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Health-state utility

¢ Value of a health state to a stakeholder such as the general
public

e Measured on a cardinal scale anchored by 0 (death) and 1 (full
health)

e Quality-of-life weights for calculating quality-adjusted life
years (QALYs) in cost-utility analysis

e Determination of utility values

- Direct method: eliciting the utility value of a health state from a
respondent using a valuation technique such as standard gamble

- Indirect method: preference-based instrument
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The EQ-5D-5L instrument

e The questionnaire
- A new version of the EQ-5D instrument

- Consist of a descriptive system and a visual analog scale for
measuring health related quality of life

- Defines 3,125 unique health states with 5 dimensions (mobility,
self-care, usual activities, pain/discomfort, anxiety/depression)
and 5 levels of problems for each dimension
(no/slight/moderate/severe/extreme)

e The value set
- Consist of utility values for all 3,125 EQ-5D-5L health states
- Values anchored by 0 (dead) and 1 (full health)

- Reflecting the average values of the health states to the general
public

- Country-specific value set
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Deriving utility values using EQ-5D-5L

Value Set
J-‘/ State Value
9
B 11111 1.00
v
9
3 12344 0.13
L [13 bH
8 ) “12345” 12 oo D
2 12351 0.05

Coding:

§ No=1 12352 0.07
¥ slight = 2
- Moderate = 3 12353 0.03
9 Severe =4
9 Extreme =5
3
E 55555 -0.60
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Estimating an EQ-5D utility value set

e A 2-step procedure is used:

- First, the values for a subset of health states are derived from
stakeholders using the direct valuation approach

- Second, a function is estimated by modeling the directly
measured values to predict values for all health states
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EQ-5D-5L Valuation Study

e To establish EQ-5D-5L value sets using a standardized data
collection protocol

e The data collection protocol has been used in many countries
including 8 Asian countries

¢ Main features:
- Face-to-face personal interview using a computer program called
EuroQol Valuation Technology (EQ-VT)
- Interviewer training and monitoring

- Use of two valuation methods: time trade-off (TTO) & discrete
choice experiment (DCE)
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The EQ-VT interview

Introduction

a. Self-reported health on the EQ-5D-5L descriptive system

b. Self-reported health on the EQ-VAS
c. Background questions
Composite Time Trade-Off (TTO)
a. Instructions and example
b. Three practices
c. Valuation of 10 EQ-5D-5L states
d. Feedback module
e. Debriefing questions
Discrete Choice Experiment
a. Instructions
b. Valuation of 7 pairs of EQ-5D-5L states
c. Debriefing questions

Demographic/additional questions

Composite TTO

e Conventional or lead-time TTO procedure is used contingent on

the value of a health state to the respondent

o If the health state is considered as better than dead, the

procedure used in the EQ-5D-3L valuation studies is used

o If the health state is considered as worse than dead, a new,
lead-time procedure is used



Conventional TTO

Whizh is hetter, Life A, Lfe B, or are they about the same?

Lead-Time TTO

Which is Better, Lile A, Life B, o are they about the same?
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DCE task

Which is better, state A or state B? | [ tee
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Health states for direct valuation

TTO

e 86 states were divided into 10
blocks, with each block
containing 10 states

- 1 mildest state
- 55555 (all-worst)
- 8 other states

e Each respondent was

randomized to value one block

DCE

e 196 pairs were randomly
divided into 28 blocks, with
each block containing 7 pairs
of states

e Each respondent was
randomized to value one block
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Overview of modelling analysis

( )

TTO OLS; GLS; etc.
MAE

Linear models - . Out-of-sample
DCE Conditional logit; health states

Non-linear models ~ Conditional probit MAE

“Hybrid” estimator

OLS - ordinary least square; GLS — generalized least square; MAE — mean absolute error

Out-of-sample

TTO + DCE 299 respondents
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The 20-parameter main-effects model
y=a+

PmozXmoz + PscaXscz + PuazXvaz + PeozXppz + Pavz2Xapz +

Pmo3Xmoz + PscaXsca + PuasXvaz + Pep3Xpps + PapsXaps +

PmosXmos + Psca¥sca + PuasXvas + PepaXpps + PapaXaps +

BumosXmos + PscsXscs + PuasXuas + PeosXpos + PansXaps
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DCE models and non-linear
(constrained) models

Kim Rand-Hendriksen, PhD

University of Oslo

Singapore, September 2016
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DCE task - reminder

Which is better, state A or state B?
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DCE models (rationale)

e We assume that respondents will select the alternative that

maximizes their utility, with some degree of random error.

e If u(A) is the utility of alternative A, and u(B) is the utility of
state B, the probability of selecting A is

e Since both u(A) and u(B) are subject to random variance, u(X)
= Vv(X) + g

NN W B NNBNOW WD W

P(Y, = 4) = P(U, >Uy) = PV, 46, >Vg +65) = P(T, <V » 64 ~6,)
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e Conditional logistic model
e Specific conditional logit/probit model for pair

comparisons

e GLS random intercept logit/probit model

DCE Conditional logistic model

0 DCE_A 19.6 14533
1 DCE_B 19.6 21542
1 DCE_A 18.223134
0 DCE_B 18.2 14314
0DCEA 94753431
1DCEB 9452255
0 DCE_A 21451522
1 DCE_B 21.4 45244
1 DCE_A 33214224
0 DCE_B 33.2'32322
1DCE_A 7248145
0DCEB 7.245432
1 DCE_A 52111221
0 DCE_B 52122122

16
14
13
13
16
9
15
19

[

12
18

Stata code:

generate dce_group = concat(respondent_id state id)

clogit choice dummy_variables, group(dce_group)

R code:

df$dce_group <- interaction(df$respondent_id, df$state_id)

Clogit(Value ~ [dummy_variables] + strata(dce_group))
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Specific conditional

logit/probit model for DCE

pair comparisons

- Generate “"A-B”
- logit choice

0 DCE_A 1556 14533 16 21542
1 DCE_A 18223134 13714314 13
0 DCE_A 9.4 53431 1652255 19
0 DCE_A 20451522 15'45244 19
1 DCE_A 332 14224 1332322 12
1DCE A 7234145 1845432 18
10CEA 52111221 722122 9

- probit choice

- hetprobit choice

Random intercept/random slope logistic
models can be fitted in STATA:

xtlogit choice dummy_variables
xtprobit choice dummy_variables
melogit choice dummy_variables
meprobit choice dummy_variables

dummy_variables, nocons
dummy_variables, nocons

dummy_variables, nocons
het(dummy_variables)
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Stata output
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(M DCE constant/intercept terms

"Original"

{Intercept) e,
incr_mo2_diff o,
incr_mo3_diff -e,
incr_mod_diff @.
incr_moS_diff 1.
incr_sc2_diff e,
incr_sc3_diff -e.
incr_scd_diff e,
incr_sc5_diff e,
incr_ua2_diff @,
incr_ua3_diff o,
incr_uad_diff o,
incr_uas_diff o,
incr_pd2 diff e.
incr_pd3_diff e.
incr_pdd_diff e.
incr_pdS_diff e,
fncr_ad2_diff eo.
incr_ad3_diff e,
incr_add_¢iff o,
incr_adS_diff o,

Estimate Std, Error
21164586 0.02665645
44238775 9.8526517
98271168 0.6682873
77762394 9.0592446
16562366 ©.8653388
35921265 8.8576461
0e847691 0.0625683
67629896 9.0661428
39924359 ©.0615881
27154495 0.0549798
84449129 9.0615065
53745559 9.0619182
57164557 8.06636863
25449876 ©.0580883
83962988 8.0633029
88788425 9.6642941
30395118 0.9638620
27174584 0.0603230
19483877 0.0615435
88367616 0.0655376
52791784 8.0654440

Reversed

{Intercept)

incr_mo2 diff
incr_mo3 diff
incr_mod_diff
incr_moS_diff
incr_sc2_diff
tncr_sc3 _diff
incr_sc4_diff
ingr_sc5 diff
incr_ua2 diff
incr_ua3 diff
incr_uad diff
incr_uas_diff
incr_pd2 diff
incr_pd3_diff
incr_pad diff
incr_pds diff
incr_ad2 diff
iner_ad3 diff
incr_ad4 diff
incr_ads_diff

Estimate Std. Error
+8,21164586 ©.0266645
9.44238775 9.0526517
-B.00271168 ©.0682873
8.,77762394 ©.0592446
1.16562366 ©.8653388
6.35921265 ©.8576461
-8.98847601 9.9625683
B.67629896 0.0661428
©.39924359 9.0615881
0,27154495 9.0549798
9.04449129 0.0615065
8.53745959 9.0619102
8,57164557 ©.0636863
8.25449076 ©.8588883
8.839629808 ©.08633029
8.88788425 ©.8642941
8.38395116 9.8638820
2.27174584 0.0683230
©.19483877 ©.0615435
9.88367616 9.0655376
8.52791784 9.0654448
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Non-linear (constrained) models

e While the wording is somewhat different, the levels for the 5
EQ-5D dimensions correspond roughly to:

1. No problems

. Slight problems

. Moderate problems

. Severe problems

. Extreme problems (“unable” for mobility, self-care, and usual

activities)

e With the standard 20-parameter model, each decrement is
considered in isolation.

e An alternative approach is to assume that the levels describe
similar relative decrements across dimensions, and that the
dimensions differ primarily in scale.

e The simplest such model requires only 8 parameter: one for
each dimension, and one for each of levels 2, 3, and 4

u b~ W N
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The 20-parameter model

tto = a+ X Zgfquxq + €

— B3, X
=a+ BuozXmoz + | cc2 + BuazXvaz + Bep2%ppa + Bap2Xapz2 +

BumosXmos + Fscasca + BuasXuas + Bepa¥eps + BapsXaps +

Bmoaxmos + Fscasca + BuasXyas + Bpoa¥pps + BapaXaps +

Bmosxmos + FscsZscs + BuasXuas + Feps¥eps + BapsXaps + €

W BTl T
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8-parameter model

e A single parameter per dimensjon (MO, SC, UA, PD,
AD), and one for each of levels 2, 3, and 4 (L2, L3,

tto =a+%,QqPaxa) Li+ e
=a+ (Buoxmoz + PscXxsca + Puaxvaz + BroXpp2 + BapXap2)La +
(Bumoxmos + Bscxscs + PuaXuas + BroXpp3 + BapXap3)Ls +
(Buoxmos + BscXsca + BuaXuas + BroXppa + BapXapa)Ls +
Pmoxmos + Bscxscs + BuaXuas + BppXpps + BapXaps + €
W PO
-
UAADBC PD MO
_ - 11 (fixed)
-
-
L4
L3
{L2
1
~ |
"
<
L2
o
g L3
2
-1 2
- L2
0 =
0 imension paramoeters 1
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Extensions

e The wording for level 5 on mobility, self-care and usual
activities uses “unable to”, while pain/discomfort and
anxiety/depression uses “extreme”.

e To handle this difference, a new parameter can be added for
“unable to”, for a total of 9 parameters

e Alternatively, the level structure can be estimated separately
for the first three and the last two dimensions, for a total of 11
parameters

e These models are non-linear, and require specialized fitting
functions. In STATA:

nl (value = {intercept} + /*

*/ (Nl_mo2*{M=0} + nl_sc2*{S=0} + nl_ua2*{U=0} + nl_pd2*{P=0} + nl_ad2*{A=0}) * {L2=0.25} /*
*/ + (nl_mo3 * {M} + nl_sc3 * {S} + nl_ua3 * {U} + nl_pd3 * {P} + nl_ad3 * {A}) * {L3=0.5} /*

*/ + (Nl_mo4 * {M} + nl_sc4 * {S} + nl_ua4 * {U} + nl_pd4 * {P} + nl_ad4 * {A}) * {L4=1} /*

*/ + (nl_mo5 * {M} + nl_sc5 * {S} + nl_ua5 * {U} + nl_pd5 * {P} + nl_ad5 * {A}))

*/if . .,iter(1000)

(easo

Non-linear models cont’'d

e The code on the last slide requires the dummies to be coded such
that mobility level 4 yields
mo2 =0, mo3 =0, mo4 =1, mo5 =0

e For the DCE models, the coding is generally:
mo2 =1 mo3 =1 mo4=1 mo5=0

e With this coding, the non-linear function previously presented will
tend to become unstable and unreliable. It can be altered to
accommodate this coding as follows:

nl (value = {intercept} + /*

*/ {MO = 0} * (_mo2 * {L2 = 0.25} + _mo3 * {L3 = 0.25} + _mo4 * {L4 = 0.25} + _mo5 * (1-L2-L3-L4)) + /*
*/ {SC = 0} * (_sc2 * L2 + _sc3 * L3 + _sc4 * L4 + _sc5 * (1-L2-L3-L4)) + /*

*/ {UA = 0} * (_ua2 * L2 + _ua3 * L3 + _ua4 * L4 + _ua5 * (1-L2-L3-L4)) + /*

*/ {PD = 0} * (_pd2 * L2 + _pd3 * L3 + _pd4 * L4 + _pd5 * (1-L2-L3-L4)) + /*

*/ {AD = 0} * (_ad2 * L2 + _ad3 * L3 + _ad4 * L4 + _ad5 * (1-L2-L3-L4)) /*

L ,iter(1000)
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Observed means and predictod values
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Generalization of the non-linear
models

e The hyreg command does not presently support non-linear
models

e Built-in functions in STATA and R do not support non-linear
interval regression

e A package allowing non-linear hybrid models (with and without
intervals) has been developed for R, but is not documented to
the point where it can be made publicly available.

e We have not found STATA functions that do not allow fitting of
non-linear mixed effects models (i.e. random intercept/random
slope models). This is possible using the nlme package in R.

e The upcoming hybrid function for R currently does not support
mixed effects models.

WO BT 0T

Modelling TTO & DCE data
using a hybrid model

Mark Oppe

oppe@eurogol.org
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TTO and DCE methods

e Individuals have a utility function which determines their
preferences over health states

e TTO & DCE methods both try to measure the same utility
function

e TTO & DCE each have their own weaknesses
- e.g. scale compatibility (BTD vs WTD) for C-TTO

- e.g. no anchors for use in QALY calculations for DCE

e Which method should we choose?

W BT

' TTO, DCE or both?

e TTO: trade-off between quality of life and length of life

- How many years are you willing to give up to avoid being in
impaired health?

e DCE: trade-off between quality of life and quality of life
- Which health state is better?

e Both questions provide relevant information

e View TTO and DCE as complementary sources of information
instead of competing

- Include both types of information in a single model (Maximum
Likelihood)

18



Log likelihood of basic hybrid model
(OLS & clogit)

InL = —l*z In(2rwa?) + MZ
) et [

JE

o (~xB)
* Z{ (1 teC xﬂ)) yj +in <1 + e(—xﬁ')> *(1- yi)}

jED

proportional rescaling parameter 8, such that

B=p*o

W UGG 0T

Log likelihood of basic hybrid model
(OLS & clogit)

InL = —% Z{ln (2mo?) + ( ;xﬁ) }

JEC

1 e(—xB*6)
+ Z {l"<1 + e(-xﬁ*e)) Fyj i (1 + e(-xﬁ*B)) (- yf)}

j€D
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TTO data structure

10.5 0.05 TTO 441.3 43 000000 O

-1 0100000

1=l 2 2:31.2:2'1 14 04770 123.0 4 021121 7
.1 -2 33555 4 105 0.05TTO 2224 6 035554 22
-1 -3 4 1S 411 2 087710 1.4 7 015411 12
210 512121 185 0.857TTO (878 8 012121 7
212 6341255 10 0 TTO |46.9 2 034155 18
78 Z7.1°1.2:1°1 20 1770 [561 9 0711211 &
216 8 2351 4 2 -08T7TTO (635 7 0:23514 15
215 93 2443 2 -087TO |583 7 032443 16
2131052 215 10 0TTO |27.5 2 052215 15
2 91112543 2 -087TTO |60.6 7 012543 15
21112 4 35 42 1 -09TTO [423 8 043542 18
1086 13 5 5555 0 -1 TTO [42.6 10 055555 25
21414 451 3 3 14 0.4 TTO |40.6 4 045133 16

r"Eu-5u

DCE data structure

18 4145338 0DCE_A[196 14533 16

18 42 154 2A 1DCEB]|19621542 14

42 62313 A4A 10CEA 182723138 13

42 6 1 43148 0ODCESB 18.1:14314 13

755534318 0DCEA 9453431 16

75552255A 1DCEB 9.452255 19 19.6 14533 16 21542

76 2515228 0DCEA 21451522 15 o . . DCEA 182 23134 13 14314 13

76 2452 4 4A 1DCEB 21445244 19 7555343 1522558 0DCEA 9453431 1652255 19
- , N 44 A “

12771422 4A 10CEABIUBAIS 50037037322 100EA 2 Mk B3 12

1277323228 ODCEB 33232322 12 140 3 441454543 2A 1DCEA 7244145 1845432 18

180 3 441 45A 1DCEA 7244145 18 196 111221221 22A 10CEA 521120 72122 9

180 3 4 54328 ODCEB 7.245432 18

196 1 1122 1A 10CEA 521 11221

196 1 2 21228 O0DCEB 52122122 9



Data structure for HYREG command in

Stata
state/pair method datatype Sige value mo2 mo3 mo4 mo5 sc2 sc3 ... ad5
1 TTO 1 22222 075 1 0 0 0 1 0 0
20 DCE_A 0 53121 0 0 0 0 1 0o 1 0
20 DCE_B 0 32122 1 0 1 0 0 1 0 0
21 DCE_A 0 12345 1 0 0 0 0 1 0 1
21 DCE_B 0 23435 0 1 0 0 0 0 1 1

TTO & DCE: value* = 1- value

DCE: mo2* ... ad5* = mo2_A-mo2 B ... ad5 A-ad5 B
TTO: mo2* ... ad5* = mo2 ... ad5

state/pair method datatype sltzzge value* mo2* mo3* mo4* mo5* sc2* sc3* ... ad5*
1 TTO 1 22222 025 1 0 0 0 1 0 .. 0
20 DCE_A-B 0 1 0 -1 0 1 o -1 .. 0
21 DCE_A-B 0 0 -1 0 0 0 1 -1 .. 0

(EU'ED Hybrid OLS combined with
Conditional logistic model

e Model assumptions
- Same as OLS for TTO and same as conditional logit for DCE

o Data structure

state/pair method datatype :ge value* mo2* mo3* mo4* mo5* sc2* sc3* ... ad5*

1 TTO 1 22222 025 1 0 0 0 1 0 .. 0
20 DCE_A-B 0 1 0 =l 0 1 o -1 .. 0
21 DCE_A-B 0 0 -1 0 0 0 1 -1 .. 0

o Stata code

- hyreg value* mo2*-ad5*, datatype(datatype) contdist(normal)
dichdist(logistic) noconstant



(5“5” Hybrid censored at -1 combined
with conditional logistic model

e Model assumptions
- Same as Tobit for TTO and same as conditional logit for DCE

e Data structure

state/pair method datatype sItE;tge value* mo2* mo3* mo4* mo5* sc2* sc3* ... ad5*

1 TTO 1 22222 025 1 0 0 0 | @ [ ©
20 DCE_A-B 0 1 0 -1 0 1 0o -1 .. 0
21 DCE_A-B 0 0 -1 0 0 0 | el [ @

e Stata code

- hyreg value* mo2*-ad5*, datatype(datatype) contdist(normal)
dichdist(logistic) noconstant II(-1)

W BT

Apples, oranges or a fruit salad?

e TTO: trade-off between quality of life and length of life

e DCE: trade-off between quality of life and quality of life

e Hybrid:
- Uses all available information
- Estimates are between those of TTO and those of DCE
- DCE can help mitigate issues present in TTO and v.v.

e Since the “true” utilities are not known, ultimately
the choice is a normative one:
- Which (imperfect) utility theory?
- Which (imperfect) data collection technique?

e Pragmatic basis for choice: data quality; value range;
performance in applications (e.g. discriminative power)

22



(easo

Modelling TTO & DCE data
using a advanced hybrid
models

Juan M. Ramos-Goii

jramos@euroqol.org

- We have seen:
Hybrid OLS combined with Conditional logistic

model and sensoring at -1 for all responses
Basic
e Model assumptions
- Same as OLS for C-TTO and same as conditional logit for DCE
- Homoscedastic variance

e Stata code:
- hyreg value dummy_variables, datatype(method_dummy)

Tobit

e Model assumptions
- Same as tobit for C-TTO and same as conditional logit for DCE
- Homoscedastic variance

o Stata code:
- hyreg value dummy_variables, datatype(method_dummy) lI(-1)
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Does the homoscedasticity assumption
fit in the case of EQ-VT data?
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e As more severe is a state more discrepancy about its value

W POV T

(Eu-sn Hybrid models counting for
heteroscedastic data

¢ In non heteroscedastic model, the variance is estimated as a
single parameter. The idea behind heteroscedastic models is to
model the variance as a function of the parameters which
impacts on its value

e Model assumptions
- Similar to OLS for C-TTO and similar to conditional logit for DCE
- Heteroscedastic variance

e Stata code:

- hyreg value dummy_variables, datatype(method_dummy)
hetcont(dummy_variables’) hetdich(dummy_variables”)
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Hybrid intervals combined
with Conditional logistic

model
e Model assumptions

- Similar to interval regression for C-TTO and similar to conditional logit
for DCE

- Heteroscedastic variance

e Stata code:

- hyreg //_value ul_value dummy_variables,
datatype(method_dummy) intervals

hetcont(dummy_variables’) hetdich(dummy_variables”)

WO BT 0T

EQSD
( Using intervals for censoring
specific C- TTO responses on a
hybrid model

e Model assumptions

- Similar to interval regression for C-TTO and similar to conditional logit
for DCE

- Heteroscedastic variance

e Stata code:

- hyreg /[_value ul_value dummy_variables,
datatype(method_dummy) intervals

hetcont(dummy_variables’) hetdich(dummy_variables”)

Type of data depvarl depvar2
point data a=[aa] a a
interval data [a,b] a b
left-censored data (-inf,b] . b
right-censored data [a,inf) a

W BTl T
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Why we may be interested in
censoring/truncating
specific responses

e Lack of WTD explanation by the interviewer

e Specific interviewer/respondent behaviour during the interview
leading to crude preferences rather than accurate stated

preferences
state/pair method datatype —— value* ll_value ul_value ...l Dummies.....
TTO 1 22222 0 . 0
2 TTO - . -
TTO 0 0.6 0.5 0.7
WO BT 0T
(

Hybrid models assuming different
distributions for C-TTO or DCE data

e Assumptions
- Similar to OLS for C-TTO and similar to conditional logit for DCE
- Heteroscedastic variance

e Stata code:
- hyreg Il_value ul_value dummy_variables,
datatype(method_dummy) intervals
contdist(normal]logistic) dichcont(normal]logistic)
hetcont(dummy_variables’) hetdich(dummy_variables’)

W BTl T
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Questions

Thanks for attending to this workshop
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