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Abstract
Background
The EQ VAS component of the EQ-5D questionnaire has been used to assess patients’ valuation of their own health besides its use for self-reporting of overall health status. The objective of the present study was to identify patients’ valuation of EQ-5D-3L health states using the EQ VAS in different patient groups over time and in comparison to the general population.

Methods
Data were obtained from patients from nine National Quality Registers (n = 172,070 patients) at baseline and at 1-year follow-up and compared with data from the general population (n = 41,761 participants). The correlation between EQ VAS scores and EQ-5D-3L index based on the Swedish experience-based VAS value set was assessed. Ordinary least squares (OLS) regression models were used to determine the association between EQ-5D-3L dimensions and EQ VAS valuation.

Results
EQ VAS scores showed consistency with severity of health states both at baseline and at 1-year follow-up in the nine selected EQ-5D-3L health states. The regression models showed mostly consistent decrements by severity levels in each dimension at both time points and similar to the general population. The dimension mainly associated with inconsistency was the self-care severity level three. Problems in the anxiety/depression dimension had the largest impact on overall health status in most of the patient groups and the general population.

Conclusion
The study has demonstrated the important role EQ VAS can play in revealing patients’ valuation of their health and showed the variation in valuation of EQ-5D-3L dimensions and levels of severity across different patient groups.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12955-023-02115-z.
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Background
EQ-5D is among the most commonly used generic health-related quality of life questionnaires globally [1]. It has been used to assess health status, as an outcome measure in economic evaluations, in health surveys among the general population and increasingly in routine data collection as part of clinical/health care [2]. The questionnaire has two components: a five-dimension descriptive system and a second component containing the EQ VAS [3]. The five dimensions in the descriptive system are mobility, self-care, usual activities, pain/discomfort and anxiety/depression. The EQ VAS component contains a scaled vertical line ranging from 0 (‘the worst health you can imagine’) to 100 (‘the best health you can imagine’) where respondents rate their overall health status [4, 5]. The questionnaire is available in three-level (EQ-5D-3L) and five-level (EQ-5D-5L) versions for use in adults. The three severity levels in the EQ-5D-3L questionnaire are ‘no problem’, ‘some/moderate problems’ and ‘unable to/extreme problems’. Individuals who report no problems in all the five dimensions of EQ-5D-3L are described to have a health state of 11111, while those with some/moderate problems across the dimensions have a health state of 22222 and 33333 for ones with severe problems across the dimensions [4]. The five severity levels in the EQ-5D-5L are ‘no problems’, ‘slight problems’, ‘moderate problems’, ‘severe problems’ and ‘unable to/extreme problems’ [5].
In summarizing responses to the EQ-5D questionnaire into a single index, various formulas/algorithms termed value sets are employed in different settings [4]. Value sets incorporate the preferences of respondents, reflecting their views about the relative importance of severity levels under each EQ-5D dimension. In the development of value sets for the EQ-5D-3L in different settings, the time trade-off (TTO) and visual analogue scale (VAS) valuation methods have been employed [4]. In valuations through the TTO, respondents are asked to compare living in a specific health state for specific period of time, often 10 years, with living for shorter duration with full health. Through iterations with different durations in full health, the point at which respondents are indifferent describe their values for the specified health state [6, 7]. Valuation using the TTO has also been presented by asking respondents to indicate the duration of time in full health they consider to be equal to living in their current health [8–12].
VAS is used to value health states; whereas the EQ VAS is used to measure overall self-reported health. EQ VAS was introduced as a warm-up task in valuation studies using the VAS, and subsequently became recognised as a useful way of capturing overall self-reported health [13]. Both the EQ VAS and VAS valuations make use of a vertical scale anchored between 0 as the ‘worst imaginable health’ and 100 as the ‘best imaginable health’ indicating that 0 doesn’t equal death [4, 5]. VAS (EQ-5D VAS) is used in the valuation of a number of described health states which may be hypothetical to the respondent [14]. Unlike in EQ VAS for self-reporting of health, in VAS valuations anchoring dead at zero, which allows worse than death states to have values less than zero, is commonly performed [15]. EQ VAS has also been recognised to present a means by which valuations of own (experienced) health of the general population as well as patients can be summarised, which has been shown in several studies [8, 9, 16–19].
Arguments for and against VAS as a valuation method have been made. Some consider that VAS does not have a theoretical basis and that it is not a choice-based method unlike other valuation approaches such as TTO and standard gamble (SG) [20, 21]. VAS not being a choice-based method has been criticized for not allowing respondents the trade-off which is argued as important for valuation methods to be used in economic evaluation. In addition, the fact that VAS valuation doesn’t incorporate uncertainty which is considered a desired attribute in valuation is criticized and has been associated with lower/downward valuations compared to TTO and SG [20, 22, 23]. Another criticism raised concerns the middle point bias/end-aversion bias where respondents avoid the lower and upper ends of the VAS scale [20, 21]. However, arguments for the use of VAS in health state valuation challenge the above views and indicate that empirical performance of valuation methods should be focused on in assessing their performance in health state valuation [24]. The practical role of VAS in health state valuation was also demonstrated in a recent scoping review which showed its use in different research areas including clinical studies [25].
The perspective respondents take in valuation studies could be experience-based or hypothetical. In a hypothetical perspective, respondents value a sub-set of health states described in the EQ-5D instrument, which they may never have experienced themselves and are asked to imagine experiencing. Most EQ-5D-3L and EQ-5D-5L value sets were developed through members of the general public being asked to take this hypothetical perspective [4, 5]. The arguments toward the use of hypothetical perspective point to the fact that resource allocation in society should be made by the general population [22, 26]. In contrast, experience-based valuations entail respondents valuing their own health [27]. It has been employed in the development of a number of EQ-5D-3L [8, 17, 19] and EQ-5D-5L [9, 18] value sets as well as health state valuations among patients [16, 28, 29]. Arguments for the use of experience-based valuations concern the idea that individuals experiencing specific condition/health state are the best sources of information regarding that [22, 26].
EQ VAS has been employed to assess both general population values and patient valuations of their health in different studies. In using EQ VAS data to create experience-based values, EQ VAS scores are modelled based on the levels of severity reported in the five EQ-5D dimensions [16, 28, 30–34]. Studies using this approach include a study in the UK comparing VAS valuations in the general population and patients with different conditions [30]; a comparison of valuations of patients undergoing total hip arthroplasty with the general population [16]; and exploration of value sets among patients undergoing total knee replacement, both in the UK [31]. Another study used EQ VAS to establish values of patients with non-specific low-back pain compared to the general population in the Netherlands [32]; and valuations among patients with different medical conditions in the UK [33, 34]. A study in Sweden comparing patient value sets from individuals who underwent total hip arthroplasty with general population ones [28] also employed the EQ VAS. However, in the valuation of health states using the EQ VAS a literature gap remains in comparing how valuation varies across different EQ-5D-3L dimensions within patient groups over time and across different patient groups.
In Sweden, there are approximately 100 National Quality Registers (NQRs) which collect clinical data on individual patients with the aim of improving the quality of health care provided to them. As part of this, the data in the registers are employed in research. In about 40 of the registers, data on the EQ-5D questionnaire is collected routinely, including patients’ EQ VAS [35]. With their large sample sizes in different patient groups, these registers provide useful data sources to assess patients’ valuations of own health states.
Studying the NQR data in investigating the characteristics of patient valuations using the EQ VAS in different patient groups and over time could contribute to the literature on the importance of different EQ-5D-3L dimensions to patients in influencing their EQ VAS score. Such a study will also provide information on the relative importance of different dimensions in various patient groups and how this compares to that of the general population. Overall, the study could provide comprehensive information on the role of the EQ VAS in patient valuation of health states. Accordingly, the objective of the present study was to identify patients’ valuation of EQ-5D-3L health states using the EQ VAS in different patient groups over time and in comparison to the general population.

Methods
Study design
EQ VAS data of patients from nine Swedish NQRs at baseline and 1-year follow-up were assessed and compared with the general population. The present study forms part of the research project described in a study protocol published elsewhere, containing detailed information on the background and the NQRs in the study [36]. It follows up on a previous study in the project [37].

Data
Data from nine Swedish NQRs and the general population were employed in the study. The nine registers were selected from those collecting EQ-5D data to include different types of diseases and conditions to make comparisons possible. The availability of EQ VAS data covering patients in the registers; availability of follow-up data as well as willingness of registers to be part of the research project also determined the selection of registers included in the study. The NQRs include six intervention-based registers covering spine surgery, hip, knee, ankle replacement, cruciate ligament injury treatment, and first-line osteoarthritis (Better management of patients with OsteArthritis (BOA)) treatment, and three diagnosis-based registers covering heart failure, respiratory failure, and bipolar disorders. Data on patient-reported outcomes on the EQ-5D-3L questionnaire were retrieved from the NQRs as well as the general population in the study.
EQ VAS data both at baseline and at 1-year follow-up were included to capture patient valuations in different circumstances which could provide clearer information on how one’s valuation of health changes in relation to the change in the disease/condition over time.
The general population data used in the comparison were based on the population survey data of individuals in Scania Region in 2004 and Region Stockholm in 2006, which are generally representative of the Swedish population. Living conditions and self-reported health, which included the EQ-5D-3L questionnaire, were assessed [8, 38–40]. The Swedish experience-based EQ-5D-3L value sets were developed using this survey data [38, 40]. In the present study, data of 41,761 respondents with complete data on the five EQ-5D-3L dimensions and EQ VAS were included [8].
In the present study, in calculating EQ-5D-3L index the Swedish experience-based EQ-5D-3L VAS value set was used [8]. This value set was developed in the above described survey where members of the general population valued their own health states through both TTO and VAS methods [8].

Sample size
The study included records of patients with complete data on demographic and EQ-5D-3L data. Data of patients with complete data on EQ VAS score were included at baseline and 1-year follow-up. A total of 172,070 patient records are available from the nine NQRs with data on EQ VAS score and data from a total of 41,761 participants from the general population. A detailed description of the sampling procedure is presented in Table S1.

Data analysis
Descriptive analyses on the frequency and proportions of demographic characteristics and problems reported in the five EQ-5D-3L dimensions in each patient group and the general population were performed. The mean and standard deviations of patients’ EQ VAS scores for nine selected EQ-5D-3L health states were calculated in each patient group at baseline and at 1-year follow-up and for the general population. Six of the nine EQ-5D-3L health states were selected as they were common across different patient groups facilitating comparisons of valuations. In addition, the health states 11111, 22222 and 33333 were also selected to compare valuations of full, moderate, and worst health states across patient groups. Considering the association of problems reported on the EQ-5D-3L dimensions with the EQ VAS, the EQ VAS score has been used in the present study as a valuation of the health states reported on the EQ-D-3L dimensions. Owing to the broader construct of EQ VAS than the EQ-5D descriptive system [13], a person reporting a health state 11111 could still report an EQ VAS score of < 100.
The correlation between EQ VAS score and the EQ-5D-3L index based on the Swedish experience-based EQ-5D-3L VAS value set [8], in each register and the general population, was analysed using Spearman’s rank correlation. The correlation between changes in EQ VAS score and EQ-5D-3L index was also performed additionally. Spearman’s rank correlation is used as it does not require normality of distribution of the variables [41]. The resulting correlation coefficients were interpreted using the cut-off values of 0.00 to 0.19 as very weak, 0.20 to 0.39 as weak, 0.40 to 0.69 as moderate, 0.70 to 0.89 as strong, and 0.90 to 1.00 as very strong [42].
Ordinary least squares (OLS) models were used to assess the predictive effect of EQ-5D-3L dimensions on EQ VAS score at baseline and at 1-year follow-up in the nine NQRs. The regression models were performed both in the unadjusted form and adjusted for sex and age groups. The results of the regression analyses were compared with that of the general population in terms of the estimates in each of the EQ-5D-3L dimensions and the severity levels of the problems reported in each dimension. In assessing the face validity of the models, inconsistency was defined as the occurrence of a lower magnitude of decrement for a specific severity level in an EQ-5D-3L dimension than the decrement of a milder level of severity (e.g. if self-care level 3 has a lower decrement than self-care level 2, it is considered an inconsistency). Further OLS models were also performed using the pooled patient data at baseline and 1-year follow-up to assess how patient groups are associated with VAS valuation. In addition to OLS models, multilevel models (two-level random slope and random intercept models) were also performed. A p-value of 0.05 was used as a cut-off for statistical significance. In order to assess the overall translatability of the findings in the analysis here, regression models of baseline and 1-year follow-up EQ-5D-5L data were conducted. The analyses were performed using R version 3.5.0/3.5.1 and SAS version 9.4.


Results
Demographic characteristics
The mean age of the patients in the nine registers ranged from about 30 in cruciate ligament injury to older than 73 years among respiratory failure patients, while the mean age was 45.5 years in the general population. In most of the registers, the majority of patients were in the age groups of 50s to 70s while from 30s to 50s in the general population. Women constituted the majority in five of the registers, similar to the general population, except in ankle, cruciate ligament injury and heart failure registers (Table 1).Table 1Demographic characteristics of patients in the 9 National Quality Registers (NQRs) and in the general population


	Variable
	Intervention-based registers
	Diagnosis-based registers
	General population

	Spine
	Hip
	Knee
	Ankle
	Cruciate ligament
	BOA
	Heart failure
	Respiratory failure
	Bipolar

	n = 44,196
	n = 90,658
	n = 16,324
	n = 668
	n = 8,155
	n = 6,690
	n = 1,044
	n = 725
	n = 3,610
	n = 41,761

	%
	%
	%
	%
	%
	%
	%
	%
	%
	%

	Age in years
[mean (SD)]
	58.4 (4.3)
	68.5 (10.3)
	68.9 (8.7)
	63.0 (11.7)
	29.7 (10.0)
	65.8 (9.0)
	71.8 (11.1)
	73.2
(7.7)
	58.4 (15.3)
	45.5 (14.9)

	Age group

	 30
	3.6
	0.1
	0.01
	1.5
	59.2
	0.1
	0.2
	-
	15.0
	17.1

	 30–39
	9.9
	0.7
	0.1
	3.0
	21.2
	0.5
	0.5
	0.1
	18.8
	20.4

	 40–49
	16.2
	3.7
	1.7
	7.5
	15.3
	4.3
	3.1
	0.1
	20.7
	20.8

	 50–59
	18.5
	13.0
	13.1
	21.1
	4.1
	17.3
	10.6
	4.6
	18.9
	21.6

	 60–69
	24.1
	33.4
	35.6
	33.5
	0.3
	43.8
	22.6
	26.2
	17.5
	14.9

	 70–79
	21.7
	35.2
	38.6
	30.2
	0.01
	28.3
	35.8
	47.7
	7.8
	4.8

	 80 + 
	6.1
	13.9
	11.0
	3.1
	-
	5.6
	27.2
	21.2
	1.3
	0.4

	Sex

	 Women
	51.1
	56.5
	57.5
	44.8
	44.7
	70.8
	31.9
	60.6
	64.1
	56.2


BOA Better management of patients with OsteoArthritis, SD standard deviation




Problems reported on the EQ-5D-3L dimensions and EQ VAS score
At baseline, the highest proportion of any problems (level 2 or level 3) were reported in the pain/discomfort dimension among patients in most of the registers and in the general population. Among patients in the respiratory failure and bipolar disorder registers the dimensions with the highest proportions of problems reported were mobility and anxiety/depression respectively. The highest proportions of severe (level 3) problems were also reported in the pain/discomfort dimension across most registers and in the general population. In patients with respiratory failure and bipolar disorder the highest proportions of severe problems were reported in the usual activities and anxiety/depression dimensions respectively (Table 2).Table 2Problems reported on the EQ-5D-3L dimensions by patients in the 9 National Quality Registers (NQRs) and in the general population


	Patient group in NQRs/ general population
	Severity level
	EQ-5D-3L dimension
	EQ VAS score
Mean (SD)

	Baseline
	1-year follow-up

	Mobility
	Self-care
	Usual activities
	Pain/
discomfort
	Anxiety/
depression
	Mobility
	Self-care
	Usual activities
	Pain/
discomfort
	Anxiety/
depression
	Baseline
	1-year follow-up

	%
	%
	%
	%
	%
	%
	%
	%
	%
	%

	Intervention-based registers
	Spine
(n = 44,196)
	Level 1
	15.3
	79.7
	27.7
	0.6
	41.9
	57.7
	91.7
	65.9
	23.0
	62.4
	47.8 (22.1)
	67.9 (22.5)

	Level 2
	82.7
	19.1
	53.4
	49.5
	52.1
	42.1
	7.8
	29.8
	63.2
	33.4

	Level 3
	2.0
	1.2
	19.0
	49.9
	6.0
	0.3
	0.5
	4.4
	13.8
	4.2

	Hip
(n = 90,658)
	Level 1
	8.1
	77.7
	40.1
	1.5
	59.7
	61.7
	92.4
	78.0
	45.5
	78.4
	56.3 (22.2)
	76.7 (20.0)

	Level 2
	91.6
	21.3
	50.1
	57.9
	37.1
	38.1
	7.0
	20.0
	50.1
	20.1

	Level 3
	0.3
	1.0
	9.8
	40.5
	3.3
	0.1
	0.6
	2.0
	4.4
	1.5

	Knee
(n = 16,324)
	Level 1
	11.6
	93.4
	53.4
	1.8
	65.4
	62.8
	95.1
	77.8
	36.1
	78.6
	64.6 (22.1)
	76.2 (19.4)

	Level 2
	88.1
	5.8
	41.3
	63.3
	32.2
	37.1
	4.4
	20.6
	58.7
	19.7

	Level 3
	0.3
	0.9
	5.3
	35.0
	2.4
	0.2
	0.6
	1.7
	5.2
	1.7

	Ankle
(n = 668)
	Level 1
	3.9
	88.3
	37.7
	1.1
	57.5
	36.7
	91.5
	63.9
	24.3
	71.4
	55.8 (21.4)
	70.2 (18.9)

	Level 2
	94.5
	10.8
	49.3
	49.7
	38.2
	62.9
	7.5
	32.2
	65.6
	26.2

	Level 3
	1.7
	0.9
	13.0
	49.3
	4.3
	0.5
	1.1
	3.9
	10.2
	2.4

	Cruciate ligament
(n = 8,155)
	Level 1
	67.0
	97.4
	53.6
	15.2
	49.6
	86.9
	98.9
	79.0
	35.0
	65.2
	62.8 (23.0)
	74.5 (19.9)

	Level 2
	32.7
	2.1
	37.4
	79.0
	44.9
	13.1
	0.8
	19.4
	61.9
	31.5

	Level 3
	0.3
	0.5
	9.0
	5.7
	5.5
	0.1
	0.3
	1.6
	3.1
	3.3

	BOA
(n = 6,690)
	Level 1
	42.9
	96.0
	75.6
	2.4
	67.0
	53.3
	96.2
	80.1
	9.8
	71.1
	68.3 (18.6)
	70.4 (18.7)

	Level 2
	57.0
	3.7
	23.0
	87.3
	31.7
	46.6
	3.4
	19.2
	82.6
	27.9

	Level 3
	0.1
	0.4
	1.4
	10.3
	1.2
	0.1
	0.4
	0.8
	7.6
	1.1

	Diagnosis-based registers
	Heart failure
(n = 1,044)
	Level 1
	60.6
	91.9
	72.6
	47.7
	60.3
	59.3
	91.3
	72.8
	49.2
	62.7
	65.4 (18.9)
	67.4 (18.8)

	Level 2
	39.2
	7.7
	24.0
	47.5
	36.6
	40.2
	8.0
	24.2
	43.5
	34.4

	Level 3
	0.2
	0.5
	3.5
	4.8
	3.2
	0.5
	0.8
	3.0
	7.3
	2.9

	Respiratory failure
(n = 725)
	Level 1
	22.8
	62.3
	25.9
	29.0
	42.1
	17.0
	53.4
	19.5
	23.9
	37.5
	51.1 (21.3)
	49.1 (20.4)

	Level 2
	75.6
	32.4
	53.8
	57.7
	49.0
	79.0
	38.5
	50.5
	60.0
	52.3

	Level 3
	1.7
	5.2
	20.3
	13.4
	9.0
	4.0
	8.1
	30.1
	16.1
	10.2

	Bipolar
(n = 3,610)
	Level 1
	85.7
	94.9
	70.3
	53.0
	38.4
	82.5
	93.7
	69.5
	50.6
	39.6
	66.3 (21.1)
	67.2 (20.1)

	Level 2
	14.1
	4.7
	26.0
	40.3
	50.6
	17.0
	5.8
	26.5
	41.6
	49.8

	Level 3
	0.2
	0.4
	3.7
	6.8
	11.0
	0.5
	0.4
	4.1
	7.8
	10.5

	General population
(n = 41,761)
	Level 1
	91.3
	98.6
	91.6
	53.5
	68.4
	-
	-
	-
	-
	-
	79.5
(18.3)
	-

	Level 2
	8.6
	1.1
	7.3
	42.7
	29.0
	-
	-
	-
	-
	-

	Level 3
	0.1
	0.4
	1.1
	3.8
	2.7
	-
	-
	-
	-
	-


BOA Better management of patients with OsteoArthritis, SD standard deviation; level 1: no problem; level 2: some/moderate problems; level 3: confined to bed/unable to/ extreme problems; the level with the highest proportion in each group is shown in bold



At 1-year follow-up the proportion of problems reported across the EQ-5D-3L dimensions decreased in almost all the patient groups. Pain/discomfort remained the dimension where the highest proportions of any problems were reported in most registers. In respiratory failure and bipolar disorder registers, the highest proportions of problems were reported in the mobility and anxiety/depression dimensions respectively. The most frequent severe problems were also reported in the pain/discomfort dimension in most registers while anxiety/depression dimension constituted the most frequent problems in cruciate ligament injury and bipolar disorder registers (Table 2).
At baseline, mean EQ VAS score ranged from 47.8 among patients in the spine register to 68.3 among patients in the BOA register, while it was 79.5 in the general population. At 1-year follow-up mean EQ VAS score ranged from 49.1 among respiratory failure patients to 76.7 in patients who underwent hip replacement. Mean EQ VAS scores showed increases between baseline and 1 year in almost all the patient groups with the exception of patients with respiratory failure. The increases were the highest in most of the intervention-based registers (Table 2). Figure 1 shows the distribution of EQ VAS scores across the patient groups at baseline and at 1-year follow-up and that of the general population.[image: ]
Fig. 1Distribution (density plot) of EQ VAS score by patient group at baseline and at 1-year follow-up and in the general population (general population data, based on a cross-sectional survey) [BOA: Better management of patients with OsteoArthritis]



Mean EQ VAS scores for selected health states
In total, 204 and 202 distinct health states were reported among the nine patient groups at baseline and at 1-year follow-up respectively. In the general population, 152 distinct health states were reported (Table 3).Table 3Mean EQ VAS values among nine selected EQ-5D-3L health states across patient groups and the general population, baseline and 1-year follow-up


	Time
	Health state
	Mean EQ VAS scores (standard deviation)

	Intervention-based registers
	Diagnosis-based registers

	Spine
	Hip
	Knee
	Ankle
	Cruciate ligament
	BOA
	Heart failure
	Respiratory failure
	Bipolar
	General pop

	Baseline
	11111
	78.3 (17.3)
	75.9 (21.4)
	81.7 (15.7)
	82.5 (3.5)
	78.3 (18.2)
	87.2 (12.1)
	76.4 (15.7)
	68.8 (23.2)
	82.4 (14.0)
	88.8 (9.7)

	11121
	69.8 (16.9)
	73.5 (17.3)
	80.8 (15.2)
	73.9 (20.7)
	72.8 (19.4)
	78.1 (14.3)
	72.1 (16.4)
	61.9 (24.1)
	77.9 (14.0)
	82.5 (11.6)

	21121
	64.0 (17.4)
	67.6 (17.8)
	73.1 (17.9)
	69.3 (16.1)
	64.0 (20.7)
	71.2 (16.1)
	66.8 (13.2)
	60.6 (15.6)
	75.8 (12.2)
	72.0 (17.0)

	21122
	56.3 (17.0)
	59.8 (16.9)
	63.8 (17.8)
	61.2 (17.5)
	54.5 (21.9)
	62.9 (16.2)
	57.1 (16.7)
	57.3 (23.0)
	58.8 (18.9)
	59.7 (18.2)

	21221
	57.2 (17.7)
	61.9 (18.0)
	67.2 (18.4)
	60.6 (17.9)
	60.6 (22.5)
	63.8 (16.0)
	57.7 (14.7)
	52.6 (19.0)
	70.8 (14.9)
	59.8 (18.7)

	21222
	49.8 (16.6)
	54.2 (16.9)
	57.9 (18.3)
	57.4 (13.5)
	51.9 (20.7)
	54.6 (16.2)
	52.0 (15.2)
	48.7 (14.7)
	56.0 (14.5)
	51.7 (17.7)

	21232
	39.8 (19.6)
	45.1 (20.6)
	49.4 (21.5)
	47.6 (19.4)
	43.4 (22.5)
	49.7 (19.3)
	42.7 (14.9)
	51.4 (26.1)
	46.8 (17.7)
	38.4 (16.4)

	22222
	45.8 (17.6)
	51.7 (17.2)
	50.1 (18.1)
	52.0 (5.7)
	46.6 (20.1)
	51.2 (17.2)
	51.5 (24.0)
	50.3 (17.8)
	53.0 (18.6)
	44.4 (17.3)

	33333
	13.3 (20.4)
	22.3 (26.2)
	-
	-
	-
	-
	-
	-
	-
	36.7 (45.9)

	Total number of health states
	168
	169
	108
	51
	103
	78
	69
	92
	102
	152

	1-year follow-up
	Heaath state
	Mean EQ VAS scores (standard deviation)

	Intervention-based registers
	Diagnosis-based registers

	Spine
	Hip
	Knee
	Ankle
	Cruciate ligament
	BOA
	Heart failure
	Respiratory failure
	Bipolar
	-

	11111
	89.2 (10.6)
	89.9 (11.4)
	88.8 (11.9)
	83.6 (11.1)
	85.5 (14.4)
	89.2 (11.4)
	78.5 (14.3)
	64.2 (23.1)
	82.5 (12.0)
	-

	11121
	79.5 (12.3)
	81.5 (12.3)
	81.9 (12.4)
	82.7 (8.5)
	78.9 (15.1)
	80.0 (12.2)
	75.3 (11.5)
	74.1 (14.1)
	79.2 (12.7)
	-

	21121
	69.2 (14.8)
	73.4 (14.8)
	73.6 (14.7)
	73.2 (15.9)
	71.4 (17.3)
	69.7 (15.0)
	69.8 (14.8)
	64.5 (15.6)
	76.2 (15.4)
	-

	21122
	60.2 (15.1)
	63.5 (15.4)
	63.5 (16.1)
	68.0 (11.2)
	59.8 (20.6)
	60.0 (14.2)
	59.5 (16.1)
	50.9 (24.7)
	66.7 (15.3)
	-

	21221
	59.5 (15.9)
	64.0 (16.1)
	66.5 (16.5)
	65.7 (17.3)
	64.6 (17.7)
	61.1 (16.0)
	59.8 (16.6)
	52.5 (17.5)
	62.9 (11.9)
	-

	21222
	52.5 (15.1)
	55.2 (15.7)
	57.2 (15.9)
	59.4 (14.1)
	55.8 (18.7)
	53.3 (14.7)
	54.4 (14.6)
	49.4 (14.9)
	54.5 (15.1)
	-

	21232
	39.1 (17.5)
	40.4 (17.7)
	45.4 (20.5)
	47.4 (20.3)
	42.7 (19.0)
	44.3 (19.0)
	55.6 (14.7)
	45.8 (6.2)
	43.5 (15.1)
	-

	22222
	48.2 (15.8)
	51.6 (16.6)
	52.4 (17.4)
	56.9 (10.7)
	41.7 (18.9)
	50.4 (13.3)
	42.0 (20.5)
	43.7 (16.6)
	53.5 (13.9)
	-

	33333
	16.8 (20.5)
	26.3 (31.6)
	39.8 (42.0)
	-
	-
	-
	-
	-
	-
	-

	Total number of health states
	159
	184
	125
	56
	82
	76
	72
	90
	111
	-


BOA Better management of patients with OsteoArthritis



Both at baseline and at 1-year follow-up, mean EQ VAS scores of the nine selected EQ-5D-3L health states were higher for milder health states and lower among more severe health states. The increase in EQ VAS scores of the health state 11111 and 11121 from baseline to respective health states at 1-year follow-up was higher in most of the intervention-based registers than in diagnosis-based registers. For both health states, at baseline, the EQ VAS scores in most patient groups were lower than in the general population. At 1-year follow-up, the EQ VAS scores increased to be closer to general population. The differences in EQ VAS score from baseline to 1-year follow-up, in the remaining seven health states, were generally lower than that of the health states 11111 and 11121 (Table 3).
The health state 22222 had mean EQ VAS scores at baseline that varied from 45.8 among spine patients to 53.0 among bipolar patients. At 1-year follow-up it varied from 41.7 in cruciate ligament injury patients to 56.9 in patients in ankle register. Meanwhile, 22222 had a mean EQ VAS score of 44.4 in the general population (Table 3).

Correlation between EQ VAS score and EQ-5D-3L index
EQ VAS scores reported by patients in each register and the general population were correlated with EQ-5D-3L indices based on the Swedish experience-based EQ-5D-3L VAS value set. At baseline almost all patient groups and the general population showed moderate levels of correlation with the EQ-5D-3L index. At 1-year follow-up, correlation coefficients in all patient groups showed increase from baseline. Correlation coefficients among patients in the spine and hip registers were strong. In all the remaining registers moderate levels of correlation were found (Table 4). The results of the correlation analysis between changes in EQ VAS score and changes in EQ-5D-3L index showed low to moderate levels of correlation across the different patient groups (Table S2).Table 4Spearman’s rank correlation coefficient between EQ VAS score and EQ-5D-3L index based on Swedish experience-based EQ-5D-3L VAS value set


	Register/ general population
	Spearman’s correlation

	Baseline
	1-year follow-up

	Coefficient
	P-value
	Coefficient
	P-value

	Intervention-based
	Spine
	0.522
	 < 0.0001
	0.769
	 < 0.0001

	Hip
	0.441
	 < 0.0001
	0.702
	 < 0.0001

	Knee
	0.419
	 < 0.0001
	0.644
	 < 0.0001

	Ankle
	0.475
	 < 0.0001
	0.638
	 < 0.0001

	Cruciate ligament
	0.428
	 < 0.0001
	0.564
	 < 0.0001

	BOA
	0.499
	 < 0.0001
	0.640
	 < 0.0001

	Diagnosis-based
	Heart failure
	0.520
	 < 0.0001
	0.562
	 < 0.0001

	Respiratory failure
	0.400
	 < 0.0001
	0.539
	 < 0.0001

	Bipolar
	0.619
	 < 0.0001
	0.650
	 < 0.0001

	General population
	0.596
	 < 0.0001
	-
	-


BOA Better management of patients with OsteoArthritis




Regression models of the baseline data
The OLS models of the baseline data showed that EQ-5D-3L dimensions predicted EQ VAS score in a mostly consistent way in most of the NQRs and in the general population data. In seven of the nine NQRs and in the general population, the main inconsistency was in the self-care severity level three with lower decrement than in level two. Additionally, inconsistency in the mobility dimension was shown in the knee and heart failure registers and in the general population. In the respiratory failure and bipolar registers, the inconsistency was in the mobility dimension (Table 5, Fig. S1).Table 5Ordinary least squares regressions in the 9 registers at baseline and in the general population
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In all except three registers—spine, ankle and heart failure—and in the general population—the highest decrements in EQ VAS score were in the anxiety/depression dimension level three. In the spine and ankle registers level three in the pain/discomfort dimension and the usual activities dimension in the heart failure register had the largest decrements in EQ VAS score (Table 5). The adjusted R squared values ranged from about 14% in respiratory failure patients to about 41% in bipolar patients, and was 48% in the general population. The OLS models at baseline adjusted for sex and age group showed similar results to the unadjusted models in most of the registers and in the general population (Table S3).
In the two-level model of the data at baseline, findings similar to the OLS models were shown. Accordingly, self-care level three is the dimension with inconsistency in all of the registers and in the general population. Across dimensions the highest decrement was in the anxiety/depression in all the registers and in the general population except for the spine register (pain/discomfort dimension) (Table S4). The adjusted version of the models showed results similar to the unadjusted models (Table S5). Comparing the OLS and multilevel models, both unadjusted and adjusted models showed that the multilevel models had estimates with narrower 95% confidence interval than the OLS models (Fig. S1-S4).

Regression (OLS) models of the one-year follow-up data
In the OLS models based on the 1-year follow-up data across the registers, the decrements in all the EQ-5D-3L dimensions showed consistency with severity levels in four of the registers. The registers with any occurrence of inconsistency in the decrements included the spine, ankle, cruciate, heart failure and bipolar registers. The inconsistency in these registers were mainly related to self-care dimension in spine, ankle and cruciate registers and mobility dimensions in the heart failure and bipolar registers. Additional inconsistency in the mobility dimension was also shown in the cruciate ligament injury register.
In most of the registers and in the general population, the highest decrements in EQ VAS score were observed in the anxiety/depression dimension. The exceptions were spine and ankle registers with pain/discomfort and mobility dimensions having the highest decrements respectively (Table 6, Fig. S6). The adjusted R squared values of the models at 1-year follow-up ranged from about 30% in patients with respiratory failure to 60% in the spine register (Table 6). The OLS models at 1-year follow-up adjusted for sex and age group showed similar results to the unadjusted models (Table S6).Table 6Ordinary least squares regressions in the 9 registers at 1-year follow-up and in the general population
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In the two-level model, two of the registers (hip and respiratory failure) had estimates with consistency in all dimensions. In all the other registers inconsistencies were related to the self-care dimension. In terms of the decrements of EQ VAS score, anxiety/depression dimension had the largest decrement in eight of the nine registers and in the general population data. In the spine register, the largest decrement was shown in the pain/discomfort dimension (Table S7). The models adjusted for sex and age groups, had similar findings to the unadjusted models (Table S8). The 95% CIs of the estimates, both in the unadjusted and adjusted models, were narrower compared to the estimates of the OLS models (Fig. S5-S8).

Findings of additional analyses
Results of the analysis of the pooled data with patient groups as independent variables showed that the overall association between EQ-5D-3L dimensions and The EQ VAS remained stable. Almost all the patient groups showed association with EQ VAS score with different levels of decrement or increment in comparison to the general population (Tables S9, S10).
The OLS models based on EQ-5D-5L data of the two patient groups (BOA and hip) demonstrated an overall comparable findings to those of the findings in the main analysis based on the EQ-5D-3L data (Table S11).


Discussion
In the present study, patient valuations of their health states using the EQ VAS was explored. Valuations of nine selected EQ-5D-3L health states showed general consistency by severity. Similarly, moderate to strong correlations were found between EQ VAS valuations based on modelled EQ VAS data and the EQ-5D-3L index. A change in the EQ VAS scores of the same health states over time and differences across patient groups was also observed. Models of EQ VAS score regressed on EQ-5D-3L dimensions showed mostly consistent decrements by severity level in each dimension both at baseline and at 1-year follow-up.
Patients’ values, across nine selected EQ-5D-3L health states, had good face validity: poor health states had lower values than mild health problems, suggesting that these methods provide a reasonable means of broadly reflecting how good or bad patients consider health states to be. The consistency of EQ VAS scores of health states with severity was also reported by a study of the general population on data from 15 countries [43]. A number of common health states like in the present study were also reported preoperatively and postoperatively in a study of a knee arthroplasty population in the UK [31].
In the EQ VAS scores of the same health states at baseline and at 1-year follow-up, relatively larger increases were observed in valuations of many of the health states from the intervention-based registers than in the diagnosis-based registers. This could be associated with the mainly surgical interventions employed in most of the intervention-based registers relieving pain and mobility problems which are common among such patients [44]. In relation to this, the results also seem to support the face validity of using EQ VAS as patient valuations. The differences in EQ VAS scores of the same health states across patient groups and over time could be associated with the broader nature of EQ VAS compared to the EQ-5D-3L, hence capturing broader aspects of health than the EQ-5D dimensions. This was also reported by a study in the UK patient-reported outcome measures program [13].
The overall consistency between the EQ VAS and the EQ-5D-3L dimensions was also shown in the significant correlations between EQ VAS score and EQ-5D-3L index which increased from baseline to 1-year follow up in all the patient groups. Comparable findings were reported in similar studies among women with cervical pre-cancer (0.51) in the UK [34], and among patients with Parkinson’s disease (0.68) in Spain [45].
The OLS models of EQ VAS regressed on the EQ-5D-3L dimensions both at baseline and 1-year follow-up showed mostly consistent decrements by severity level in each dimension in the different patient groups and the general population. An overall similar finding was reported in a study which compared health state valuation between non-specific low back pain patients and the general population in the Netherlands [32]. Similarly, overall consistent models were reported in previous studies based on preoperative and postoperative data of patients undertaking hip replacement in Sweden [28] and knee replacement in the UK [31]. In addition, studies in the general population conducted through experience-based [8, 9, 18, 19, 46, 47] and hypothetical [48–50] perspectives also showed consistent valuations of EQ-5D health states (3L as well as 5L) through VAS.
In the OLS models, inconsistencies were noted mainly in the self-care dimensions in all the patient groups at baseline and in several patient groups at 1-year follow-up. Inconsistencies in the mobility dimension were also shown among several patient groups at baseline and at 1-year follow-up. Similarly, a study in Sweden exploring valuations among patients undergoing hip replacement the self-care dimension showed inconsistency both in preoperative and postoperative valuations [28]. In another study in the UK among patients in four clinical groups (stroke, low back pain, colposcopic investigation and cytological surveillance), the self-care dimension was found to not be statistically significant in either of the severity levels 2 and 3 [33]. Inconsistencies in the self-care and mobility dimensions were also noted among low back pain patients in the study from the Netherlands [32]. In the present study, the inconsistencies were also noted among in the general population.
One of the possible reasons for the inconsistencies noted in the present study in the self-care and to a certain extent in the mobility dimensions could be the relative importance of the different dimensions depending on whether one is valuing their own health state or a hypothetical health state. This has been discussed in a previous study, based on EQ-5D-3L data from the US, which compared experienced and hypothetical health states where the self-care dimension followed by pain/discomfort were the most important dimensions in the valuation of hypothetical health states. In contrast, usual activities and anxiety/depression dimensions were the most important in experience-based valuations [51]. In relation to this, the study also showed that in the experience-based valuations severity levels 2 and 3 of the mobility and self-care dimensions were closest to each other compared to other dimensions and to hypothetical valuations [51]. This was in line with the findings across the patient groups as well as in the general population in the present study. The findings here show that that the aspects of health important to patients are different from those of the general public who are asked to imagine health problems. This, in turn, could yield different results when measuring effectiveness of interventions depending on whether patients’ own perspectives or imagined health states by the general public are used.
The second related possible explanation for the inconsistencies could be the relatively small number of individuals reporting severity level 3 problems in the self-care and mobility dimensions. In the mobility dimension, the fact that level 3 is presented as ‘confined to bed’ could have contributed to fewer individuals reporting that level. In relation to that, individuals with more severe problems choosing mobility severity level 2 could possibly contribute to lower EQ VAS scores. In a number of studies where inconsistencies in one or both of the dimensions were shown, the relative number of responses falling in severity level 3 were small accounting for 1% or less of the all the problem levels in studies from Sweden and the UK [28, 32–34]. Notably, in the study from the UK among women with low-grade cytological abnormalities (pre-cancer), severity levels 2 and 3 in mobility, self-care, and usual activities dimensions were combined due to very few number of individuals reporting problems in these dimensions [34]. Comparatively, EQ-5D-5L has been shown to provide better discriminatory power between severity levels than EQ-5D-3L [52] and lower ceiling effects the potential implications of which, on valuation, have been discussed [52, 53]. In the context of the present study the categorization of responses in the ‘no problem’ or ‘moderate’ levels, which would otherwise be in between in EQ-5D-5L, could lead to under/over estimation of valuations.
In the present study, anxiety/depression showed the highest decrements in most patient groups at baseline and at 1-year follow-up indicating it to be the most important dimension to patients. A similar finding was also shown in the general population data. In a study based on data from different groups—people with varicose veins, chest pain, chronic obstructive pulmonary disease, irritable bowel syndrome, osteoarthritis, low back pain, elderly women and patients in intensive care unit – anxiety/depression was the dimension with the highest decrement, similar to the present study [30]. Similar findings were also shown in several other studies in Sweden [28, 47], the Netherlands [32] and the UK [16, 31, 33, 34], employing patient valuations of their own health.
The dimensions with the highest decrements remained the same from baseline to 1-year follow up in most of the patient groups. However, in patients from the ankle and heart failure registers, a change in the dimension with the highest decrement with time was shown. In the ankle register, pain/discomfort had the highest decrement at baseline and anxiety/depression at 1-year follow-up. Heart failure patients on the other hand, had the highest decrement in the usual activities dimension at baseline and in the anxiety/depression dimension at 1-year follow-up. This could relate to the change in the relative importance of the different dimensions depending on the disease/condition patients have and how they experienced them before and after intervention/treatment. It is also notable that the dimension with the highest decrement at 1-year follow-up in the two patient groups had become similar to that of the general population in the study.
In the anxiety/depression dimension, the highest decrement was recorded among patients with bipolar disorder both at baseline and at 1-year follow-up. This seems to show the ability of the EQ-5D instrument to indicate the importance of specific dimensions to patients in line with their diagnosis/conditions. Comparably large decrements in the anxiety/depression dimension was noted in a study from the UK [33]. The decrements in severity level three of the anxiety/depression dimension were comparable to the general population. This could possibly show the emphasis given to experiencing mental health problems in the general population as well, as considerable level of mental health problems are reported in general population samples in Sweden [54, 55].
Following anxiety/depression dimension, while comparable to usual activities dimensions at baseline, pain/discomfort had larger decrements at severity level three mainly among patients from musculoskeletal registers. On the other hand, patients with heart failure, respiratory failure and bipolar disorder assigned large decrements to severity level three of the usual activities dimension. The importance of pain and usual activities dimensions for the respective patient groups seems to go in line with the overall symptoms and the associated implications of the disease/conditions in terms of pain or limitation of day-to-day activities.
At baseline, in most of the patient groups, 20–30% of the variances were explained by EQ-5D-3L dimensions while in the data of respiratory failure (about 14%) and bipolar patients (about 41%) the lowest and the highest proportions were recorded. All were lower than r squared in the model of the general population data (48%). The explained variance increased in all the patient groups at 1-year follow up ranging between 35 and 60% for most patient groups. It showed about 30% explained variance in the model for the patients from the respiratory failure register. The explained variance still remained lower than in the general population for most patient groups with higher proportions in the patients from spine and hip registers and comparable proportions noted among patients from bipolar register. Although not directly comparable, a number of r squared statistics have been reported in regression models of different patient groups including 32% with cervical pre-cancer [34], 39% in those undergoing knee replacement [31] and 47.1% in the eight patients groups cited above [30].
One of the strengths of the present study is the large sample size of patients which allowed investigation of experience-based valuation of health by patients through the EQ VAS and comparison with a large general population sample. The comparison across many patient groups is also an important strength enabling assessment of how specific diseases and associated experience relate to valuation of health states. Furthermore, the study investigated how patients’ valuation of their health changes from baseline to 1-year follow-up. In addition, the study compared OLS models with multilevel models and covariate adjusted models through sensitivity analyses.
On the other hand, an important limitation to take into consideration is possible differences in the way EQ-5D data were collected across the different registers to which some of the difference in valuation could be attributed. In addition, as the state dead was not anchored in the present study, its immediate use in economic evaluations could be limited. However, studies among a sample of patients to get their valuations of the state dead could remedy this in addition to the current discussion on whether anchoring dead is necessary and other alternatives [56]. VAS/ EQ VAS not providing obvious choice or trade-off in the valuation process and the end aversion bias may have had an implication in the EQ VAS valuation in the context of using it in economic valuation [20, 21]. In relation to this, the level of correlation between EQ VAS score and EQ-5D-3L in the different patient groups, even though moderate to high, some level of discrepancy remains between the two measures.
The present study has important implications including showing the feasibility and importance of timing of patient valuations as dimensions important to patients could depend on the type of disease/condition and its stage (e.g., pre- vs. post-operative). This, together with other clinical measures, could facilitate identification of certain aspects of health that may be available for intervention. The broader coverage of EQ VAS than the EQ-5D-3L dimensions was also demonstrated which could emphasize the importance of EQ VAS as a relatively simple but important measure of patients’ overall health. The present study also showed that patient valuations based on EQ VAS scores, elicited through experience-based perspectives, have a potential to be used in the calculation of quality-adjusted life years (QALYs) in comparing different interventions in decision contexts that take patient perspectives into consideration. Furthermore, the study adds information for a discussion on the reconsideration of the need for severity level three in the self-care dimension and to some extent the mobility dimension considering the inconsistencies found in many patient groups. In addition, the findings showed patient valuations could arguably be more appropriate for use in situations where QALYs do not need to be calculated as well; such as summarizing population health survey data and assessing changes in health following surgical and other clinical interventions. The findings also highlighted the importance of mental health among patients with otherwise mainly physical diseases. This provides important information that the mental health aspect is a crucial component in the care of the patients.
The application of clinimetric approaches in future studies of EQ VAS and EQ-5D, besides the current mainly psychometric ones, in assessing patients’ valuations of their health, could provide useful insights in general and in clinical contexts [57, 58].

Conclusions
The present study showed the consistency between the EQ-5D-3L dimensions and EQ VAS valuations in several patient groups at baseline and at 1-year follow-up. The broader construct which EQ VAS covers, in comparison to the EQ-5D-3L dimensions, was also demonstrated. The main source of inconsistency in terms of decrements was severity level three of the self-care dimension, indicating a possible need to reconsider the importance of this severity level. The study also showed the importance of mental health for overall HRQoL despite the mainly physical nature the conditions of most of the patient groups, with large decrements in the anxiety/depression dimension. Overall, the study revealed crucial contribution of the EQ VAS in the patients’ assessment of their own health, and the potential for these data to provide experience based value sets. The unique advantages of patient value sets in showing aspects of health important to patients in real-world scenarios of valuing health which could be useful inputs for clinical and resource allocation decisions were also demonstrated.
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