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                    Abstract
Purpose
The standard gamble (SG) method is the gold standard for valuing health states as a utility, although it is accepted that it is difficult to valuate health states. This study was conducted in order to compare the SG with the rating scale (RS) and time trade-off (TTO) techniques in terms of their feasibility, comparability, and reliability in a valuation survey of the general Korean population.
Methods
Five-hundred members of the general Korean population were recruited using a multi-stage quota sampling method in Seoul and its surrounding areas, Korea. Respondents evaluated 9 EQ-5D-5L health states using a visual analogue scale (VAS), SG, and TTO during a personal interview. Feasibility was assessed in aspects of the level of difficulty, administration time, and inconsistent responses. Comparability was evaluated using intraclass correlation coefficient (ICC) and the Bland–Altman approach. Test–retest reliability was analyzed using the ICC.
Results
Of the three methods, VAS was the easiest and quickest method to respond. The SG method did not differ significantly compared to the TTO method in administration time as well as the level of difficulty. The SG and TTO values were highly correlated (r = 0.992), and the average mean difference between the SG and the TTO values was 0.034. The ICCs of the VAS, SG, and TTO scores were 0.906, 0.841, and 0.827, respectively.
Conclusions
This study suggests that the SG method compared with the VAS and TTO method was feasible and offered a reliable tool for population-based, health state valuation studies in Korea.
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                                    Introduction
Interest in economic evaluation of health care interventions has increased along with the rapid growth of health care expenditure in worldwide. A form of economic appraisal, referred to as cost-utility analysis (CUA), has been developed to compare the costs of a health care program along with their effectiveness as measured in terms of their impact on both the length of life and the quality of life, e.g., quality-adjusted life years (QALYs) [1]. Calculation of QALYs requires quality weights for each health state. Two approaches have been commonly used to determine the quality weights. One is a direct approach through the rating scale (RS), standard gamble (SG), and time trade-off (TTO) techniques. The other is an indirect approach using multi-attribute health state classification systems and their quality weight tariffs [2]. EQ-5Ds [3, 4], Health Utilities Index Marks 2 and 3 [5, 6], and SF-6D [7] have frequently been used for this purpose. Although an indirect approach would be adopted, valuation technique(s) should be used to generate a tariff of health states classification.
The SG is a classic method for measuring cardinal utilities and is based directly on the fundamental axioms of the utility theory [8]. The SG method has been used less than the TTO and RS techniques, because subjects from the general population cannot easily understand the concept of probability [8]. However, several studies have reported that the SG method was as feasible and acceptable as TTO for eliciting social health preferences [9, 10]. The TTO method was originally developed as a simple, easy-to-administer valuation method that gave scores comparable to those of the SG method [10]. However, there are substantial evidences that quality weights derived from SG and TTO for the same health state are considerably different [11,12,13]. As RS, such as visual analogue scale (VAS), is simple and easy-to-administer, they are useful for introducing health states in valuation task and for obtaining ordinal preferences. However, some researchers have argued that as cardinal preference obtained using the VAS is prone to biases, the VAS should never be used alone [14]. In utility prediction algorithm development for HUI and SF-6D, SG was applied for valuation tasks [5,6,7]. However, in valuation studies for EQ-5D-3L, most researchers adopted TTO or VAS as a valuation method [15].
Recently, the EuroQol Group designed a new questionnaire, the EQ-5D-5L version, i.e., with five response categories per dimension of EQ-5D, to improve the sensitivity and reduce the ceiling effects of the EQ-5D-3L version [4]. The EQ-5D originally describes general health in terms of five dimensions, i.e., mobility, self-care, usual activities, pain/discomfort, and anxiety/depression, with three levels indicating no problems, some or moderate problems, and extreme problems, and resulting in a total of 243 unique health states [15]. The EQ-5D-3L has good psychometric properties and is able to detect small changes in some chronic diseases [16, 17]. However, it lacks descriptive richness compared to other generic preference-based instruments and suffers from ceiling effects [18, 19]. EuroQol group newly developed standard valuation protocol of EQ-5D-5L using composite TTO and discrete choice experiment [20], and has been developed and developing social tariff in many countries [21,22,23,24,25].
The work focused to compare the three valuation techniques in terms of feasibility, comparability, and reliability focusing on the SG method in valuation survey using the EQ-5D-5L health states for the general public in Korea.


Methods
EQ-5D-5L
The EQ-5D-5L used in this study was the official Korean version provided by EuroQoL. Its dimensions are the same as those of the EQ-3D-3L, but include five response levels, i.e., no problems, slight problems, moderate problems, severe problems, and extreme problems. A detailed description of EQ-5D-5L is available at www.euroqol.org. As EQ-5D-5L health states are defined by combining one level from each of the five dimensions, a total of 3125 possible health states are thus defined. For example, state ‘11111’ indicates no problems in any of the five dimensions, while state ‘12345’ indicates no problems with mobility, slight problems with washing or dressing, moderate problems with doing usual activities, severe pain or discomfort, and extreme anxiety or depression [26].
The valuation survey
Selection of subjects
Individuals aged 19 years and over and living in Seoul, and its surrounding areas, were eligible to participate in this study. A two-stage proportionate probability quota sampling was used to select participants. We selected 46 survey area units and then consecutively recruited individuals by visiting their homes. The number of participants recruited from each region was proportional to that in the 2010 Korean resident registration population according to gender and age. In cases where more than one adult was living in the same household, the oldest one was selected, because of high dropout rate in old people. The survey was performed from March 11, 2011 to May 20, 2011 by 20 interviewers trained in valuing methods. Considering strata of age and gender, individuals for retest were selected among respondents who consent to participate in the second survey.
This study was approved by the Institutional Review Board of Asan Medical Center (approval number: 2010-0434), and all participants provided written informed consent.
Selection of health states
The total health states were too many in order for respondents to score in a meaningful way. To solve this problem, a fractional factorial design was used as it presents a suitable fraction of all possible combinations of the factor levels. The resulting 24 health states (out of 3,125) and excluding the ‘11111’ health state, were firstly generated by applying an orthogonal design of SPSS. Forty-six health states were also selected in order to improve the predictive power of the model and thus allowing for some interaction between dimensions. Out of 46 states, five, i.e., ‘11112’, ‘11121’, ‘11222’, ‘21221’, and ‘21222’, were selected from the authors’ previous research [27], because these states were frequently (more than 3%) expressed as subjects’ own health states. Next, three states which had one dimension comprised level 2 and the other level 1 dimensions, i.e., ‘21111’, ‘12111’, and ‘11211’, were added because authors considered these states as frequently occurring in the real world. Remaining health states were randomly selected within each severity stratum from health states described in the authors’ previous research [27]. The severity category was arbitrarily decided according to the sum of each level (range of 5–25 points). States were classified as very mild (6–7 points), mild (8–11 points), moderate (12–16 points), and severe (17–24 points). Each respondent was asked to randomly select 1, 2, 2, and 2 states from the ‘very mild’, ‘mild’, ‘moderate’, and ‘severe’ health states, respectively. After selecting seven EQ-5D-5L health states, each respondent was asked to value these states with ‘55555’ and the unconscious state. In the case of the VAS, ‘11111’ and ‘death’ states were additionally evaluated. Therefore, each respondent valuated a total of 11 health states in VAS valuation and 9 states in SG and TTO valuation. Respondents received a free gift worth of $10 for their participation.
The interviews
The interviewers were employed by a research agency and were experienced in EQ-5D valuation study. They were trained in each valuation task and practiced it in pairs for 5 h before conducting the field survey. In the field survey, as a first step, respondents were asked to evaluate their own health states using the EQ-5D-5L, EQ-VAS, and the EQ-5D-3L questionnaire. Then, they were requested to give ranks to 11 hypothetical health states including ‘11111’ and the death state. Finally, they subsequently assessed hypothetical health states using the VAS, SG, and TTO methods. To reduce the variability of the investigator, we added simple guidelines to the response record form. We randomly sampled the respondent and asked if it participated in the survey and what the survey was. Respondents who were not contacted were excluded from the survey.
Our team modified TTO props and a variant of the SG visual props developed by a team at the University of York [28, 29] and used in this study (Fig. 1). In both the SG and TTO valuation tasks, respondents distinguished the states into ‘better than death’ states and ‘worse than death’ states. In the SG interview, for states considered better than death, interviewers attempted to determine the respondent’s point of indifference between a certain outcome of the target health state ‘i’ for 10 years and the uncertain prospect of two possible outcomes, i.e., either the subject is returned to full health (‘11111’ state) and lives for 10 years (probability ‘p’) or the subject dies immediately (probability ‘1-p’) [30]. For states considered worse than death, respondents were asked to prefer one of two alternatives until the respondent became indifferent to the two alternatives, with the uncertain alternative leading to outcomes of full health (i.e., ‘11111’ state) or target state ‘i’ with probabilities p and 1−p, whereas the certain outcome is death [30]. The chances of the best outcome started at 50% and increased or decreased by 10% according to the subject’s response. If respondent change their preference, probability of best outcome increased or decreased by 5% according to the subject’s response (e.g., 50% → 60% → 70% → [if preference changed] 65%). In cases of more than 95% or less than 5%, the proportion was changed by a 1% interval.
Fig. 1
Example of visual props in standard gamble for better than death health state


Full size image


                           In the TTO interview, for states considered better than death, interviewers tried to determine the respondent’s point of indifference between the length of time (x) in the full health state and ten years in the target health state ‘i’. For states considered worse than death, respondents were asked to choose between dying immediately and living a length of time (x) in the target state ‘i’ followed by (10 − x) years in the perfect health state [26]. Five years in full health was initially offered and was increased or decreased by one year according to the subject’s determination. If respondent change their preference, life years of full health increased or decreased by six month according to the subject’s response. In cases of more than 9 and half years or less than half a year, the time interval was changed by one month. After the each valuation process, respondents were given an opportunity to make revisions.
Analysis
The calculation of preference values
Preference values on VAS for the health states were given by the formula (x − d)/(100 − d), where x was the scale placement of the health state and ‘d’ was the scale placement of death [30]. With the SG method, for states better than death, health state value of the states was the probability of the full health at the respondent’s point of indifference. For states worse than death, the original equivalent value would be −p/(1 − p), where p is the probability of full heath. The asymmetry between positive and negative values posed problems for individual-level analysis because those respondents rating a state as worse than death would have a much greater impact on the model predictions than those respondents rating it as better than death [31]. For these reasons, valuations for states worse than death were transformed using the formula (−p/199) (linear transformation) [32]. For the TTO method, preference values for states better than death were calculated using the formula x/10, where once again x represented the number of years spent in full health. Preference values for states worse than death were transformed using the formula (−x/239) (linear transformation), where x represents the number of years spent in a target health state.
Feasibility
Feasibility was assessed with regard to the level of difficulty, administration time, and inconsistency in each valuation method. The difficulty rating was assessed using 5-point Likert scale, i.e., very easy, easy, moderate, difficult, and very difficult. After combining the difficulty rating into three categories, i.e., very easy and easy, moderate, difficult, and very difficult, it was analyzed by the McNemar test. The time required for each valuation method was evaluated by ANOVA with post hoc analysis using Tukey method.
The inconsistency is the proportion of subject with inconsistently rated pairs of health states produced by each method. Logical consistency concerns a given pair of health states, i.e., if one state of a pair is better than the other in at least one dimension and is not worse in any other, and then the valuation for the former state must be at least as good as the valuation for the later state [33]. Weak inconsistency allowing ties between two states was applied in this study [34]. We divided the number of inconsistencies into three categories, i.e., no inconsistencies, 1–3 inconsistencies, and more than 3 inconsistencies. Inconsistency rate in each method was evaluated in pairwise by McNemar test.
Comparability
To evaluate the comparability of the three measurement techniques, we used the Bland–Altman plot of the differences in utility scores against the mean utility scores [35]. In addition, the paired t test was used to evaluate if average mean difference was zero, and the Pearson correlation coefficient was used to evaluate the relationship between the differences in utility scores and the mean utility scores. Moreover, we explored the Pearson correlation, intraclass correlation coefficient (ICC), and the regression line between the SG and TTO scores. With respect to scores elicited from the SG and VAS method, we explored the power relationship, the cubic relationship, and the linear relationship based on the results of previous research [14, 36].
Reliability
Test–retest reliability of the three techniques was assessed in a 105 subsample at a two-week interval after the first survey. In the test and retest, both the interviewer and the survey process were the same. Reliability was analyzed using ICC, and the mean ICC was calculated to obtain reliability coefficients at the individual level [37]. The Pearson correlation coefficient between the test and retest scores was also examined.
Statistical analysis
Bonferroni correction for multiple comparisons (SG-TTO, SG-VAS, TTO-VAS) was employed to control Type I error at 0.05, thus p < 0.017 (0.05/3) was considered statistically significant. All statistical analyses were examined using the SPSS 17.0 version and/or the SAS software 9.1 version.


Results
Demographic characteristics of subjects
Of the 1300 households contacted for interviews, there were 500 successfully conducted interviews (38.5%). Reasons for interview failure included absence (310, 23.8%), refusal to participate in the survey (281, 21.6%), inappropriate age or gender strata (186, 14.3%), and discontinuation of the interview during the survey (23, 1.8%).
The socio-demographic characteristics for both the initial survey and following survey respondents are presented in Table 1. The age of subjects ranged from 19 to 77 years. The distribution of demographic factors was not statistically different among the two surveys.
Table 1 Demographic characteristics of respondentsFull size table


                        Feasibility
Difficulty rating, time for completion, and the number of inconsistent answers at the individual level are shown in Table 2. ‘Difficult’ and ‘very difficult’ proportion was 26.9, 31.5, and 34.3% on the VAS, TTO, and SG method, respectively. Respondents felt that the SG were more difficult than the VAS (p < 0.001). However, difficulty level of the SG was not significantly different from the TTO (p = 0.025).
Table 2 Difficulty level, administration time, and number of inconsistencies seen on the VAS, SG, and TTOFull size table


                        The mean time of administration of VAS was the shortest at 18.6 min. The average administration time in the SG was equivalent to average in the TTO methods (both were 24.4 min, respectively).
The proportion of more than three inconsistent answers was low at 1.2, 1.6, and 2.2% on the VAS, SG, and TTO method, respectively. The proportion of inconsistency in the SG was significantly higher than VAS (p < 0.001), but that in the SG-TTO was not significantly different (p = 0.073).
Comparability
Preference values for the 71 EQ-5D-5L health states according to the valuation method are shown in Table 3. The mean difference between the SG and TTO utility scores was 0.034, which was significantly different from zero (p < 0.001). The difference in the SG and TTO scores ranged from −0.03 to 0.32 (Fig. 2). The higher average of the SG and TTO scores tended to be lower differences between the SG and TTO scores. The ICC between the SG and the TTO scores was 0.867 and Pearson correlation coefficient was 0.991. The linear regression formula of the SG and TTO scores was SG = 0.87 × TTO + 0.11, and its explanatory power was 0.982.
Table 3 Preference values by health states according to the valuation methodFull size table


                           Fig. 2
Bland–Altman plots to explore systematic differences between SG and TTO scores. The bold, horizontal line indicates the mean individual differences, and the two, dotted lines indicate the confidence intervals of the mean differences. The mean (SD) of the difference between SG and TTO was 0.034 (0.054). The inclined line indicates the linear regression line. SG standard gamble, TTO time trade-off


Full size image


                        The SG and VAS values were also significantly different with the mean difference between them being 0.072 (p < 0.001). The ICC between the SG and the VAS scores was 0.591. The difference between the SG and VAS scores varied from −0.30 to 0.21 (Fig. 3). The more severe health states, the larger mean difference was found in both SG-TTO relationship and SG-VAS relationship (Figs. 2, 3). The linear regression formula of the SG and VAS scores was SG = 1.328 × VAS − 0.11, and its explanatory power was 0.931. The power relationship between the SG and VAS scores was superior to linear or quadratic forms in terms of its explanatory power. The power curve was SG = 1 − (1 − VAS)1.487, and its explanatory power was 0.985.
Fig. 3
Bland–Altman plots to explore systematic differences between SG and VAS scores. The bold horizontal line indicates the mean individual differences, and the two, dotted lines indicate the confidence intervals of the mean differences. The mean (SD) of the difference between SG and TTO was 0.072(0.096). The inclined line indicates the linear regression line. VAS visual analogue scale, SG standard gamble


Full size image


                        Reliability
The mean ICC (SD) at the individual level was 0.906 (0.107) for the VAS scores, 0.841 (0.132) for the SG scores, and 0.827 (0.211) for the TTO scores. Eight (7.6%) respondents showed less than 0.6 of ICC on the SG compared with 11 (10.4%) on the TTO and 2 (1.9%) on the VAS. Pearson correlation coefficients between the test–retest results were 0.835, 0.850, and 0.850 on the SG, VAS, and TTO, respectively.


Discussion
In this study, we found that the SG compared with the VAS and TTO methods was feasible and reliable for generating the social preference in the Korean population. The VAS and TTO were well correlated with the SG, although the mean differences between the TTO and the SG might be less than those values between the VAS and the SG.
We examined the feasibility focusing on the SG method. Although the TTO was known to be easier to administer than the SG [9], in this study, this advantage of TTO was not shown. The time for completion for valuation task was similar with both the SG and TTO methods, and the level of difficulty of the SG and TTO methods did not show a significant difference. In a Patrick et al. study, VAS valuation task was shorter than SG and TTO task, and it appeared to be more understandable. These are similar pattern to our results [38]. In addition, the TTO was applied after the SG valuation task. This order could facilitate the understanding of later task and diminish administration time of later task. In contrast, later works could be making slow because valuation task would require concentration. The inconsistency was not significantly different between the SG and the TTO, whereas that in SG-VAS was significantly different. With regard to consistency, the percentage of respondents with logical consistencies was 75.8% in the SG and 80.8% in the TTO. A direct comparison of the logical inconsistency between studies should be cautious, since respondents in each study evaluate different health states, and the closer the states of evaluation are, the more likely it is that more inconsistent are likely to occur. In previous research, the percentage of respondents with logical consistency in the TTO was 21.0% in Denmark [39] and 59.2% in Spain [33]. The logical consistency in Korea was considerably higher than in other countries, although 12 health states were valuated per respondent in previous research studies compared with nine health states in our study.
The EuroQoL group recommended that if a respondent had more than three inconsistencies in the states valued, it should be excluded in modeling for development of the valuation set [40]; however, we saw that there were no differences in the proportion of inconsistencies between the SG and TTO methods when dividing respondents into three groups. Face-to-face interviews with visual props would be appropriate to perform a valuation study using the SG method in Korea, although Froberg and Kane recommended not using the SG method for population studies because it is complex, expensive, and difficult to administer [41].
A strong relationship among the TTO and SG was seen in our study, with the ICC the SG and TTO scores being 0.867. Even though there were substantial differences in the preference scores derived using both methods, the mean difference of 0.034 is acceptable when considering that the clinically important differences of the SG and TTO scores were 0.05 or more [42].
The findings indicating that the SG utility scores were higher than the TTO values in our study, were consistent with those of previous research reports [9, 12, 43, 44]. However, a study from Singapore showed a larger variation (−0.15 to −1.88) between the SG utility scores and TTO values than those seen in our study [8]. Further research will be required in order to determine the relationship between the SG and the TTO scores for the worse than death state because there were large differences in the two values.
Our results reconfirm that the VAS method is quickly administered and is the most understandable and consistent way to elicit social values in the general Korean population. However, the uncorrected VAS scores are prone to bias and are not utilities [13]. Therefore, the relationship between the mean SG scores and the mean VAS scores have been empirically investigated [9, 13, 37]. These studies demonstrated that the power function as the relationship between the SG and the VAS scores showed the highest explanatory ability of other formula. In our study, the power function [SG = 1 − (1 − VAS)1.487, R
                        2 = 0.985] showed a better fit than linear regression or the cubic function. If the power curve was developed specifically for this study, the adjusted VAS scores for states not measured by the SG could be used. In other studies, coefficients of the above power function varied from 1.499 to 2.9 [9, 13, 36].
The test–retest reliability of the three methods was acceptable for eliciting the preference scores. The mean ICC of the SG was 0.841 in our study, and was similar to 0.84 (two outliers excluded) in another study obtained in a community population [45]. There were studies indicating that the SG method showed low test–retest reliability for valuing their own health states, for example, ICC of 0.12 in rhinoconjunctivitis patients [46], 0.59 in asthma patients [47], and 0.66 in ankylosing spondylitis or fibromyalgia patients [48]. ICCs of the TTO in previous EQ-5D-3L valuation studies ranged from 0.73 to 0.861 [31, 37, 49, 50]. Thus, the SG method was reliable to elicit social preference.
We used a variant of titration technique with a starting point of 50% when the SG was applied. There have been several reports for variability of value on SG approach methods for indifferent point, although the ping-pong approach is the conventional method of the SG method [51]. Lenert et al. found that a ‘ping pong’ fashion that oscillates up and down the scale was higher inter-subject variability than top-down titration method [52]. Hammerschmidt et al. reported that iterative SG in a ping-pong manner resulted in significantly higher utilities than the self-completion method with top-down titration as search procedure and utilities measured by bottom-up and top-down titration did not differ significantly [53]. Therefore, in this study, mid-point start and sliding titration method was adopted to in order to facilitate comparability with TTO method starting with 5 year of full health.
Our study has several limitations. There could be a selection bias in our study participants. The failure rate was high in the older age group. The 23 cases excluded during the interview tended to be either older individuals or in those in their twenties. As study participants were recruited from selected areas, the generalizability might be limited. However, the population of the three provinces included more than 40% of the Korean population, and there was substantial evidence regarding the minor effect of socio-demographic factors on the valuation tasks [40, 54, 55].
The average of utility weights by interviewers ranged from 0.236 to 0.633, which would be considered to be the interviewer effects. We found that there was a significant interviewer effects in the prediction model to estimate full health states (data not shown). We trained the interviewers before the field survey, and random samples were monitored during survey. However, we could not be sure that the interviewers followed the guidelines. More reinforced training program and quality control process to interviewers seem to be required in valuation study.
Recently, EuroQol Group protocol for EQ-5D-5L valuation studies including composite TTO and discrete choice experiment was developed [20] and the valuation work of EQ-5D-5L has been completed or proceeding in multiple countries [21,22,23,24,25]. Since the composite TTO method was not finalized at the time of our study, the TTO of our study was similar to the conventional TTO used in the EQ-5D-3L valuation study [31]. The focus of our research is comparison valuation work using SG methodology with TTO or VAS, not EQ-5D-5L, and psychometric property presentation of SG method is also meaningful.


Conclusions
The SG method was as feasible and reliable as the TTO method to elicit preference scores in the general Korean population. We suggest that generating social tariff applying the SG method, which is appropriate theoretically, would be useful.
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