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Abstract
Background
Nonalcoholic steatohepatitis (NASH) is a chronic progression of nonalcoholic fatty liver disease, which can negatively impact the health-related quality of life (HRQoL) of affected individuals. HRQoL in NASH has been assessed using the disease-specific Chronic Liver Disease Questionnaire for NASH (CLDQ-NASH) and the generic EuroQol EQ-5D-5L. As the performance of these instruments relative to each other is unknown, we performed a cross-walk analysis of CLDQ-NASH to EQ-5D-5L using data from a real-world NASH population.

Methods
Data were drawn from the Adelphi Real World 2019 NASH Disease Specific Programme, a cross-sectional survey of physicians and their patients in the United States. Patients with physician-diagnosed NASH completed a questionnaire that included the CLDQ-NASH and EQ-5D-5L. Mapping from CLDQ-NASH to EQ-5D-5L was done using tenfold cross-validation; performance was assessed using root-mean squared error as accuracy measure. Subgroup analyses compared performance of the models in obese versus non-obese patients and patients with versus without type 2 diabetes (T2D).

Results
Data from 347 patients were included in this analysis. Overall, 2172 models were tested for predicting EQ-5D-5L index score from CLDQ-NASH score. The best model for this mapping was a generalized linear model using Gaussian distribution and a power link. The best model for mapping from CLDQ-NASH domains to the EQ-5D-5L was a fractional logistic model. Models performed better at predicting upper versus lower values of EQ-5D-5L, for non-obese versus obese patients, and for patients without versus with T2D.

Conclusion
We describe a scoring algorithm for cross-walking the CLDQ-NASH to the EQ-5D-5L enabling health status comparisons of HRQoL across studies.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12955-023-02195-x.
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Plain English summary
Nonalcoholic steatohepatitis (NASH) is a progressive, life-threatening disease that can seriously affect patients’ lives if left untreated. Measuring how NASH and its treatments impact patients’ quality of life (QoL) is an important part of clinical trials. We do this by asking patients to fill in questionnaires, some that look at general aspects of QoL (generic instruments) and some that are specific to a disease or condition. Generic instruments are often used by regulators to decide whether new treatments offer value for money. Few studies have looked at QoL in NASH and little is known about how different questionnaires compare. We did this work to find a way of converting the results of a disease-specific questionnaire (the Chronic Liver Disease Questionnaire for NASH [CLDQ-NASH]) to a generic one (the EQ-5D-5L) that has been more widely studied and is often used by regulators to help in decision-making. We tested many models to find the best way of predicting EQ-5D-5L from CLDQ-NASH scores. Doing cross-walking like this allows comparisons to be made between studies using either of these questionnaires. This can then allow clinical trial data to be cross-walked and submitted for regulatory use.

Introduction
Nonalcoholic steatohepatitis (NASH), a chronic, progressive disease characterized by fatty liver, liver cell injury, and inflammation, is a progression of nonalcoholic fatty liver disease, a spectrum of chronic liver disease characterized by excessive cytoplasmic retention of triglyceride [1]. There is a paucity of data regarding the prevalence of NASH in the general population [2]; however, studies have reported prevalence rates of 3–5% in the United States [3]. Prevalence rates are significantly increasing in the United States, up from 1.5% in 2010 to 2.8% in 2020 [4]. Individuals with NASH tend to have many comorbidities, and their management can place a considerable strain on public health services [5], particularly as there are currently no licensed NASH therapies [6].
The symptoms and management of NASH can impact the quality of life (QoL) of affected individuals and health-related quality of life (HRQoL) worsens as the disease progresses [7]. Assessment of HRQoL is important when evaluating treatments for individuals with NASH, for which a variety of patient-reported outcome measures (PROMs) have been developed. According to clinical experts, disease symptomatology in NASH is best assessed by disease-specific instruments such as the Chronic Liver Disease Questionnaire (CLDQ) [8]. The CLDQ and its NASH-specific version, the CLDQ-NASH, are among the most commonly used and validated instruments for assessing QoL in NASH clinical trials. CLDQ-NASH measures patient-reported outcomes (PROs) across six domains: abdominal symptoms, activity/energy, emotional health, fatigue, systemic symptoms, and worry [8]. Such disease-specific instruments enable in-depth evaluation of aspects of life most affected by a disease; however, results obtained using disease-specific instruments cannot easily be compared across trials because of differences in study designs, instruments used, and populations.
Cross-trial comparisons are best accomplished using generic preference-based instruments. Measuring HRQoL using generic instruments allows for comparison of outcomes across diseases and populations, and generic preference-based instruments can be used to generate utility values required in health economic evaluations [9]. The EuroQol EQ-5D-5L is a widely used generic instrument that measures outcomes in five dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression [10]. Each dimension is rated using five severity levels: no problems, slight problems, moderate problems, severe problems, and extreme problems/unable to do. Responses are used to generate a single index score describing the patient’s health state. The EQ-5D was considered the most appropriate measure for this analysis as it is often used to measure health benefits in health technology assessments (HTAs) and economic modeling. Although the EQ-5D does not cover every symptom of every condition, its development process is such that it is the most widely used health utility measurement for a uniform approach across multiple diseases, and it is used in assessments conducted by the National Institute for Health and Care Excellence in the United Kingdom, which identified the EQ-5D 3-Levels questionnaire as its preferred instrument in 2008 and updated this to include the EQ-5D-5L in 2019 [11]. Similarly, use of generic preference-based measures is recommended by the Institute for Clinical and Economic Review in the United States, with the EQ-5D being the preferred instrument if available [12]. This provides consistency of decision-making with uniformity in health-state measurement, which enables trade-offs to be made concerning healthcare resource use prioritization between different unrelated health conditions.
In situations where generic instruments are not used in a clinical trial or other study, a process referred to as mapping or cross-walking can be used to predict utilities that might have been obtained [13]. The mapping process involves developing and validating usable algorithms that can map or link a disease-specific instrument such as the CLDQ to a generic preference-based instrument. Acceptable methodologies for rigorous mapping analysis have been outlined by organizations using results of these analyses for medical decision-making [13–15].
Although the CLDQ-NASH and the EQ-5D are used in HRQoL assessment of individuals with NASH [16, 17], their performance relative to each other is unknown. It is important to be able to compare results using these instruments across studies and assess equivalency of outcomes. Such comparisons are considered feasible as both contain measures on QoL – one a general measure of health status and one that is disease specific. Clearly the disease-specific measure will omit information that is considered by the general measure (better health for some patients, worse health for others for non-NASH reasons), but on average it may produce good estimates. A formal comparison, however, will allow us to know if using one of these instruments in a study is sufficient, the most likely scenario being use of the CLDQ-NASH in the absence of the EQ-5D-5L. We conducted a cross-walk analysis from the source measure, the CLDQ-NASH, to the target measure, the EQ-5D-5L, using patient-reported data from the Adelphi Real World NASH 2019 Disease Specific Programme™ (DSP), a large cross-sectional survey of physicians and their patients presenting in a real-world clinical setting.

Methods
Data source
This analysis used secondary data from the Adelphi Real World NASH DSP conducted in January to March 2019 in the United States. The DSP captured a combination of abstracted physician-reported medical record data and patient-reported survey data. The full methodology of the DSP has been published [18] and validated [19, 20]. Adelphi Real World standard operating procedures were followed regarding data quality and accuracy.
Physicians included in the DSP were hepatologists, gastroenterologists, endocrinologists, or primary care physicians (PCPs) who were personally responsible for managing and making treatment decisions for patients with NASH in the outpatient setting. Specialists were required to treat > 10 patients with NASH per month and PCPs were required to treat > 5 patients with NASH per month. Eligible physicians completed patient record forms for their next eight consulting patients with a physician-confirmed NASH diagnosis. Physicians reported information on demographics (including age, sex, ethnicity, and body mass index [BMI]) and clinical characteristics (including comorbidities and disease severity as stated by the treating physician). Obesity was defined as a current BMI ≥ 30 kg/m2. Physicians assigned patients a fibrosis score based on their own clinical judgment.
Patients included in the DSP were ≥ 18 years, with a physician-reported diagnosis of NASH, and were not involved in a NASH clinical trial at the time of data collection. To be representative of real-world clinical practice, a liver biopsy was not the sole requirement to confirm NASH diagnosis. Patients were invited to complete a voluntary questionnaire, which included the CLDQ-NASH and EQ-5D-5L.
All patients provided written informed consent for use of their anonymized and aggregated data for analysis and publication. Responses were anonymized to preserve respondent (physician and patient) confidentiality. Participating physicians and patients were assigned a study number to aid anonymous data collection and allow linkage of data during data collection and analysis. Data were de-identified and aggregated before receipt by Adelphi Real World. As this was an analysis of secondary data, specific institutional review board (IRB) approval was not required. However, the NASH DSP was submitted to the Western IRB (protocol number AG8065) in the United States and an IRB exemption granted. This review ensured the study was methodologically and ethically sound, validating that the study adhered to international ethical standards with no risk to participants.

Outcome measures
CLDQ-NASH
The CLDQ-NASH includes 36 items, measured on a Likert scale from 1 to 7, with higher values representing better health. Each domain score is calculated as the mean of its constituent item scores; the total score is calculated as the mean of the six domain scores.

EQ-5D-5L
Responses to the five items in the EQ-5D-5L define a health state, for which an index score is generated to indicate its value relative to the general population. The EQ-5D-5L index score is calculated following the approach recommended by the EuroQol Group [21, 22]. Each patient is initially assigned a score of 1, with adjustments reducing the index score based on their responses to questions. These adjustments to EQ-5D-5L are made according to the US societal value set reported by Pickard et al. [21]. Index scores therefore range from 1.00 (full health) to -0.573 (lowest possible score). The EQ-5D-5L index score was not calculated for a patient if any data were missing.
Conceptual overlap between these two instruments was considered reasonable as similar concepts are evaluated [7].


Statistical analysis
Our statistical analysis was conducted in line with current best practices for conducting mapping studies [13, 15] and this study used the MApping onto Preference-based measures reporting Standards reporting checklist [23].
All patients who fully completed the CLDQ-NASH and EQ-5D-5L questionnaires were included in the analysis.
Mapping from the CLDQ-NASH to the EQ-5D-5L was done using tenfold cross-validation, which uses the collected sample for training/estimation and validation [24]. In brief, patients in the dataset were randomly partitioned into ten subsamples. One subsample was retained as the validation dataset for testing the predictive model; the remaining nine subsamples were used as training data. The cross-validation process was repeated nine times, with each of the ten subsamples being used once as the validation dataset. Model accuracy measures were calculated on the combined validation data. These statistics may be considered “out of sample” as they were calculated on data not used in the predictive model. The collected sample was used for training and validation purposes.
The performance of each model was assessed in the tenfold cross-validation using root-mean squared error (RMSE) as accuracy measure. The RMSE is the square root of the variance of the residuals and can be interpreted as the standard deviation (SD) of the unexplained variance, or how concentrated the reported data are around a predicted line of best fit. Lower values of RMSE (lower spread) indicate better fit, and well-fitting models would ideally have an RMSE lower than the minimally important difference for the EQ-5D-5L (0.03–0.05 [25]). The RMSE was examined at the lower, middle, and upper parts of the predicted scale to identify if the model was a good fit for the full range of values. For the EQ-5D-5L, these parts were defined as the equally sized ranges of -0.573 to 0.049, -0.049 to 0.476, and 0.476 to 1, respectively.
The mean score was generated initially to provide a benchmark for other models. A variety of statistical models were generated: ordinary least squares linear regression, generalized linear models (GLMs) with gaussian inverse gaussian and gamma errors paired with identity, log and power links (powers ranged from -5 to 5 in increments of 0.1), fractional logit/probit, nonparametric local-linear regression, random forest, classification and regression tree, finite mixture models with a point mass at 1, and adjusted limited dependent variable mixture models. Some models constrained predictions to between 0 and 1, which necessitated rescaling the EQ-5D to these bounds, and rescaling the predictions. Only the CLDQ-NASH was used as independent variable(s). This was either the overall score or the six domain scores. Models were also assessed including splines of covariates (linear splines with 2–4 knots, and restricted cubic splines with 3–5 knots). Knots for linear splines were chosen so that they were equally spaced over the range of the covariate, and knots for restricted cubic splines were chosen following the recommendations of Harrell [26]. The model with the lowest RMSE in cross-validation was deemed the best.
Cross-walking between the CLDQ-NASH and EQ-5D-5L was conducted using the CLDQ-NASH total score and EQ-5D-5L index score. CLDQ-NASH domain scores were also mapped to the EQ-5D-5L index score.
Two subgroup analyses compared RMSEs for: (i) obese NASH (BMI ≥ 30 kg/m2) versus non-obese NASH (BMI < 30 kg/m2); and (ii) diabetic NASH (patients with NASH and type 2 diabetes [T2D]) versus nondiabetic NASH. Given the strong link between obesity and T2D [27–29], the high prevalence of obesity in people with diabetes (58% in National Health and Nutrition Examination Survey [NHANES] participants with diabetes from 1999 to 2020 [30]), and the increased risk of diabetes in the obese (43% in people with BMI ≥ 40 in NHANES participants from 1999 and 2006 [31]), we wished to independently evaluate the effects of NASH and remove the confounding effects of these conditions.
All analyses were conducted in Stata 17.0 (StataCorp LLC, College Station, TX, USA) [32].


Results
Participants
A total of 347 patients in the Adelphi Real World NASH DSP database completed a CLDQ-NASH, EQ-5D-5L, and with a corresponding physician-reported patient record form, and were eligible for inclusion in this analysis. Patient characteristics are shown in Table 1. Among the 347 patients, physicians stated that the fibrosis stage was F0 for 7.8% of patients, F1 for 9.6%, F2 for 16.7%, F3 for 16.4%, and F4 for 14.7%. Thus, 261 patients had a stated fibrosis stage. A fibrosis stage was not assigned by the physician for 86 patients (25%). Characteristics of patients with obesity/no obesity and T2D/non-T2D are also shown in Table 1. Tests performed are shown in Supplementary Table 1; pharmacological treatments prescribed for selected comorbidities are shown in Supplementary Table 2.Table 1Patient characteristics overall and according to obesity and type 2 diabetes status


	 	All patients (n = 347)
	Obese (n = 249)
	Non-obese (n = 98)
	T2D (n = 194)
	Non-T2D (n = 151)a

	Mean age, years (SD)
	55.6 (11.9)
	55.2 (11.2)
	56.9 (13.5)
	57.5 (11.1)
	53.3 (12.5)

	Sex, n (%)

	 Male
	186 (53.6)
	141 (56.6)
	45 (45.9)
	104 (53.6)
	80 (53.0)

	 Female
	161 (46.4)
	108 (43.4)
	53 (54.1)
	90 (46.4)
	71 (47.0)

	Ethnicity, n (%)

	 White/Caucasian
	271 (78.1)
	196 (78.7)
	75 (76.5)
	147 (75.8)
	122 (80.8)

	 African American
	28 (8.1)
	23 (9.2)
	5 (5.1)
	18 (9.3)
	10 (6.6)

	 Hispanic/Latino
	18 (5.2)
	13 (5.2)
	5 (5.1)
	14 (7.2)
	4 (2.6)

	 Other
	30 (8.6)
	17 (6.8)
	13 (13.3)
	15 (7.7)
	15 (9.9)

	Mean BMI, kg/m2 (SD)
	33.2 (5.8)
	35.7 (4.8)
	26.8 (2.7)
	34.0 (6.1)
	32.2 (5.3)

	Comorbidities, n (%)b
	(n = 345)
	(n = 249)
	(n = 96)
	(n = 194)
	(n = 151)

	 T2D
	194 (56.2)
	145 (58.2)
	49 (51.0)
	194 (100)
	0

	 Hypertension
	167 (48.4)
	117 (47.0)
	50 (52.1)
	105 (54.1)
	62 (41.1)

	 Myocardial infarction
	20 (5.8)
	13 (5.2)
	7 (7.3)
	15 (7.7)
	5 (3.3)

	Fibrosis stage, n (%)

	 F0
	27 (7.8)
	18 (7.2)
	9 (9.2)
	16 (8.2)
	11 (7.3)

	 F1
	68 (19.6)
	48 (19.3)
	20 (20.4)
	33 (17.0)
	34 (22.5)

	 F2
	58 (16.7)
	45 (18.1)
	13 (13.3)
	32 (16.5)
	26 (17.2)

	 F3
	57 (16.4)
	33 (13.3)
	24 (24.5)
	37 (19.1)
	20 (13.2)

	 F4
	51 (14.7)
	36 (14.5)
	15 (15.3)
	29 (14.9)
	22 (14.6)

	 Don’t know
	86 (24.8)
	69 (27.7)
	17 (17.3)
	47 (24.2)
	38 (25.2)


BMI body mass index, SD standard deviation, T2D type 2 diabetes
aDon’t know: n = 2
bOccurring in > 5% of patients. Patients could have ≥ 1 comorbidity




CLDQ-NASH and EQ-5D-5L scores
The distribution of CLDQ-NASH and EQ-5D-5L scores is shown in Fig. 1 and descriptive details are given in Table 2. As expected, many patients in the overall sample (n = 137; 39%) had an EQ-5D-5L index score of 1.00. When the stratification factor of obesity was considered, the mean index score for obese patients was 0.840 (SD 0.210), with 44% scoring 1.00; the mean index score for non-obese patients was 0.891 (SD 0.157), with 38% scoring 1.00 (Supplementary Fig. 1). Patients with and without T2D had EQ-5D-5L index scores of 0.836 (SD 0.214; 36% scoring 1) and 0.875 (SD 0.174; 43% scoring 1), respectively. The overall population norm for the United States is 0.851 [SD0.205]) [33].[image: ]
Fig. 1Histograms showing distribution of (a) EQ-5D-5L index and (b) CLDQ-NASH total scores. CLDQ-NASH Chronic Liver Disease Questionnaire – Nonalcoholic Steatohepatitis

Table 2Summary of CLDQ-NASH and EQ-5D-5L data in patients with NASH


	 	Overall (n = 347)
	Obese (n = 249)
	Non-obese (n = 98)
	T2D (n = 194)
	Non-T2D (n = 151)

	CLDQ-NASH

	 Overall

	  Mean (SD)
	5.4 (1.2)
	5.3 (1.2)
	5.6 (1.1)
	5.2 (1.1)
	5.5 (1.2)

	  Median (IQR)
	5.6 (4.6, 6.3)
	5.4 (4.5, 6.2)
	5.7 (5.0, 6.4)
	5.4 (4.5, 6.0)
	5.8 (4.7, 6.6)

	 Abdominal

	  Mean (SD)
	5.3 (1.4)
	5.2 (1.4)
	5.5 (1.3)
	5.2 (1.4)
	5.4 (1.5)

	  Median (IQR)
	5.7 (4.3, 6.7)
	5.3 (4.0, 6.3)
	5.7 (4.3, 6.7)
	5.3 (4.0, 6.3)
	5.7 (4.3, 7.0)

	 Activity

	  Mean (SD)
	5.3 (1.3)
	5.2 (1.3)
	5.5 (1.2)
	5.1 (1.3)
	5.6 (1.3)

	  Median (IQR)
	5.4 (4.4, 6.4)
	5.2 (4.2, 6.2)
	5.6 (4.8, 6.6)
	5.2 (4.2, 6.0)
	5.8 (4.8, 6.8)

	 Emotion

	  Mean (SD)
	5.4 (1.3)
	5.3 (1.3)
	5.6 (1.3)
	5.3 (1.3)
	5.6 (1.3)

	  Median (IQR)
	5.6 (4.4, 6.6)
	5.6 (4.4, 6.4)
	5.8 (4.6, 6.7)
	5.4 (4.4, 6.3)
	5.9 (4.8, 6.8)

	 Fatigue

	  Mean (SD)
	5.0 (1.4)
	4.9 (1.4)
	5.3 (1.3)
	4.8 (1.3)
	5.3 (1.4)

	  Median
	5.2 (4.0, 6.2)
	5.2 (3.8, 6.0)
	5.3 (4.7, 6.2)
	5.2 (3.7, 5.8)
	5.3 (4.3, 6.5)

	 Systemic

	  Mean (SD)
	5.7 (1.1)
	5.6 (1.1)
	5.9 (1.1)
	5.5 (1.1)
	5.8 (1.2)

	  Median (IQR)
	6.0 (4.8, 6.7)
	5.8 (4.7, 6.5)
	6.2 (5.3, 6.7)
	5.8 (4.7, 6.3)
	6.2 (5.0, 6.8)

	 Worry

	  Mean (SD)
	5.4 (1.3)
	5.4 (1.3)
	5.6 (1.3)
	5.3 (1.3)
	5.5 (1.4)

	  Median (IQR)
	5.7 (4.6, 6.6)
	5.7 (4.6, 6.4)
	6.0 (4.7, 6.6)
	5.7 (4.4, 6.4)
	5.9 (4.7, 6.7)

	EQ-5D-5L – US

	 Mean (SD)
	0.854 (0.198)
	0.840 (0.210)
	0.891 (0.157)
	0.836 (0.214)
	0.875 (0.174)

	 Median (IQR)
	0.932 (0.787, 1.000)
	0.904 (0.750, 1.000)
	0.940 (0.845, 1.000)
	0.904 (0.723, 1.000)
	0.940 (0.817, 1.000)


CLDQ-NASH Chronic Liver Disease Questionnaire – Nonalcoholic Steatohepatitis, IQR interquartile range, NASH nonalcoholic steatohepatitis, SD standard deviation, US United States



A similar pattern was observed for CLDQ-NASH scores. Mean scores for obese and non-obese patients were 5.3 (SD 1.2) and 5.6 (SD 1.1), respectively. Score distribution according to T2D status is shown in Supplementary Fig. 2. A similar pattern was observed when T2DM was considered, with mean scores for patients with and without T2D of 5.2 (SD 1.1) and 5.5 (SD 1.2), respectively.

Mapping analysis
Overall, 2172 models were tested for predicting the EQ-5D-5L index score from the CLDQ-NASH score. The key findings of this analysis are summarized in Table 3. Best models were defined as those with the lowest overall RMSE.Table 3Best fitting models for predicting EQ-5D-5L from CLDQ-NASH and the cross-validation results


	Model
	Description
	Statistical model
	Overall RMSE
	Lower RMSE
	Middle RMSE
	Upper RMSE
	Obese RMSE
	Non-obese RMSE
	T2D RMSE
	Non-T2D RMSE

	Mean
	Benchmark
	Constant model
	0.1980
	0.9164
	0.5756
	0.1372
	0.2111
	0.1602
	0.2143
	0.1756

	GLM family (Gaussian)
	Best model using overall CLDQ-NASH score as independent variables
	GLM with gaussian family and power link (power -0.3), cubic splines with 3 knots
	0.1455
	0.7644
	0.3517
	0.1146
	0.1505
	0.1318
	0.1583
	0.1249

	Fractional logistic
	Best model using the CLDQ-NASH domains as independent variables
	Fractional logistic, cubic splines with 3 knots
	0.1452
	0.7698
	0.3477
	0.1149
	0.1533
	0.1221
	0.1585
	0.1242


CLDQ-NASH Chronic Liver Disease Questionnaire – Nonalcoholic Steatohepatitis, GLM generalized linear model, RMSE root-mean squared error, T2D type 2 diabetes



The mean model predicted an EQ-5D-5L index score of 0.854 for all patients, the benchmark for other models (Fig. 2a). The best model for the CLDQ-NASH overall score was the GLM with gaussian family and power link (power -0.3), using cubic splines with three knots (Fig. 2b), which had an overall RMSE of 0.1455. Fitted values for the CLDQ-NASH were within the range of values possible for the EQ-5D. The best model for the CLDQ-NASH domains was the fractional logistic model, using cubic splines with three knots (Fig. 2c), which had an overall RMSE of 0.1452. Mapping of individual domains is shown in Supplementary Fig. 3. It should be noted that Supplementary Fig. 3 is artificial in that the predicted EQ-5D values are shown assuming that all other domains are held at their average values as one domain changes; in patients, it is unlikely that one domain would increase without an associated increase seen in any other domain.[image: ]
Fig. 2Models for predicting EQ-5D-5L from CLDQ-NASH. Patient-recorded or actual values are shown in pink, the black dashed line represents the CLDQ-NASH derived values, and the blue dashed lines represent 95% confidence intervals of the predicted values. a Mean model. b Generalized linear model with Gaussian family and power link (power -0.3), with cubic splines, 3 knots) using total score as independent variable; (c) fractional logistic model, with cubic splines, 3 knots and using domain scores as independent variables. C assumes all subdomains rise at the same rate to create the total score. CLDQ-NASH Chronic Liver Disease Questionnaire – Nonalcoholic Steatohepatitis


The best model using the CLDQ-NASH domains is associated with a lower RMSE (0.1452) than the best model using the CLDQ-NASH overall score (RMSE 0.1455), hence this was the preferred model.
As shown in Table 3, models performed better at predicting upper values (RMSE 0.1146) of EQ-5D-5L than at lower values (RMSE 0.7644). For the subgroup analyses, the model performed better for non-obese patients (RMSE 0.1318) than for obese patients (RMSE 0.1505), and for patients without T2D (RMSE 0.1249) than for those with T2D (RMSE 0.1583).
Detailed instructions for application of the mapping results to generate EQ-5D-5L utility scores are shown in Supplementary Tables 3 and 4.


Discussion
The types of PROMs used in clinical trials and those required for cost-effectiveness analysis often differ. Generic preference-based instruments, such as the EQ-5D, are widely used in economic evaluations required as part of HTAs but are often not used in the clinical trial setting as regulatory bodies frequently require the use of disease-specific instruments [12, 34–36]. Mapping provides a means of generating reliable health state utility values when no preference-based measure is included in the study. This requires a degree of overlap between the descriptive systems of both instruments and administration of both on the same population. HRQoL assessment in patients with NASH is a relatively underdeveloped area of research. The CLDQ-NASH was validated for use in NASH in 2019 and is less widely used than other HRQoL instruments. Early stages of NASH are frequently asymptomatic, at which point a symptom-focused questionnaire may be less informative than a generic instrument such as the EQ-5D-5L. To our knowledge, therefore, no direct comparison between CLDQ-NASH and EQ-5D-5L is available to facilitate HTA submissions.
We conducted a cross-mapping analysis for the CLDQ-NASH as source measure to the EQ-5D-5L as target measure in a real-world population of patients with NASH in the United States and identified models best suited to predict EQ-5D-5L scores considering overall and domain scores of the CLDQ-NASH. The best model was the GLM family (Gaussian) link (power -0.3) using cubic splines with three knots, which produced fitted values for the CLDQ-NASH within the range of values possible for the EQ-5D-5L. The best model for the CLDQ-NASH domains – the fractional logistic model with cubic splines and three knots – slightly outperformed the model in which only the total score was used. It was also the best-performing model for predicting higher EQ-5D-5L values. In situations where information is not provided for domains, however, the model using the total score may be used. Given that the RMSE values are relatively similar for both models, this should not correspond to a great loss in predictive power.
Approximately 40% of patients reported an EQ-5D-5L index score of 1 (full health), and approximately 4% of patients had a CLDQ-NASH total score of 7 (best score possible). An EQ-5D score of 1.00 is not unusual and in many diseases a significant portion of patients will have a score of 1 [37–39]. This type of ceiling effect can be problematic in models, but both the GLM and fractional logistic cubic spline predicted EQ-5D values of approximately 0.3 − 0.4 for the lower end of the CLDQ-NASH total score, and a value close to 1 at the upper end. A cursory examination of Fig. 2a, b, and c shows there is clear value in using the CLDQ-NASH to predict EQ-5D as lines of best fit appear to intuitively fit the data. Some differences were seen in the shape of the line of best fit, but predicted values were similar throughout, which gave rise to similar RMSE values, as shown in Table 3.
Both models performed better in non-obese versus obese patients, and in patients who did not have T2D versus those who did. This is likely a result of obese patients and those with T2D having greater variability in EQ-5D-5L values because of the range of complications that frequently exist in individuals with these conditions [40, 41], and the coexistence of obesity and T2D in many patients [42]. We observed that the two best models performed less well at predicting lower versus upper values of EQ-5D-5L. As HRQoL declines in patients with multiple comorbidities [7], it is expected that the models would work less well in these patients. Ultimately, HRQoL in patients with multiple comorbidities and NASH is likely to be affected by several factors, with the result that changes in NASH may be difficult to identify if the only PROM is a generic one, whereas disease-specific measures may be better able to detect these changes.
Few studies have reported CLDQ-NASH and EQ-5D scores for patients with NASH. Our data are in line with those that did, including the study by Younossi et al., in which EQ-5D scores of 0.812 and 0.831 were reported for patients with liver stiffness values by transient elastography of ≥ 11.4 and < 11.4 kPa, respectively, and 0.821 and 0.844 for those with and without T2D, respectively [43]. The same study reported CLDQ-NASH scores of 5.1 and 5.3 for patients with and without T2D, respectively, similar to the values reported in our study. O’Hara et al. reported somewhat lower overall EQ-5D (0.75) and CLDQ-NASH scores (4.4) for patients with NASH in the United States in the multinational GAIN study than reported in this analysis (0.85 and 5.4, respectively) [44].
HRQoL score in patients with NASH has also been reported to correlate with obesity and T2D. Huber et al. observed significantly lower CLDQ overall scores in patients with BMI > 30 kg/m2 versus those with lower BMI (4.8 vs 5.5, respectively; p < 0.001) [45]. In contrast, David et al. reported that, although patients with severe obesity (BMI > 40 kg/m2) had significantly lower HRQoL than those who did not, there was no independent relationship between BMI and Medical Outcomes Study Short-Form (36-item) Health Survey (SF-36) score after adjustment for other covariates [46]. In their analysis of patients with NASH in Europe, Balp et al. compared SF-36 scores in the general population, patients with NASH, and patients with T2D [47]. Although patients with NASH had significantly worse HRQoL than the general population, patients with NASH did not differ from those with T2D in their SF-36 Physical Component Scores, despite having worse mental component scores and greater healthcare utilization.
Some limitations of this analysis warrant consideration. Our mapping algorithms did not perform as well at lower EQ-5D values, an expected consequence of the EQ-5D curve that has been described in other studies [9, 38] and confounded in part by the fact that our patients were undergoing treatment in the outpatient setting, with the result that capture of those with early-stage liver disease and decompensating cirrhosis was limited. We present the case for predicting EQ-5D using CLDQ-NASH, assuming that there is a degree of overlap in the descriptive systems of both instruments. It is also a fair assumption that there is some degree of non-overlap, and it may be this that drives variation around the predictions of EQ-5D, i.e. CLDQ-NASH does not measure all the facets of a patient’s life that are covered by the EQ-5D. Models would likely be improved by also utilising covariates for comorbid conditions and their associated severity; this, however, this was beyond the scope of the present study, the purpose of which was to provide a mapping algorithm directly from CLDQ-NASH to EQ-5D. Future studies could explore the domain overlap of PROs and the interplay of comorbid conditions on these PRO domains. The population size meant that a relatively small number of patients with advanced fibrosis (as classified by the physician) were included. This impacted on the number of patients with low EQ-5D scores and resulted in fewer observations upon which to base mapping. Analysis was restricted to patients who were willing to participate in completing questionnaires, a general limitation with all real-world research. As each patient completed both instruments, however, the study is internally consistent. This analysis only included patients from the United States. If the results were to be applied to other populations, some caution might be needed with interpretation taking into consideration that a patient recruited from outside the United States might score one of the instruments differently. In addition, different countries assign slightly different value sets to the EQ-5D, such that scores may not be the same even when responses are identical [48]. Finally, consistent with all mapping analysis, modeling results in inherent information loss that creates uncertainty when compared with direct EQ-5D-5L measurement [49]. However, mapping is often the only feasible way to conduct cost-utility analysis when direct evidence is unavailable. One key strength of the study was that patients were recruited by their treating specialist and only those with a physician-confirmed diagnosis of NASH were included. Additionally, this is the first known study to provide a NASH mapping algorithm from a commonly used disease-specific instrument to the EQ-5D-5L specifically with the intention of inclusion in an economic evaluation. Notably, detailed instructions have been provided to allow readers to generate utility scores from their own data.

Conclusion
In conclusion, this study provides a scoring algorithm for cross-walking the CLDQ-NASH with the EQ-5D-5L that might be used in economic evaluations, allowing for comparisons across studies in which either one of these instruments is used. The RMSE values described herein provide evidence that the relationship between the two measures is sufficiently strong that a patient’s EQ-5D index may be successfully predicted from their CLDQ-NASH score. As studies may be conducted using either measure, results may be considered together, allowing stronger conclusions to be drawn. Further research is needed to confirm these findings.

Acknowledgements
Data collection and editorial support was provided by Andrea Leith of Adelphi Real World. Medical writing support was provided by Deirdre Carman of Alispera Communications Ltd on behalf of Adelphi Real World.

Authors’ contributions
All authors contributed to the analysis conception and design. Material preparation, data collection and analysis were performed by Victoria Higgins. Analysis was performed by James Pike. The first draft of the manuscript was written by Victoria Higgins and James Pike with assistance from a medical writer and all authors commented on previous versions of the manuscript. All authors read and approved the final manuscript.

Funding
Data collection was undertaken by Adelphi Real World as part of an independent survey, entitled the Adelphi Real World Nonalcoholic Steatohepatitis (NASH) Disease Specific Programme™ (DSP). Madrigal Pharmaceuticals did not influence the original survey (from contribution to the design of questionnaires) or data collection. The analysis described here used data from the Adelphi NASH DSP. The DSP is a wholly owned Adelphi product. Madrigal Pharmaceuticals is one of multiple subscribers to the DSP. This analysis was funded by Madrigal Pharmaceuticals.

Availability of data and materials
All data generated or analyzed during this study are included in this article and its supplementary information files.

Declarations
Ethics approval and consent to participate
The survey was performed in accordance with relevant guidelines and in line with the principles of the Declaration of Helsinki. As this was an analysis of secondary data, specific IRB approval was not required. However, the NASH 2019 DSP was submitted to the Western IRB (protocol number AG8065) in the United States and an IRB exemption was granted.
Data collection was undertaken in line with European Pharmaceutical Marketing Research Association [50] guidelines and as such it does not require ethics committee approval. Each survey was performed in full accordance with relevant legislation at the time of data collection, including the US Health Insurance Portability and Accountability Act 1996 [51], and Health Information Technology for Economic and Clinical Health Act legislation [52].
All patients provided written informed consent for use of their data, which were anonymized and aggregated. No medication was provided and no tests or investigations were performed as part of this research. No hypothesis was developed or tested.

Consent for publication
Participants provided informed consent regarding the publication of aggregated and deidentified data.

Competing interests
Jesse Fishman is employed by Madrigal Pharmaceuticals. Victoria Higgins is employed by Adelphi Real World. James Piercy and James Pike are employed by Adelphi Real World.


References
	1.
Anstee QM, Reeves HL, Kotsiliti E, Govaere O, Heikenwalder M. From NASH to HCC: current concepts and future challenges. Nat Rev Gastroenterol Hepatol. 2019;16(7):411–28.PubMed

	2.
Dufour J-F, Scherer R, Balp M-M, McKenna SJ, Janssens N, Lopez P, et al. The global epidemiology of nonalcoholic steatohepatitis (NASH) and associated risk factors–A targeted literature review. Endocr Metab Sci. 2021;3:100089.

	3.
Vernon G, Baranova A, Younossi ZM. Systematic review: the epidemiology and natural history of non-alcoholic fatty liver disease and non-alcoholic steatohepatitis in adults. Aliment Pharmacol Ther. 2011;34(3):274–85.PubMed

	4.
Hamid O, Eltelbany A, Mohammed A, Alsabbagh Alchirazi K, Trakroo S, Asaad I. The epidemiology of non-alcoholic steatohepatitis (NASH) in the United States between 2010–2020: a population-based study. Ann Hepatol. 2022;27(5):100727.PubMed

	5.
Witkowski M, Moreno SI, Fernandes J, Johansen P, Augusto M, Nair S. The economic burden of non-alcoholic steatohepatitis: a systematic review. Pharmacoeconomics. 2022;40(8):751–76.PubMedPubMedCentral

	6.
Dufour J-F, Anstee QM, Bugianesi E, Harrison S, Loomba R, Paradis V, et al. Current therapies and new developments in NASH. Gut. 2022;71(10):2123–34.PubMed

	7.
Younossi Z, Aggarwal P, Shrestha I, Fernandes J, Johansen P, Augusto M, et al. The burden of non-alcoholic steatohepatitis: a systematic review of health-related quality of life and patient-reported outcomes. JHEP Rep. 2022;4(9):100525.PubMedPubMedCentral

	8.
Younossi ZM, Stepanova M, Younossi I, Racila A. Validation of chronic liver disease questionnaire for nonalcoholic steatohepatitis in patients with biopsy-proven nonalcoholic steatohepatitis. Clin Gastroenterol Hepatol. 2019;17(10):2093-2100.e2093.PubMed

	9.
Longworth L, Yang Y, Young T, Mulhern B, Hernández Alava M, Mukuria C, et al. Use of generic and condition-specific measures of health-related quality of life in NICE decision-making: a systematic review, statistical modelling and survey. Health Technol Assess. 2014;18(9):1–224.PubMedPubMedCentral

	10.
EuroQol Group. EuroQol - a new facility for the measurement of health-related quality of life. Health Policy. 1990;16(3):199–208.

	11.
Position statement on use of the EQ-5D-5L value set for England (updated October 2019). Available from: 
https://​www.​nice.​org.​uk/​about/​what-we-do/​our-programmes/​nice-guidance/​technology-appraisal-guidance/​eq-5d-5l.

	12.
ICER's reference case for economic evaluations: Principles and rationale. Available from: 
https://​icer.​org/​wp-content/​uploads/​2020/​10/​ICER_​Reference_​Case_​013120.​pdf.

	13.
Longworth L, Rowen D. NICE decision support unit technical support documents. In: NICE DSU technical support document 10: the use of mapping methods to estimate health state utility values. London: National Institute for Health and Care Excellence (NICE); 2011.

	14.
Brazier JE, Yang Y, Tsuchiya A, Rowen DL. A review of studies mapping (or cross walking) non-preference based measures of health to generic preference-based measures. Eur J Health Econ. 2010;11(2):215–25.PubMed

	15.
Wailoo AJ, Hernandez-Alava M, Manca A, Mejia A, Ray J, Crawford B, et al. Mapping to estimate health-state utility from non-preference-based outcome measures: an ISPOR good practices for outcomes research task force report. Value Health. 2017;20(1):18–27.PubMed

	16.
Younossi ZM, Stepanova M, Nader F, Loomba R, Anstee QM, Ratziu V, et al. Obeticholic acid impact on quality of life in patients with nonalcoholic steatohepatitis: REGENERATE 18-month interim analysis. Clin Gastroenterol Hepatol. 2022;20(9):2050-2058.e2012.PubMed

	17.
Younossi ZM, Stepanova M, Noureddin M, Kowdley KV, Strasser SI, Kohli A, et al. Improvements of fibrosis and disease activity are associated with improvement of patient-reported outcomes in patients with advanced fibrosis due to nonalcoholic steatohepatitis. Hepatol Commun. 2021;5(7):1201–11.PubMedPubMedCentral

	18.
Anderson P, Benford M, Harris N, Karavali M, Piercy J. Real-world physician and patient behaviour across countries: disease-specific programmes - a means to understand. Curr Med Res Opin. 2008;24(11):3063–72.PubMed

	19.
Babineaux SM, Curtis B, Holbrook T, Milligan G, Piercy J. Evidence for validity of a national physician and patient-reported, cross-sectional survey in China and UK: the disease specific programme. BMJ Open. 2016;6(8):e010352.PubMedPubMedCentral

	20.
Higgins V, Piercy J, Roughley A, Milligan G, Leith A, Siddall J, et al. Trends in medication use in patients with type 2 diabetes mellitus: a long-term view of real-world treatment between 2000 and 2015. Diabetes Metab Syndr Obes. 2016;9:371–80.PubMedPubMedCentral

	21.
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 Health. 2019;22(8):931–41.PubMed

	22.
EQ-5D-5L User Guide. Version 3.0. Available from: 
https://​euroqol.​org/​publications/​user-guides.

	23.
Petrou S, Rivero-Arias O, Dakin H, Longworth L, Oppe M, Froud R, et al. The MAPS reporting statement for studies mapping onto generic preference-based outcome measures: explanation and elaboration. Pharmacoeconomics. 2015;33(10):993–1011.PubMed

	24.
Pike J, Dong Y, Piercy J, Booth N, Holdsworth E, Hunter T. Cross-walk of the assessment of spondyloarthritis international society health index and ankylosing spondylitis quality of life scores in ankylosing spondylitis and non-radiographic axial spondyloarthritis patients. Rheumatol Ther. 2021;8(2):849–62.PubMedPubMedCentral

	25.
McClure NS, Sayah FA, Ohinmaa A, Johnson JA. Minimally important difference of the EQ-5D-5L Index Score in adults with type 2 diabetes. Value Health. 2018;21(9):1090–7.PubMed

	26.
Harrell F. Regression modeling strategies: With applications to linear models, logistic regression, and survival analysis. New York: Springer International Publishing; 2015.

	27.
Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, et al. IDF diabetes atlas: global, regional and country-level diabetes prevalence estimates for 2021 and projections for 2045. Diabetes Res Clin Pract. 2022;183:109119.PubMed

	28.
Ahmad E, Lim S, Lamptey R, Webb DR, Davies MJ. Type 2 diabetes. Lancet. 2022;400(10365):1803–20.PubMed

	29.
GBD 2021 Diabetes Collaborators. Global, regional, and national burden of diabetes from 1990 to 2021, with projections of prevalence to 2050: a systematic analysis for the global burden of disease study 2021. Lancet. 2023;402(10397):203–34. https://​www.​thelancet.​com/​journals/​lancet/​article/​PIIS0140-6736(23)01301-6/​fulltext.

	30.
Hu G, Ding J, Ryan DH. Trends in obesity prevalence and cardiometabolic risk factor control in US adults with diabetes, 1999–2020. Obesity (Silver Spring). 2023;31(3):841–51.PubMed

	31.
Nguyen NT, Nguyen XM, Lane J, Wang P. Relationship between obesity and diabetes in a US adult population: findings from the National Health and Nutrition Examination Survey, 1999–2006. Obes Surg. 2011;21(3):351–5.PubMed

	32.
StataCorp. Stata Statistical Software: Release 17. College Station: StataCorp LLC.; 2021.

	33.
Jiang R, Janssen MFB, Pickard AS. US population norms for the EQ-5D-5L and comparison of norms from face-to-face and online samples. Qual Life Res. 2021;30(3):803–16.PubMed

	34.
Report from the Canadian Coordinating Office for Health Technology Assessment (CCOHTA). Guidelines for economic evaluation of pharmaceuticals: Canada. Int J Technol Assess Health Care. 1995;11(4):796–7.

	35.
Canada’s Drug and Health Technology Agency. Guidelines for the economic evaluation of health technologies: Canada. 4th ed. Ottawa: CADTH; 2017.

	36.
Guide to the methods of technology appraisal 2013. Available from: 
https://​www.​nice.​org.​uk/​process/​pmg9/​resources/​guide-to-the-methods-of-technology-appraisal-2013-pdf-2007975843781.

	37.
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.PubMedPubMedCentral

	38.
Yang F, Wong CKH, Luo N, Piercy J, Moon R, Jackson J. Mapping the kidney disease quality of life 36-item short form survey (KDQOL-36) to the EQ-5D-3L and the EQ-5D-5L in patients undergoing dialysis. Eur J Health Econ. 2019;20(8):1195–206.PubMedPubMedCentral

	39.
Kay S, Tolley K, Colayco D, Khalaf K, Anderson P, Globe D. Mapping EQ-5D utility scores from the Incontinence Quality of Life Questionnaire among patients with neurogenic and idiopathic overactive bladder. Value Health. 2013;16(2):394–402.PubMed

	40.
Iglay K, Hannachi H, Joseph Howie P, Xu J, Li X, Engel SS, et al. Prevalence and co-prevalence of comorbidities among patients with type 2 diabetes mellitus. Curr Med Res Opin. 2016;32(7):1243–52.PubMed

	41.
Kevin MP, Todd MH, Kevin MC, Sheldon XK, Brian JW, Michael WK, et al. Prevalence and recognition of obesity and its associated comorbidities: cross-sectional analysis of electronic health record data from a large US integrated health system. BMJ Open. 2017;7(11):e017583.

	42.
Boye KS, Ford JH, Thieu VT, Lage MJ, Terrell KA. The association between obesity and the 5-year prevalence of morbidity and mortality among adults with type 2 diabetes. Diabetes Ther. 2023;14(4):709–21.PubMedPubMedCentral

	43.
Younossi ZM, Stepanova M, Anstee QM, Lawitz EJ, Wai-Sun Wong V, Romero-Gomez M, et al. Reduced patient-reported outcome scores associate with level of fibrosis in patients with nonalcoholic steatohepatitis. Clin Gastroenterol Hepatol. 2019;17(12):2552-2560.e2510.PubMed

	44.
O’Hara J, Finnegan A, Dhillon H, Ruiz-Casas L, Pedra G, Franks B, et al. Cost of non-alcoholic steatohepatitis in Europe and the USA: the GAIN study. JHEP Rep. 2020;2(5):100142.PubMedPubMedCentral

	45.
Huber Y, Boyle M, Hallsworth K, Tiniakos D, Straub BK, Labenz C, et al. Health-related quality of life in nonalcoholic fatty liver disease associates with hepatic inflammation. Clin Gastroenterol Hepatol. 2019;17(10):2085-2092.e2081.PubMed

	46.
David K, Kowdley KV, Unalp A, Kanwal F, Brunt EM, Schwimmer JB. Quality of life in adults with nonalcoholic fatty liver disease: baseline data from the nonalcoholic steatohepatitis clinical research network. Hepatology. 2009;49(6):1904–12.PubMed

	47.
Balp M-M, Krieger N, Przybysz R, Way N, Cai J, Zappe D, et al. The burden of non-alcoholic steatohepatitis (NASH) among patients from Europe: a real-world patient-reported outcomes study. JHEP Reports. 2019;1(3):154–61.PubMedPubMedCentral

	48.
Roudijk B, Janssen B, Olsen JA. How do EQ-5D-5L value sets differ? In: Devlin N, Roudijk B, Ludwig K, editors. Value Sets for EQ-5D-5L: A Compendium, Comparative Review & User Guide. Cham: Springer International Publishing; 2022. p. 235–58.

	49.
Dakin H, Abel L, Burns R, Yang Y. Review and critical appraisal of studies mapping from quality of life or clinical measures to EQ-5D: an online database and application of the MAPS statement. Health Qual Life Outcomes. 2018;16(1):31.PubMedPubMedCentral

	50.
EphMRA Code of Conduct. 2019. Available from: 
https://​www.​ephmra.​org/​media/​2811/​ephmra-2019-code-of-conduct-doc-f.​pdf.

	51.
Summary of the HIPAA security rule. Available from: 
https://​www.​hhs.​gov/​hipaa/​for-professionals/​security/​laws-regulations/​index.​html.

	52.
HITECH Act Enforcement Interim Final Rule. Available from: 
https://​www.​hhs.​gov/​hipaa/​for-professionals/​special-topics/​hitech-act-enforcement-interim-final-rule/​index.​html.



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


OEBPS/navigation.xhtml

    
      Contents


      
        		Cross-walk of the Chronic Liver Disease Questionnaire for Nonalcoholic Steatohepatitis (CLDQ-NASH) and the EuroQol EQ-5D-5L in patients with NASH


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12955_2023_2195_Fig1_HTML.png
20 30
1 1

Percent

10

15
1

Percent
10

0 —

5
EQ-5D-5L Index Score

4
CLDQ-NASH Total Score





OEBPS/css/envelope.png





OEBPS/images/12955_2023_2195_Fig2_HTML.png
EQ-5D-5L Index Score

2
I

.6

EQ-5D-5L Index Score
4

2

.6

EQ-5D-5L Index Score
4

2

6
1

4
1

. - . B € 00 ot PR TREIVWIIND
N ¢ LIS e LY. TR A
.

. M S0l ekl IMFTA
. e,

oo
3

4
CLDQ-NASH Total Score





OEBPS/css/sidebar.gif





