


Appendix: Development and testing a cognitive bolt-on for the EQ-5D-Y

The development and testing of the EQ-5D-Y plus cognitive bolt-on was conducted across several methodological steps (see Figure A1).
Figure A1: Overview of the methodological procedure
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Development of the cognitive bolt-on
Literature reviews
Two sequential non-systematic literature reviews were conducted to identify, (1) components of cognitive functioning, and (2) items and dimensions encompassing cognitive functioning included in existing HRQoL instruments for children and adolescents. The results of the first non-systematic literature review which identified components of cognitive functioning, in psychology research, were discussed with three paediatric psychologists. In the second non-systematic literature review, the selection of instruments was informed by two existing reviews of HRQoL instruments [1, 2] and a manual literature search. Only self-report versions of published instruments which (a) were specifically designed for children and adolescents and (b) contain a cognitive dimension or item were included. Seven instruments met the inclusion criteria (Child Health Questionnaire (CHQ) [3]; Child Health and Illness Profile (CHIP) [4]; How are you? (HAY) [5], KIDSCREEN [6, 7]; KINDL-R [8]; Pediatric Quality of Life Inventory (PedsQL) [9, 10] and TNO/AZL Child Quality of Life (TACQOL) [11]). Analysis focused on number, content and wording of cognitive items. The results from the literature reviews were included in the topic guide for the focus groups. 

Focus groups
Focus groups with children and adolescents were conducted by the research team to investigate the understanding and importance of the components of cognitive functioning, and to identify items for the bolt-on. A double-layer design was used: 2 x 3 focus groups (layer one: aged 8 to 11 and 12 to 15; layer two: with/without special educational needs and chronic conditions which may impact cognitive abilities). It was assumed that children with impairments would be more open about their experiences if grouped with other children living with the same condition. Furthermore, more active participation was expected from younger children if grouped with others their age. Participants were recruited from three schools and one hospital in Germany.

Each focus group included discussion around 1) their daily activities; 2) the impact of (their) health condition on daily activities; 3) components of cognitive functioning and finally 4) the components of cognitive functioning were weighted using nominal group technique (NGT) (i.e. selection of three most relevant components) [12, 13]. Participants were asked to imagine they were “mixing a fitness drink” that would help them work at a high cognitive level. They were asked to select the three most relevant “ingredients”, or components of cognitive functioning, for that purpose. The most relevant component was valued with 3 points, the second with 2 points and the third one with 1 point. 

The focus groups were recorded and transcribed, then analysed using qualitative content analysis according to Mayring (steps of (a) paraphrasing, (b) generalising, and (c) reducing with deductive category application) [14]. A pool of possible items for the bolt-on was derived from the participants’ statements (i.e. candidate sub-domains without specific terminology and framing). Items were reduced and selected by the research team using the card sorting procedure [15]. Statements were grouped together based on shared characteristics and rephrased into items appropriate for questionnaire completion. Thereafter, items were reduced by applying reduction criteria in two steps: (1) redundancy and concept of cognitive functioning and (2) applicability, relevance and clarity. The analysis of the focus groups was stratified by age group to investigate the need for different age versions. 

Development of cognitive dimension
[bookmark: _Hlk70402490]The components of cognitive functioning and the respective items were selected for the pilot bolt-on with consideration of the results from both literature reviews, the qualitative analysis of the focus groups and the NGT (cumulative weighting of components of cognition across focus groups). The development of items further considered relevance to the target group by incorporating components of cognition with an explanation taken from the children and adolescent’s explanation/understanding of the items.  The wording, structure and design of the bolt-on items followed the EQ-5D-Y. 

Pretesting the bolt-on items 
Phase 1
In phase 1 of the pretest, the selected bolt-on items were formatted in the EQ-5D style (i.e. wording of items, explanation in parentheses and response level) and then assessed for acceptability and feasibility (in terms of comprehensibility). Qualitative face-to-face interviews using cognitive techniques ((a) read aloud and paraphrasing, (b) general probing, and (c) category selection probing) were conducted [16]. These interviews used the same double-layer-design, age range and recruiting method as the focus groups. 

The interviews consisted of two parts: completion of the EQ-5D-Y plus bolt-on and semi-structured individual interviews, in which the participants were asked to judge the importance or redundancy of the cognitive items. The participants’ responses and questions of clarification during the completion of the questionnaire were noted. The semi-structured interviews were recorded and transcribed for content analysis according to Mayring (steps of (a) paraphrasing, (b) generalising and (c) reducing with deductive category application) [14]. Descriptive analyses were used to examine the frequencies of reported problems for the bolt-on items. Statistical analyses were performed in R. Based on the results of the qualitative pretest, the bolt-on was adapted and finalised for further testing.

Phase 2: Standard pretest
In the second pretest phase, a quantitative survey was conducted in a pediatric outpatient clinic in Germany to test the acceptability, feasibility, and performance of the newly developed EQ-5D-Y plus bolt-on. Children aged 8 to 15 living with type 1 diabetes mellitus (T1D) or a rheumatic disorder (RD) were enrolled. The selection of disease groups was according to prevalence in children and adolescents and for the associated impact on cognitive function.

Each participant self-completed both EQ-5D-Y and EQ-5D-Y plus bolt-on. The questionnaires were completed at different time points: day 1 (after a medical check-up) and day 5 (at home). Participants’ HRQoL was additionally evaluated with the KIDSCREEN-27 [17]. The order of completion was randomised to reduce bias.  

This phase explored the following research questions: 
(1) Does the addition of a cognitive bolt-on improve the explanatory power of the questionnaire compared to the standard EQ-5D-Y?
(2) Does the benefit of measuring HRQoL with an additional cognitive bolt-on differ between children and adolescents living with RD and T1D?

Descriptive analyses (proportions for discrete variables, mean and standard deviation (SD) for continuous variables) were used to examine the sample characteristics and the responses to the EQ-5D-Y and EQ-5D-Y plus bolt-on. The feasibility and acceptability of EQ-5D-Y plus bolt-on was investigated by missing values in terms of non-response and ceiling effects. Ceiling effects were defined as the proportion of reported "no problems" excluding missing values. Differences between questionnaire versions and the disease groups were identified via t-test or Mann-Whitney-U-test.
The explanatory power or contribution of the bolt-on items, in addition to the five standard items, to the self-rated overall health status measured by the EQ-VAS was explored through linear regression. To compare the explanatory power of the EQ-5D-Y to the EQ-5D-Y plus bolt-on, the following linear regression models were calculated:
(1) 
(2) 

where  corresponds to the value on the EQ-VAS of respondent, with. The vector  corresponds to the vector of dummy variables of the five EQ-5D-Y items and  corresponds to the dummy variables of the bolt-on items. The variable  measures the age of respondent  and  is a dummy variable that indicates whether individual  is living with either RD or T1D. The comparison of explanatory power of the two models was achieved by comparing their coefficients of determination (,) and Akaike’s information criterion (AIC).
The Shannon Index (H') and the Shannon Evenness Index (J') were used to evaluate the discriminatory power of the bolt-on in terms of absolute and relative informativity [18, 19]. The indices were calculated for (1) the EQ-5D-Y plus bolt-on, (2) the EQ-5D-Y and (3) the bolt-on, as well as (4) for each of the nine items of the EQ-5D-Y plus bolt-on. In order to assess the external validity of the bolt-on, Spearman rank correlations were calculated between the bolt-on items and the cognitive items from the validated KIDSCREEN-27 [20]. Internal consistency of the bolt-on items was measured by Cronbach’s α. 
Factor analysis was used to test whether the items of the bolt-on could be reduced to one or two latent factors. Using various rotation methods, factor loadings of the individual items or combinations of items were determined for different number of factors. Finally, linear regression models were fitted, in which the factors resulting from the factor analysis were included as regressors. , and AIC of the respective models were compared to determine the items that yield the best model fit and added the most explanatory power to the model. 
All statistical analyses were performed in R version 3.6.1 [21]. The level of significance was set at p<0.05.
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