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Abstract
[bookmark: OLE_LINK8][bookmark: OLE_LINK16]Background EQ-5D-Y is a pediatricGeneric preference-based health-related quality of life (HRQL) measures measure that is recommended play an essential part in health economic evaluation according to China’s guidelines. However, there is limited a shortfall of preference-based HRQL evidence regarding on rare diseases in China and how the generic preference-based HRQL measuresEQ-5D-Y perform in patients with rare diseases in the country. Neurofibromatosis type 1 (NF1) is a rare disease that affects the growth and development of underage patients. This study aimed to examine the performance of a generic HRQL measure, EQ-5D-Y proxy version, among underage NF1 patients in China. 
[bookmark: OLE_LINK17][bookmark: OLE_LINK23]Methods Data was extracted from a nationwide cross-sectional survey from Nov 2022 to Jan 2023 was used. A total of 154 Participants (caregivers for underage NF1 patients) who completed the EQ-5D-Y proxy version, PedsQL 4.0 Generic Core Scales (PedsQL GCS) proxy version, and Zarit Burden Interview (ZBI-22) were included in the present study (n=154). The Measurement propertiesperformance of the EQ-5D-Y wasere estimated assessed by response pattern (1) ceiling and floor effects), convergent validity; 2) Spearman’s correlation (rho) against the PedsQL GCS,; 3) kKnown-groups validity, and; 4) Shannon (H’) and Shannon evenness (J’) indices to examined informativity and discriminatory power.
[bookmark: OLE_LINK2]Results Data fromof 154 respondents caregivers were includedanalyzed. The mean age of caregivers was 36.66 (6.18) years, and 80.27% of them were mothers of NF1 patients. The mean age of NF1 patients was 8.38 (3.34) years, and with 51.30% were being females. For The EQ-5D-Y, the ceiling effect was of EQ-5D-Y was 30.52%, and the floor effect was 0%. Moderate to strong correlations were found between EQ-5D-Y and PedsQL GCS dimensions that share similar constructsEQ-5D-Y utility scores and VAS scores had moderate to strong correlations with the PedsQL total scores (rho(EQ-5D utility-PedsQL) 0.59 to 0.72, all p values < 0.001, rho(EQ-5D VAS-PedsQL) 0.47 to 0.60, all p values < 0.001). At the domain level, similar constructs of EQ-5D-Y and PedsQL GCS were moderately to strongly correlated (rho -0.42 to -0.60, all p values < 0.001). The hypotheses of known--groups defined byanalyses were validateddifferent PedsQL GCS and ZBI scores were validated. The EQ-5D-Y showed exhibited the strongest informativity and discriminatory power for of the “feeling worried, sad or unhappy” dimension and weakest for the “mobility” dimension (H’(mobility)=0.60, J’(mobility)=0.38; H’(feeling worried, sad or unhappy)=0.60, J’(feeling worried, sad or unhappy)=0.38). 
Conclusions EQ-5D-Y is acceptable for measuringcan be used to measure HRQL of underage NF1 patients in China. More evidence for using EQ-5D-Y in rare diseases is awaited.
Keywords: EQ-5D-Y; Measurement properties; Neurofibromatosis type 1; Health-related quality of life; Rare diseases
Introduction
[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK27] At present, tThere are more than 7,000 rare diseases around the world[1] according to the National Organization for Rare Disorders (NORD). Most rare diseases are genetically related diseases, and with approximately 70% of them having are childhood-onset [2]., bringing This often results in lifelong physical and psychological distress for both patients and their familiesdistress to patients and their families physically and psychologically [2]. Rare diseases can be life-threatening, . The mortality rate for affected individuals under five is around 30% with the death rate below five years old being 30% [3]. Neurofibromatosis type 1 (NF1) is a rare disease occurring in every 3000 newborns globally [4]. The clinical manifestations of NF1 can vary widely and may worsen over time. Common symptoms include café-au-lait spots and tumors along nerves affecting multi-systems in the body. While mild cases may only exhibit skin symptoms, severe cases can lead to life-threatening conditions. The dermatological manifestations can affect the psychological health of NF1 patients, while other internal manifestations, such as neurofibromas, can affect their physical health [5]. Rare diseases in China are managed through an officially defined catalog of rare diseases. NF1 is one of the diseases included in China’s Second Catalog of Rare Diseases [6].
[bookmark: OLE_LINK9][bookmark: _Hlk186883789][bookmark: _Hlk186883870]Drugs for rare diseases are usually called “orphan drugs” due to the limited market. In recent years, the number of increasingly number of orphan drugs have been developed [7, 8], bringing hope for patients with rare diseases while usually with high prices. Including expensive orphan drugs in the reimbursement catalog allows more patients with rare diseases to access these medicines, ensuring they truly benefit from them. In many countries such as the UK, Canada, Japan, Australia, Sweden, and China, economic evidence is required for drug reimbursement decision [9-12]. Cost-utility analysis, which typically employs preference-based health-related quality of life (HRQL) measures, is the most recommended analytical technique for economic evaluation in all those countries mentioned above [13]. However, numbers of pediatric-specific preference-based HRQL measures are limited. Common used pediatric-specific preference-based HRQL measures are EQ-5D-Y, Child Health Utility 9D (CHU9D), and Health Utilities Index (HUI) [14, 15]. According to the pharmacoeconomic evaluation guidelines of the UK, Australia, and China, suitable pediatric-specific HRQL should be used for children in pharmacoeconomic evaluations. China Guidelines for Pharmacoeconomic Evaluations (2020 Edition) specifically pointed out that the EQ-5D-Y is recommended for children [16]. The EQ-5D-Y is the youth version of the EuroQol five-dimensional (EQ-5D) descriptive system, designed for children and adolescents aged 4 to 18 [17]. It features 3 response levels for each dimension to assess physical and mental health. The EQ-5D-Y retains the content and structure of the standard EQ-5D, facilitating a seamless evaluation of health status from childhood into adulthood [18].  EQ-5D-Y is increasingly popularly used to measure HRQL in various pediatric populations [19-24].
[bookmark: OLE_LINK31]Even though EQ-5D-Y has been used among patients with NF1 and other rare diseases [17, 25-28], it hasn’t been validated in China’s NF1 populations. Given China’s large population, the number of NF1 patients is expected to be significant in the country. Assessing measurement properties of the EQ-5D-Y in Chinese patients with NF1 can support medical decision making in this population. The present study aimed to investigate the measurement properties of EQ-5D-Y among underage patients with NF1 in China. The findings will provide insights into the performance of EQ-5D-Y in rare disease populations.has risen worldwide. For example, 14 orphan drugs were approved in 2021, and 22 were ratified in 2022 in the European Union[7]. According to the first catalog of rare diseases in China, 103 drugs are approved to be launched in China at present[29]. A series of favorable policies have been issued to encourage drug research and development for rare diseases in China, leading to an increasing number of orphan drugs approved for marketing as well as drug candidates[8]. In China, one of the most important ways to increase the accessibility of orphan drugs is to include them in the basic medical insurance drug catalog of the nation after undergoing review processes in which economic evaluation plays a significant part. 
When conducting economic evaluation, cost-utility analysis was the preferred analytical technique in health technology assessment (HTA) guidelines in many countries, such as the UK, Canada, and China[13]. Outcomes in cost-utility analysis are measured by generic preference-based health-related quality of life (HRQL) measures. For example, EQ-5D is a recommended measure of HRQL in adults according to HTA guidelines in the UK[30]. Except for adults, preference-based HRQL measures for minors with rare diseases are necessary for HTA of orphan drugs since rare diseases are usually childhood-onset, having a long and lasting impact on one’s life. However, there is a shortfall of evidence on measurement properties of preference-based HRQL on rare diseases in China. This study aimed to demonstrate the measurement properties of EQ-5D-Y, a preference-based generic HRQL measure for children and adolescents, taking underage neurofibromatosis type 1 (NF1) patients as an example.
NF1 is a rare disease listed in the second catalog of rare diseases in China, occurring in every 3000 newborns globally[6, 31, 4] Clinical manifestations of NF1 vary widely and can deteriorate through one’s life, with typical symptoms of café-au-lait spots and tumors along nerves in multi-systems. Mild cases of NF1 can only manifest skin symptoms, while severe cases can manifest life-threatening symptoms. Dermatological manifestations can affect the psychological health and other ma[5]In recent years, new therapies and drugs came out, and a drug called Selumetinib was approved to be used in children with plexiform neurofibromas in China, with other new drugs on the way. 
EQ-5D is a generic preference-based HRQL measure applicable to adults and underage individuals, which can assess both physical and psychological health. The youth version of the EQ-5D, EQ-5D-Y, was increasingly popularly used to measure children and adolescents’ HRQL in different populations [19, 20, 32-34]. Results responded to EQ-5D-Y can generate utility scores and quality-adjusted life years (QALYs) can be derived from it for further use in economic evaluation, as EQ-5D-Y is a preference-based generic HRQL measure. However, there are few studies using EQ-5D-Y to measure the HRQL of patients with rare diseases, let alone the studies on the performance of EQ-5D-Y among patients with rare diseases [25-28]. he present study aimed to investigate the measurement properties of EQ-5D-Y among underage NF1 patients in China. The results of the study can provide information on the performance of EQ-5D-Y in rare disease populations.
Methods
Data collection
[bookmark: _Hlk166854100]The study used data from a cross-sectional survey conducted from Nov 2022 to Jan 2023. In this survey, primary caregivers for underage NF1 patients were recruited through a nationwide patient group of the NF1 population, Neurofibromatosis Shenzhen Care Center (NSCC). Volunteers from NSCC helped to organize the participants and make preparations for the survey. 
[bookmark: OLE_LINK5][bookmark: _Hlk186875629][bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK11][bookmark: _Hlk186876218][bookmark: _Hlk186890525]As per the ethics committee’s recommendations, all questionnaires in this study should be completed by caregivers of NF1 patients acting as proxies for NF1 patients who were under 18 years old, even though there are varying opinions regarding the consistency between proxy-reported and self-reported HRQL [29-32]. Early studies showed that the proxy and self-reported versions of EQ-5D-Y and PedsQL GCS generally demonstrate moderate to good agreement [33-39]. According to the recommendations from the ethics committee, all the questionnaires in this study should be answered by the caregivers of NF1 patients as their proxy if patients aged <18 years old. Therefore, participants in the study were primary caregivers of NF1 patients under 18 years old. Participants Caregivers were asked to fill out a questionnaire using an online survey platform, where researchers could monitor the entire process of answering the questions. Information onof medical treatment (e.g., annual outpatient visit times and hospitalization times) in the year 2021 was collected. The EQ-5D-Y proxy version, PedsQL 4.0 Generic Core Scales (PedsQL GCS) proxy version and Zarit Burden Interview (ZBI-22) were used. The The EQ-5D-Y proxy version and PedsQL 4.0 Generic Core Scales (PedsQL GCS) proxy version were used to estimate HRQL of underage NF1 patients, while Zarit Burden Interview (ZBI-22) was used to estimate caregiver burden. EQ-5D-Y was applicable for caregivers of those patients aged from 4 to 18, and PedsQL GCS was applicable for caregivers of those patients aged from 2 to 18. ZBI-22 was applicable for all the caregivers included. A total of 223 caregivers of NF1 patients respondents were recruited in the cross-sectional survey, and only those who completed both the EQ-5D-Y and PedsQL GCS were included in the present study (n=154). 
Ethics approval was obtained from the Ethics Committee of Beijing University of Chinese Medicine (2022BZYLL1005). The study was carried out according to the Declaration of Helsinki. Written informed consent was obtained before the survey began.
Measures Scoring of the EQ-5D-Y, PedsQL GCS and ZBI-22
[bookmark: _Hlk186873941]In this study, the EQ-5D-Y proxy version and PedsQL GCS proxy version were used to assess HRQL of underage NF1 patients, and ZBI-22 was used to assess caregiver burden.

EQ-5D-Y
[bookmark: OLE_LINK49][bookmark: _Hlk166854213][bookmark: _Hlk186874025][bookmark: OLE_LINK36][bookmark: _Hlk186890266]EQ-5D-Y is the young version of the EuroQol five-dimensional (EQ-5D) descriptive system administrated for children and adolescents aged 4 to 18, with a value set for ChinaThe EQ-5D-Y is a youth version of the EQ-5D descriptive system, designed for children and adolescents aged 4 to 18, and it has a value set for China [17]. Caregivers Participants in the present study filled out EQ-5D-Y as proxies only if for patients aged between 4 and 18 years old in this study. For children aged 4 to 7 years, a proxy version is recommended to be used, while for individuals aged 8 to 18 years, a self-reported version is recommended. It is recommended that only one version of EQ-5D should be used across the whole study population. [46]EQ-5D-Y collects information on one’s health status from three severity response levels (no problems, some problems, and a lot of problems) of five dimensions: “mobility”, “looking after him/herself”, “doing usual activities”, “having pain or discomfort”, “feeling worried, sad or unhappy”[40]. A visual analog scale (VAS), ranging from 0 to 100, is presented to the respondents after they fill out their health status of five dimensions to get the subjective feeling of their total health. Previous studies demonstrated good validity and reliability of EQ-5D-Y in underage populations [22, 27, 28, 41-43].
In the present study, caregivers’ participants’ responses to the EQ-5D-Y were converted from the five questions to preference-based EQ-5D utility scores using a value set for EQ-5D-Y in China [17].
PedsQL 4.0 Generic Core Scales
[bookmark: _Hlk186874099][bookmark: _Hlk186397248][bookmark: _Hlk186876319]PedsQL GCS is a 23-item HRQL measure for children aged 2 to 18, using 5-point response Likert scales to assess the health status [44]. PedsQL GCS showed good reliability and validity in different populations including NF1 patients and was recommended to be used in neurofibromatosis trials [45-49]. In the present study, participants caregivers filled out the proxy version of PedsQL GCS proxy version only if patients aged between 2 and 18 years old. There are 4 scales in PedsQL GCS assessing HRQL in different domains: 1) physical functioning (8 items), 2) social functioning (5 items), 3) emotional functioning (5 items), and 4) school functioning (5 items). Total score and scale scores of PedsQL GCS were calculated as the average of all the items in the whole PedsQL GCS and each scale and then reversely and linearly transformed into scores ranging from 0 to 100, using the scoring system of the PedsQL questionnaires. A higher PedsQL total score or scale score means a better health status.
Zarit Burden Interview
Zarit Burden Interview (ZBI-22) is a 22-item questionnaire used to measure a caregiver’s burden. ZBI-22 has been used to assess the caregiver burden of different population including NF1 patients and proved to be valid and reliable [50-55]. ZBI-22 uses a 5-level (0-4 points for each item) severity scale to evaluate how the caregiver feels when they provide care for the one being cared for. The total score of ZBI-22 ranges from 0 to 88. The higher the ZBI-22 total score is, the heavier distress a caregiver is experiencing. All caregivers included in the cross-sectional survey filled out ZBI-22.
Data analysis
In the present study, measurement properties of the EQ-5D-Y were assessed by response patterns, construct validity, and and informativity and discriminatory power.
Response patterns were demonstrated by ceiling and floor effects, and distribution across responseseverity levels of each dimension.
Construct validity included convergent validity and discriminant validity. Convergent validity was examined by Spearman’s correlation coefficient (rho) against the PedsQL GCS. Significant correlations were expected between similar constructs of EQ-5D-Y and PedsQL GCS. At the domain level, similar constructs included EQ-5D-Y “mobility”, “looking after him/herself”, “doing usual activities”, and “having pain or discomfort”, in correspondence to PedsQL physical functioning; “feeling worried, sad or unhappy” in correspondence to PedsQL emotional functioning; “doing usual activities” in correspondence to PedsQL school functioning and social functioning; “doing usual activities”, “having pain or discomfort”, and “feeling worried, sad or unhappy” in correspondence to PedsQL psychosocial health score [56]. Spearman’s correlation was identified as strong correlation (rho >0.7), moderate correlation (0.4 ≤ rho ≤ 0.7), and weak correlation (rho < 0.4) [57].
[bookmark: OLE_LINK50]Discriminant validity was examined by known-groups validity. When analyzing known-groups validity, we analyzed known-groups as follows: 1) gender; 2) outpatient visit times (<5 times/year vs. ≥5 times/year); 3) median of ZBI-22 total score; 4) median of PedsQL GCS dimensions and pain scores. These groups are known to differ in health status, and it was anticipated that the EQ-5D-Y utility scores and VAS scores could distinguish children with different health statuses. 
Informativity and discriminatory power were examined by Shannon (H’) and Shannon evenness (J’) indices.
[bookmark: OLE_LINK7]In the study, data of EQ-5D-Y, PedsQL GCS, and ZBI-22 need to be complete in order to assess the measurement properties of EQ-5D-Y. Therefore, listwise deletion would be conducted if there was any missing data in EQ-5D-Y, PedsQL GCS, or ZBI-22. We conducted statistical analyses using Stata 17.0 SE. We considered that significant differences existed when p value was ≤ 0.05. Effect size is interpreted as small (Cohen’s d = 0.2), medium (Cohen’s d = 0.5), and large (Cohen’s d = 0.8).
Results
[bookmark: _Hlk130309398]A total of 223 primary caregivers for NF1 patients under 18 years old were recruited in the cross-sectional study. Because the EQ-5D-Y was applied for caregivers of NF1 patients no less than 4 years old, a total of 154 participants caregivers responded to all the three HRQL instruments (EQ-5D-Y, PedsQL GCS, and ZBI-22) and were included in the present study (Table 1). Since the data was collected by a one-on-one online survey to guarantee the quality of the research, participants in the study were required to answer all questions of EQ-5D-Y, PedsQL GCS, and ZBI-22 that were applicable. Therefore, there was no missing response of EQ-5D-Y, PedsQL GCS, or ZBI-22 in the present study.
Table 1. Characteristics of participants
	
	Variable
	NF1 patients aged 0 to 18
	NF1 patients aged 4 to 18

	
	
	n=223
	n=154

	Patient
	Age, mean (SD), years
	[bookmark: _Hlk135749420]6.26 (4.25)
	8.38 (3.34)

	
	Disease duration, mean (SD)
	2.81 (2.90)
	3.58 (3.14)

	
	Gender, (%)
	
	

	
	Female
	121 (54.26%)
	79 (51.30%)

	
	Male 
	102 (45.74%)
	75 (48.70%)

	
	Familial NF1, (%)
	
	

	
	No family member diagnosed with NF1
	190 (85.20%)
	127 (82.47%)

	
	More than 1 family member diagnosed with NF1
	33 (14.80%)
	27 (17.53%)

	
	Annual outpatient visit times, (%)
	
	

	
	<5 outpatient visit times in 2021
	184 (82.51%)
	126 (81.82%)

	
	>=5 outpatient visit times in 2021
	39 (17.49%)
	28 (18.18%)

	
	Annual hospitalization times, (%)
	
	

	
	No hospitalisation in 2021
	175 (78.48%)
	113(73.38%)

	
	More than 1 hospitalisation in 2021
	48 (21.52%)
	41 (26.62%)

	Proxy*
	Age, mean (SD), years
	36.66 (6.18)
	38.23 (6.02)

	
	Character of caregiver, n (%)
	
	

	
	Mother
	179 (80.27%)
	121 (78.57%)

	
	Father
	40 (17.94%)
	29 (18.83%)

	
	Others#
	4 (1.79%)
	4 (2.60%)

	
	Caregiver diagnosed with NF1, n (%)
	
	

	
	Yes
	18 (8.07%)
	15 (9.74%)

	
	No
	205 (91.93%)
	139 (90.26)

	
	Marital status, n (%)
	
	

	
	Married
	203 (91.03%)
	136 (88.31%)

	
	Others##
	20 (8.97%)
	18 (11.69%)

	
	Employment, n (%)
	
	

	
	Employed full-time
	131 (58.74%)
	80 (51.95%)

	
	Not employed
	32 (14.35%)
	26 (16.88%)

	
	Employed part-time
	26 (11.66%)
	22 (14.29%)

	
	Others###
	34 (15.25%)
	26 (16.88%)


Note: NF1, neurofibromatosis type 1.
* A proxy in this study is the primary caregiver of a NF1 patient.
Response Pattern
At the health state level, 30.52% of the respondents reported no problems in all five dimensions of EQ-5D-Y (“11111” state), which meant the overall ceiling effect for EQ-5D-Y was 30.52%. None of the respondents reported the most severe state in all five dimensions of EQ-5D-Y (state “33333”), which meant there was no floor effect for EQ-5D-Y (Table 2). At the dimension level, the proportion of the respondents who reported having problems was 11.69% for “mobility (waking about)”, 17.53% for “looking after himself/herself” and 27.92% for “doing usual activities”, 52.60% for “having pain or discomfort”, and 42.86% for “feeling worried, sad and unhappy”. The mean (SD) of EQ-5D-Y utility scores was 0.880 (0.133), and the mean (SD) of VAS scores was 75.38 (20.67).
Table 2. Response pattern of EQ-5D-Y, PedsQL GCS and ZBI-22 (n=154)
	Variable
	mean (SD)
	median (min, max)

	HRQL
	
	

	EQ-5D-Y
	
	

	EQ-5D Utility
	0.880 (0.133)
	0.910 (0.180, 1)

	EQ-5D VAS
	75.38 (20.67)
	80.00 (0, 100)

	Proportion of reported problems in dimensions, %
	
	

	Mobility
	11.69

	Looking after him/herself
	17.53

	Doing usual activities
	27.92

	Having pain or discomfort
	52.60

	Feeling worried, sad or unhappy
	42.86

	Proportion of state “11111” 
	30.52

	Proportion of very mild health state (responseseverity level of “6”, mild problems was reported in only one dimension, such as state “11112” or “21111”)
	24.03

	Proportion of worst state “33333”
	0

	PedsQL GCS
	
	

	Total score
	67.17 (19.49)
	70.65 (14.13, 100)

	Physical function score
	70.33 (22.89)
	75.00 (0, 100)

	Psychosocial function score
	65.51 (19.55)
	66.67 (6.67, 100)

	Emotional function score
	65.97 (21.44)
	65.00 (15.00, 100)

	Social function score
	67.92 (24.71)
	70.00 (0, 100)

	School function score
	62.46 (20.98)
	65.00 (0, 100)

	Pain
	63.64 (27.28)
	50.00 (0, 100)

	Caregiver burden
	
	

	ZBI-22 total score
	34.31 (16.83)
	34.50 (0, 85)


Convergent validity
[bookmark: _Hlk138272883]EQ-5D-Y utility had a strong correlations with the PedsQL GCS total score (rho = 0.72, p<0.001) and was moderately correlated with PedsQL GCS domains (rho range 0.59 to 0.68, p<0.001 for all) (Table 3). EQ-5D VAS was moderately correlated with PedsQL total score and domains (rho range, 0.47 to 0.60, p<0.001 for all).
[bookmark: _Hlk186876397][bookmark: OLE_LINK52]For EQ-5D-Y dimensions and PedsQL GCS scales, which measure similar constructs, the EQ-5D-Y “mobility” and PedsQL GCS physical functioning were moderately correlated (rho = -0.45, p<0.001). Besides, “looking after him/herself”, “doing usual activities”, and “having pain or discomfort” in the EQ-5D-Y were moderately correlated (rho range, -0.42 to -0.60, p<0.001 for all) with the PedsQL GCS physical functioning. while the EQ-5D-Y “feeling worried, sad or unhappy” (rho = -0.28, p<0.01) was weakly correlated with the PedsQL GCS physical functioning. The EQ-5D-Y “feeling worried, sad or unhappy” and PedsQL GCS emotional functioning were moderately correlated (rho = -0.45, p<0.001). The EQ-5D-Y “doing usual activities” and PedsQL GCS school functioning were moderately correlated (rho = -0.42, p<0.001). “Having pain or discomfort” (rho = -0.56, p<0.001) and “feeling worried, sad or unhappy” (rho = -0.48, p<0.001) were moderately correlated with PedsQL GCS psychosocial health score. The psychosocial health score was calculated as the average of scores in emotional functioning, social functioning, and school functioning., which was calculated by the mean of scores of emotional functioning, social functioning, and school functioning. 
Table 3. Spearman's correlation coefficients between EQ-5D-Y and PedsQL GCS at domain level
	
	PedsQL GCS

	EQ-5D-Y
	Physical functioning
	Emotional functioning
	Social functioning
	School functioning
	Psychosocial health score
	Total Score

	Mobility
	-0.45***
	-0.25**
	-0.25**
	-0.19*
	-0.26**
	-0.36***

	Looking after him/herself
	-0.42***
	-0.16*
	-0.33***
	-0.29***
	-0.30***
	-0.37***

	Doing usual activities
	-0.58***
	-0.37***
	-0.48***
	-0.42***
	-0.49***
	-0.55***

	Having pain or discomfort
	-0.60***
	-0.50***
	-0.48***
	-0.52***
	-0.56***
	-0.60***

	Feeling worried, sad or unhappy
	-0.28***
	-0.45***
	-0.40***
	-0.42***
	-0.48***
	-0.43***

	Utility
	0.68***
	0.60***
	0.60***
	0.59***
	0.68***
	0.72***

	EQ-5D VAS
	0.59***
	0.49***
	0.47***
	0.49***
	0.55***
	0.60***


Note: Values present in bold font indicate similar constructs.
* p < 0.05; ** p < 0.01; *** p < 0.001.
Known-groups Validity
EQ-5D-Y utility scores of patients who had outpatient visits more than 5 times in 2021, who had lower PedsQL GCS total scores and scale scores or who had higher ZBI-22 total scores, were lower than their counterparts, with effect sizes of medium to large magnitude (Table 4) [58]. EQ-5D VAS scores of patients who had lower PedsQL GCS total scores and scale scores or who had higher ZBI-22 total scores, were lower than their counterparts, with effect sizes of medium to large magnitude.
Table 4. Known group analysis
	Known groups
	EQ-5D-Y utility
	EQ-5D VAS

	Gender, mean (SD)
	
	

	Female (n=79)
	0.86 (0.16) 
	75.03 (21.06) 

	Male (n=75)
	0.90 (0.10) 
	75.76 (20.38) 

	Δ
	-0.03 
	-0.73 

	ES (Cohen’s d)
	-0.26 (-0.58, 0.06)
	-0.04 (-0.35, 0.28)

	Z
	-0.98 
	-0.14 

	p value
	0.33 
	0.89 

	Annual outpatient visit times, mean (SD)*
	
	

	<5 (n=126)
	0.90 (0.11) 
	75.77 (19.78) 

	>=5 (n=28)
	0.81 (0.20) 
	73.64 (24.59) 

	Δ
	0.08 
	2.13 

	ES (Cohen’s d)
	0.65 (0.24, 1.07)
	0.10 (-0.31, 0.51)

	Z
	2.01 
	0.04 

	p value
	0.04 
	0.84 

	Annual hospitalization times, mean (SD)*
	
	

	0 (n=113)
	0.89 (0.13) 
	76.08 (20.54) 

	>=1 (n=41)
	0.86 (0.14) 
	73.46 (21.16) 

	Δ
	0.02 
	2.62 

	ES (Cohen’s d)
	0.17 (-0.19, 0.53)
	0.13 (-0.23, 0.48)

	Z
	0.91 
	0.78 

	p value
	0.36 
	0.44 

	PedsQL Physical Function score, mean (SD)
	
	

	≤75 (n=84)
	0.82 (0.15) 
	66.31 (20.93) 

	>75 (n=70)
	0.95 (0.07) 
	86.27 (14.12) 

	Δ
	-0.13 
	-19.96 

	ES (Cohen’s d)
	-1.11 (-1.45, -0.77)
	-1.10 (-1.44, -0.76)

	Z
	-7.16 
	-6.22 

	p value
	<0.0001
	<0.0001

	PedsQL Emotional Function score, mean (SD)
	
	

	≤65 (n=80)
	0.83 (0.13) 
	67.43 (20.83) 

	>65 (n=74)
	0.93 (0.11) 
	83.99 (16.77) 

	Δ
	-0.10 
	-16.56 

	ES (Cohen’s d)
	-0.85 (-1.18, -0.52)
	-0.87 (-1.20, -0.54)

	Z
	-6.50 
	-5.27 

	p value
	<0.0001
	<0.0001

	PedsQL Social Function score, mean (SD)
	
	

	≤70 (n=81)
	0.83 (0.13) 
	68.91 (20.46) 

	>70 (n=73)
	0.94 (0.11) 
	82.56 (18.52) 

	Δ
	-0.11 
	-13.65 

	ES (Cohen’s d)
	-0.90 (-1.23, -0.57)
	-0.70 (-1.02, -0.37)

	Z
	-6.60 
	-4.50 

	p value
	<0.0001
	<0.0001

	PedsQL School Function score, mean (SD)
	
	

	≤65 (n=85)
	0.83 (0.15) 
	68.53 (21.16) 

	>65 (n=69)
	0.94 (0.07) 
	83.83 (16.63) 

	Δ
	-0.12 
	-15.30 

	ES (Cohen’s d)
	-0.96 (-1.29, -0.62)
	-0.79 (-1.12, -0.46)

	Z
	-6.18 
	-4.87 

	p value
	<0.0001
	<0.0001

	PedsQL pain, mean (SD)
	
	

	≤50 (n=89)
	0.83 (0.15) 
	69.15 (21.64) 

	>50 (n=65)
	0.95 (0.07) 
	83.92 (15.77) 

	Δ
	-0.12 
	-14.78 

	ES (Cohen’s d)
	-0.96 (-1.30, -0.63)
	-0.76 (-1.09, -0.43)

	Z
	-6.34 
	-4.63 

	p value
	<0.0001
	<0.0001

	ZBI-22, mean (SD)
	
	

	≤34.5 (n=77)
	0.93 (0.09)
	82.70 (16.92)

	>34.5 (n=77)
	0.83 (0.15)
	68.06 (21.57)

	Δ
	0.10
	14.64

	ES (Cohen’s d)
	0.83 (0.50, 1.15)
	0.76 (0.43, 1.08)

	Z
	5.44
	4.47

	p value
	<0.0001
	<0.0001


*Information of annual outpatient visit times and hospitalization times in 2021 were collected.
Δ, the difference between the two groups. 
ES, effect size, is expressed using Cohen’s d and its 95% confidence interval.
 
Informativity and Discriminatory Power
The Shannon index and Shannon evenness index of the EQ-5D-Y dimensions were 0.60 and 0.38 for “mobility”, 0.79 and 0.50 for “looking after him/herself”, 0.98 and 0.62 for “doing usual activities”, 1.20 and 0.76 for “having pain or discomfort”, 1.23 and 0.78 for “feeling worried, sad or unhappy” (Table 5). 
Table 5. Shannon index and Shannon evenness of EQ-5D-Y
	
	EQ-5D-Y

	
	Mobility
	Looking after him/herself
	Doing usual activities
	Having pain or discomfort
	Feeling worried, sad or unhappy

	Shannon index
	0.60
	0.79
	0.98
	1.20
	1.23

	Shannon evenness index
	0.38
	0.50
	0.62
	0.76
	0.78


Discussion
[bookmark: OLE_LINK3][bookmark: OLE_LINK6][bookmark: OLE_LINK33]Although measurement properties of HRQL measures in rare disease patients are increasingly the focus of researchers, the present study was the first study analyzing the measurement properties of EQ-5D-Y against PedsQL GCS among underage NF1 patients in China, to our knowledge. We observed the measurement properties of the EQ-5D-Y proxy version based on cross-sectional survey data which evaluated the HRQL among children with NF1, reported by their caregivers[59]. Reliable and widely recognized validation methods were employed. Drawing on data from a survey of 154 caregivers as proxies of children with NF1, EQ-5D-Y showed strong consistency with PedsQL GCS. The known-group hypotheses based on varying PedsQL GCS and ZBI scores were validated. The “feeling worried, sad, or unhappy” dimension of EQ-5D-Y displayed the highest Shannon index and Shannon evenness index. The findings indicate that the EQ-5D-Y is a reliable and efficient preference-based tool for evaluating HRQL in this population.
[bookmark: OLE_LINK22][bookmark: OLE_LINK21][bookmark: _Hlk166855481]Xiong et al. conducted a study to validate pediatric preference-based HRQL instruments [67]. According to a study validated pediatric preference-based HRQL instruments (EQ-5D-Y and CHU9D), Xiong’s study, validation of EQ-5D-Y was suggested to be conducted among the population with 10 diseases, including anxiety/depression, attention deficit hyperactivity disorder (ADHD), autism, and recurrent abdominal pain, three of which were related to pain, and some were closely associated with psychological health [60]. The common symptoms of these ten diseases align closely with the dimensions of EQ-5D-Y. Therefore, the author stated Xiong pointed out that these 10 diseases may be suitable for studies describing the measurement properties of EQ-5D-Y. Some underage NF1 patients have manifestations of pain, and clinical symptoms that affect their physical appearance may lead to psychological distress. These disease manifestations in patients with NF1 are aligned with the dimensions of EQ-5D-Y. Therefore, we inferred that underage NF1 patients may serve as an appropriate population for assessing the measurement properties of EQ-5D-Y. we have reason to believe that underage NF1 patients are a proper population for describing the measurement properties of EQ-5D-Y. 
We conducted a cross-sectional survey to evaluate the health-related quality of life among patients with NF1 under 18 years old. Based on the survey data, the measurement properties of EQ-5D-Y [66]were observed. Based on the 154 study samples, the ceiling effect and the floor effect of EQ-5D-Y were 30.52% and 0%, respectively. EQ-5D-Y utility scores and VAS scores had moderate to strong correlations with the PedsQL total scores. Similar constructs of EQ-5D-Y and PedsQL GCS were moderately to strongly correlated. The hypotheses of known-groups analyses were validated.
[bookmark: OLE_LINK10][bookmark: _Hlk186877312][bookmark: OLE_LINK35]Since there was no published study using EQ-5D-Y to evaluate HRQL of underage NF1 patients in China, we were not able to compare the results with similar studies published previously. Nonetheless, studies on the measurement properties of EQ-5D-Y in other populations with or without specific health conditions could be thought-provoking. Based on the 154 study samples, the ceiling effect and the floor effect of EQ-5D-Y were 30.52% and 0%, respectively. The high ceiling effect observed in this study may be explained by the fact that many NF1 patients exhibit only mild skin symptoms. According to a systematic review of measurement properties of EQ-5D-Y conducted by Golicki, the pooled ceiling effect of 16 studies using EQ-5D-Y as an HRQL measure was 55% (95%CI: 46-63, I2 = 99%) [68], which was higher than the ceiling effect in the present study. Among the 16 studies, 5 used proxy-reported In previous studies, ceiling effects of EQ-5D-Y proxy version were reported ranging from 45% to 68% in different populations, such as and described ceiling effects from 45% to 68%, with data extracted from the general population, or patients with renal and urinary diseases, or patients with metabolism and nutrition disorders [21, 33, 61-64]. The high ceiling effect aligned with previously published validation studies [21, 39, 69-71]. The high ceiling effects of EQ-5D-Y in the present study may be explained by the fact that clinical manifestations of NF1 patients varied widely, from skin symptoms only to life-threatening symptoms. The The pooled floor effect of EQ-5D-Y in Golicki’s systematic review, reported by five studies, was 0.04% (95%CI: 0.02-0.10, I2 = 0%), while none of the five studies used proxy-reported EQ-5D-Y. The floor effect of EQ-5D-Y in the present study was 0%, close to the previous evidence [21, 71]. EuroQol Group developed EQ-5D-Y-5L, a revised version of EQ-5D-Y that extends the response levels from 3 to 5 levels in each dimension [65, 66].Only three levels of response choice in EQ-5D-Y may lead to a limit in differentiating minor impairment of health status, while EQ-5D-Y-5L may help identify the subtle impairment by providing five-level response options in each dimension. Previous studies showed that EQ-5D-Y-5L performed better than EQ-5D-Y-3L (written as EQ-5D-Y in the present study by default) in children with different health conditions such as major beta-thalassemia, hemophilia, acute lymphoblastic leukemia, acute illness, or osteogenesis imperfecta [26, 39, 48, 75]. Since EQ-5D-Y-5L was in development and there was no EQ-5D-Y-5L value set for China The EuroQol Group believes that EQ-5D-Y-5L would reduce the ceiling effects and enhance the sensitivity of EQ-5D-Y, which needs to be further assessed in NF1 population., we selected EQ-5D-Y-3L, with a value set for the Chinese population in our study. We anticipate that ceiling effect of EQ-5D-Y-5L among NF1 patients may be lower than that of EQ-5D-Y, according to the results of previous studies [26, 48, 39]. This assumption needs to be verified in future studies.
[bookmark: OLE_LINK13][bookmark: _Hlk186877490][bookmark: _Hlk186881911][bookmark: _Hlk186881929][bookmark: OLE_LINK12][bookmark: OLE_LINK15][bookmark: OLE_LINK14][bookmark: OLE_LINK19]As for convergent construct validity, EQ-5D-Y showed stronger correlations with PedsQL GCS at the utility level than the domain level, indicating that EQ-5D-Y had good convergent construct validity when used as an ensemble. Rresults of the present study suggested that EQ-5D-Y proxy version has acceptablepassable convergent construct validity in the population of underage NF1 patients. Higher correlations between EQ-5D-Y and PedsQL GCS were observed in similar constructs, as anticipated. The correlation coefficient between EQ-5D-Y utility and PedsQL GCS total score was 0.72, consistent with the previous findings, of which correlation coefficients between EQ-5D-Y and PedsQL GCS were EQ-5D-Y utility and PedsQL GCS total score were highly related (Spearman’s rho = 0.72), exceeding previously reported correlation coefficients, which ranged from 0.20 (in mostly healthy children) to 0.664 (in acutely ill children)  [19, 64, 67-70].  
EQ-5D VAS were moderately correlated with PedsQL total score in our study (rho = 0.60). In previous research, EQ-5D VAS were weakly to moderately correlated with PedsQL total scores and scale scores, with correlation coefficients ranging from 0.09 (4 years children) to 0.56 (acutely ill children) [19, 80, 81].
[bookmark: OLE_LINK20][bookmark: OLE_LINK26] This Spearman’s correlation coefficient observed in our study is on the upper bound of previous literature values. One possible reason is that, according to the calculation formula of Spearman’s correlation, the high ceiling effect of the EQ-5D-Y results in more frequent rank ties, which in turn lowers the Spearman correlation coefficient [71, 72]. Compared to our results, previous studies with a higher ceiling effect usually reported a lower Spearman’s correlation between EQ-5D-Y utility and PedsQL total scores [64, 69].
The results of our study renewed the upper bound of correlation coefficients between EQ-5D-Y utility and PedsQL GCS total score as well as correlation coefficients between EQ-5D VAS and PedsQL GCS total score. One possible reason is that the health status of the populations in previous studies had a low variability. Previous studies included healthy children, acutely ill children, chronically ill children, juvenile idiopathic arthritis pediatric patients, and type 1 diabetes mellitus pediatric patients, most of which were general population, with sample sizes ranging from 64 (juvenile idiopathic arthritis pediatric patients) to 1771 (general population). This finding indicated that EQ-5D-Y may be more suitable for NF1 patients.
[bookmark: _Hlk186882623]Results of known-groups validity indicated that EQ-5D-Y did have the ability to discriminate between underage patients defined by the subgroups which were set according to the presupposition that different HRQL levels were known to be observed. These hypotheses of known groups “annual outpatient visit times” and “annual hospitalization times” were not confirmed in some subgroups. In known-groups analysis, known groups “annual outpatient visit times” and “annual hospitalization times” We initiallywere used these to reflect the severity of the disease indirectly because there was a lack of clinical information for the patients. The DNB classification (dermatological, neurological and bone manifestations) and  because some information that can tell severity of disease can not be accurately answered by respondents. For example, neurofibromas inside the body can only be assessed by imaging examination like magnetic resonance imaging (MRI) can tell the severity of NF1 in a more direct way[73]. Reasons above can tell why there was no difference between groups defined by these known groups. It would be better if clinical information of NF1 patients such as magnetic resonance imaging (MRI) and the number of neurofibromason NF1 patients, such as MRI and the number of neurofibromas, be collected to assess the severity of the disease in future studies on the performance of EQ-5D-Y. 
[bookmark: _Hlk186875814][bookmark: _Hlk186885501]In this study, we can only assess the measurement properties of EQ-5D-Y proxy version. Measuring HRQL is a complex process that requires consideration of various factors. Some HRQL measures showed good agreement and consistency between reports from proxies and self-reports, while others did not [29-31, 74]. For the same HRQL measure, proxy-reported versions may sometimes overestimate HRQL in certain populations and underestimate it in others [30, 75-77]. Caregivers, often acting as proxies, may have their assessments of HRQL influenced by factors such as their own gender and health status [76, 77]. For those patients over 8 years old, it is recommended that the self-reported version of EQ-5D-Y is a better choice [40]. How the older children perceive their health is important and can provide more direct information [78], which need to be investigated in future studies. 
Since the cross-sectional survey focused on the burden of disease and participants were limited to caregivers of NF1 patients, only the proxy-reported version of EQ-5D-Y was used in the present study, and all respondents were primary caregivers of underage NF1 patients. For those patients over 8 years old, it is recommended that the self-reported version of EQ-5D-Y is a better ch[47]The results of the present study can be applied to proxy version of EQ-5D-Y and performance of self-reported version of EQ-5D-Y among NF1 patients needs to be studied in the future.
Limitations
There are some limitations in the present study. Only construct validity and discriminatory power could be examined since the data of the studystudy’s data were from a cross-sectional survey. TOther analyses, for example, test-retest reliability needs tocan be assessed in future studies. Feasibility, which can be examined by the missing rate and the overall time taken to finish EQ-5D-Y, was not investigated in the present study since we use the one-on-one online design to conduct the survey and necessary questions of the EQ-5D-Y and PedsQL GCS were set as required questions, except for those questions that were claimed to be optional. 
[bookmark: _Hlk186877880][89]For ethical reasons, only proxy versions of EQ-5D-Y and PedsQL GCS were used in this study. [47]We expected to investigate the performance of self-reported EQ-5D-Y and other HRQL instruments among NF1 patients in future studies.

Conclusion
Overall, EQ-5D-Y is an acceptable choice to evaluate the HRQL of NF1 patients as it is a short preference-based HRQL measure, with significant advantages of time-saving, and results can be used to calculate quality-adjusted life yearsQALYs in economic evaluation. Researchers should select proper instruments to evaluate HRQL when designing their studies. Study purposes and target populations should be considered, and objective conditions also need to be balanced. Further validation of HRQL measures among underage NF1 patients using longitudinal data and based on self-report data will provide more information. More evidence of validation and reliability of EQ-5D-Y among different populations is expected.
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