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Abstract
Objective
The objective of this study was to compare the measurement properties of the US EQ-5D-3L, EQ-5D-5L, and -5L to -3L crosswalk value sets (3L; 5L; 5L > 3L) across the spectrum of health.

Methods
The three scoring approaches were compared in terms of range of scale, percent of worse-than-dead health states, and mean single-level transitions. Discriminative ability was compared by leveraging two cross-sectional datasets. A novel method was used to visualize and compare the responsiveness of 3L and 5L scoring approaches across EQ VAS values.

Results
The US 5L value set had the broadest range of scale at 1.573 (vs. 1.109 for 3L and crosswalk). The crosswalk had the smallest mean single-level transition of 0.061 (vs. 0.078 for 5L and 0.111 for 3L). The 5L value set tended to be more discriminative/greater statistical efficiency than the crosswalk (F-statistic ratio: 1.111, 95% CI 0.989–1.240) and 3L (F-statistic ratio: 1.102 95% CI 0.861–1.383) across levels of general health. The 5L was the most responsive value set between EQ VAS values of 25 and 75.

Conclusion
These results imply greater sensitivity of the 5L to health changes and potentially lower incremental cost-utility ratios compared to the 3L.

Highlights
	This study is among the first to compare the performance of value sets for the US to help users understand health utility gains depending on the value set/scoring approach selected.

	The 5L value set had improved interval-level measurement properties than the 3L and 3L > 5L value sets.

	Empirical analyses, including a novel simulation method, showed that the 5L value set tended to have greater discriminative ability across the entire health continuum.
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Background
Health technology assessment (HTA) is predicated upon methodologies and decision-making criteria that inform reimbursement and assess the value of competing health care technologies. In addition to survival benefits, it is essential to consider quality of life. Such benefits are intended to be captured by health utility measures that can facilitate the calculation of quality-adjusted life-years (QALYs) [1–3]. One leading health utility measure is the EQ-5D, a generic measure of health [4, 5].
The EQ-5D-3L (“3L”) was the first iteration of the instrument. It consisted of five dimensions of health presented in the same order—mobility, self-care, usual activities, pain/discomfort, and anxiety/depression, with three severity levels per dimension describing 243 unique health states [6]. The 3L health states can be described with a five-digit numerical string, where each digit corresponds to a dimension level and ranges from 11111 (no problems on any dimension) to 33333 (extreme problems/confined to bed for all dimensions). The 3L is frequently employed in studies of population health, clinician trials, and economic evaluations; evidence of its validity is well established for many applications [7, 8].
The 3L descriptive system has been criticized for lack of sensitivity and ability to discriminate small differences in health, particularly among respondents with milder problems [8]. In response, a five-level version EQ-5D-5L (“5L”) was developed that maintained the same five dimensions as the 3L but increased the number of levels to five, thereby describing 3125 unique health states (i.e., 11111–55555) [9]. Responses to the 3L and 5L health state classifiers can be converted to an index-based utility score (value) using preference-based scoring systems derived from the general population. These value sets are typically anchored by 0 for death and 1 for full health; some health states can be valued as worse-than-dead (WTD) with negative values [7].
In comparing the properties of the descriptive systems, the 5L demonstrated improved discriminatory power and decreased ceiling effects while convergent validity and known-group validity were similar between the two descriptive systems [8]. A 2018 systematic review that compared measurement properties of the 3L and 5L descriptive systems and/or value sets [10] found support for both the 3L and 5L across patient groups and geographic locations, and the 5L demonstrated marginally improved measurement properties. More recent longitudinal and cross-sectional evidence reported consistent findings [7, 11, 12].
Because the 3L and 5L descriptive systems and their associated value sets are different, the values each system/value set produces for the purpose of cost effectiveness analysis are likely to differ. In the United States (US), three scoring approaches are of primary interest: the 3L value set by Shaw et al., the 5L–3L (5L > 3L) crosswalk value set by Van Hout et al., and the 2019 5L value set by Pickard et al. [13–15]. The 3L value set was developed first, and before the development of county-specific 5L value sets, a linking function between descriptive systems was developed to assign index values to 5L health states based on a country’s 3L value set, referred to as “5L > 3L crosswalk” or “crosswalk” thereafter in this manuscript [13]. Previous work by Law et al. did compare US 3L and 5L utility indices. However, these value sets were not the final US 3L or 5L value sets and minimized variation from other sources [16]. Since then, the final US 5L value set was published in 2019 [14]. With the availability of official value sets for the United States based on the 3L [15] and 5L [14], a comparison between published US value sets can now be completed.
The objectives of this study were to: (10 compare the normative and empirical properties of the available US EQ-5D value sets (3L, 5L, 5L > 3L crosswalk) and (2) evaluate the responsiveness of the three value sets across the complete health spectrum by use of a simulation-based method applied to cross-sectional data.
Methods
EQ-5D value sets
The US 3L valuation largely replicated the methods used in the UK Measurement and Valuation of Health study [15]. The 5L > 3L crosswalk served as an interim method to map 5L responses to 3L value sets prior to the availability of 5L value sets and used data from an international parallel fielding study that recruited respondents from Denmark, England, Italy, the Netherlands, Poland, and Scotland [8, 13]. The US 5L valuation employed the internationally standardized experimental design, protocol, and official platform for valuing the EQ-5D-5L [14].
Analysis
The value sets were compared theoretically using value set characteristics and empirically using datasets in which both the 3L and 5L were administered to all respondents. All analyses were conducted in SAS 9.4 (Cary, NC) or R studio 1.3.1056 (Boston, MA).
Theoretical value set characteristics comparison
Value sets were compared in terms of range of scale, number, and percent of health states WTD (utility < 0), mean single dimension-level utility transition, and utility difference between 11111 and the next best health state. Mean single dimension-level utility transitions were estimated by averaging all possible single-level deteriorations and improvements for a single health state described by the instrument. Such analyses were previously described by Law et al. [16]. The single dimension-level utility transition means across the range of utility values in each value set were visualized using a scatterplot to assess measurement properties. Scales with interval measurement properties can distinguish order; further, differences between adjacent values are equidistant and meaningful [17]. Approximately equal transition values across the spectrum of level sum score values would be consistent with interval measurement properties. A smoothed kernel density plot for the index values was also generated for each value set. The plots were compared in terms of distribution shape and the presence of multiple local-maximum values.
Empirical value set characteristic comparison
Data sources (US 5L valuation and parallel fielding dataset)
Data that included self-completion of both the 3L and 5L from respondents that range in health were needed to facilitate comparisons of the available US value sets. The dataset from the 2017 US 5L valuation study and the 3L/5L multi-country parallel fielding study were therefore chosen for the analyses. The US 5L valuation study dataset included over 1000 respondents who were quota-sampled in terms of age, gender, race, and ethnicity to be representative of the US general population in 2017 [14]. (Table 1) The parallel fielding dataset was comprised of patients with various disease states such as diabetes and chronic obstructive pulmonary disease (Table 1) [8]. Therefore, only respondents who completed the 3L, 5L, and EQ VAS were included in the analyses.Table 1Dataset characteristics


	Characteristic
	Dataset

	US valuation data
	Parallel fielding data

	Sample size*
	1133
	3790

	Population
	General population
	Healthy and disease populations

	VAS, mean (SD)
	80.4 (15.6)
	64.1 (22.6)

	5L utility, mean (SD)
	0.839 (0.209)
	0.645 (0.349)

	3L utility, mean (SD)
	0.872 (0.156)
	0.727 (0.233)

	Crosswalk utility, mean (SD)
	0.854 (0.140)
	0.728 (0.219)

	5L (11111), n (%)
	354 (31.2%)
	601 (15.9%)

	3L (11111), n (%)
	527 (46.5%)
	763 (20.1%)


SD standard deviation, VAS visual analogue scale, 5L, EQ-5D-5L; 3L, EQ-5D-3L; 11111, best health state (no problems on each of the five dimensions: mobility, self-care, usual activities, pain/discomfort, anxiety/depression). For 3L, 1 represents no problems, 2 some problems, and 3 extreme problems/confined to bed. For 5L, 1 represents no problems, 2 slight problems, 3 moderate problems, 4 severe problems, and 5 extreme problems/unable to
*With complete 3L and 5L self-reported health descriptions available



Discriminative ability
Discriminative ability of value sets was assessed in terms of statistical efficiency using the ratio of F-statistics estimated from the analysis of variance (ANOVA) [18–20]. ANOVA models were calculated for each dataset and value set over groups of participants with differing health, i.e., general health (US valuation data only) and strata defined by responses to EQ VAS. EQ VAS was chosen as an anchoring value as it was external to the descriptive systems and was divided into ten total strata by 10 s, i.e., 0–10, 11–20…91–100. A ratio greater than 1.0 indicated the value set in the numerator had greater relative efficiency than the value set in the denominator; for all comparisons, the US 5L value set was the numerator. Data was bootstrapped with replacement to generate 1000 samples with the same sample size as the dataset to estimate 95% confidence intervals for F-statistic ratios. The ratio of respondents who reported each general health level was maintained within each sample. In the parallel fielding dataset, analyses by EQ VAS strata were also conducted within each patient group.
Novel simulation method for empirical responsiveness comparison
A new method was developed to understand the responsiveness of each value set across the entire spectrum of health using simulated data. The three compared value sets were applied to respondent EQ-5D health states. Then 1000 samples of 1000 respondents each were simulated using random draws (bootstrapping) with the probability of any respondent being selected varying as a function of a triangular distribution, with the top point varying over the range of possible EQ VAS values (0–100) for each dataset. Using this method, the overall severity could be varied predictably while maintaining a realistic variation between responses and minimum (0) and maximum (100) could be maintained [21]. The resulting index values were plotted for visual comparisons to determine whether measurement properties differed overall and by segments of the EQ VAS. Additional details regarding the VAS-weighted simulation are in Additional file 1: Appendix A.
Results
Theoretical value set characteristics
Of the three available US value sets for the EQ-5D, the 5L value set had the largest range of scale of 1.573 (vs. 1.109 for 3L and crosswalk). The 5L health state also assigned the largest percent of health states with index values less than 0, i.e., worse-than-dead. Only 1.2% and 4.1% of the health states in the crosswalk and 3L value sets were WTD compared to 19.8% of the 5L value set health states. (Table 2) The 5L value set also had the smallest utility difference between 11111 and the health state with the next highest utility value. This utility difference was 0.057, 0.112, and 0.140 for the 5L, crosswalk, and 3L value sets, respectively. The mean single-level transition across all health states was largest for the 3L value set with a mean (SD) of 0.111 (0.029). The crosswalk had the smallest mean single-level transition of 0.061 (0.017), whereas this value for the 5L was 0.078 (0.014).Table 2Theoretical value set characteristics


	Characteristic
	US 5L
	US 3L
	Crosswalk

	Number of health states
	3125
	243
	3125

	Range of scale
	1.573
	1.109
	1.109

	Value for 11111
	1
	1
	1

	Number of health states WTD (%)
	620 (19.8%)
	10 (4.1%)
	39 (1.2%)

	Utility difference between 11111 and next best health state
	0.057
	0.140
	0.112

	Mean single level transition across all health states, mean (SD)
	0.078 (0.014)
	0.111 (0.029)
	0.061 (0.017)


SD standard deviation, WTD worse than death, 5L, EQ-5D-5L; 3L, EQ-5D-3L, 11111, best health state (no problems on each of the five dimensions: mobility, self-care, usual activities, pain/discomfort, anxiety/depression). For 3L, 1 represents no problems, 2 some problems, and 3 extreme problems/confined to bed. For 5L, 1 represents no problems, 2 slight problems, 3 moderate problems, 4 severe problems, and 5 extreme problems/unable to



All mean single-level transitions from each health state described by the value sets were plotted using scatter plots as a function of the starting EQ-5D index in Fig. 1. From these scatterplots, the 5L value set demonstrated improved interval measurement properties as the mean single-level transitions are closest to the mean and consistent throughout the range of health state severity as measured by level sum score. The 3L and crosswalk value sets each have a clear outlier for the mildest health state (11111) caused by the relatively large distance between 11111 and the next best health state for both value sets. The distance is 0.140 for the 3L and 0.112 for the crosswalk (Table 2).[image: ]
Fig. 1Mean single level transitions by utility of starting health state. Each panel depicts the scatterplot of mean single-level transitions for a US EQ-5D value set. The horizontal line in each graph is the mean single value transition across all single-level transitions for the plotted value set 


Furthermore, the potential for interval measurement properties was demonstrated by the smoothed kernel density plots (Fig. 2). The 5L value set distribution was closest to a normal distribution with a single maximum point, whereas the 3L value set had multiple local maxima. The crosswalk value set only had a single maximum, but the distribution was skewed.[image: ]
Fig. 2Kernel density plots. 5L—EQ-5D-5L value set (243 health states), 3L—EQ-5D-3L value set (3125 health states), crosswalk: matched 5L–3L value set (243 health states) 


Empirical value set comparison
Discriminative ability—respondent characteristics
In terms of statistical efficiency, in the US valuation data, the 5L value set tended to be more discriminative than the crosswalk (F-statistic ratio: 1.111 95% CI 0.989–1.240) and 3L (F-statistic ratio: 1.102 95% CI 0.861–1.383) across levels of general health (Fig. 3). Furthermore, across categorical groupings of EQ VAS, the 5L was the most discriminative (F-statistic ratios 1.050–1.430) in both the US valuation and the parallel fielding datasets (Fig. 3).[image: ]
Fig. 3F statistic ratios by EQ VAS and self-reported health state in parallel fielding data 


Within disease states, the 5L value set was also consistently more discriminative than the 3L and crosswalk value sets for varying EQ VAS with few exceptions (Fig. 3). The crosswalk value set was more discriminating than the 5L value set in diabetes, rheumatoid arthritis/arthritis, and stroke, and F-statistic ratios were 0.981, 0.935, and 0.962, respectively. Other F-statistic ratios ranged from 1.077 to 1.513, indicating greater relative efficiency of the 5L value set over the crosswalk and 3L value sets.
Responsiveness—simulated utility values by EQ VAS
In the US valuation dataset of general population respondents, the simulated utility values for each of the three compared value sets were similar across the range of EQ VAS values (0–100). The mean 5L utility value varied from 0.749 (95% CI 0.732–0.764) to 0.876 (95% CI 0.866–0.885) compared to the crosswalk values of 0.790 (95% CI 0.780–0.800) through 0.871 (95% CI 0.864–0.878) and 3L values of 0.806 (95% CI 0.795–0.815) to 0.889 (95% CI 0.882–0.897) (Additional file 2: Appendix B). These simulated index values were plotted as ribbon plots in Fig. 4. For each value set pictured in Fig. 4, the dark solid line represents the average simulated index value at a given EQ VAS. The medium shading and light shading represented the interquartile range and the 95% confidence interval of the simulated index values, respectively. In the US valuation dataset, the simulated utility values were similar across the entire spectrum of EQ VAS values for all three value sets (Fig. 4a).[image: ]
[image: ]
Fig. 4Ribbon plots for simulated mean and 95% confidence interval utility index values by value set by visual analogue value 


Larger utility differences were noted between value sets in the parallel field dataset. The mean 5L utility value ranged from 0.489 (95% CI 0.465–0.512) through 0.734 (95% CI 0.716–0.750) compared to the crosswalk values range of 0.630 (95% CI 0.616–0.645) to 0.783 (95% CI 0.771–0.793), and US 3L values ranged from 0.625 (95% CL 0.609–0.641) to 0.784 (95% CI 0.772–0.795). (Additional file 2: Appendix B) In the student group of the parallel fielding dataset, the three value sets produced closer utility values across the EQ VAS spectrum (Fig. 4c).
For all health conditions in the parallel fielding dataset, the 5L value set produced lower utility values than the 3L and crosswalk value sets for all EQ VAS values (Figs. 3d–k). For health conditions such as rheumatoid arthritis/arthritis, cardiovascular disease, and depression, the 5L value set may be more discriminative across different levels of health and/or responsive to changes in health. In most health conditions, the 5L index values changed more rapidly with differences with EQ VAS, i.e., steeper slope, between VAS values of 25 and 75. This trend is less evident in stroke and personality disorders (Additional file 2: Appendix B, Fig. 4).
This study represents a key addition to the literature in comparing the available US EQ-5D value sets and also introduces a novel simulation method for empirical responsiveness comparison across the entire spectrum of health using cross-sectional data. These results demonstrated that the US 5L value set had more desirable theoretical and empirical measurement properties than the US 3L and crosswalk value sets. The improved interval measurement properties of the 5L were supported by the scatterplots of the mean individual-level transitions and kernel density plots of index values (Fig. 2). These figures highlight key benefits of the 5L value set—consistent, predictable transitions between adjacent health states across the entire scale. The crosswalk value set had the smallest mean single-level transition of the three value sets, but this observation can be attributed to many health states (3125) over a shorter range of scale (1.109). Related to both the value set range of scale and the increased levels of severity in its descriptive system, the US 5L value set was found to be generally more discriminative than the 3L and crosswalk value sets in both datasets.
The 5L was also the most responsive of the three value sets; within the simulation analyses, the responsiveness of value sets was most distinct between EQ VAS values of 25 and 75, with the steeper slope of the 5L value set demonstrating greater responsiveness. The slopes of the compared value sets were similar between low (0–25) and high (75–100) EQ VAS values, and responsiveness distinctions were less conclusive in patients with poor and good health, respectively. However, if the discriminative ability is used as a proxy measure for responsiveness, the 5L was found to be more discriminative in the students’ group of parallel fielding data and the US valuation respondents in terms of F-statistic ratios. These can be considered as two healthy groups similar to patients with EQ VAS greater than 75. Therefore, a key shortcoming of the 3L (i.e., decreased sensitivity to change) in healthier patients may be addressed by 5L and the corresponding value set [9]. An evidence gap remains in understanding the measurement properties of US value sets in patients with very poor health. This could not be pursued in the current analyses as a few severely ill (i.e., had EQ VAS values < 50) patients were included in the empirical datasets.
This study builds upon the Law et al. study through the application of the official US value sets using a novel method to compare instrument/value set performance [16]. The increased discriminatory ability of the 5L identified in this study is generally consistent with findings in other countries and studies, including a recent empirical head-to-head comparison of value sets for multiple countries [7, 16, 22]. However, previous evidence comparing responsiveness to change between value sets is mixed—some studies reported 5L had improved responsiveness while others found no or even reduced responsiveness [12, 23–25]. These discrimination and responsiveness findings may be disease state and/or geographically dependent [26, 27]. Further evaluations of value set responsiveness in specific disease states using longitudinal data may be limited by the lack of such data availability. The novel, simulation-based method outlined in this study can be applied to cross-sectional data to investigate the responsiveness of the value sets across the entire health spectrum (e.g., EQ VAS 0–100). This method enables broader insight than previous studies by showing the relative performance of measures/value sets across a broad range of levels of health. In this way, our results and future application of this method to other datasets can help to inform choice of measure and value sets prior to clinical trial initiation. The method may also be extended to comparisons of other instruments if health anchors external to the instruments’ descriptive systems is included in addition to the other instruments.
Based on these findings, general consequences of the choice of descriptive system and/or value set for health measurement and cost-effectiveness may be identified. The 5L instrument and its US value set can better distinguish patients with different levels of health. Additionally, changes between 5L index values over time may be greater than changes measured using the 3L and crosswalk value sets when anchored on EQ VAS changes. The 5L value set index values are more sensitive to changes or differences in health. These larger utility differences for improvements in health may also result in a lower incremental cost-effectiveness ratio if survival benefits are similar between comparators.
This study was limited by the few available data sets with 3L and 5L responses provided by the same respondent. These analyses were also not conducted using trial data or longitudinal data; however, evaluation using such datasets would constrain results to only the observed changes whereas these analyses provide evidence on how changes in underlying health may be reflected in index values and potential implications for QALYs across the entire spectrum of observed health. The responsiveness analyses were only conducted using EQ VAS as an anchor; additional evaluations are necessary to confirm these findings using other measures of health. The analyses were all conducted using the EQ VAS administered following the 5L descriptive system; an “order effect” may be present where the EQ VAS value was influenced by the descriptive system administered immediately prior [11]. However, the 3L EQ VAS was not available in both datasets used, so sensitivity analyses could not be conducted.
Conclusion
In conclusion, the US 5L value set had longer range of scale, increased precision in health status measurement, and tended to be more discriminative than summary scores based upon the 3L value set and crosswalk. The greater sensitivity to health changes of the 5L value set over the full range of health would potentially produce lower incremental-cost effectiveness ratios than scores based on the 3L. The simulation method can facilitate comparisons of sensitivity of different value sets and/or utility measures in patient groups and populations when only cross-sectional data is available.
Acknowledgements
The authors would like to acknowledge the survey respondents in the datasets used for this study, without whom this study would be impossible.

Author contributions
RJ: Conceptualization; Data curation; formal analysis; funding acquisition; investigation; methodology; project administration; resources; software; validation; visualization; roles/writing—original draft; writing—review and editing. KR: Data curation; formal analysis; investigation; methodology; project administration; resources; software; supervision; validation; visualization; writing—review and editing. MK: Formal analysis; Investigation; methodology; project administration; resources; software; validation; visualization; roles/writing—original draft; writing—review and editing. ASP: Conceptualization; data curation; funding acquisition; investigation; methodology; project administration; supervision; writing—review and editing. All authors read and approved the final manuscript.

Funding
This research was funded by the EuroQol Research Foundation (Grant Number 20190360). The funder had no role in the conduct or interpretation of the findings, and the usual disclaimer applies.

Availability of data and materials
Datasets used in this study may be available upon request to the corresponding author.

Declarations
Ethics approval and consent to participate
Ethics approval for this study was not needed based on the methods and data used.

Consent for publication
Not applicable.

Competing interests
KR, ASP, and RJ are members of the EuroQol Group, developers of the EQ-5D.


References
	1.
Institute for Clinical and Economic Review. A Guide to ICER’s Methods for Health Technology Assessment. https://​icer.​org/​wp-content/​uploads/​2021/​01/​ICER_​HTA_​Guide_​102720.​pdf. Accessed 27 Oct 2020.

	2.
Mulligan K, Lakdawalla D, Goldman D, Hlávka J, Peneva D, Ryan M, et al. Health Technology Assessment for the U.S. Healthcare System 2020. https://​healthpolicy.​usc.​edu/​research/​health-technology-assessment-for-the-u-s-healthcare-system/​.

	3.
Aspen Institute—Health M, and Society Program, USC Schaeffer: Leonard D. Schaeffer Center for Health Policy and Economics. Health Technology Assesment for the U.S. Healthcare System Background Paper. https://​healthpolicy.​usc.​edu/​wp-content/​uploads/​2020/​02/​Health-Technology-Assessment-for-the-U.​S.​-Healthcare-System_​Background-Paper.​pdf. Accessed Cot 2019.

	4.
Devlin NJ, Brooks R. EQ-5D and the EuroQol group: past, present and future. Appl Health Econ Health Policy. 2017;15(2):127–37.Crossref

	5.
RTI Health Solutions. Summary of Guidance on Health-Utility Measures by Selected Health Technology Assessment Agencies 2019. https://​www.​rtihs.​org/​sites/​default/​files/​HTA_​document_​4_​March_​2019.​pdf.

	6.
van Reenen M, Oppe M. EQ-5D-3L user Guide. EuroQol Res Found. 2015;22.

	7.
Janssen MF, Bonsel GJ, Luo N. Is EQ-5D-5L better than EQ-5D-3L? A head-to-head comparison of descriptive systems and value sets from seven countries. Pharmacoeconomics. 2018;36(6):675–97.Crossref

	8.
Janssen MF, Pickard AS, Golicki D, Gudex C, Niewada M, Scalone L, et al. Measurement properties of the EQ-5D-5L compared to the EQ-5D-3L across eight patient groups: a multi-country study. Qual Life Res. 2012.

	9.
Herdman M, Gudex C, Lloyd A, Janssen M, 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: Int J Qual Life Asp Treat Care Rehabilit. 2011;20(10):1727–36.Crossref

	10.
Buchholz I, Janssen MF, Kohlmann T, Feng YS. A systematic review of studies comparing the measurement properties of the three-level and five-level versions of the EQ-5D. Pharmacoeconomics. 2018;36(6):645–61.Crossref

	11.
Bhadhuri A, Kind P, Salari P, Jungo KT, Boland B, Byrne S, et al. Measurement properties of EQ-5D-3L and EQ-5D-5L in recording self-reported health status in older patients with substantial multimorbidity and polypharmacy. Health Qual Life Outcomes. 2020;18(1):317.Crossref

	12.
Jin X, Al Sayah F, Ohinmaa A, Marshall DA, Johnson JA. Responsiveness of the EQ-5D-3L and EQ-5D-5L in patients following total hip or knee replacement. Qual Life Res. 2019;28(9):2409–17.Crossref

	13.
van Hout B, Janssen M, Feng Y-S, Kohlmann T, Busschbach J, Golicki D, et al. Interim scoring for the EQ-5D-5L: mapping the EQ-5D-5L to EQ-5D-3L value sets. Value Health. 2012;15(5):708–15.Crossref

	14.
Pickard AS, Law EH, Jiang R, Pullenayegum E, Shaw JW, Xie F, et al. United States Valuation of EQ-5D-5L Health States Using an International Protocol. Value in Health. 2019.

	15.
Shaw JW, Johnson JA, Coons SJ. US valuation of the EQ-5D health states: development and testing of the D1 valuation model. Med Care. 2005;43(3):203–20.Crossref

	16.
Law EH, Pickard AS, Xie F, Walton SM, Lee TA, Schwartz A. Parallel valuation: a direct comparison of EQ-5D-3L and EQ-5D-5L societal value sets. Med Decis Making. 2018;38(8):968–82.Crossref

	17.
Newsom JT. Lecture 1 Types of scales & levels of measurement. http://​web.​pdx.​edu/​~newsomj/​pa551/​lecture1.​htm.

	18.
Wang P, Luo N, Tai ES, Thumboo J. The EQ-5D-5L is more discriminative than the EQ-5D-3L in patients with diabetes in Singapore. Value Health Reg Issues. 2016;9:57–62.Crossref

	19.
Vickrey BG, Hays RD, Genovese BJ, Myers LW, Ellison GW. Comparison of a generic to disease-targeted health-related quality-of-life measures for multiple sclerosis. J Clin Epidemiol. 1997;50(5):557–69.Crossref

	20.
Luo N, Johnson JA, Shaw JW, Coons SJ. Relative efficiency of the EQ-5D, HUI2, and HUI3 index scores in measuring health burden of chronic medical conditions in a population health survey in the United States. Med Care. 2009;47(1):53–60.Crossref

	21.
Leemis L. Triangular distribution. http://​www.​math.​wm.​edu/​~leemis/​chart/​UDR/​PDFs/​Triangular.​pdf.

	22.
Mulhern B, Feng Y, Shah K, Janssen MF, Herdman M, van Hout B, et al. Comparing the UK EQ-5D-3L and English EQ-5D-5L Value Sets. Pharmacoeconomics. 2018;36(6):699–713.Crossref

	23.
Buchholz I, Thielker K, Feng YS, Kupatz P, Kohlmann T. Measuring changes in health over time using the EQ-5D 3L and 5L: a head-to-head comparison of measurement properties and sensitivity to change in a German inpatient rehabilitation sample. Qual Life Res. 2015;24(4):829–35.Crossref

	24.
Golicki D, Niewada M, Karlińska A, Buczek J, Kobayashi A, Janssen MF, et al. Comparing responsiveness of the EQ-5D-5L, EQ-5D-3L and EQ VAS in stroke patients. Qual Life Res. 2015;24(6):1555–63.Crossref

	25.
Breheny K, Hollingworth W, Kandiyali R, Dixon P, Loose A, Craggs P, et al. Assessing the construct validity and responsiveness of preference-based measures (PBMs) in cataract surgery patients. Qual Life Res. 2020;29(7):1935–46.Crossref

	26.
Agborsangaya CB, Lahtinen M, Cooke T, Johnson JA. Comparing the EQ-5D 3L and 5L: measurement properties and association with chronic conditions and multimorbidity in the general population. Health Qual Life Outcomes. 2014;12(1):74.Crossref

	27.
Pan CW, Zhang RY, Luo N, He JY, Liu RJ, Ying XH, et al. How the EQ-5D utilities are derived matters in Chinese diabetes patients: a comparison based on different EQ-5D scoring functions for China. Qual Life Res. 2020;29(11):3087–94.Crossref



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


OEBPS/images/12955_2022_2031_Fig4a_HTML.png





OEBPS/navigation.xhtml

    
      Contents


      
        		EQ-5D-5L measurement properties are superior to EQ-5D-3L across the continuum of health using US value sets


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12955_2022_2031_Fig1_HTML.png
Mean single-level transition value vs. starting EQ-5D-5L health state value (Pickard)

05

04 -

03

0.2

Mean 1-level transition

01

0.0

B

0.0
5L health state value (Pickard)

o

Misery Score

Mean single-level transition value vs. starting EQ-5D-5L health state value (Crosswalk)

0.5

04 -

0.3

0.2

Mean 1-level transition

0.1+

0.0

-05

T

0.0
5L health state value (Crosswalk)

20

o

Misery Score

Mean 1-level transition

Mean single-level transition value vs. starting EQ-5D-5L health state value (Shaw)
05
14
04
12
03 ®
s
@
10
¢} o :
02 [e) b
o O
8
01
6
0.0 -

-1.0 -05 00 05 1.0
3L health state value (Shaw)





OEBPS/css/envelope.png





OEBPS/images/12955_2022_2031_Fig4b_HTML.png
025

0 25 50 75 100

Panels all): X-0xis: £Q VAS, Y-axis: utility

B usEQ-5D-SLvalueset [ US EQ-5D-3Lvalueset | USS5L>3Lvalue set






OEBPS/images/12955_2022_2031_Fig3_HTML.png
F statsittic ratio

25

20

15

1.0

0.5

0.0

1.430
1.304

1.111 |

Crosswalk Crosswalk
General health VAS 105
(entire datasset) (entire dataset)

US valuation data

[SL}/[3L] US valuation data

1.143 1.310 1.226
1.050

1.116
i I 0.957

1.392
1.283

1.225 1187 0956 1.155

1.331

I I I | 102 I I

USS5L/3L USS5L/US USSL/3L USS5L/US USSL/3L USSL/US USSL/3L USSL/US USSL/3L USSL/US USSL/3L USSL/US USSL/3L USSL/US USSL/3L USSL/US USSL/3L USSL/US USSL/3L USSLAUS USSL/3L USSLAUS USSL/3L USSL/US

Crosswalk Crosswalk Crosswalk Crosswalk Crosswalk Crosswalk
VAS 105 COPD/Asthma Diabetes Liver Disease Rhuematoid Cardiovascular
(entire dataset) arthritis/arthritis disease

I [5L}/[5L>3L] US valuation data

Parallel fielding data
[SLY[3L] parallel fielding data I

Crosswalk Crosswalk

Crosswalk

Crosswalk

Stroke D

[SLY/[SL>3L] parallel fielding
data

ity disorder

population





OEBPS/css/sidebar.gif





OEBPS/images/12955_2022_2031_Fig2_HTML.png
2.0

1.5

1.0

Density

0.5

0.0

US Crosswalk

1.0

05 0.0
Index value

0.5





