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ABSTRACT

Background: A population of respond-
ents valued 13 EQ-5D health states, 
using the time  trade-off  (TTO) meth-
od.  In further studies, a higher number 
of states per respondent (16 or 17) was 
used. Theoretically, with more states per 
respondent at hand means more avail-
able valuations, i.e. higher model esti-
mation accuracy or a possibility to have 
fewer respondents in a study. A possible 
problem with extending TTO may be the 
physical fatigue of respondents who 
may simply be too tired to credibly an-
swer subsequent questions.

The goal of the study was to evaluate 
results of TTO experiment expanded to 
23 states per respondent in a Polish val-
uation study.

Methods: A total of 6,769 TTO valua-
tions were available from 305 respond-
ents after exclusions. Regression models 
were designed, explaining the impact of 
EQ-5D domains on health state  and test-
ed the stability of regression coeffi  cients 
as more TTO experiments from a single 
respondent were used. We also per-
formed a statistical and graphical com-

parison of value sets, made of a varying 
number of TTO experiments.

Results: Regression coeffi  cients of 
two parsimonious models, built on 1st-
17th (n=5,009) or 18th-23rd (n=1,760) v 
did not diff er signifi cantly in Chow test 
(p=0.5521). Similarly, regression coef-
fi cients of three parsimonious models 
built on 1st-5th (n=1,461), 6th-17th 
(n=3,548) or 18th-23rd (n=1,760) valu-
ations, did not diff er signifi cantly in the 
Chow test (p=0.4334), either.

Conclusion: As no systematic changes 
were found in model parameters, due 
to TTO experiment extension, no risk 
of bias or effi  ciency decrease in model 
estimation may be assumed. The report-
ed study supports  a possibility of more 
health states per respondent in TTO val-
uations.

Introduction

Economic analysis is one of the three key 
components of health technology assess-
ment (HTA) report and cost-utility analysis 
(CUA) is probably the most common type 
of economic analysis. In CUA, costs are 
measured in monetary units and benefi ts 
are expressed in quality adjusted life years 
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(QALYs). QALYs are calculated by multiplying 
the number of life years gained by a quali-
ty-of-life weight of a given health state. The 
methods, which determine quality-of-life 
weights, are divided into: direct, such as the 
time-trade off (TTO) method, standard gam-
ble (SG) and visual analogue scale (VAS), or 
indirect, employing utility instruments, such 
as EQ-5D, Short Form 6D (SF-6D), Health 
Utilities Index Mark 2 or Mark 3 (HUI-2 and 
HUI-3). In order to use a questionnaire as a 
generic preference tool, somebody has to 
previously value health states, described 
by the questionnaire, using one of the 
above-mentioned direct methods, TTO be-
ing the most common in this context. See1,2 
for a detailed description of TTO and the 
valuation procedure1,2.

At first, in EQ-5D valuation studies, based 
on TTO method – in United Kingdom3, Spain4, 
Germany5 and United States2 - respondents 
from the general population valued 13 
health states. Some further studies used 
lower – 7 (Zimbabwe6) or extended number 
of states per respondent - 16 (Denmark7) or 
17 (Japan8 and the Netherlands9). In a Polish 
TTO valuation study, 23 health states were 
presented to each respondent, and this has 
been the highest number used so far in a 
general population preference study10.

Theoretically, a higher number of health 
states per respondent means more availa-
ble valuations, what may decrease estima-
tion error and increase estimation model 
accuracy or allow for fewer respondents in 
the study; the latter advantage is favorable 
with regards to obvious budgetary limita-
tions. However, a possible problem with TTO 
method extension may simply be physical 
fatigue of respondents to answer the last 
TTO questions with satisfactory credibility 
level.

There are different ways to verify if TTO 
exercise extension results in bias or not. 
The results of testing the stability of means 
and variances of consecutive TTO valua-
tions were described in detail elsewhere10. 

Simply, a comparison of health state values, 
regardless whether assigned in the middle 
or at the end of experiment, showed no sta-
tistically significant differences, neither in 
means or in variances.

The aim of the present study was to eval-
uate a possible bias, resulting from TTO 
experiment expansion to 23 states per re-
spondent in a Polish valuation study. Stabil-
ity of regression coefficients was assessed 
in models, based on health state valuations 
from different stages of TTO experiment. 

Materials and methods

Polish valuation study

The data, employed in the reported study, 
originated from a Polish EQ-5D valuation 
study, performed in 2008 [10]. That study 
was based on the modified Measurement 
and Valuation of Health (MVH) protocol. Each 
respondent ranked 10 health states, valued 
four health states, using the VAS methodol-
ogy and 23, using the TTO method. A total of 
7,351 TTO valuations from 321 respondents 
were available before exclusions and 6,769 
from 305 respondents after exclusions (see 
Table 1).

Stability of regression coefficients within 
TTO experiment

In order to verify the stability of regres-
sion coefficients, while using an increasing 
number of TTO experiments per respondent, 
the Chow test was employed11. The Chow 
test was performed on the whole sample, 
divided into two or three subgroups. In the 
first case, the whole sample was divided into 
subgroups, with experiments 1-17 (n=5,009) 
and 18-23 (n=1,760). The second version 
was designed in such a way as to account for 
possible instability during the warm-up pe-
riod in the first TTO experiments. Thus the 
whole sample was divided into three “peri-
ods”: 1-5 (n=1,461), 6-17 (n=3,548) and 18-
23 (n=1,760) experiments. In both cases, the 
basic model with no interaction terms was 
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STATE TOTAL

Number of valuations as TTO experiment

11112

11113

11121

11122

11131

11133

11211

11312

12111

12121

12221

12222

12223

13212

13311

13332

1st-5th 6th-13th 14th-17th 18th-23rd

  66    39     18       33         156

  28    58     22           41        149

33                      49                     25                    33                     140

54                      45                    17                     42                     158

66                     33                    17                    17                      133

53                    35                     21                    26                      135

46                    44                    15                      25                     130

42                     48                    32                     35                    157

14                      58                    26                      33                   131

32                      36                     22                   44                     134

25                      56                    20                   31                      132

19                      64                    39                    40                      162

21111 55                      54                    20                     27                     156

21133 22                     62                     30                     48                     162

21222 37                    45                      22                     33                     137

21232 26                     58                     26                     50                     160

21312 31                     57                     17                     46                    151

21323 16                     52                     26                    39                     133

22112 52                    43                      32                    29                     156

22121 51                    43                      25                     21                    140

22122 50                     46                   15                        44                    155

22222 71                      98                    40                      81                    290

22233 11                     58                      28                     45                    142

22323 27                     58                     36                     37                    158

22331 18                      63                    41                     40                    162

23232 26                     48                     30                     37                     141

23313 20                       45                  36                      40                     141

23321 16                      56                   39                      49                     160

23333 33                      61                    32                      35                    161

32211 22                      53                    28                     29                     132

32223 21                     47                     27                     46                    141

32232 22                     51                     29                      60                   162

32313 23                     77                     25                     38                     163

32331 23                     59                      44                     35                   161

32333 27                     59                      22                     43                   151

33212 13                     62                     26                      38                   139

33232 17                      56                    27                     42                    142

33321 15                     63                    28                      34                    140

33323 27                     46                    26                      43                    142

33333 42                      100                 50                       93                   285

TOTal 1461               2362              1187                1759                 6769

32                     38                    17                     48                     135

22                     67                    32                     42                    163

54                    46                     19                     35                    154

 61     26     18                32    137

Table 1. The number of available health state 
valuations from the Polish EQ-5D TTO-based 
valuation study after exclusions

applied. Accordingly, in the former case, the 
equality of 11 parameters was tested (con-
stant term and 10 domain specifi c param-
eters) in two subperiods and, in the latter 
one, the equality between the second and 
the third subperiod was additionally ver-
ifi ed (the equivalence of the fi rst and the 
third subperiod is implied automatically, 
hence 11 and 22 restrictions, respectively). 
The null hypothesis was that the parameters 
are equal in two or three subgroups, as ap-
propriate.

Value sets, based on above-mentioned 
two or three “period” models, were graph-
ically compared, as well as contrasted with 
a Polish EQ-5D TTO value set, calculating 
the following values: (1) the mean absolute 
diff erence between health states values, (2) 
the number of health states (out of 243) with 
values diff erent by more than 0.01, 0.02, 
0.03, 0.05 or 0.10 from the Polish value set 
and (3) the correlation coeffi  cient between 
value sets, using simple linear regression.

Results

Regression coeffi  cients of the two parsi-
monious models, built on valuations from 
1-17 or 18-23 experiment, did not diff er sig-
nifi cantly (p=0.5521; see Table 2).

Figure 1. Graphical comparison of two value sets: (1) built on valuations from 1st to 17th 
experiment and (2) built on valuations from 18th to 23rd experiment.
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Table 2. Regression coefficients (SD) of two parsimonious models, built on valuations from 1st-17th or 18th-23rd 
experiment

const.

Valuations 1st-17th Valuations 18th-23rd

0.052 (0.021) 0.039 (0.033)

MO2 0.047 (0.013) 0.054 (0.024)

MO3 0.321 (0.016) 0.332 (0.03)

SC2 0.054 (0.014) 0.059 (0.026)

SC3 0.233 (0.017) 0.245 (0.029)

UA2 0.038 (0.015) 0.058 (0.03)

UA3 0.205 (0.016) 0.237 (0.029)

PD2 0.049 (0.013) 0.091 (0.025)

PD3 0.483 (0.014) 0.524 (0.025)

AD2 0.036 (0.014) -0.002 (0.026)

AD3 0.227 (0.014) 0.169 (0.026)

Sum of squared errors 1013.82 417.829

The number of observations 5009 1760

Chow test p=0.5521

Is extending of a TTO experiment to 23 states per 
respondent justifiable? 
An empirical answer from Polish EQ-5D valuation study
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Table 3. Regression coeffi  cients (SD) of three parsimonious models, built on valuations from 1st-5th, 
6th-17th 18th-23rd experiment

const.

Valuations 1st-5th Valuations 6th-17th

0.075 (0.024) 0.029 (0.025)

MO2 0.051 (0.021) 0.050 (0.016)

MO3 0.331 (0.031) 0.323 (0.019)

SC2 0.027 (0.021) 0.061 (0.018)

SC3 0.203 (0.03) 0.249 (0.021)

UA2 0.016 (0.023) 0.058 (0.02)

UA3 0.183 (0.028) 0.218 (0.02)

PD2 0.028 (0.021) 0.063 (0.017)

PD3 0.447 (0.025) 0.497 (0.016)

AD2 0.038 (0.022) 0.031 (0.018)

AD3 0.250 (0.027) 0.222 (0.016)

Sum of squared errors 210.448 800.68

number of observations 1461 3548

Chow test

Valuations 18th-23rd

0.039 (0.033)

0.054 (0.024)

0.332 (0.03)

0.059 (0.026)

0.245 (0.029)

0.058 (0.03)

0.237 (0.029)

0.091 (0.025)

0.524 (0.025)

-0.002 (0.026)

0.169 (0.026)

417.829

1760

p=0.4334

Figure 2. Graphical 
comparison of three 
value sets: (1) built on 
valuations from 1st to 
5th experiment, (2) built 
on valuations from 6th 
to 17th experiment and 
(3) built on valuations 
from 18th to 23rd 
experiment.
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Table 4. Comparison of four different experimental value sets with the Polish EQ-5D TTO value set

Similarly, regression coefficients of the 
three parsimonious models, built on valua-
tions from 1-5, 6-17 or 18-23 experiments, 
did not differ significantly, either (p=0.4334; 
see Table 3).

A graphical comparison of the two value 
sets, based on 1-17 or 18-23 experiments, 
shows that although individual states differ, 
both sets are similar (see Figure 1).

A graphical comparison of three value sets 
shows that, in a set built on valuations from 
experiments 1-5 , the health states closest 
to death are valued somewhat higher than 
in the two other sets (see Figure 2).

Table 4 presents a statistical summary of 
cross-model comparisons.

The mean absolute differences between 
health states values were relatively low 
(from 0.009 to 0.031) and health states val-
ues correlated significantly (R2 from 0.990 
to 0.999). The most outlying value set was 
built on valuations from experiments 1-5.

DISCUSSION

No systematic changes were identified 

in model parameters after TTO experiment 
extension. The stability of regression coef-
ficients within TTO experiment was verified 
using the Chow test and failed to show that 
parameters were not equal. Value sets, built 
on experiments 1-5, 6-17, 1-17 or 18-23, 
were similar, both in cross-comparisons and 
in a comparison to the Polish EQ-5D value 
set.

The most outlying value included the val-
uations from experiments 1-5, what seems 
fairly normal, as the first TTO valuations are 
sort of a warm-up task. In valuation of the 
first health states, respondents learn the 
rules of and get familiar with TTO exercise. 
Moreover, the first states differed from the 
states valued later on, as interviewers were 
asked not to reveal states worse than death 
at the beginning of the TTO exercise. The 
fact that respondents require this warm up 
period may prompt using more experiments 
per respondent, so as to outweigh the some-
what atypical initial valuations in subse-
quent analysis.

The obtained results should be approached 
together with the earlier presented analy-
sis10. Regardless whether the comparison of 
health state values was assigned in the mid-
dle (position 6 to 17) or at the end (position 

valuations from 1st- 5th 
experiment (n=1,461)

valuations from 6th - 17th 
experiment (n=3,548)

Model built on:

0.031 0.009

186 83

153 26

120 0

45 0

0 0

0.990 0.999

0.009

87

13

0

0

0

0.999

0.022

170

118

70

15

0

0.994

valuations from 1st-17th 
experiment (n=5,009)

valuations from 
18th-23rd experiment 

(n=1,760)

Mean absolute difference

No. (out of 243) >0.01 vs. Polish

No. (out of 243) >0.02 vs. Polish

No. (out of 243) >0.03 vs. Polish

No. (out of 243) >0.05 vs. Polish

No. (out of 243) >0.10 vs. Polish

R² vs. Polish TTO value set

Is extending of a TTO experiment to 23 states per 
respondent justifiable? 
An empirical answer from Polish EQ-5D valuation study
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18 to 23) of the experiment, no statistically 
signifi cant diff erences were observed, either 
in mean values or in variances, using the 
Holm-Bonferroni correction. We therefore 
inferred that additional states were valua-
ble by increasing credibility (with identical 
means) and precision of the fi nal estimation 
(did not infl ate the total variance).

The combined results of both studies have 
strong practical implications. In a valua-
tion study, an extension of TTO experiment 
means that more health state valuations 
will be obtained in the same population of 
respondents. It also means that credible 
valuations can be performed in population 
samples of moderate size. The results may 
support the estimation of national value 
sets in other countries, especially in situa-
tions of study budget constraints.

CONCLUSIONS

The present study supports the use of 
more health states per respondent in TTO 
experiments than it was previously as-
sumed. No systematic changes were found 
in model parameters after TTO experiment 
extension. Therefore, there is no risk of bias 
or effi  ciency decrease in the estimation. This 
fi nding provides evidence for the need to 
improve the effi  ciency of valuation proto-
cols and supports the estimation of national 
value sets in other countries.
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