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Valuing the SF-6Dv2 Classification System in the
United Kingdom Using a Discrete-choice Experiment

With Duration
Brendan J. Mulhern, MRes,*† Nick Bansback, PhD,‡ Richard Norman, PhD,§
John Brazier, PhD,† and on behalf of the SF-6Dv2 International Project Group

Objective: An updated version of the SF-6D Classification System
(SF-6Dv2) has been developed, and utility value sets are required. The
aim of this study was to test the development of a United Kingdom
SF-6Dv2 value set, and address limitations of the existing SF-6D value
set (which results in a narrow range of utilities). This was done using 2
discrete-choice experiment (DCE) tasks. Interactions and preference
heterogeneity were also investigated.

Research Design and Subjects: An online sample of respondents
(n=3014) completed 10 DCE with duration choice sets from an efficient
design of 300 (Design 1) and 2 DCE with duration choice sets including
immediate death from a set of 60 (Design 2). Conditional logit regression
was used to estimate value set models with and without interactions. We
investigated preference heterogeneity using latent class models.

Results: Models including ordered coefficients within each dimension
were developed, with the favored model including an additional interaction
term when one dimension was at the most severe level. Value sets differed
across Designs 1 and 2. Design 1 models had a wider utility range and a
higher proportion of negative values. The most important dimensions were
pain, mental health, and physical functioning. Preference heterogeneity was
apparent, with a 2-class model describing the data.

Conclusions:We developed and applied a protocol to value the SF-6Dv2
using DCE. The results provide a provisional value set for use in resource

allocation. The protocol can be applied internationally. Further work
should investigate how to account for preference heterogeneity in value set
production.

Key Words: SF-6D, utilities, discrete-choice experiments, valuation,
quality-adjusted life year

(Med Care 2020;58: 566–573)

The SF-6D1,2 is a generic preference-based measure (PBM)
used to estimate quality-adjusted life years (QALYs) in the

economic evaluation of health technologies. PBMs provide a
utility weight anchored on a full health (1) to dead (0) scale, with
negative values equivalent to states worse than dead. This
weight is usually generated from general population preferences
using valuation methods such as standard gamble (SG),1 time
trade off (TTO),3,4 or discrete-choice experiments (DCE).5

Version 1 of the SF-6D (hereon SF-6Dv1) was derived
from the SF-366 and has been used widely to inform resource
allocation.7–12 It assesses health on 6 dimensions [Physical
Functioning (PF), Role Functioning (RF), Social Functioning
(SF), Pain (PA), Mental Health (MH), and Vitality (VT)] with
4–6 response levels. The UK valuation study was carried out
using SG, producing a utility scale ranging from 0.29 to 1.1,2,13

Although used widely, the SF-6Dv1 has been criticized on
both measurement and valuation grounds. A floor effect for the RF
dimension means that patients score at the lowest possible level,
and 4 levels collapse into 2 utility values, leading to insensitivity to
change.14–16 There is ambiguity between the intermediate severity
levels of PF. The positively framed VT item contrasts with the
negatively framed dimensions. The valuation resulted in high
values for severe health states, and disordered levels. Ordering was
forced by constraining levels to be the same. This reduced the
number of values and impacted the sensitivity of the utility scale.17

Due to these concerns, an updated classification system has been
developed (SF-6Dv2).18 A value set is now required.

Value sets have been developed using SG and TTO.17,19

SG is grounded in expected utility theory, and respondents
trade between a fixed state, and a probability of full health or
death. SG has been criticized due to the complex nature of the
probability trade off, and risk aversion tends to result in higher
values.17 TTO20 involves trading in time and quality of life
(QoL). Respondents may be able to trade time more easily than
risk, but the iterative nature of the task, and the process for
valuing states worse than dead, have been criticized.21
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DCEs are based on random utility theory22,23 and are used to
estimate health state values.24–26 Respondents choose between sets
of health profiles, and a different cognitive process is required.
However, the values are latent, and not on the utility scale. To
anchor values, survival can be incorporated into the scenarios
(described as DCETTO).27 DCETTO has been used to value the EQ-
5D-3L,27,28 EQ-5D-5L,29–31 and SF-6Dv132 internationally. Areas
for further methodological consideration include comparing dif-
ferent DCETTO task formats,33 the impact of interactions on values,
and preference heterogeneity.

The aims of this study are 2-fold:
(1) To test the development of a UK value set for the SF-

6Dv2 using a protocol including 2 DCETTO task formats.
(2) Explore DCETTO specific methodological issues including

the impact of interactions and preference heterogeneity.

This is the first study to value SF-6Dv2 using an online
DCETTO protocol combining multiple formats, and updates the
work by Brazier and colleagues1,2 that developed SF-6Dv1. The
protocol aims to improve SF-6D utilities by solving the existing
issues including the constraining of severity levels leading to fewer
overall values, and restriction of the range of the utilities produced.
It is the first study to test heterogeneity for SF-6D dimensions
using DCETTO, which is important, given the differing health
experiences and life stages of general population respondents.

METHODS

The SF-6Dv2 Classification System
The SF-6Dv2 health state classification system (Appendix 1,

Supplemental Digital Content 1, http://links.lww.com/MLR/B997)
was developed using an established process for adapting existing
QoL measures into classification systems.34 This includes di-
mensionality assessment and item response theory to select items to
represent each dimension.

The resulting classification system includes the same 6
dimensions as SF-6Dv1 (PF, RF, SF, PA, MH, VT).18 The di-
mension descriptions have changed for all dimensions apart from
SF. The classification system was derived from the SF-36v2 and
was not restricted to items on both the SF-36 and SF-12.

DCETTO Task Format Designs
2 different choice set formats were designed. Design 1

displayed pairs of health profiles and 1 of 4 duration levels (1, 4, 7,
and 10 y). Respondents chose which was better. An upper limit of
10 years was chosen for comparability with the time horizon used
in the many TTO studies.3,4 This format has been implemented in
previous DCETTO valuation studies.27,29,30,35

Design 2 displayed pairs of SF-6Dv2 health profiles and
duration as options A and B, and a third option of “Immediate
death.” Respondents provided a full ranking by indicating the best
and the worst. This format has been used in the valuation of SF-
6Dv1.32 The dimension order within the choice set was random-
ized between respondents. We did this to counteract any impact of
completion heuristics on the basis of dimension position.

Study Design
In past work with DCETTO, the number of choice sets in the

design exceeds the number of parameters that the model is

estimating29 and we followed that approach here. The number of
parameters estimated was 102 {100 interactions of dimension level
and continuous duration [(25×4)=100], 1 continuous duration and
1 extra term}. Design 1 included 300 choice sets divided into 30
blocks of 10 constructed using D-Optimal design methods in
NGene.36 Respondents were randomly allocated to a block. The
choice set order within blocks was randomized.

Design 2 included extra 60 choice sets (2 per survey
version). These were selected from the Design 1 choice sets based
on the severity of the profiles, where more severe combinations
were used. The immediate death option was appended to these
choice sets. The Design 1 choice sets always appeared first, fol-
lowed by Design 2. This was done as the tasks increase in com-
plexity from presenting pairs to presenting triplets.

Recruitment and Survey Completion
Respondents representative of the UK population in age

(18+) and sex were recruited from an online panel (Survey Sam-
pling International), who randomly allocated individuals willing to
take a survey at the time of data collection. Respondents read study
information and consented. They then completed demographic
questions, the SF-6Dv2 self-report version (Appendix 2, Supple-
mental Digital Content 1, http://links.lww.com/MLR/B997), read
task instructions (Appendix 3, Supplemental Digital Content 1,
http://links.lww.com/MLR/B997), and completed 10 Design 1
tasks, 2 Design 2 tasks, and the EQ-5D-5L.37 Those completing the
survey in >2 minutes (the minimum time to be classified as a
completer) were provided with an incentive. This process received
approval from the University of Sheffield ethics committee.

Analysis—DCETTO Models
Conditional logit regression was the initial method used

to model both Designs 1 and 2. We estimated coefficients for
each level of each dimension interacted with continuous life
years t, with the least severe level used as the baseline. The
utility of profile j for individual i is as follows:

mij ¼ btij þ l0xijtij þ eij: ð1Þ
For Design 1, respondent i provided binary outcomes for

choices between 2 profiles j. For Design 2, the respondent i
provided data about which of the 3 profiles j is best or worst to
provide a full ranking assuming independence of irrelevant al-
ternatives. The coefficient β reflected the value of living in full
health for 1 year and was expected to be positive; λ represented
the disutility of the interaction between living with the SF-6Dv2
problems (x) for a duration of 1 year and was expected to be
negative (indicating a decrement in utility in comparison with
the baseline). The error term εij was random.

The interacted value xj was anchored on the health
utility scale (V) using the coefficient β fixed at 1, and the
adjusted disutility associated with each particular health state.
This was the ratio of l̂ (dimension level coefficient) and b̂
(duration coefficient) multiplied by the relevant terms in xj:

Vj ¼ 1þ l̂0

b̂
xj: ð2Þ

Thus, for full health, this value is 1 (as all xj terms are 0),
but for nonfull health states, the effect of xj is negative
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(representing a decrement). Vj can be negative, indicating a
state worse than dead.

We also assessed the impact of including an interaction
term (WORST1), which is included when a health state has
≥ 1 dimensions at the most severe level.

The results of the conditional logit regression are reported in
terms of the “unanchored” (β and λ) and “anchored” coefficients
(λ/β) that are on the utility scale and are comparable. To compare
the estimates, we assessed the number of inconsistent coefficients
(when an increase in severity leads to an increase rather than a
decrease in utility), overall utility ranges, and proportion of states
worse than dead. Model consistency is achieved by combining
disordered levels. Model fit statistics tested include the log like-
lihood, and the Bayesian Information Criterion (BIC), which ac-
counts for both the number of parameters and observations.

Exploration of Heterogeneity
Conditional logit assumes that all respondents share a

common unobservable set of values. This may not be a re-
alistic assumption, as the way people perceive health differs.

Therefore, we investigated preference heterogeneity
using latent class modeling.38 The baseline utility function
was adjusted to incorporate heterogeneity into the main co-
efficients for each individual respondent (i):

uij ¼ bitj þ l
0
ixjtj þ eij: ð3Þ

Models including 2–6 classes were tested. The number of
classes to extract was guided by the BIC, where, the model with
the lowest value is preferred. To understand how preferences differ
across the population, parameters indicating class membership of
different demographic groups were estimated as binary dummy
variables. These included age (18–45 and 46+), sex, having a long-
term condition, and having children. Each of these may have dif-
ferent impacts in terms of health experiences, or external factors
that may affect preferences. Health state values for class C were
calculated as:

VCj ¼ 1þ l̂
0

C

b̂C
xj: ð4Þ

All analyses used Stata 15.39

RESULTS

Response Rate and the Sample
Overall, 5820 panel members were invited to take part, and

3948 (67.8%) accessed the survey. Of the responders, 429 (7.4%)
were from an age and sex quota that was complete, and 459 (7.9%)
started the survey, but did not complete it. This left 3014 (51.8%)
completers. Table 1 reports the demographics of the 3000 res-
pondents who provided full background information. The sample is
matched to the UK general population in terms of age (18–25;
26–35; 36–45; 46–55; 56–65; 65+) and sex (49% men).40

Unanchored DCETTO Models—Design 1
Table 2 shows the unanchored models. Model 1 shows the

unrestricted coefficients for Design 1. There is statistically
significant disordering between levels 2 (worn out a little of the
time) and 3 (worn out some of the time) of VT. These 2 levels
were combined to generate Model 2 (a consistent model). Most of

the coefficients at the more severe levels are significant at the 0.001
level both in comparison with the baseline and adjacent severity
levels. Model 3 shows the coefficients for the ordered model
including WORST1, which is negative, meaning that it leads to a
further decrease in utility when applied. The standard errors, log
likelihoods, and BICs were similar across the Design 1 models.

Anchored Models—Design 1
Table 3 shows the anchored health utility decrements for

Models 2 and 3. The range of values produced for Model 2 is

TABLE 1. Demographic Characteristics
Characteristics n (%)

Age
Mean 46
Range 18–86

Male 1461 (49)
Married 1815 (60)
In employment 1582 (53)
Education>minimum age 2341 (78)
Have children 1442 (49)
Experience serious illness (self) 983 (33)
Experience serious illness (family) 1985 (67)
Experience serious illness (caring) 745 (25)
Have long-term condition 1493 (50)
SF-6Dv2
At ceiling 164 (5.6)
At floor 9 (0.3)
Physical functioning

Limited in vigorous activities not at all 1089 (36)
Limited in vigorous activities a little 1280 (43)
Limited in moderate activities a little 311 (10)
Limited in moderate activities a lot 224 (8)
Limited in bathing and dressing a lot 88 (3)

Role functioning
Accomplish less than you would like none of the time 1168 (39)
Accomplish less than you would like a little of the time 835 (28)
Accomplish less than you would like some of the time 585 (20)
Accomplish less than you would like most of the time 281 (9)
Accomplish less than you would like all of the time 120 (4)

Social functioning
Social activities are limited none of the time 1548 (52)
Social activities are limited a little of the time 612 (21)
Social activities are limited some of the time 493 (17)
Social activities are limited most of the time 211 (7)
Social activities are limited all of the time 103 (3)

Pain
No pain 781 (26)
Very mild pain 869 (29)
Mild pain 622 (21)
Moderate pain 470 (16)
Severe pain 182 (6)
Very severe pain 61 (2)

Mental health
Depressed or very nervous none of the time 1238 (41)
Depressed or very nervous a little of the time 900 (30)
Depressed or very nervous some of the time 509 (17)
Depressed or very nervous most of the time 268 (9)
Depressed or very nervous all of the time 75 (3)

Vitality
Worn out none of the time 531 (18)
Worn out a little of the time 1095 (37)
Worn out some of the time 769 (26)
Worn out most of the time 431 (15)
Worn out all of the time 153 (5)

SF-6Dv2 indicates SF-6D Version 2 Classification System.
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TABLE 2. Unanchored Models (Designs 1 and 2)

Model 1: Design 1
(Inconsistent)

Model 2: Design 1
Model 1 (Consistent)

Model 3: Design 1
WORST1 Term
(Consistent)

Model 4: Design 2
(Inconsistent)

Model 5: Design 2
Model 4 (Consistent)

Model 6: Design 2
WORST1 Term
(Consistent)

Parameters Coef.†
Sig
(bet)‡ SE Coef.

Sig
(bet) SE Coef.

Sig
(bet) SE Coef.

Sig
(bet) SE Coef.

Sig
(bet) SE Coef.

Sig
(bet) SE

PF2×LY§ −0.006 0.004 −0.006 0.005 −0.005 0.005 −0.007 0.004 −0.007 0.005 −0.007 0.005
PF3×LY −0.010** 0.394 0.004 −0.010** 0.341 0.004 −0.010* 0.317 0.004 −0.011* 0.363 0.004 −0.011* 0.387 0.004 −0.012 0.349 0.004
PF4×LY −0.029*** < 0.001 0.004 −0.030*** < 0.001 0.005 −0.027*** < 0.001 0.005 −0.029*** < 0.001 0.004 −0.029*** < 0.001 0.005 −0.027*** 0.001 0.005
PF5×LY −0.064*** < 0.001 0.004 −0.064*** < 0.001 0.005 −0.055*** < 0.001 0.005 −0.062*** < 0.001 0.004 −0.062*** < 0.001 0.005 −0.052*** < 0.001 0.005
RF2×LY∥ −0.013*** 0.004 −0.012*** 0.004 −0.012** 0.004 −0.012* 0.004 −0.007 0.005 −0.009* 0.005
RF3×LY −0.014*** 0.773 0.004 −0.014*** 0.680 0.004 −0.016*** 0.308 0.004 −0.002 0.024 0.004 −0.007 NA 0.005 −0.009* NA 0.005
RF4×LY −0.030*** < 0.001 0.004 −0.030*** < 0.001 0.005 −0.030*** 0.003 0.004 −0.018*** < 0.001 0.004 −0.018*** 0.004 0.004 −0.019*** 0.012 0.004
RF5×LY −0.038*** 0.068 0.004 −0.038*** 0.068 0.005 −0.030*** 0.904 0.004 −0.029*** 0.013 0.004 −0.029*** 0.015 0.004 −0.019*** 0.983 0.004
SF2×LY¶ −0.001 0.005 −0.001 0.005 −0.002 0.005 −0.001 0.005 −0.001 0.004 −0.002 0.004
SF3×LY −0.008** 0.107 0.004 −0.008** 0.118 0.004 −0.009* 0.193 0.004 −0.006 0.125 0.004 −0.007 0.156 0.004 −0.007 0.241 0.005
SF4×LY −0.030*** < 0.001 0.005 −0.030*** < 0.001 0.005 −0.031*** < 0.001 0.005 −0.029*** < 0.001 0.004 −0.030*** < 0.001 0.005 −0.031*** < 0.001 0.005
SF5×LY −0.049*** < 0.001 0.004 −0.050*** < 0.001 0.005 −0.041*** 0.034 0.005 −0.046*** < 0.001 0.004 −0.048*** < 0.001 0.005 −0.036*** 0.246 0.004
PA2×LY# −0.023*** 0.005 −0.023*** 0.005 −0.023*** 0.005 −0.014* 0.005 −0.013* 0.004 −0.012* 0.004
PA3×LY −0.029*** 0.229 0.005 −0.029*** 0.184 0.005 −0.029*** 0.189 0.005 −0.025*** 0.024 0.005 −0.026*** 0.014 0.004 −0.026*** 0.006 0.005
PA4×LY −0.042*** 0.006 0.005 −0.043*** 0.005 0.005 −0.042*** 0.010 0.005 −0.030*** 0.303 0.005 −0.032*** 0.186 0.005 −0.030*** 0.484 0.005
PA5×LY −0.135*** < 0.001 0.005 −0.136*** < 0.001 0.006 −0.137*** < 0.001 0.005 −0.125*** < 0.001 0.005 −0.126*** < 0.001 0.004 −0.128*** < 0.001 0.005
PA6×LY −0.195*** < 0.001 0.005 −0.195*** < 0.001 0.006 −0.185*** < 0.001 0.006 −0.191*** < 0.001 0.005 −0.191*** < 0.001 0.005 −0.179*** < 0.001 0.004
MH2×LY†† −0.008* 0.004 −0.009* 0.004 −0.008 0.005 −0.007 0.005 −0.006 0.005 −0.005 0.004
MH3×LY −0.026*** < 0.001 0.004 −0.025*** < 0.001 0.004 −0.026*** < 0.001 0.005 −0.019*** 0.007 0.004 −0.019*** 0.008 0.004 −0.018*** 0.006 0.005
MH4×LY −0.073*** < 0.001 0.004 −0.074*** < 0.001 0.005 −0.071*** < 0.001 0.005 −0.076*** < 0.001 0.004 −0.075*** < 0.001 0.004 −0.071*** < 0.001 0.004
MH5×LY −0.106*** < 0.001 0.004 −0.105*** < 0.001 0.005 −0.097*** < 0.001 0.005 −0.104*** < 0.001 0.004 −0.103*** < 0.001 0.004 −0.091*** < 0.001 0.005
VT2×LY‡‡ −0.011** 0.004 −0.005 0.004 −0.005 0.004 −0.019*** 0.004 −0.006 0.005 −0.006 0.004
VT3×LY 0.001 0.010 0.004 −0.005 NA 0.004 −0.005 NA 0.004 0.005 < 0.001 0.005 −0.006 NA 0.004 −0.006 NA 0.004
VT4×LY −0.026*** < 0.001 0.004 −0.026*** < 0.001 0.005 −0.024*** < 0.001 0.005 −0.019*** < 0.001 0.005 −0.019*** < 0.001 0.005 −0.018*** 0.002 0.004
VT5×LY −0.044*** < 0.001 0.004 −0.044*** < 0.001 0.005 −0.036*** 0.007 0.005 −0.042*** < 0.001 0.005 −0.042*** < 0.001 0.005 −0.032*** 0.001 0.005
LY§§ 0.290*** 0.008 0.290*** 0.009 0.298*** 0.009 0.338*** 0.008 0.340*** 0.009 0.352**** 0.009
WORST1_LY∥∥ −0.025 0.006 −0.035 0.006
No. observations 30,140 30,140 30,140 39,182 39,182 39,182
Log likelihood −18,419 −18,422 −18,413 −23,635 −23,654 −23,631
BIC 37,124 37,120 37,112 52,696 52,735 52,700

†Coefficient estimate.
‡Significance between dimension levels.
§Interactions of Physical Functioning dimension levels and duration.
∥Interactions of Role Functioning dimension levels and duration.
¶Interactions of Social Functioning dimension levels and duration.
#Interactions of Pain dimension levels and duration.
††Interactions of Mental Health dimension levels and duration.
‡‡Interactions of Vitality dimension levels and duration.
§§Duration (life years).
∥∥Interaction when ≥ 1 dimension is at the worst level.
BIC indicates Bayesian Information Criterion; NA, not available.
*Significant at 0.05.
**Significant at 0.01.
***Significant at 0.001.
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from 1 (111111) to −0.708 (555655) and 15% of all 18,750 states
are negative. The health state dimension coefficients for Model 3
are smaller overall, but the WORST1 term leads to an extra
decrement. This results in a smaller utility range (1 to −0.574), with
a similar percentage (15.2%) worse than dead. Figure 1 shows
a density plot including Models 2 and 3, and SF-6Dv1. The SF-
6Dv2 models have a similar smooth distribution across the utility
range, but differ markedly from the SF-6Dv1, where the most
values are clustered between 0.4 and 0.75.

Unanchored Models—Design 2
Table 2 shows the unanchored Design 2 models. Model

4 shows the unrestricted coefficients. The coefficients for RF
levels 2 (accomplished less a little of the time) and 3
(accomplished less some of the time) and VT levels 2 and 3

are disordered (with the disordering significant). Model 5
shows the consistent model. Model 6 includes WORST1,
which has the same pattern as Design 1. The majority of the
coefficients significantly differ from the dimension baseline,
and adjacent severity levels. As with Design 1, the SEs, log
likelihoods, and BICs for the Design 2 models were similar.

Anchored Models—Design 2
Table 3 shows the anchored coefficients for Design 2.

Model 5 demonstrates that introducing the Design 2 choice sets
reduces the utility range (1 to −0.399) and the percentage of
negative states (to 4.3%). A similar pattern as for Design 1 applies
when WORST1 is included. The dimension level coefficients for
Model 6 are smaller than Model 5, but the extra term leads to a
further decrement. Figure 1 suggests that the Design 2 models
have a higher density of values between 0.5 and 1 and a lower
density <0.5 than Design 1 and differ from the SF-6Dv1.

Assessing Heterogeneity
The BIC was the lowest for the latent class model with

2 classes (Table 4). Across both designs, class 1 includes
respondents (42% and 52%, respectively) who display a strong
preference for longer duration and avoiding pain, but less on the
other 5 dimensions. Class 2 (58% Design 1; 48% Design 2)
includes respondents who place more weight on 3 health state
dimensions (PF, PA, and MH). Class 1 is more likely to include
older respondents and those with children, and less likely to
include respondents with a long-term condition.

CONCLUSIONS
This article describes a study using a DCETTO-based pro-

tocol including 2 task formats to estimate a value set for the SF-
6Dv2 classification system (derived from the SF-36v2). The results
generally reflect the monotonic nature of the instrument, where the
magnitude of the utility increases as the severity of the health
dimension also increases. This is a key requirement of value sets
for use in QALY estimation. The protocol used also explores a
number of important aspects of design and analysis. The addition
of Design 2 tasks including immediate death reduces the overall
utility range and frequency of states worse than dead.

TABLE 3. Anchored Value Set Models
Parameter Model 2 Model 3 Model 5 Model 6

PF1† 0 0 0 0
PF2 −0.021 −0.019 −0.022 −0.021
PF3 −0.036** −0.034* −0.033* −0.033*
PF4 −0.102*** −0.092*** −0.087*** −0.076***
PF5 −0.221*** −0.186*** −0.183*** −0.147***
RF1‡ 0 0 0 0
RF2 −0.042** −0.039** −0.020 −0.025*
RF3 −0.049*** −0.055*** −0.020 −0.025*
RF4 −0.104*** −0.099*** −0.053*** −0.053***
RF5 −0.132*** −0.102*** −0.085*** −0.054***
SF1§ 0 0 0 0
SF2 −0.004 −0.008 −0.001 −0.005
SF3 −0.029** −0.029* −0.020 −0.020
SF4 −0.102*** −0.103*** −0.087*** −0.087***
SF5 −0.171*** −0.137*** −0.140*** −0.103***
PA1∥ 0 0 0 0
PA2 −0.079*** −0.076*** −0.040* −0.035*
PA3 −0.102*** −0.097*** −0.076*** −0.074***
PA4 −0.148*** −0.139*** −0.095*** −0.084***
PA5 −0.469*** −0.460*** −0.371*** −0.364***
PA6 −0.673*** −0.620*** −0.565*** −0.507***
MH1¶ 0 0 0 0
MH2 −0.030* −0.026* −0.018 −0.015
MH3 −0.089*** −0.086*** −0.055*** −0.051***
MH4 −0.253*** −0.236*** −0.222*** −0.204***
MH5 −0.361*** −0.324*** −0.303*** −0.259***
VT1# 0 0 0 0
VT2 −0.017 −0.015 −0.018 −0.017
VT3 −0.017 −0.015 −0.018 −0.017
VT4 −0.089*** −0.080*** −0.057*** −0.051***
VT5 −0.150*** −0.121*** −0.123*** −0.091***
WORST> 1†† −0.084*** −0.100
Value set characteristics
Range 1 to −0.709 1 to −0.574 1 to −0.399 1 to −0.261
SWD (%)‡‡ 15.0 15.2 4.3 3.8

Overall coefficient
magnitude

Pain—Mental Health—Physical Functioning—Social
Functioning—Vitality—Role Functioning

†Physical Functioning.
‡Role Functioning.
§Social Functioning.
∥Pain.
¶Mental Health.
#Vitality.
††Interaction estimate.
‡‡Percentage of states valued as worse than dead.
*Significant at 0.05.
**Significant at 0.01.
***Significant at 0.001.

FIGURE 1. Density plots of the estimated value sets and SF-6D
Classification System (SF-6Dv1).
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Model 3 is recommended for use in the estimation of QA-
LYs from SF-6Dv2. This model is ordered within dimensions,
where increasing severity leads to a decrease in utility, and is based
on an efficient design developed using established experimental
design procedures. The addition of Design 2 was methodological in
nature; thus, using the core design developed using efficient pro-
cedures is preferred. The utilities estimated from the SF-36 differ in
a number of ways (Appendix 4, Supplemental Digital Content 1,
http://links.lww.com/MLR/B997). The classification system has
been improved by simplifying the dimension descriptions and
changing the direction of all dimensions to negative framing. The
value set evidenced a wider range with more possible values, given
less disordering than version 1, which will improve the sensitivity
of utilities to change in health. Appendix 5 (Supplemental Digital
Content 1, http://links.lww.com/MLR/B997) describes how to
calculate health state values using Model 3.

In all of the unrestricted models, there is a small reversal
between levels 2 and 3 of VT. This could be linked to the overall
severity of the dimension where “worn out” could be perceived as
a nonsevere health issue for the general population. The response
levels used “a little of the time” and “some of the time” and
respondents may not be able to tell which is worse.

The value sets produced using DCE differ from those
for SF-6Dv1,1 and this has implications for decision-making.
In comparison to Model 3, the most striking difference is the
larger range, with the minimum value calculated as −0.574
compared with 0.29. This will have implications for the
magnitude of QALYs estimated using SF-6D. Explicitly, it
will lead to relative prioritization of treatments that benefit
QoL as the utility values will result in a larger QALY gain.
The value set includes negative values (states modeled as
worse than dead), which was not the case for SF-6Dv1. This

TABLE 4. Latent Class Models With 2 Classes
Design 1 Design 2

Class 1 Class 2 Class 1 Class 2

Parameters Coef.* Utility Coef. Utility Coef. Utility Coef. Utility

PF2×LY† −0.012 −0.021 −0.010 −0.056 0.006 0.011 −0.021 −0.097
PF3×LY −0.033 −0.057 −0.006 −0.033 −0.027 −0.048 −0.013 −0.060
PF4×LY −0.014 −0.024 −0.042 −0.233 −0.003 −0.005 −0.050 −0.230
PF5×LY −0.088 −0.151 −0.063 −0.350 −0.071 −0.126 −0.069 −0.318
RF2×LY‡ −0.021 −0.036 −0.016 −0.089 −0.022 −0.039 −0.002 −0.009
RF3×LY −0.027 −0.046 −0.010 −0.056 −0.009 −0.016 0.014 0.065
RF4×LY −0.058 −0.100 −0.018 −0.100 −0.034 −0.060 0.008 −0.037
RF5×LY −0.095 −0.164 −0.021 −0.117 −0.053 −0.094 −0.015 −0.069
SF2×LY§ 0.013 0.022 −0.009 −0.050 0.016 0.028 −0.012 −0.055
SF3×LY 0.010 0.017 −0.017 −0.094 0.020 0.035 −0.027 −0.124
SF4×LY −0.031 −0.053 −0.031 −0.172 −0.031 −0.055 −0.027 −0.124
SF5×LY −0.074 −0.127 −0.039 −0.217 −0.053 −0.094 −0.048 −0.221
PA2×LY∥ −0.047 −0.081 −0.019 −0.106 −0.030 −0.053 −0.009 −0.041
PA3×LY −0.061 −0.105 −0.024 −0.133 −0.040 −0.071 −0.020 −0.092
PA4×LY −0.073 −0.126 −0.031 −0.172 −0.067 −0.119 −0.011 −0.051
PA5×LY −0.253 −0.435 −0.094 −0.522 −0.239 −0.423 −0.060 −0.276
PA6×LY −0.349 −0.601 −0.142 −0.789 −0.393 −0.696 −0.077 −0.355
MH2×LY¶ 0.011 0.019 −0.015 −0.083 0.038 0.067 −0.028 −0.129
MH3×LY −0.009 −0.015 −0.034 −0.189 −0.007 −0.012 −0.031 −0.143
MH4×LY −0.089 −0.153 −0.075 −0.417 −0.147 −0.260 −0.045 −0.207
MH5×LY −0.113 −0.194 −0.115 −0.639 −0.171 −0.303 −0.069 −0.318
VT2×LY# −0.010 −0.017 −0.010 −0.056 −0.012 −0.021 −0.017 −0.078
VT3×LY 0.016 0.028 −0.004 −0.022 0.010 0.018 0.007 −0.032
VT4×LY −0.021 −0.036 −0.031 −0.172 −0.034 −0.060 −0.013 −0.060
VT5×LY −0.092 −0.158 −0.024 −0.133 −0.094 −0.166 −0.016 −0.074
LY** 0.581 0.180 0.565 0.217
Range 1 to −0.329 1 to −1.245 1 to −0.479 1 to −0.355
Class share 0.421 0.579 0.520 0.480
Demographics (baseline class 2)
Age 0.667 0 0.785 0
Sex 0.019 0 0.340 0
Have long-term condition 0.047 0 0.065 0
Have children 0.326 0 0.266 0
BIC 63,255 63,525

*Coefficient estimate.
†Interactions of Physical Functioning dimension levels and duration.
‡Interactions of Role Functioning dimension levels and duration.
§Interactions of Social Functioning dimension levels and duration.
∥Interactions of Pain dimension levels and duration.
¶Interactions of Mental Health dimension levels and duration.
#Interactions of Vitality dimension levels and duration.
**Duration (life years).
BIC indicates Bayesian Information Criterion.
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is in part due to the valuation method used, because SG
generates higher values.17 Changes in the descriptive system,
particularly in terms of PA, which has a larger range of
severity,18 and the introduction of 5 levels for role function-
ing, also contribute to the increased scale.

One concern with using DCETTO without the immediate
death option to value health states is that it does not confront
the respondent directly with whether any given state is better or
worse than dead, but imputes this from their responses. To test
this, we included DCE with duration choice sets that also
present an immediate death option. The results suggest that in-
cluding the choice sets incorporating immediate death reduces
the overall utility range and frequency of states worse than dead.
Other studies have collected data to value PBMs using 1 of the
2 tasks. Bansback et al29 used the pair structure to value EQ-
5D-5L in the United Kingdom, whereas Norman et al31 valued
EQ-5D-5L in Australia using the triplet structure. Comparisons
of the value sets are difficult, given differences in study design
and populations, and this is the first study to compare both
types of task to some extent. However, the addition of Design 2
was not part of the efficient design process, and, therefore, we
recommend a model based on Design 1.

In the models reported, pain has the largest overall dec-
rement, followed by mental health and physical functioning,
with social functioning, vitality, and role functioning being
smaller. This is the same pattern as was observed for SF-6Dv1,
indicating that overall preferences for the dimensions are similar.
However, the magnitude of the decrements in utilities compared
with the baseline differs markedly. SF-6Dv1 includes an inter-
action that is included if PF is reported at 1 of the 3 most serious
levels or the other dimensions are reported at the 2 most serious
levels. We have included an extra coefficient term (WORST1)
that is added if any dimension is at the worst level. This has the
effect of decreasing the overall range of utility values in com-
parison with the model without interactions.

The valuation protocol developed for this study can be used
internationally to develop country-specific value sets. The de-
velopment and use of DCETTO to generate country-specific val-
ues has a range of benefits in comparison with other iterative
valuation methods as the studies can be carried out relatively
cheaply and quickly using online panels. In some developing
countries, online use is not as widespread. If this is the case, then
recruitment and data collection could mix methods to achieve
sufficient coverage. Although we have developed a study design
that can be applied internationally, we recognize that the mod-
eling approach used should be adapted to fit country-specific data.

Further comparisons of the SF-6Dv2 with SF-6Dv1 in
existing data to understand the change in utilities produced
are required. It is also important to compare the values to
other PBMs to assess the impact on the QALY values esti-
mated. The EQ-5D-5L now has a number of international
value sets, including in England,3,41 and comparing the new
descriptive systems and value sets of the most widely used
generic measures internationally will be informative.

This study has a number of limitations and areas for further
work. We did not fully measure the level of respondent engage-
ment in the task. We do set a minimum completion time for
inclusion in the survey, and the models are relatively stable for
subgroups of completers on the basis of time taken (Supplementary

Appendix 6, Supplemental Digital Content 1, http://links.lww.com/
MLR/B997). There may also be certain unobservable character-
istics of respondents who opt into online panels. Recent studies
have found differing levels of test-retest reliability using DCE, and
testing how reliable DCE methods are for eliciting stable prefer-
ences is another area for investigation.

Due to the design structure in DCE, many assumptions
are made that will result in models with reasonable face
validity. The aim of efficient designs process is to generate a
design that allows for comparisons of all severity levels
within and across dimensions. However, the addition of du-
ration as a continuous attribute complicates the design proc-
ess, and potentially the efficiency. The addition of duration
does allow for a comparison of value set characteristics.
However, there is no gold standard, or revealed preferences
against which to compare.

The latent class model shows that there are groups of
respondents with different responses. The link between demo-
graphic group and class characteristics is also informative, and
the finding that older individuals and those with children prefer a
longer duration supports qualitative work testing valuation
methods. Given variance in the estimates of the classes within
the overall model, further investigation of the demographic
heterogeneity, and how responses could be combined into a
single value set for use in decision-making, is important. This
could establish whether coefficients can be weighted on the
basis of the proportion of the sample in each class, and how
variance could be taken into account.

In conclusion, we have used a DCE protocol to value
the SF-6Dv2. The results provide a provisional value set for
calculating QALYs and the protocol can be applied interna-
tionally to develop country-specific SF-6Dv2 value sets.
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