 states previously
valued with the cTTO.

Preference Elicitation Techniques
cTTO and tTTO are identical in valuing health states

better than dead, but differ in how they value worse than
dead states. For health states better than dead, it presents 2
options: 10 years in full health (life A) or 10 years in an
impaired health state (ie, a state with any problem in any
dimension) (life B). No specific definition or elaboration of
the term “full health” was provided in the EQ-VT. Although
the 10 years in life B is fixed, the number of years in life A is
varied according to the participant’s previous choice. If the
participant prefers life A, the number of years in life A will
be changed to zero. Then if life B is preferred, the number of
years in life A will be changed to 5 years and so on until an
indifferent point is reached. If participants still prefer life A
when the number of years in life A is zero (meaning life B is
considered worse than dead), cTTO then uses a lead time
TTO (LT-TTO) with 10 years in full health attached to both
life A and life B. Therefore the LT-TTO starts with life A
being 10 years in full health followed by death and life B
being 10 years in full health followed by 10 years in the
impaired state and then death. The participant continues to
trade-off the 10 years lead time in life A to avoid living in
life B using the same iterative process until an indifferent
point is reached. If an indifferent point is reached at 0 years
in life A (ie, the additional 10 years in full health are traded
off), the final TTO value is calculated at �1, the lowest
possible values from the cTTO. For states worse than dead,
tTTO presents a choice between life A, which is living in the
impaired state for 5 years followed by 5 years in full health
and then death, and life B, which is immediate death. The
number of years living in the impaired state varied according
to previous response. For example, if life A is preferred to
life B, then life A will be changed to 6 years in the impaired
state followed by 4 years in full health and then death, so on
and so forth, until the participant indicates there is no dif-
ference between life A and life B.

Health State Selection
The 86 health states included 5 very mild states with

only 1 dimension at level 2 (ie, 21111, 12111, 11211, 11121,
and 11112) and the worst state 55555.9 The remaining 80
health states were selected to cover a wide range of severity.
The 86 health states were grouped into 10 blocks with 10
health states per block.9 One very mild state and the worst
state (55555) were included in every block. Of the 10 health
states in each block, 2 most severe health states (including
55555) were selected for tTTO by the study team, with
55555 being selected as 1 of the 2 severe states in 3 blocks
(as 55555 was valued by all participants in the cTTO). Thus,
the number of unique health states is 20�2 = 18 in tTTO.
These states were 24445, 24553, 34155, 34515, 35245,
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43555, 44345, 44553, 45413, 52455, 53244, 53412, 54153,
54342, 55225, 55233, 55424, and 55555.

Participant Exclusion Criteria
We excluded the participants with inconsistent re-

sponses. If a health state is better in at least 1 of its con-
stituent dimensions and no worse in the remaining
dimensions than another health state, the former dominates
the latter (eg, 21111 vs. 31111). It is reasonable to assume
that a rational person should prefer the former to the latter
state. We used this principle of dominance to identify in-
consistent responses.

Nonetheless, given the complexity of the TTO tasks, it
was expected that some participants might exhibit some
minor inconsistencies in responses. We therefore used the
majority rule for exclusion due to inconsistent responses
beyond simple dominance of any health state. One of the 5
very mild health states (ie, 21111, 12111, 11211, 11121, and
11112) and 55555 were included in every block. Across the
10 blocks, the number of health states that are dominated by
the very mild health state varied from 5 to 8. If a participant
met any of the following criteria, all TTO responses from
that participant were excluded from the data analysis. The
criteria were: (a) giving the same or a lower score for the
very mild health state compared with 55555; and (b) giving
the same or a lower score for the very mild health state
compared with the majority of the health states that are do-
minated by the very mild health state within the same block.
The definition of “majority” used here was 3 of 5/6 health
states or 4 of 7/8 health states that are dominated by the very
mild health state in the same block. As a result, a total of 136
participants met the exclusion criteria.

Statistical Analyses

Sample Characteristics
Descriptive statistics were used to characterize the

included and excluded samples in the analysis. These sam-
ples were compared on demographics and health status
measures using t tests for interval data and w2 or Fisher exact
tests for nominal data.

Preference Data
We hoped that the cTTO can overcome limitations of

the tTTO in eliciting worse than dead health states, while
maintaining the comparability in eliciting better than dead
states with the tTTO, a primary technique used in previous
3-level EQ-5D valuation studies.9 However, some concerns
arose with the cTTO in which clustering around zero and the
void in the negative side had been consistently observed in
data from a few countries.11–14 In our preliminary descriptive
analyses, a head-to-head comparison between cTTO and
tTTO valuations of selected severe health states revealed that
the cTTO values are consistently higher than the tTTO val-
ues. When the cTTO uses the LT-TTO to value health states
perceived as worse than dead, a 10-year in full health is
attached to both life A (top of the screen) and life B (bottom
of the screen). However, the participants were more likely
attracted by the 10-year full health in life A than that in life
B.15 As a result, they were more likely to reach an indifferent

point simply due to the attachment of the 10-year lead time,
which could shift the value toward the positive end of the
health utility scale.16 This observation indicates that the
validity of the cTTO in measuring states worse than dead
might be questionable. Therefore, we decided to use all
tTTO values available and positive cTTO values in the
model, whereas censoring negative and zero cTTO values at
zero.

Model Development
The goal was to use the observed preferences for the

selected health states defined by the EQ-5D-5L descriptive
system to predict health utilities for all health states. Dif-
ferent specifications were evaluated in the model develop-
ment. The models can be generally described as follows:

Tij ¼ b0þbXjþuiþeij

¼ mijþeij
:

Where Tij is participant i’s TTO value for health state j
(could come from cTTO or tTTO), X a row vector of 20
dummy variables representing level 2 to 5 for each of the 5
dimensions in health state j valued by participant i (eg, MO2,
MO3, y), vi a term for random effects representing the
extent to which the intercept of the ith participant deviated
from the overall intercept, Eij the error term, and mij the ex-
pected value of Tij. The error term was assumed to be nor-
mally distributed with zero mean and SE s. The likelihood
function was the normal probability density function for
positive cTTO values or any tTTO value. When cTTO values
were r0, the likelihood function was a cumulative normal
distribution function. The contribution to the log likelihood
function of subject i valuing health state j in the left censored
data can be written as follows:

LogðLijÞ ¼
Log 1

s
ffiffiffiffi
2p
p

� �
�

Tij�mijð Þ
2

2s2 if Tij40 or tTTO

Log F
�mij

s

� �� �
if Tij0 and cTTO

8><
>:

:

A sensitivity analysis was conducted by including all par-
ticipants and by censoring only negative values at zero. The
modeling took into account censoring and random effects
and was performed using Proc NLMIXED in SAS 9.3 (SAS
Institute Inc., Cary, NC).

Dependent Variable
For states better than dead, both tTTO and cTTO

values were calculated using the formula x/10. For states
worse than dead, cTTO values were calculated using
(x�10)/10, whereas tTTO values were calculated using �x/
(10�x), where x was the number of years in full health in
life A at which participants indicated there was no difference
between the life A and life B (0rxr10). Given the smallest
increment was 0.5 years in the tTTO tasks, the smallest
possible negative value was �19. As has been the practice in
the past,17,18 a linear transformation was applied by dividing
the calculated negative TTO values by 19 to have them
bounded at �1. The cTTO and the tTTO values (with the
above-mentioned transformation whenever applicable) were
used as the dependent variable in the model.
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Independent Variables
There is no established theoretical or conceptual

framework on how to represent the EQ-5D health states in
the modeling, and various approaches have been used for
different 3-level value sets in the past. A vector of variables
representing the main effects based on its descriptive system
was a common start. The main effects were usually presented
by using the shift between levels within each dimension.
Therefore, 4 dummy variables for each dimension were de-
fined to represent the difference between each impaired level
and no impairment. For example, MO2 measures the dif-
ference between level 2 and 1, MO3 the difference between
level 3 and 1, and so on, for the MO dimension. We therefore
first explored a model with the main effects presented by 20
dummy variables. However, in this model, the coefficient for
level 4 was lower than that for level 5 for at least 1 di-
mension (ie, resulted in logical inconsistency). Also the
decrements associated with higher levels (ie, levels 4 and 5)
were disproportionally larger than those with lower levels
(eg, levels 2 and 3). We then assessed the main effect model
with 1 linear term for each dimension. In addition, a few
terms accounting for nonlinear effect at the higher levels
were considered. Those terms included whether or not there
existed any level 4 or 5 in any dimension (ie, the N45 term),
the additional number of level 4 or 5 beyond the first level 4
or 5 in any dimension (ie, Num45), or any level 4 or 5 within
each dimension (ie, MO45, SC45, UA45, PD45, and AD45).
Despite the addition of these terms, the model still suffered
from logical inconsistency in the parameter estimates for
level 4 and 5 in the UA dimension. As a result, an alternative
model with the main effects represented by 5 linear terms for
each dimension, namely, MO, SC, UA, PD, and AD, each
taking a value from 1 to 5, was estimated. The same set of
above-mentioned nonlinear terms was also explored together
with these linear terms.

Model Selection Criteria
A set of criteria was prespecified to select a preferred

model. The first criterion was the face validity, for which the
model should generate logically consistent health utilities for all
EQ-5D-5L health states, such that if 1 health state dominates
another health state, the value for the former should be higher
than that of the latter. The second criteria were the goodness-of-
fit measured by prediction errors and Akaike Information Cri-
terion (AIC), in the order described below. If all other criteria
were equal, the most parsimonious model was selected.

Prediction error is an indicator of the difference be-
tween predicted values and observed values.

Two types of prediction errors were used: mean absolute
error (MAE) and mean squared error (MSE). As the purpose of
the modeling was to predict health utilities for all health states,
a leave-a-state-out cross validation approach was used by ex-
cluding each health state in turn from estimating the coefficients
and then calculating the MAE and the MSE in predicting that
omitted health state. As the negative cTTO values were con-
sidered censored in the modeling, it was not possible to cal-
culate MAEs and MSEs for all 86 health states. Only the 18
health states that were valued using the tTTO can be used in

calculating MAEs and MSEs. In addition, 4 mild health states
(ie, 11122, 11212, 11221, 21111) with only positive cTTO
values observed (ie, censoring zero or negative values would
have no impact on these health states) were included in cal-
culating MAEs and MSEs; again, smaller MAE/MSE are pre-
ferred. AIC was compared with take into account the balance
between the model fit and the complexity of the model; a lower
AIC is preferred.

RESULTS

Demographics
A total of 1209 participants completed the valuation

study interview. Of the 1209 participants, 136 met the cri-
teria and were excluded from the primary analyses. The
mean (SD) age for the remaining 1073 participants was 47.1
(SD, 17.6) years, with 55.5% female, 53.5% married or
having common law partner, and 33.5% full-time employed
(Table 1). The mean EQ-visual analog scale score for the
included sample was 82.7 (SD, 13.6). The demographics of
the included sample by the study site are shown in Table A1.
The characteristics of the included sample were similar to the
Canadian general population in terms of age, sex, marital
status, employment, born in Canada, and language spoken at
home. Compared with the general population, the included
sample was more educated, but had lower incomes. Com-
pared with the included sample, the excluded sample was
more likely to be older, divorced or widowed, have lower
education, lower household income, and lower self-reported
EQ-visual analog scale score (Table 1). We compared 3
education level groups in terms of the observed health state:
high school or lower, college, and university or higher. There
was no clear pattern across the states and most of the dif-
ferences were not statistically significant.

Modeling Analyses
We found the cTTO values distributed more toward the

positive side of the scale (Fig. 1). In contrast, there were
more negative values for selected health states valued using
tTTO (Fig. 1). Of the 10730 cTTO values, 2786 (25.96%)
were nonpositive. The main effects model with only 1 linear
term for each dimension is presented in Table 2. Given that
the impact varied between the dimension levels, this model
was not considered a reasonable reflection of the data. The
utility decrement associated with level 4 or 5 was dis-
proportionally higher than that associated with the lower
levels. Five additional terms accounting for this larger im-
pact (ie, MO45, SC45, UA45, PD45, AD45, collectively
referred as the “45 terms”) were therefore added to the main
effects model (model 2), improving fit by all the measures.
However, the 5 individual terms for being at level 4 or 5
might overestimate the disutility (ie, the utility decrement
associated with all dimensions at level 4 or 5 might be
smaller than the sum of the utility decrement associated each
level 4 or 5). Therefore, the Num45 term was added, as the 5
individual 45 terms might overestimate the overall utility
decrement (model 3). This Num45 term also implied a linear
relationship between the magnitude of the overestimate and
the number of dimensions at level 4 or 5. It is reasonable to
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expect there might be a diminishing marginal effect on the
magnitude of the overestimate from the five 45 terms. We
therefore replaced Num45 with Num45sq in model 4, which
further, albeit slightly, improved the model fit. We consid-
ered the Num45sq as a factor to correct the overestimate on
utility decrement by individual 45 terms. A number of
models with alternative functional forms were also tested,
including terms for level 2, level 3, “55555,” and various
combinations of these terms.

Preferred Model
According to our selection criteria, model 4, with the

linear terms for the main effects, a 4/5 term for each di-
mension, and Num45sq met our criteria of the face validity
and had the best fit. Figure 2 displays the scatterplots of ob-
served TTO values against predicted values for the 22 health
states that contributed to the MAE estimation. The observed
cTTO values that were not included in the MAE estimation
due to censoring were also plotted for comparison only. The
preferred model still had the smallest MAE in the sensitivity
analyses with censoring the negative values only and includ-
ing all participants. The value set produced by each model
included in the sensitivity analyses is shown in Figure 3 (the

corresponding coefficient estimates are showed in Table A2).
For the preferred model, the health utilities range from
�0.148 for the worst EQ-5D-5L state 55555 to 0.949 for the
best EQ-5D-5L state 11111. An example demonstrating how
to use the coefficients of the preferred model to calculate the
health utilities for EQ-5D-5L health states can be found in
Table A3 in the Appendix. The full value set of the EQ-5D-5L
can be accessed at http://www.phenomresearch.ca or through
the online supplementary file (Supplemental Digital Content
1, http://links.lww.com/MLR/B39).

DISCUSSION
We developed the first population-based value set of

the EQ-5D-5L for Canada. This study included a large
community-based sample of English and French speakers,
which reasonably represented the general Canadian pop-
ulation. It thus broadly reflects the societal preferences of the
Canadian population to EQ-5D-5L health states elicited us-
ing the TTO technique.

The design of the Canadian EQ-5D-5L Valuation Study
was characterized by the protocol implemented through the
EQ-VT. The EQ-VT was intended to standardize the elicitation
of value sets around the world, thus allowing for more valid

TABLE 1. Demographics of the Participants in the Canadian Valuation Study

n (%)

Canadian General Population

(%)*
Full Sample

(N=1209)

Included Sample

(N=1073)

Excluded Sample

(N=136) P

Mean age (SD) (y) — 47.6 (17.4) 47.1 (17.6) 51.9 (15.5) 0.002
18–39 35.5 425 (35.2) 392 (36.5) 33 (24.3)
40–59 38.0 434 (35.9) 382 (35.6) 52 (38.2)
60–89 25.4 350 (28.9) 299 (27.9) 51 (37.5)

Female 51.5 663 (54.8) 595 (55.5) 68 (50.0) 0.229
Marital status 0.009

Married/common law
partner

53.4 646 (53.4) 574 (53.5) 72 (52.9)

Single 28.0 345 (28.5) 319 (29.7) 26 (19.1)
Separated 3.0 33 (2.7) 28 (2.6) 5 (3.7)
Divorced 8.5 129 (10.7) 108 (10.1) 21 (15.4)
Widowed 6.0 50 (4.1) 40 (3.7) 10 (7.4)

Education < 0.001
High school or lower 45.7 437 (36.2) 374 (34.9) 63 (46.3)
College diploma 29.1 386 (31.9) 337 (31.4) 49 (36.0)
University or higher 25.3 380 (31.4) 358 (33.4) 22 (16.2)

Full-time employment — 405 (33.5) 359 (33.5) 46 (33.8) 0.932
Annual household income < 0.001

< $15,000 3.5 139 (11.5) 107 (10.0) 32 (23.5)
$15,000–$45,000 19.7 321 (26.6) 278 (25.9) 43 (31.6)
$45,000–$75,000 23.5 260 (21.5) 237 (22.1) 23 (16.9)
> $75,000 53.3 353 (29.2) 334 (31.1) 19 (14.0)

Born in Canada 75.1 910 (75.3) 806 (75.1) 104 (76.5) 0.622
Rural dwellers — 194 (16.1) 174 (14.4) — —
Language spoken at home-

English
64.8 815 (67.4) 729 (67.9) 86 (63.2) 0.332

# Chronic conditions 0.723
None — 530 (43.8) 471 (43.9) 59 (43.4)
1 — 301 (24.9) 264 (24.6) 37 (27.2)
2 — 191 (15.8) 168 (15.7) 23 (16.9)
Z3 — 187 (15.5) 170 (15.8) 17 (12.5)

Self-reported EQ-VAS — 82.3 (14.2) 82.7 (13.6) 78.7 (18.0) 0.014

P-values were for the comparison between the included and excluded samples.
*Source: The distribution on education came from Statistics Canada 2006 Census, while all other demographics from 2011 Census.
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international comparisons. Owing to the uncertainty around
using the cTTO in valuing the EQ-5D-5L, we chose to also
incorporate the tTTO as an add-on module in our study. The
unexpected impact of the transition from the tTTO to the LT-
TTO in the EQ-VT on the distribution of preference responses
was consistently observed across a few countries where the EQ-
VT was used in the valuation study.11–14 As a remedy for the
maldistribution, we incorporated censoring for negative cTTO
values in our modeling. Thus, we believe our preferred model
selected for generating a TTO-based value set is a better ap-
proach given the characteristics of the data and our current
knowledge in the modeling techniques.

The upper anchor point, full health, in the health utility
scale is set at 1. Previous EQ-5D valuation studies usually
used “11111” as the anchoring state to elicit preferences and
assigned the value of 1 to it. Because of the lack of a defi-
nition of full health, it is debatable whether no problems in
any of the 5 dimensions can be considered as “full health.”
Instead, in the EQ-VT, “full health” is used as the anchoring
state. As we used the linear terms for the main effects in the
preferred model, the value for “11111” can theoretically be
extrapolated at 0.949. This value for “11111” implies that a
status with no problems in the 5 dimensions is not equal to
“full health.” In other words, people may define full health as

TABLE 2. Coefficient Estimates for the Models With the Main Effects Presented in Linear Terms

Variables Model 1 (ME Only) Model 2 (ME+45 Terms) Model 3 (ME+45 Terms+Num45) Model 4 (ME+45 Terms+Num45sq)

Intercept 1.2701 (0.01110) 1.1450 (0.01705) 1.1107 (0.01775) 1.1351 (0.01712)
MO �0.0473 (0.00231) �0.0450 (0.00462) �0.0368 (0.00480) �0.0389 (0.00478)
SC �0.0482 (0.00228) �0.0476 (0.00452) �0.0395 (0.00467) �0.0458 (0.00453)
UA �0.0460 (0.00219) �0.0222 (0.00432) �0.0126 (0.00455) �0.0195 (0.00435)
PD �0.0764 (0.00220) �0.0452 (0.00441) �0.0365 (0.00460) �0.0444 (0.00442)
AD �0.0724 (0.00225) �0.0420 (0.00483) �0.0372 (0.00490) �0.0376 (0.00492)
MO45 — �0.0136 (0.01428) �0.1065 (0.01997) �0.0510 (0.01597)
SC45 — �0.0280 (0.01401) �0.1158 (0.01919) �0.0584 (0.01513)
UA45 — �0.0811 (0.01326) �0.1680 (0.01853) �0.1103 (0.01433)
PD45 — �0.1150 (0.01366) �0.2072 (0.01940) �0.1409 (0.01455)
AD45 — �0.0972 (0.01422) �0.1696 (0.01791) �0.1277 (0.01539)
Num45 — — 0.0774 (0.01151) —
Num45sq — — — 0.0085 (0.00156)
MAE 0.0680 0.0560 0.0520 0.0480
MSE 0.0060 0.0045 0.0041 0.0035
AIC 11039 10907 10864 10880

SEs are given in parentheses. MO, SC, UA, PD, and AD were linear variables for the 5 domains; MO45, SC45, UA45, PD45, and AD45 were dummy variables for whether or
not there exists any level 4 or 5 within a domain; Num45 was defined as the additional number of level 4 or 5 beyond the first level 4 or 5 in any dimension.

AD indicates anxiety/depression; AIC indicates Akaike Information Criterion; MAE, mean absolute error; ME, main effects; MO, mobility; MSE, mean squared error; Num45sq,
Num45 squared; PD, pain/discomfort; SC, self-care; UA, usual activities.

FIGURE 1. Distribution of observed tTTO and cTTO values for the 86 health states. Red circle represents observed cTTO score,
whereas green circle represents observed tTTO score. The size of the circle corresponds to the frequency of the observed score.
cTTO indicates composite TTO; tTTO, traditional TTO; TTO, time trade-off.
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being beyond just having no problems in these 5 dimensions
(eg, no problem in running vs. walking).

There are a few limitations in this study. Firstly, the
final sample of the participants included in the analyses has a

good representation of the Canadian general population in
terms of age, sex, marital status (except for those divorced or
widowed), employment, born in Canada, and language spo-
ken at home, but not on education. People with less than high

FIGURE 2. Predicted utilities versus observed utilities for the 86 health states. The green reference line represents perfect pre-
diction for observation. cTTO indicates composite TTO; MAE, mean absolute error; tTTO, traditional TTO; TTO, time trade-off.

FIGURE 3. Sensitivity analyses on the inclusion criteria and censoring. Blue line: “the preferred model” that includes participants
meeting the inclusion criteria and censoring nonpositive cTTO values at zero. Green line: including all participants and censoring
nonpositive cTTO values at zero. Brown line: including participants meeting the inclusion criteria and censoring only negative
cTTO values at zero. Purple line: including all participants and censoring only negative cTTO values at zero. cTTO indicates
composite time trade-off.
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school education were underrepresented, despite extensive
efforts in recruiting. To evaluate the potential bias, we
compared the values for each health state between partici-
pants with different levels of education (high school or
lower, college, and university of higher). There is no clear
pattern in the health state values and most of the differences
were not statistically significant. Compared with the general
Canadian population, our sample also had more participants
with annual household income of <$15,000 and fewer with
the income of >$75,000. Further, the 136 participants who
were excluded from the value set models were older, less
healthy, and had lower socioeconomic status. In the sensi-
tivity analyses, the values predicted by a model on all par-
ticipants are higher but with lower precision than those by a
model on only those meeting the inclusion criteria. This
highlights the importance of having a representative sample
of the target population in the value set development. Oth-
erwise the value set might not reflect the true societal pref-
erence, which will subsequently affect its validity in
supporting reimbursement decision making. Second, the al-
ternative models we have tried in our analyses by no means
are exhaustive. Also our modeling approach primarily
adopted additive utility functions, which considered only the
interactions between severe levels of each dimension and
across all 5 dimensions. Other interactions were not exam-
ined in the modeling exercise. Finally, once censoring was
applied to any observation for a health state, that health state
had to be excluded from the MAE calculation. As a result,
the preferred model was selected in favor of maximizing the
prediction precision for those (less severe) health states in-
cluded in the MAE calculation.

CONCLUSIONS
We present the first TTO-based value set of the EQ-

5D-5L for Canada. Its development hinged on our current
knowledge on modeling techniques, as well as our extensive
exploration of the observed TTO valuations. We believe that
the preferred model appropriately reflects the characteristics
of the observed preferences from the Canadian general
population. This value set can be used to support health
utility estimation in economic evaluations for reimbursement
decision making in Canada.
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