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Abstract
Background
The study aims to elicit a value set based on the EQ-VT for the EQ-5D-5L that can be used to support decision-making in Sweden.

Methods
Participants were recruited from the general population based on age, sex and urban/rural area quota sampling from five regions across Sweden. In total, 785 interviews were conducted from February 2020 to April 2021 using the EQVT 2.1 protocol, and both composite time trade-off (c-TTO) and discrete choice experiments (DCE) were used to elicit health preferences. A variety of models have been tested for the c-TTO data (generalized least square, Tobit, heteroskedastic models) and DCE data (conditional logit model), as well as the combined c-TTO and DCE data (hybrid modelling). Model selection was based on theoretical considerations, logical consistency of the parameter estimates, and significance of the parameters (p = 0.05). Model goodness-of-fit was assessed by AIC and BIC, and prediction accuracy was assessed in terms of mean absolute error. The predictions for the EQ-5D-5L health states between models were compared using scatterplots.

Results
The preferred model for generating the value set was the heteroskedastic model based on the c-TTO data, with the health utilities ranging from -0.31 for the worst (55,555) to 1 for the best (11111) EQ-5D-5L states.

Conclusion
This is the first c-TTO-based social value set for the EQ-5D-5L in Sweden. It can be used to support the health utility estimation in economic evaluations for reimbursement decision making in Sweden.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12955-022-02083-w.
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Introduction
Cost-utility analysis has gained popularity in recent years, as it measures both costs and quality-adjusted life years (QALYs) jointly and thus can be applied across different disease areas and intervention programs [1]. In Sweden, QALYs are required for cost-effectiveness analyses by the Health Technology Assessment (HTA) body, in Sweden the Dental and Pharmaceutical Benefits Agency (Tandvårds och läkemedelsförmånsverket in Swedish) in decision making regarding reimbursement of prescription drugs [2, 3].
QALYs are calculated by combining life years and health preferences [4], which reflects an individual’s preference for different health states into a 0–1 scale (where “0” represents “death” and “1” represents “full health”). The commonly applied methods for deriving health preferences are standard gamble [5], time trade-off (TTO) [6], rating scale (RS), ranking exercises and, more recently, discrete-choice experiments (DCE) [7, 8]. However, as measuring health preferences is a rather time consuming and complex task, an alternative approach is to bypass the measurement task by using one of the pre-scored multi-attribute health status classification systems, which are also known as the preference-based measures (PBM) [7]. PBM consists of a descriptive system and predetermined preference scores known as “value sets” or “tariff”.
The most commonly applied PBMs are the EQ-5D [9], SF-6D [10, 11], and health utilities index (HUI) [12]. The EQ-5D was developed by the EuroQol Group and has been applied widely internationally [13]. The EQ-5D consists of five health dimensions (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression), with each dimension specifying either three (EQ-5D-3L) or five levels (EQ-5D-5L) of severity. The 5L version has been developed more recently to increase the sensitivity and discriminative capacity of the instrument [14, 15].
In Sweden, there has been a tradition of collecting data on Patient-Reported Outcomes (PROs), including the EQ-5D, in many national disease/intervention registries (National Quality Register, NQR) [16]. Since 1998, the Swedish Spine Register and the National Quality Registry for Rehabilitation Medicine were the first NQRs to collect information on the EQ-5D. Since then, the number of registries collecting the EQ-5D has gradually increased over time. Today, 41 out of 105 NQRs are collecting EQ-5D data, 24 on EQ-5D-3L and 17 on EQ-5D-5L. In addition to clinical settings, the EQ-5D instruments have also been applied in population health surveys in several counties [17, 18].
As health systems and how people value health may differ across countries, a country-specific value set is recommended by the EuroQol Group to support decisions regarding resource allocation within the context of a specific country. Country-specific value sets have been established, both for EQ-5D-3L [19] and EQ-5D-5L [20–30]. A variety of survey/interview-based methods can be used to estimate health preferences. Central questions concern whose values to count and which method to use. Two main perspectives can be used, namely, experienced or hypothetical values. The former elicits preferences from individuals who are actually in the health state, and each individual can only value his/her own health state; the latter elicits values from individuals to whom health states are described, and each individual can value a number of health states. Different combinations of health perspectives and methods (SG, TTO, RS, ranking exercises, DCE) may result in different valuation protocols. The protocols developed by the EuroQol Group (http://​www.​euroqol.​org) applied hypothetical values using TTO/VAS (EQ-5D-3L) and composite TTO (c-TTO)/DCE (EQ-5D-5L). These protocols are the most widely studied and utilized in eliciting health preferences for the EQ-5D [31]. For the EQ-5D-5L, the EuroQol Valuation Technology (EQ-VT) protocol is the standard protocol recommended by the EuroQol Group [32]. The HTA body in Sweden prefers the experience-based value. Thus, the protocol differs from the EuroQol protocols, for both EQ-5D-3L [33] and 5L [34]. To be in line with practice in most other countries, and also to provide opportunities for further investigation regarding whose value to use, it is necessary to establish the hypothetical value for EQ-5D-5L in Sweden as well. The current study will be based on EQ-VT Version 2.1, which is the most recent protocol [35].
Aim
The aim of this study is to produce a value set based on the EQ-VT for the EQ-5D-5L that can be used to support decision-making in Sweden.
Method
The EQ VT valuation protocol version 2.1
The EQ-5D-5L valuation protocol Version 2.1 consists of six sections: 1. Welcome and purpose of the study. 2. Self-reported health using EQ-5D-5L and background questions. 3. c-TTO valuation tasks (including two wheelchair examples to practice the c-TTO technique, three practice states, ten real tasks), debriefing questions, and feedback module where the respondents were asked to review their responses and to flag any health state they felt should be reconsidered. However, those health states could only be flagged but not revalued. 4. DCE valuation tasks (seven tasks, debriefing questions). 5. Comment box; 6. Further background questions. Details of the protocol can be found elsewhere [35].
The EQ-5D-5L instrument
The official EQ-5D-5L Swedish version provided by the EuroQol Group was applied in the study [36]. The EQ-5D-5L consists of five dimensions: mobility (MO), self-care (SC), usual activities (UA), pain/discomfort (PD), and anxiety/depression (AD). Each dimension has five levels: no problems, slight problems, moderate problems, severe problems, and unable/extreme problems [14]. The combination of different health dimensions and severity levels yields a total of 3125 ([image: $${5}^{5}$$]) unique health states, also known as the ‘health profile’. For example, ‘12,345’ means no problem on MO, slight problems on SC, moderate problem on UA, severe problem on PD and extreme problem on AD. This EQ-5D descriptive system is followed by self-rating of overall health status on a visual analogue scale (EQ VAS) ranging from 0 (‘worst health you can imagine’) to 100 (‘best health you can imagine’).
Methods for eliciting preferences
There were 86 health states included in the composite time trade-off (c-TTO) task, including the 5 mildest imperfect health states (i.e., 21,111, 12,111, 11,211, 11,121, and 11,112), state 55,555, and 80 other states of varying severity. The 86 health states were grouped into 10 blocks, all of which contained one of the mildest health states, state 55,555, and 8 block-unique health states. The order of health states being shown in each c-TTO block was randomized. Each participant was randomly assigned a health state block for TTO valuation. For DCE valuation, 196 pairs of EQ-5D-5L states were included, following a D-error minimized design[37] and 10 additional pairs comparing between the mildest states [38]. These pairs were divided into 28 blocks of 7 pairs, and each participant evaluated one block. The order of DCE pairs and the left–right position of the health states were randomized.
Study sample
Data were collected from February 2020 to April 2021 in five regions in Sweden: Västerbotten in the north, Örebro in the middle, Skåne in the south, and Gothenburg and Stockholm representing the most urbanized regions. Members of the Swedish general public aged above 18 were eligible to participate. Quota-based sampling with respect to age, sex and rural/urban area was applied using Swedish population census data [39]. The recruitment strategy engaged leaders in local voluntary organizations, such as pensioner associations, sports clubs and the Red Cross Association, to reach out for participants. Once the potential respondents were targeted, brief information about the study was given by the contact person of each organization. Informed consent was obtained from the respondents before the interview, and detailed information about the study was given in both written and verbal form. For each successful interview, the organization was compensated with 150 SEK (15 Euro).
Interviewer recruitments and interview process
Initially, 12 interviewers were recruited, all from students at the Karolinska Institute (Stockholm), Umeå University (North), Lund University (South), and Örebro University (Middle). They were all trained at Umeå University in January 2020 following the standard training protocol provided by the EuroQol group. Pilot interviews were performed, and the EQ-VT QC tools were applied to check the quality of the interview. Retraining was conducted when necessary. After evaluating the interview quality, 11 interviewers agreed to conduct field work, which started in February 2020. However, field work was affected by the COVID-19 pandemic and interviews were adapted accordingly through the first months of data collection. To adhere to restrictions on social distance requested by the Swedish government, interviewers were instructed to conduct, face-to-face interviews from mid-June with social distancing (at least two meters distance between the respondent and interviewer given as instruction to interviewers). At the same time, the interviewers were also informed to only conduct already planned interviews and to thereafter take a break due to the pandemic situation. Five interviewers quit the study before the date collection was restarted in September 2020; therefore, four new interviewers were recruited from Gothenburg, trained in August 2020, and two in Umeå one trained in September and one in November. As the pandemic worsened, in late October 2020, it was also approved by the EuroQol Group that video conference could be used instead of face-to-face interviews [40]. We conducted these interviews with via video conference software such as Zoom, requiring the respondent and interviewer to interact through webcam, with the EQ-VT platform shown by shared screen. The study was reviewed and approved by the Swedish Ethical Review Committee (Dnr: 2019–04,950). All data collection was done anonymously, and no other ethical concerns were identified.
Data quality
Due to the interruption of COVID-19, the turnover of the interviewers was higher than expected. To avoid any potential impact of inexperienced interviewers, it was decided that interviewers with fewer than 10 interviews in the main survey were dropped from the main analysis. Among the rest of the interviewers, the interviewer effect was examined using the interclass correlation coefficient (ICC). The ICC analysis indicated that there was very little interviewer effect, with only 1.3% of variance (95% confidence interval: 0.0036–0.0467) attributed to differences between interviewers.
To understand whether the change in the mode of administration had an impact on the participants’ responses, the data were divided into three categories depending on the date of the survey, cutting off at mid-June and end October 2020, indicating three modes of administration: face-to-face interviews, face-to-face interviews with social distance, and online interviews. A mixed effect model was applied to examine the potential impact, where the mode of administration was used as a fixed effect and respondents nested under interviewers were used as a random intercept. Additional covariates, such as age and gender, were also included (as a fixed effect) in the model to test the impact. The result of the mixed effect model with the mode of administration as a fixed effect and participants nested under interviewers as a random intercept indicated that there was no impact of mode on the c-TTO responses (p-value = 0.440). The conclusion remained the same after adding age and sex as fixed effects into the analysis. Thus, all data across the three different modes of administration were pooled together for the primary analysis. We also checked the distributions of c-TTO and DCE scores, time spent on the tasks, which might indicate any potential interviewer effect, and mode of administration due to the COVID-19 pandemic. No statistically significant differences were found.
During the data collection, the quality control (QC) procedure was implemented to evaluate the protocol compliance of the interviewer. The applied QC criteria included completion times, inconsistency size and use of sections of the valuation interview [41]. All included interviewers sufficiently met the criteria for QC, as deemed by the EuroQol group (Additional file 1: Table S1).
Data analysis and modelling
Descriptive analyses were used to examine the sample characteristics and the responses to the c-TTO and DCE tasks (proportions for discrete variables, mean, and standard deviation for continuous variables). For c-TTO data, those c-TTO health states flagged by the feedback model were also excluded from the modelling analysis. The mean and standard deviation of the c-TTO values were calculated by the level sum score (LSS, the sum of the problem levels in each dimension, ranging from 5 to 25). All DCE data were included in the primary analysis. Statistical modelling was used for the c-TTO (generalized least square (GLS), Tobit, heteroskedastic models) and DCE data (conditional logit model) alone, but also in a hybrid modelling approach combining the c-TTO and DCE data [28]. The choice of modes reflects the characteristics of the data (c-TTO), including the panel structure of the data, a theoretical limit for a worse than dead state at “-1”, and heteroscedasticity of the data. All analyses were conducted in STATA version 14[42].
Variable and model construction
In the case of c-TTO, the dependent variable was defined as 1 minus the observed c-TTO value for a given health state, indicating the decreased preference score; hence, coefficients expressed health preferences score decrements. For the DCE data, the dependent variable was the binary stated choice (i.e., 0/1 indicated the choice for each health state pair). The dependent variable was explained by 20 dummy variables: four variables for each EQ-5D-5L dimension, each representing level 2 to 5 with level 1 (no problems) as the reference category. No constant term was included in the model. The coefficients presented the decrement from level 1 to the respective level. The regression equation was as follows: [image: $$\begin{gathered} Y = b1 MO2 + b2 * MO3 + b3 * MO4 + b4 * MO5 + b5 * SC2 \hfill \\ \quad + b6 * SC3 + b7 * SC4 + b8 * SC5 + b9 * UA2 \hfill \\ \quad + b10 * UA3 + b11 * UA4 + b12 * UA5 \hfill \\ \quad +b13 * PD2 + b14 *PD3 + b15 * PD4 + b16 * PD5 \hfill \\ \quad +b17 * AD2 + b18 * AD3 + b19 * AD4 + b20 * AD5 + e \hfill \\ \end{gathered}$$]




Model development and selection criteria
Model selection was based on theoretical considerations, logical consistency of the parameter estimates (i.e., the higher the dimensional level, the higher the utility decrement), and significance of the parameters (p < 0.05). Additional information was also provided: model goodness-of-fit was assessed by the Akaike information criterion (AIC) and Bayesian information criterion (BIC); prediction accuracy was assessed for c-TTO models in terms of the mean absolute error (MAE) and root mean squared error (RMSE). The predictions for the EQ-5D-5L health states between models were compared using scatterplots. No comparison was made between models with and without censorship, as they are not comparable.
Sensitivity analyses
Several sensitivity analyses were conducted. For the c-TTO data, non-traders were excluded from the analysis sample to test their impact. For the DCE data, the potential impact of participants with flat lining behaviour, participants with too short/long responding time, and exclusion 10 pairs of mild-mild health states were examined. Possible combinations of c-TTO and DCE data were also tested in hybrid models.
Results
Data
A total of 784 completed interviewers were conducted during the survey, ranging from February 2020 to April 2021. Four interviewers (in a total of nine interview sessions) were excluded since each of the interviewers conducted fewer than 10 interviews. We have included two respondents who valued almost all the health states as 1, as we consider that in a real-life scenario there are people who are known as “non-traders” as they will not trade off life years for better health status [43], and their value should be recognized as well. Thus, 775 interviews were included in the primary analysis. The mean interview time was 49 min, with a standard deviation (SD) of 14 min.
Characteristics of the respondents
Table 1 presents the characteristics of the analysis sample for both the complete sample (n = 784) and the analysis sample (n = 775). There were no notable differences that appeared after removal of the nine participants. The proportion of respondents reporting no problem in all five dimensions (health state 11,111) was 30%. The dimension with the most reported problems was pain/discomfort, followed by the anxiety/depression dimension. The mean EQ VAS was 81.0 with a standard deviation of 13.4. Our sample was similar to the Swedish national census data (Additional file 1: Table S2).Table 1Socio-demographic characteristics and reporting on EQ-5D-5L of the respondents in the Swedish valuation study


	Characteristic
	Full sample
	Analysis sample 

	n=784
	n=775

	Socio-demographic characteristics
	 	 
	Age, mean (standard deviation)
	49.0 (17.6)
	49.0 (17.6)

	Age group
	 	 
	18-30
	166 (21.2)
	166 (21.4)

	30-49
	228 (29.1)
	225 (20.3)

	50-65
	215 (27.4)
	212 (27.4)

	>65
	175 (22.3)
	172 (22.2)

	Sex
	 	 
	Female
	470 (60.0)
	465 (60.0)

	Male 
	311 (40.0)
	307 (39.6)

	Other 
	3 (0.4)
	3 (0.4)

	Education 
	 	 
	Less than 9 years of elementary school
	23 (3.0)
	23 (3.0)

	9 years of elementary school
	269 (34.3)
	269 (34.7)

	High school
	8 (1.0)
	8 (1.0)

	University
	484 (61.7)
	475 (61.3)

	Occupational status
	 	 
	Permanent employed
	391 (49.9)
	386 (49.8)

	Self-employed
	51 (6.5)
	51 (6.6)

	Temporary employed
	39 (5.0)
	37 (4.8)

	Not employed
	16 (2.1)
	16 (2.1)

	Retired
	195 (24.9)
	193 (24.9)

	Student (full-time)
	92 (11.7)
	92 (11.9)

	EQ-5D-5L descriptive system
	 	 
	Mobility
	 	 
	No problems
	658 (83.9)
	652 (84.1)

	Slight problems
	93 (11.9)
	90 (11.6)

	Moderate problems 
	27 (3.4)
	27 (3.5)

	Severe problems
	5 (0.6)
	5 (0.7)

	Unable to walk about
	1 (0.1)
	1 (0.1)

	Self-care 
	 	 
	No problems
	756 (96.4)
	748 (96.5)

	Slight problems
	25 (3.2)
	24 (3.1)

	Moderate problems 
	2 (0.3)
	2 (0.3)

	Severe problems
	1 (0.1)
	1 (0.1)

	Unable to dress and wash
	0 (0)
	0 (0)

	Usual activities
	 	 
	No problems
	641 (81.8)
	633 (81.7)

	Slight problems
	108 (13.8)
	107 (13.8)

	Moderate problems 
	29 (3.7)
	29 (3.7)

	Severe problems
	6 (0.8)
	6 (0.8)

	Unable to do usual activities
	0 (0)
	0 (0)

	Pain/discomfort
	 	 
	No pain or discomfort 
	333 (42.5)
	330 (42.6)

	Slight pain or discomfort 
	342 (43.6)
	338 (43.6)

	Moderate pain or discomfort 
	96 (12.2)
	94 (12.1)

	Severe pain or discomfort 
	12 (1.5)
	12 (1.6)

	Extreme pain or discomfort 
	1 (0.1)
	1 (0.1)

	Anxiety/depression
	 	 
	No anxiety or depression
	481 (61.4)
	473 (61.0)

	Slight anxiety or depression
	253 (32.3)
	252 (35.5)

	Moderate anxiety or depression
	38 (4.9)
	38 (4.9)

	Severe anxiety or depression
	11 (1.4)
	11 (1.4)

	Extreme anxiety or depression
	1 (0.1)
	1 (0.1)

	VAS, mean (SD)
	81.0 (13.3)
	81.0 (13.4)

	Self-rated health 
	 	 
	Very good
	313 (40.1)
	311 (40.1)

	Good
	380 (48.5)
	375 (48.4)

	Fair
	82 (10.5)
	80 (10.3)

	Bad
	1 (0.1)
	1 (0.1)

	Very bad
	8 (1.0)
	8 (1.0)




Descriptive analysis of c-TTO and DCE data
A total of 7750 c-TTO values, evaluating 86 health states, were collected. The distribution of c-TTO values is presented in Fig. 1. Among all c-TTO responses, 21% of c-TTO health states were valued as 1 and 13% with values less than 0 (worse than dead). Among the respondents, 17% had one logical inconsistency, and 8% had more than 2 logical consistencies. The number of c-TTO values flagged by the feedback module was 876 (11%). After excluding the flagged values, logical inconsistency was reduced to 7% and 2% for one and two logical inconsistencies, respectively. The mean c-TTO values for observed health states ranged from 0.982 for 11,121 to − 0.285 for 55,555. For model construction, all the un-flagged c-TTO responses (n = 6874) were used. The mean c-TTO values decreased with increasing LSS, whereas standard deviations increased with LSS (Additional file 1: Figure S1). Of all 6874 responses, 13% had values less than 0 and 22% had a value of ‘1’, and all were used in the primary analysis.[image: ]
Fig. 1distribution of observed c-TTO value (n = 7750)


Regarding the DCE task, a total of 5,425 responses collected from 196 DCE pairs were included in the primary analysis. As shown in Additional file 1: Figure S2, respondents were more likely to choose the health state with a lower LSS score when the severity between the two states increased. Responses with flat lining behavior (such as AAAAAAA or ABABABA) were identified. However, they were not excluded from the analysis set (n = 22).
Modelling results and the value set
The modelling results based on c-TTO, DCE and hybrid data are presented in Table 2. All coefficient estimates in c-TTO-based models were logically consistent (coefficient size was larger with a more severe level of problems), while the DCE-based model had two logical inconsistencies in the self-care and usual activities dimensions (both in level 3), and all hybrid-based models had one logical inconsistency in the usual activities dimension (level 3). All c-TTO- and DCE-based models possessed at least one coefficient estimate that was not statistically significant, including mobility, self-care and pain/discomfort dimensions for c-TTO and self-care and usual activities dimensions for DCE, whereas all estimates in hybrid models were statistically significant. Dimension ranking in terms of relative importance (based on the magnitude of the estimate of level 5) differed slightly between models. c-TTO-based models had the most important dimensions of pain/discomfort and anxiety/depression, followed by usual activities, self-care and mobility, while in DCE and hybrid, the order of self-care and mobility was reversed. Among the c-TTO-based models, compared to the GLS and Tobit models, the heteroskedastic model generates smaller estimates for level 2 and 3 (except self-care) in comparison to the other two models. All sensitivity analyses generated the same results (Additional file 1: Table S3).Table 2Parameter estimates for main effects models


[image: ]


The preferred value set
The heteroskedastic model based on c-TTO data was selected as the preferred model for the value set. Reasons are that DCE and hybrid models suffered more from logical inconsistencies relative to the c-TTO models, plus the DCE models were also associated with rescaling issue as “dead” was not involved in DCE valuation task, for hybrid model it lacks theoretical foundation of combining both DCE and TTO data together. Among the c-TTO models, similar performances were observed in terms of logical consistency and statistical significances. The heteroskedastic model was preferred for its ability to address the variability of the error term and its slightly better significance level than the other two c-TTO models. Furthermore, the scatterplot of predicted values of the heteroskedastic model versus observed values of c-TTO are presented in Fig. 2. It seems that the heteroskedastic model performed slightly better predictions in the higher end. (The figure of the c-TTO GLS model vs observed values of c-TTO is shown in Additional file 1: Figure S3). Its predicted value for state 55,555 is − 0.314.[image: ]
Fig. 2Scatterplots of the predicted values of the heteroskedastic model versus observed values of c-TTO


EQ-5D-5L health state utilities can be estimated by subtracting the relevant decrement for each problem on each dimension from 1. For example, the EQ-5D-5L index health state 12,345 was calculated as following:[image: $$EQ - 5D_{index } = 1 - 0 \left( {MO1} \right) - 0.019 \left( {SC2} \right) - 0.048 \left( {UA3} \right) - 0.319 \left( {PD4} \right) - 0.394 \left( {AD5} \right) = 0.220$$]




Discussion
This study presents the results of the Swedish EQ-5D-5Lvalue set, based on the EQ-VT 2.1 protocol. The value set can be used to estimate health preferences score based on EQ‐5D‐5L instrument, and can be used to calculate QALYs in the economic evaluation of health care interventions to support resource allocation decisions.
Whose values should be used (hypothetical or experience-based value) is a fundamental question in valuing health states, and it is still an on-going debate [7, 44–46]. Comparative studies have shown that experience-based values tend to be higher than hypothetical values [33, 45, 47–49], and the mental dimensions seem to be more important than physical detentions [34, 46, 48, 50]. The EuroQol Group supports the use of hypothetical values, and their arguments are that health services are funded by taxpayers; therefore, values from a representative group of the general public should be counted. In contrast, the HTA body in Sweden prefer the use of experience-based values; they also stated that “QALY weightings based on appraisals of persons in the health condition in question are preferred before weightings calculated from an average of a population estimating a condition depicted for it (e.g., the “social tariff” from EQ-5D [2, 3]. Their arguments are that people in that health condition know about it best, and adaptation shall be reflected in valuation.
Comparing our value set with the Swedish experience-based value set [34], considerable differences were found. For the experience-based value, all health states are considered better than dead, including 55,555 (0.244), and no full health can be reached, as 11,111 is valued as 0.976. For health values based on hypothetical values, 4% (n = 138) are associated with negative values and are considered as health states worse than dead, full health can be reached as 11,111 is defined as 1. The mean EQ-5D index based on the experienced value set is 0.605 (SD = 0.14), and that based on the hypothetical value set is 0.471 (SD = 0.26). In general, for mild health states, the experience-based values are lower than the hypothetical values; for more severe health states, the experience-based values are higher. For experience-based values, anxiety/depression usually has the greatest impact on overall health [34, 47, 48]; for hypothetical values, it is pain/discomfort. There might be restricted direct comparability due to the two different type of valuation tasks using completely different methods. However, it is still important to further investigate the implication of whose value to use, i.e., whether they impact the results of cost-effectiveness analyses. If so, will such impact differ across different disease? However, this is not the focus of current study, and should be addressed by future studies.
It is difficult to say which value set to choose, and the choice might depend on the decision-making context. Drummond et al. all recommended that for decisions related to how to allocate public funds to a new intervention, it might be more appropriate to use hypothetical values, whereas decisions regarding existing treatment options that are already funded might be more appropriate to use experience-based values [7]. Therefore, we advocate that for cost-effectiveness studies in Sweden, for the moment both hypothetical and experience value sets shall be applied to adapt to different decision-making contexts. Further research is needed to understand the implication of two different value sets on the estimation of QALY and QALY gains across different patient groups as well as the general population.
We found that the Swedish value set is more similar to those from other western countries/areas, where either anxiety/depression or pain/discomfort are considered as the most important dimensions, while among Asian countries the mobility dimension is considered as the most important dimensions. The scale length (difference between values for 11,111 and 55,555) for the Swedish value set is 1.314, which is similar to other western countries (ranging between 1.096 and 1.757). For the Swedish value set, the midpoint in the value distribution (difference between values for 11,111 and 33,333 divided by scale length) is 22.8%, which is close to the Germany (20.4%), Denmark (24.4%) and Hungary (23.2%) studies [41]. However, such differences may not only be due to differences in health preferences associated with cultural values, wealth and characteristics of health systems, but also be due to differences in measurement method, data quality and modelling strategies [41]. There are significant differences between different versions of EQ-VT protocols (version 1.0, 1.1, 2.0 and 2.1), data included for value set (c-TTO and DCE combined, or c-TTO only) and modelling techniques (the assumption on censoring at -1; how heteroscedasticity is handled; accounting for preferences heterogeneity). Therefore, differences in value set across countries need to be interpreted with caution.
In the current study, the DCE model generated more inconsistency than the c-TTO model. Various sensitivity analyses generated the same results. One might be concerned about the DCE data quality. Unlike the c-TTO data, within the EQ-VT protocol, there are no criteria for evaluating the quality of DCE data [35, 38]. The lack of a DCE procedure or data quality control might be an improvement for future EQ-VT DCE designs. Furthermore, the c-TTO and DCE tasks differ by their nature: in the c-TTO task, health states are valued against time, which is considered a matching task, while in the DCE task, health states that differ in terms of the degree of severity of the dimensions are directly compared with another (choice task)[7, 51]. The usual expectation is that for the respondents, the DCE task may be easier than the c-TTO task. However, in this study, there were more inconsistencies in the DCE model than in the c-TTO model. It may be that the usual perception did not hold in the Swedish context. Further investigations are needed.
In the current study, the use of hybrid models did not remove the problem of inconsistencies as seen in the DCE models, and this is the main reason for not choosing the hybrid model. The lack of a theoretical foundation for combining both TTO and DCE data is another concern. To date, all evidence supporting the use of hybrid models is empirically based, while no theory justifying the mix of two unique data types has been proposed. Specifically, the support for the hybrid approach is based on the apparently high correlation between c-TTO scores and latent utilities derived from DCE responses. Many valuation studies reported correlation coefficients (r >  = 0.9) to justify this approach. However, correlation alone is not a sufficient criterion. In addition, a study by Pullenayegum and colleagues shows that, using the multivariate latent class model based on Canadian valuation data, there is poor agreement between TTO and DCE data at the response level [52]. Other studies also show that the linearity of the relationship between TTO and DCE may not hold [53].
Due to the COVID-19 pandemic, throughout the data collection phase, the study had to continuously recruit new interviewers and switch the administration mode from face-to-face interviews to interviews with social distance and finally to online interviews. This also added challenges to reach the goal of including at least 1000 respondents according to the EuroQol’s recommendations [38]. With a larger sample size, we would have greater statistical power, and probably less problems with in-significant coefficients. The small sample size (n = 775) must be addressed as a limitation of the current study. However, we expect the size and pattern of the coefficients of the value set to at most differ marginally in relation to current results, considering the similarity of coefficients across different models. Our sample size is similar to the Uruguayan study, which had 794 respondents [54]. Furthermore, the possible effect due to change of interviewers and mode of administration were investigated in the current study, and the results indicated no obvious evidence against pulling all data together. the pandemic itself can have an impact on how people value health, but it is not possible to sort out all these effects. Thus, the impact of the COVID-19 pandemic on data collected for EQ-VT remained a major limitation of the present study.

Conclusions
This is the first c-TTO-based social value set for the EQ-5D-5L for Sweden. It can be used to support the health utility estimation in economic evaluations for reimbursement decision making in Sweden.
Acknowledgements
We would like to thank the EuroQol Research Foundation (20180770) for funding and technical support for the project. We would also like to thank the Stockholm County Council for funding support for part of the project. We would like to thank the contact person in the regional volunteer organization for helping with recruiting the respondents for the study. We also want to acknowledge the work Lars Hagberg, Örebro University, Asli Kulane, Karolinska Institutet, Martin Stavström, Lund University, and Sven Hassler, Gothenborg University, which assisted us in recruiting our interviewers and collecting and storing material.

Author contributions
SS is the project co-investigator, participated interviewer training, and drafted the manuscript. LHC has carried out all the analyses and prepared for all the figures and tables, as well as drafted the manuscript. KGS was the principle project investigator, recruited interviewers and respondents, performed interviewer training, and supervised filed work, as well as drafted the manuscript. LL participated interviewer training and gave comments to the manuscript. FN participated the recruitment of interviewers and respondents, supervised the field work and commented the manuscript. All authors read and approved the final manuscript.

Funding
Open access funding provided by Umea University. EuroQol Research Foundation (20180770) Stockholm County Council for funding support for part of the project.

Availability of data and materials
Not applicable.

Declarations
Ethics approval and consent to participate
The study was reviewed and approved by the Swedish Ethical Review Committee (Dnr: 2019-04950). All data collection was done anonymously, and no other ethical concerns were identified.

Consent for publication
Consent for publication of the research results were given by all the participants.

Competing interests
No competing interest needs to be declared.


References
	1.
Dolan P. Thinking about it: thoughts about health and valuing QALYs. Health Econ. 2011;20:1407–16.

	2.
the Dental and Pharmaceutical Benefits Agency (Tandvårds och läkemedelsförmånsverkets, TLV). General guidelines for economic evaluations from the pharmaceutical benefits board [Internet]. Stockhom; 2003 p. 3. Report No.: LFNAR 2003:2. Available from: https://​www.​tlv.​se/​download/​18.​2e53241415e842ce​95514e9/​1510316396792/​Guidelines-for-economic-evaluations-LFNAR-2003-2.​pdf

	3.
the Swedish dental and pharmaceutical benefits agency (Tandvårds och läkemedelsförmånsverkets, TLV. Ändring i Tandvårds- och läkemedelsförmånsverkets allmänna råd (TLVAR 2003:2) om ekonomiska utvärderingar (in Swedish). [Changes in the dental and pharmaceutical benefits Agency´s guidance for economic evaluations]. [Internet]. Stockholm; 2017. Available from: https://​www.​tlv.​se/​download/​18.​467926b615d08447​1ac3230c/​1510316374332/​TLVAR_​2017_​1.​pdf

	4.
Ryen L, Svensson M. The willingness to pay for a quality adjusted life year: a review of the empirical literature. Health Econ. 2015;24:1289–301.

	5.
Simon HA. Theory of games and economic behavior. John Von Neumann , Oskar Morgenstern. Am J Sociol. The University of Chicago Press; 1945;50:558–60.

	6.
Torrance GW. Social preferences for health states: an empirical evaluation of three measurement techniques – science direct. [cited 2021 Oct 1]; Available from: https://​www-sciencedirect-com.​proxy.​ub.​umu.​se/​science/​article/​pii/​0038012176900367​?​via%3Dihub

	7.
Drummond MF, Sculpher M, Torrance GW, O’Brien BJ, Stoddart GL. Methods for the economic evaluation of health care programs. New York: Oxford University Press; 2005.

	8.
Ryan M, Netten A, Skåtun D, Smith P. Using discrete choice experiments to estimate a preference-based measure of outcome—an application to social care for older people. J Health Econ. 2006;25:927–44.

	9.
Rabin R, de Charro F. EQ-SD: a measure of health status from the EuroQol Group. Ann Med. 2001;33:337–43.

	10.
Brazier J, Roberts J, Deverill M. The estimation of a preference-based measure of health from the SF-36. J Health Econ. 2002;21:271–92.

	11.
Brazier JE, Roberts J. The estimation of a preference-based measure of health from the SF-12. Med Care. 2004;42:851–9.

	12.
Horsman J, Furlong W, Feeny D, Torrance G. The Health Utilities Index (HUI®): concepts, measurement properties and applications. Health Qual Life Outcomes. 2003;1:54.

	13.
Devlin NJ, Brooks R. EQ-5D and the euroqol group: past, present and future. Appl Health Econom Health Polic. 2017;15:127–37.

	14.
Herdman M, Gudex C, Lloyd A, Janssen Mf, Kind P, Parkin D, et al. Development and preliminary testing of the new five-level version of EQ-5D (EQ-5D-5L). Qual Life Res 2011;20(10):1727–36 https://​doi.​org/​10.​1007/​s11136-011-9903-x.

	15.
Pickard AS, De Leon MC, Kohlmann T, Cella D, Rosenbloom S. Psychometric comparison of the standard EQ-5D to a 5 level version in cancer patients. Med Care Lippincott William Wilkins. 2007;45:259–63.

	16.
Ernstsson O, Janssen MF, Heintz E. Collection and use of EQ-5D for follow-up, decision-making, and quality improvement in health care - the case of the Swedish national quality registries. J Patient Rep Outcomes. 2020;4:78.

	17.
Burström K, Johannesson M, Rehnberg C. Deteriorating health status in Stockholm 1998–2002: results from repeated population surveys using the EQ-5D. Qual Life Res. 2007;16:1547–53.

	18.
CDUST Region 2018. Life and health 2017: results from a survey on living conditions, health-related behaviors and health (in Swedish: Liv & hälsa 2017 i Mellansverige: resultat från en undersökning om livsvillkor, levnadsvanor och hälsa) [Internet]. Available from: https://​www.​regionorebrolan.​se/​Files-sv/​Örebro%20​läns%20​ landsting/Vård%20och%20hälsa/Folkhälsa/Liv%20och%20 hälsa%20vuxna/Rapporter/Liv_halsa_i_Mellansverige%202017. pdf?epslanguage=sv

	19.
Szende A, Oppe M, Devlin N, editors. EQ-5D value sets: inventory, comparative review and user guide. Dordrecht: Springer; 2007.

	20.
Augustovski FA, Irazola VE, Velazquez AP, Gibbons L, Craig BM. Argentine valuation of the EQ-5D health states. Value Health. 2009;12:587–96.

	21.
Devlin NJ, Shah KK, Feng Y, Mulhern B, van Hout B. Valuing health-related quality of life: An EQ-5D-5L value set for England. Health Econ. 2018;27:7–22.

	22.
Hansen TM, Helland Y, Augestad LA, Rand K, Stavem K, Garratt A. Elicitation of Norwegian EQ-5D-5L values for hypothetical and experience-based health states based on the EuroQol Valuation Technology (EQ-VT) protocol. BMJ Open. 2020;10: e034683.

	23.
Hobbins A, Barry L, Kelleher D, Shah K, Devlin N, Goni JMR, et al. Utility values for health states in ireland: a value set for the EQ-5D-5L. Pharmacoeconomics. 2018;36:1345–53.

	24.
Kim S-H, Ahn J, Ock M, Shin S, Park J, Luo N, et al. The EQ-5D-5L valuation study in Korea. Qual Life Res. 2016;25:1845–52.

	25.
Ludwig K, Graf von der Schulenburg J, Greiner W. German value set for the EQ-5D-5L. Pharmacoeconomics 2018;36(6):663-74.

	26.
Luo N, Liu G, Li M, Jin X, Guan H. Estimating the time trade-off values of the EQ-5D-5L health states in urban China. Montreal Canada; 2013.

	27.
Ramos-Goñi JM, Craig BM, Oppe M, Ramallo-Fariña Y, Pinto-Prades JL, Luo N, et al. Handling data quality issues to estimate the Spanish EQ-5D-5L value set using a hybrid interval regression approach. Value Health. 2018;21:596–604.

	28.
Ramos-Goñi JM, Pinto-Prades JL, Oppe M, Cabasés JM, Serrano-Aguilar P, Rivero-Arias O. Valuation and modeling of EQ-5D-5L health states using a hybrid approach. Med Care. 2017;55:e51–8.

	29.
Shafie AA, Hassali MA, Liau SY. A cross-sectional validation study of EQ-5D among the Malaysian adult population. Qual Life Res. 2010;20:593–600.

	30.
Xie F, Pullenayegum E, Gaebel K, Bansback N, Bryan S, Ohinmaa A, et al. A time trade-off-derived value set of the EQ-5D-5L for Canada. Med Care. 2016;54:98–105.

	31.
Oppe M, Rand-Hendriksen K, Shah K, Ramos-Goñi JM, Luo N. EuroQol protocols for time trade-off valuation of health outcomes. Pharmacoeconomics. 2016;34:993–1004.

	32.
Oppe M, Devlin NJ, van Hout B, Krabbe PFM, de Charro F. A program of methodological research to arrive at the new international EQ-5D-5L valuation protocol. Value in Health. 2014;17:445–53.

	33.
Burström K, Sun S, Gerdtham U-G, Henriksson M, Johannesson M, Levin L-Å, et al. Swedish experience-based value sets for EQ-5D health states. Qual Life Res. 2014;23:431–42.

	34.
Burström K, Teni FS, Gerdtham UG, Leidl R, Helgesson G, Rolfson O, Henriksson M. Experience-based Swedish TTO and VAS value sets for EQ-5D-5L health states. Pharmacoeconomics. 2020;38(8):839–56.

	35.
Stolk E, Ludwig K, Rand K, van Hout B, Ramos-Goñi JM. Overview, update, and lessons learned from the international EQ-5D-5L valuation work: version 2 of the EQ-5D-5L valuation protocol. Value Health. 2019;22:23–30.

	36.
EuroQol Group. EQ-5D [Internet]. [cited 2018 Mar 29]. Available from: https://​euroqol.​org/​

	37.
Traets F, Sanchez DG, Vandebroek M. Generating optimal designs for discrete choice experiments in R: the idefix package. J Stat Softw. 2020;96:1–41.

	38.
Oppe M, van Hout B. The “power” of eliciting EQ-5D-5L values: the experimental design of the EQ-VT. :20.

	39.
Statistic center in Sweden (Statistika Centralbyrån SCB). Population statistics 2021 [Internet]. Statistiska Centralbyrån. 2022 [cited 2022 Jan 26]. Available from: http://​www.​scb.​se/​en/​finding-statistics/​statistics-by-subject-area/​population/​population-composition/​population-statistics/​pong/​tables-and-graphs/​monthly-statistics--the-whole-country/​population-statistics-2021/​

	40.
Finch AP, Meregaglia M, Ciani O, Roudijk B, Jommi C. An EQ-5D-5L value set for Italy using videoconferencing interviews and feasibility of a new mode of administration. Soc Sci Med. 2022;292: 114519.

	41.
Devlin NJ, Roudijk B, Ludwig K, editors. Value sets for EQ-5D-5L: a compendium, comparative review & user guide. Cham: Springer; 2022.

	42.
StataCorp 2015. College station, TX: StataCorp LP; 2015.

	43.
Lugnér AK, Krabbe PF. An overview of the time trade-off method: concept, foundation, and the evaluation of distorting factors in putting a value on health. Expert Rev Pharmacoeconom Outcomes Res. 2020;20(4):331–42.

	44.
Dolan P, Kahneman D. Interpretations of utility and their implications for the valuation of health. Econ J. 2008;118:215–34.

	45.
De Wit GA, Busschbach JJV, De Charro FTh. Sensitivity and perspective in the valuation of health status: whose values count? Health Econ. 2000;9:109–26.

	46.
Ubel PA, Loewenstein G, Jepson C. Whose quality of life? A commentary exploring discrepancies between health state evaluations of patients and the general public. Qual Life Res. 2003;12:599–607.

	47.
Sun S, Chen J, Kind P, Xu L, Zhang Y, Burström K. Experience-based VAS values for EQ-5D-3L health states in a national general population health survey in China. Qual Life Res. 2015;24:693–703.

	48.
Rand-Hendriksen K, Augestad LA, Kristiansen IS, Stavem K. Comparison of hypothetical and experienced EQ-5D valuations: relative weights of the five dimensions. Qual Life Res. 2011;21:1005–12.

	49.
Brazier J, Akehurst R, Brennan A, Dolan P, Claxton K, McCabe C, et al. Should patients have a greater role in valuing health states? Appl Health Econ Health Policy. 2005;4:201–8.

	50.
Mann R, Brazier J, Tsuchiya A. A comparison of patient and general population weightings of EQ-5D dimensions. Health Econ. 2009;18:363–72.

	51.
Shiroiwa T, Ikeda S, Noto S, Igarashi A, Fukuda T, Saito S, et al. Comparison of value set based on DCE and/or TTO data: scoring for EQ-5D-5L health states in Japan. Value in Health. 2016;19:648–54.

	52.
Pullenayegum EM, Pickard AS, Xie F. Latent class models reveal poor agreement between discrete-choice and time tradeoff preferences. Med Decis Making. 2019;39:421–36.

	53.
Waudby-Smith I, Pickard AS, Xie F, Pullenayegum EM. Using both time tradeoff and discrete choice experiments in valuing the EQ-5D: impact of model misspecification on value sets. Med Decis Making. 2020;40:483–97.

	54.
Augustovski F, Rey-Ares L, Irazola V, Garay OU, Gianneo O, Fernández G, et al. An EQ-5D-5L value set based on Uruguayan population preferences. Qual Life Res. 2016;25:323–33.



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Estimating a social value set for EQ-5D-5L in Sweden


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12955_2022_2083_Tab2_HTML.png
c-TT0

DCE

Hybrid (c-TTO and DCE)

Model 1 Model 2 Model 3 Model 4 Mode 5 Model 6 Model 7
conditional logit model Rand ffect R ffect,
Rand ffect R: ffect model, conditional censored at -1, model, conditional
model, GLS model censored at - model logit model conditional logit logit model
1, Tobit {preferred model)
p- p- P- P p- p- P
Estim valu  Estim valu  Estim valu | Estim  Rescal valu | Estim valu  Estim valu  Estim valu
ate SE e ate SE e ate e ate ed SE e ate SE e ate SE e ate SE e
Mobility
0.0 0.05 00 012 0.0 0.00 0.0 0.0 0.00 0.0 0.00 0.0 0.01
MO02 0.025 13 7 0.021 14 0 0.022 o7 2| 0179 0.024 72 0.01 | 0.025 08 2 0.023 08 5 0.020 08 6
0.0 0.00 0.0 0.01 00 013 00 0.1 00 <0.0 0.0 <0.0 0.0 0.00
MO03 0.041 14 3 0.038 15 2 0.026 17 1| 0226 0.030 88 0 | 0.036 09 01 0.035 10 01 0.033 10 1
0.0 <0.0 00 <0.0 00 <0.0 00 <0.0 0.0 <0.0 00 <0.0 00 <0.0
Mo4 0104 15 01 0101 16 01 0087 17 01| 0741 0.099 87 01| 0103 09 01 0104 10 01 0099 09 o1
0.0 <0.0 0.0 <0.0 0.0 <0.0 0.0 <0.0 0.0 <0.0 0.0 <0.0 0.0 <00
MO5 0.154 14 01 0.157 15 01 0132 15 01| 1.156 0.154 97 01| 0.153 09 01 0158 10 01 0157 10 01
Self-care
0.0 0.16 0.0 017 0.0 0.00 0.0 0.0 0.00 0.0 0.00 0.0 0.02
sC2 0.017 12 6 0.018 13 9 0.019 06 3| 0231 0.031 79 0| 0.025 08 2 0.025 09 4 0.018 08 7
0.0 <0.0 0.0 0.00 0.0 <0.0 0.0 0.0 0.00 0.0 0.00 00 0.0
SC3 0.055 15 01 0.055 16 1 0.056 14 01 | 0.164 0.022 87 0.06 | 0.031 10 1 0.030 10 2 0.028 10 5
0.0 <0.0 0.0 <0.0 0.0 <0.0 0.0 <0.0 00 <0.0 0.0 <0.0 0.0 <0.0
sca 0.112 15 01 0116 16 01 0113 16 01| 0788 0105 91 01| 0105 09 01 0.107 10 01 0103 10 o1
0.0 <0.0 0.0 <0.0 00 <0.0 0.0 <0.0 0.0 <0.0 0.0 <0.0 00 <0.0
SC5 0.160 14 01 0171 14 01 0.159 14 01| 1.046 0.139 88 01| 0.136 09 01 0.141 09 01 0133 09 o1
Usual
activities
0.0 0.01 0.0 0.02 0.0 0.00 0.0 <0.0 00 <0.0 0.0 <0.0 0.0 0.00
UA2 0.031 13 7 0032 14 2 0022 07 2| 0263 0.035 75 01| 0.034 08 01 0034 08 01 0026 08 2
0.0 <0.0 0.0 <0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.00 00 0.02
UA3 0.066 14 01 0.068 15 01 0.048 15 1| 0104 0.014 85 0.22 | 0.029 09 1 0.027 09 4 0.021 09 2
0.0 <0.0 00 <0.0 00 <0.0 0.0 <00 0.0 <00 00 <0.0 00 <0.0
UA4 0.133 14 01 0135 15 01 0131 14 01| 0815 0109 88 01| 0112 09 01 0113 10 01 0109 10 o1
0.0 <0.0 0.0 <0.0 00 <0.0 0.0 <0.0 0.0 <0.0 0.0 <0.0 00 <0.0
UAS 0.196 14 01 0.207 15 01 0.187 16 01 | 1182 0.157 93 01 | 0.167 09 01 0172 09 01 0.161 09 o1
Pain/discomfo
rn
00 021 00 025 00 0.09 00 <0.0 0.0 <0.0 00 <0.0 00 0.00
PD2 0.014 12 3 0014 12 7 0010 06 5| 0433 0058 82 01| 0.037 08 01 0.037 09 01 0027 08 1
0.0 0.04 0.0 0.07 0.0 0.00 0.0 <0.0 0.0 <0.0 0.0 <0.0 0.0 <00
PD3 0.031 15 5 0.029 16 5 0.047 16 3| 0543 0.072 88 01 | 0.056 09 01  0.056 10 01  0.055 09 o1
0.0 <0.0 0.0 <0.0 00 <0.0 0.0 <0.0 0.0 <0.0 0.0 <0.0 00 <0.0
PD4 0.293 14 01 0299 15 01 0319 17 01 | 2.157 0.287 98 01 | 0.284 09 01 0291 10 01 0298 11 o1
0.0 <0.0 0.0 <0.0 0.0 <0.0 01 <0.0 00 <0.0 0.0 <0.0 0.0 <0.0
PDS 0.419 14 01 0435 15 01 0.442 17 01 | 3.360 0.447 20 01 | 0.435 10 01 0451 11 01 0.447 12 o1
Anxiety/depre
ssion
0.0 0.00 0.0 0.00 00 <0.0 0.0 <0.0 0.0 <0.0 0.0 <0.0 00 <0.0
AD2 0.039 13 2 0.037 14 8 0.031 06 01 | 0.520 0.069 84 01 | 0.062 08 01 0.062 09 01 0.055 08 o1
00 <0.0 00 <0.0 0.0 <0.0 00 <0.0 00 <0.0 0.0 <0.0 00 <0.0
AD3 0.135 16 01 0.132 17 01 0.122 15 01 | 1123 0.150 90 01 | 0.148 09 01 0.149 10 01 0.155 10 01
0.0 <0.0 0.0 <0.0 0.0 <0.0 0.1 <0.0 0.0 <0.0 0.0 <0.0 00 <0.0
AD4 0.269 14 01 0.269 15 01 0277 16 01| 2194 0.292 05 01 | 0.288 09 01 0294 09 01 0293 09 o1
0.0 <0.0 00 <0.0 00 <0.0 0.1 <00 0.0 <0.0 00 <0.0 00 <0.0
AD5 0.381 13 01 039 14 01 0394 14 01| 3.062 0408 13 01| 0402 09 01 0414 10 01 0410 10 o1
Dimension
ranking
PD-AD-UA-SC-MO PD-AD-UA-SC-MO PD-AD-UA-SC-MO PD-AD-UA-MO-SC PD-AD-UA-MO-SC PD-AD-UA-MO-SC PD-AD-UA-MO-SC
Illogical
ordered 0 0 o 2 1 1 1
Insignificance 3 3 2 2 ] 0 [
Goodness of
fit
5402. 4495.
AIC 5351 7035 7 8 12380 14065 13054
BIC 5501 7185 5683 4642 12543 14229 13358
Prediction
accuracy
MAE 0.292 0.294 0.290
RMSE | 0.184 0.184 0.184
value for - - - - - - -
0311 0.360 0314 0.306 0.293 0.336 0.309






OEBPS/css/envelope.png





OEBPS/images/12955_2022_2083_Fig1_HTML.png
T T
13 ol S

sasuodsal O [-9 jo Aouanbai4

-2 -1
Observed c-TTO value

-4 -3

-9 -8 -7 -6 -5

-1





OEBPS/images/12955_2022_2083_Article_TeX_Equa.png
Y =b1MO2+ b2 % MO3+ b3 x MO4+ b4 x« MO5 + b5 x SC2
+b6 %« SC3 + b7 x SC4+ b8 x SC5 + b9 x U A2
+b10 « UA3 + b1l « UA4 + b12 « UAS
+b13 x PD2+ 014« PD3 + 015« PD4 + 016 « PD5
+b17 x AD2 + bl8 x AD3 + b19 x AD4 + b20 «x AD5 + e





OEBPS/images/12955_2022_2083_Fig2_HTML.png
o/
\
\
\
\
o\
/
® /.
°
0"
(Y R
\
/ooo
o\
oo -
ooo/ﬂ
_/n
® \
.
M ._/oo
LY

1.5

Ty

® Linear prediction






OEBPS/images/12955_2022_2083_Article_TeX_IEq1.png





OEBPS/css/sidebar.gif





OEBPS/images/12955_2022_2083_Article_TeX_Equb.png
EQ —5D;pge. =1 —0(MO1) —0.019(SC2) — 0.048 (UA3) — 0.319 (PD4) — 0.394 (AD5) = 0.220





