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ABSTRACT

Background: Few weight specific outcome measures, developed specifically for obese and overweight
adolescents, exist and none are suitable for the elicitation of utility values used in the assessment of

cost effectiveness.

Objectives: The development of a descriptive system for a new weight specific measure.

Methods: Qualitative interviews were conducted with 31 treatment seeking (above normal weight
status) and a non-treatment seeking (school sample) of adolescents aged 11-18 years, to identify a
draft item pool and associated response options. 315 eligible consenting adolescents, aged 11 to 18
years, enrolled in weight management services, and recruited via an online panel, completed two
version of a long list 29 item descriptive system (consisting of frequency and severity response scales).
Psychometric assessments and Rasch analysis were applied to the draft 29 item instrument to identify

a brief tool containing the best performing items and associated response options.

Results: Seven items were selected, for the final item set, all displayed internal consistency, moderate
floor effects, and the ability to discriminate between weight categories. The assessment of uni-

dimensionality was supported (t-test statistic of 0.024, less than the 0.05 threshold value).

Conclusions: The Weight specific Adolescent Instrument for Economic-evaluation (WAIE) focuses on
aspects of life affected by weight that are important to adolescents. It has potential for adding key

information to the assessment of weight management interventions aimed at the younger population.



INTRODUCTION

The prevalence of obesity in childhood and adolescence is rising [1]. Pediatric obesity is associated
with reduced overall weight-specific quality of life (QoL), higher risk of morbidity, disability, and
premature mortality in adulthood [2-4]. Obese or overweight children and adolescents report lower
QoL compared with their lean counterparts, typically manifesting in physical and social functioning
dimensions of QoL measures and studies have also reported decrements in emotional functioning [2,
3]. Whilst there is evidence to support dietary and lifestyle interventions in treating childhood obesity
[5], policymakers increasingly require evidence to assess value for money [6], and evidence on the
cost effectiveness of these interventions is currently lacking. Cost effectiveness analysis is an
incremental assessment comparing the costs and outcomes of two or more health interventions (see
Drummond et al. [7] for further explanation). The current lack of a suitable outcome measure for
economic evaluation in weight management interventions aimed at the younger population is a

hindrance [8].

The recommended currency of outcome measurement in cost effectiveness analysis is the quality
adjusted life year (QALY) [6, 7]. The QALY is a measure of mortality and morbidity; the latter is typically
measured using a generic health related Qol, preference based measure. Preference based measures
differ from non—preference-based measures in the way the scoring algorithms have been derived, in
that they are estimated from the values people place on different aspects of health rather than a
simple summative scoring procedure [9]. In the adult population, generic measures have performed
poorly in discriminating between different Body Mass Index (BMI) subgroups relative to weight

specific measures [10, 11].

There exists no condition-specific preference-based measure for assessment of QoL in obese
adolescents, although there are a small number of weight specific instruments e.g. KINDL-Obesity

module [12], Impact of Weight on Quality of Life—Kids version (IWQOL-Kids) [13], Moorehead-Ardelt



Quality of Life Questionnaire Il (M-A-QolL Q) [14], Sizing Me Up [15], Youth Quality of Life — Weight
(YQOL-W) [16] and Oxford Paediatric Obesity Instrument (OPOI) [17]. None of these measures are
designed for the calculation of preference weights for use in cost effectiveness analysis. Moreover, at
the time the current study was being undertaken, the only validated instrument that was developed
incorporating the views of children and adolescents aged 11 — 18 was the YQOL-W [16] and no existing
validated instrument had incorporated the views of adolescents living outside the US. Cultural factors
play an important role in perceptions of weight and weight-related health consequences, hence the
generalizability of the YQOL-W to the UK population must be in question. Furthermore, although the
content of the OPOI was informed by adolescents living in the UK, the tool had not been validated at

the time the current study was undertaken.

Mapping can be used to estimate preference values where none are available [6]. Preference weights
can be mapped onto validated non-preference based instruments, such as in the YQOL-W [16]. This
technique has been undertaken in the adult population using the IWQOL-Lite questionnaire [11],
where preference weights from the Short-Form Six-Dimension (SF-6D) were mapped to it [10]. For
the mapping approach to generate a valid prediction of preference weights, the preference based
descriptive system needs to provide a valid description of the condition and its treatment [9]. Brazier
et al. emphasise that, ‘a mapping exercise is always a second best exercise compared to either the
direct use of the SF-6D or a valuation of the condition-specific instrument’, a view reflected in the
National Institute for Health and Care Excellence (NICE) guide [6, 10]. When the information is not
available (i.e. where a validated condition specific preference based tool does not exist), mapping
between instruments might be the only alternative. An added complication for the adolescent

population is that there is no agreed gold standard generic preference based tool to map to [6].

In their current forms neither the YQOL-W nor OPOI can be used to undertake a preference valuation

study, nor were they created for this purpose. This is because they do not fulfil a number of specific



requirements that need to be considered in creating a preference-based measure. These include
having a limited number of multidimensional items (ideally 5 to 9 items, see Brazier et al. [9]). The
YQOL-W and OPOI comprise 21 and 30 items respectively. In order to elicit preference values for
different characteristics of a particular condition, individual items should also be heterogeneous with
associated ordered categorical response options that are mutually exclusive and can be used to
describe the weight specific health states that are important to adolescents. The YQOL-W does not
meet this requirement as it utilises a numerical 11-point scale (anchored by not at all and very much)
for all items, limiting its suitability for the purposes of preference valuation. Health states comprise a
descriptive system made up of items within dimensions, and response categories for each item.

Health states are valued by individuals using preference elicitation techniques [7].

The overall aim of this study therefore was to develop a new descriptive system that met the
aforementioned specific requirements for generating health states and that could be utilised in a
preference elicitation study. As a first step towards achieving this aim, qualitative methods were used
with the population of interest to collect information about the impact of weight on health-related
quality of life. Adolescent’s views were crucial to the development of the content in order to focus on
aspects of life affected by weight that were important to them. Following this, the next step involved
the identification of dimensions, and the final process comprised item selection. The focus of this
paper is the identification of the final descriptive system, with the ultimate aim of producing a
condition-specific preference-based measure for use in cost effectiveness analysis (the Weight-

specific Adolescent Instrument for Economic-evaluation (WAItE)).

METHODS

There were 2 phases to this research. Qualitative interviews were used to generate a draft item pool
and associated response options. One-to-one interviews were conducted to gather in depth

information from individual perspectives as to how being overweight or obese impacts upon different



aspects of life (and to minimize any potential social desirability of responses). A focus group with non-
treatment seekers was employed to allow for further exploration of and validation of information
gathered during individual interviews. Finally, additional focus groups with treatment seekers were
conducted to refine the draft of 29 items. Following this, a quantitative survey approach was utilised

to reduce the item set and select an appropriate response scale.

Phase 1 — Qualitative study generating the draft 29-Item scale

Participants

Ethical approval for the qualitative study was provided by the University of Leeds, School of Medicine
Research Ethics Committee. One-to-one and focus group interviews were conducted with treatment
seeking (above normal weight status, aged 11 to 18) and non-treatment seeking adolescents (school
sample, varied and unmeasured weight status, aged 11 to 14). We sought the views of a non-
treatment seeking sample (the school sample) as the majority of overweight and obese adolescents
are not engaged in treatment. By including the views of adolescents regardless of their weight we

were as open as possible to the range of relevant issues for this age group.

Consenting adolescents were recruited from three UK-based weight management services and one
school. Different parental consenting procedures were employed between the weight management
and school samples. For the weight management sample, direct consultation with parents was
undertaken and children were included if the parent raised no objection. For the school sample, face-
to-face communication with parents was not possible and, in addition to this, the topic area and
discussions could be viewed as more sensitive in a school setting compared with a treatment setting
where there is parental, peer and staff support readily at hand. Therefore opt-in written parental

consent was sought from the school sample.



Interview protocol

All the interviews were undertaken by the same researcher (YO). The qualitative interviews firstly
assessed adolescent’s own experiences of how weight status affected different aspects of their lives.
The second half of the interview assessed issues that were not raised by adolescents in the first section
of the interview. Probe questions were used to identify how different aspects of life were affected by
weight status in the one-to—one interviews (Table 1). The interviewer asked adolescents about their
thoughts on further issues identified from questions in existing weight specific instruments (such as
the IWQOL-Kids, Sizing Me Up, OPOI and YQOL-W) (as per section C in Table 1). This provided the
opportunity to assess the applicability of the content of existing instruments in the UK and non-US

contexts.

Interviews took place in the most convenient location for the adolescent and their family including
home, weight management service and University premises. Adolescents were sampled purposively
by gender and age (two groups; 11 - 14 year olds and 15 — 18 year olds). Purposeful sampling was
undertaken to ensure that the views of the full range of the adolescent population were incorporated.
Weight status, using growth reference charts, was recorded for all one-to-one interview participants
enrolled in weight management services. Once consent was obtained, height and weight data for the
weight management sample were provided by the weight management services. The British 1990
(UK90) growth reference chart [18] was used in the classification of weight status. Table 2 summarises

characteristics of the participants involved in the qualitative study.



One-to-one and focus groups interviews

Sixteen one-to-one interviews with adolescents in weight management services (each receiving a £15
retail Love-To-Shop voucher for participating in the study), 2 focus groups with treatment seeking
adolescents, and 1 focus group with non-treatment seeking adolescents were undertaken (Table 2).
The initial item development involved one-to-one interviews with adolescents in weight management
services and a focus group with a school sample of non-treatment seekers. One-to-one interviews
were used with adolescents in weight management services as it was thought this would allow
participants to feel confident and speak freely about the impact of weight on their lives. A focus group
was used in the school sample so that adolescents could deliberate between themselves about the
impact of weight status on the lives of adolescents. The school sample focus group interview utilised
similar questions as in Table 1. One difference was the use of body shape drawings (line drawings of
body shapes that ranged from very thin to obese) that described different body sizes for boys and
girls. Adolescents were asked to consider the body size synonymous to an obese weight status and
were asked to think about someone they may know who fitted that silhouette (a friend at school or
at home, or it could be a relative). They were then asked to think about how that particular individual
would be affected by their size. Taking this approach, it was felt that a focus group would be best
suited to encourage discussion. Two further focus group interviews with adolescents enrolled in
weight management services enabled the refinement of items and response options. Here
adolescents were asked to comment on language of the draft items and response options. Unclear

language was highlighted and alternative words and phrases were provided by adolescents.

Analysis

The qualitative analysis was carried out in two phases; adolescents’ own first-hand experiences were
assessed and then the data generated from the interviews that were informed by the existing weight

specific instruments (IWQOL-Kids, Sizing Me Up and YQOL-W) was analysed (as per section C in Table



1). The list of dimensions of QoL described in Table 1 section C was generated from the
aforementioned existing instruments. If any of the dimensions in this list were not mentioned in the
first half of the interview then adolescents were asked if any of the remaining dimensions affected
them. This approach enabled a neutral stand point on the first phase analysis of the interviews,
enabling the adolescents themselves to raise issues about how their weight might affect them. A
neutral stand point was enabled by allowing adolescents to raise whatever issues they felt were
important in how their weight affected them (as opposed to asking leading questions such as

explaining how their weight affects their physical activity).

The interviews were transcribed verbatim and framework analysis was used to identify themes [19].
This method has been successfully implemented in similar studies [20, 21]. A theme and case-based
chart that summarised all the data into a matrix of cases (represented by each row) and themes
(represented by each column) was generated. Themes were identified from listening to interviewed
recordings and reading through transcripts using an iterative process. Initially three broad themes
were identified (physical, social and psychological). These broader themes were then refined as
quotes within each theme were re-assessed. For example, the social theme was disaggregated into
three themes (non-school based physical activities, school-based physical activities, and barriers to
physical activities). The matrix summarised and synthesised the data generated from the interviews
whilst retaining the terminology and language used by participants. The analysis and coding were
validated by a second reviewer. The second reviewer assessed the generation and refinement of
themes and coding of transcripts for the first two interviews and any suggested changes were agreed
and finalised before the remainder of the analysis was undertaken. The second reviewer was closely
involved throughout the qualitative analysis (e.g. meeting frequently to review and agree the coding
of all interviews to ensure consistency) not just for the coding for the first two interviews, given their

role as a supervisor. Consensus was reached on all occasions between first and second reviewers,



occasionally after discussion. A draft item set used interview quotations to craft a 29-item instrument.
The 29 items (details provided below), grouped into dimensions of QoL [22], covered a variety of
obesity specific aspects of QoL including: symptoms, physical function, psychological wellbeing
(covering appearance-related items and food-related items), cognitive functioning, social wellbeing,
and future prospects. Dimension names and the grouping of items within dimensions, for presenting
the 29-item instrument in the survey in Phase 2, was informed by existing literature [22]. This also
provided the opportunity for double-checking the suggested grouping of items from the factor
analysis. Five-point Likert scales describing frequency (1=Never, 2=Almost Never, 3=Sometimes,
4=0ften, 5=Always) and severity (1= Not at all, 2= A little, 3= Quite a bit, 4= A lot, 5= Very much) were

applied to each item.

Phase 2 — Quantitative study to identify a reduced item set

Participants and Procedure

Participants were recruited (between October 2011 and January 2012) from three adolescent weight
management programmes and via an internet panel (the same procedure was employed for both
samples, the only difference being the mode of application of the survey). The survey collected
information on background characteristics and perceived weight status. Self-reported weight and
height data were collected and weight status determined using growth reference charts [18].
Adolescents who were aged 11-18 and could self-complete the survey were eligible for inclusion. In
addition, a sampling quota was used for recruiting the on-line panel, comprising a balanced sample by
gender and age. Given the target population, the proportion of adolescents perceiving themselves to
be overweight and obese were purposefully oversampled to represent approximately half the total
sample. The market research company converted the paper questionnaire to an on-line survey. The
online survey included an introductory section providing background info about the study and a

consent page for participants and parents (no generic instructions were provided at the beginning of



the survey, but each question, where necessary, had a prompt (e.g. please tick one box or tick)). The
company uses a number of different methods to recruit individuals onto their panels (e.g. email and
targeting websites). As per their normal procedures incentives were paid to participants (£1-3
shopping vouchers). Data were returned to the research team in an anonymised format. All
participants gave written informed consent. Implicit consent from parents was assumed from both
samples as parents were present when adolescents chose to participate and gave their consent (for
the on-line survey sample, parents were sent the survey and the adolescents would only be able to
access the survey if the parent made the choice to allow them to view the survey). Ethical approval
was provided by the University of Leeds, School of Medicine Research Ethics Committee (Ref -

HSLTLM/11/006).

The study sample was 341 adolescents, 25 adolescents from weight management programmes and
316 from the internet panel (see Table 3). Data from 26 adolescents in the underweight category
were excluded from the analysis. This left a final sample of 315 adolescent participants. Ultimately,
the new tool was for use in economic evaluation of weight management. If an intervention were
successful then adolescents should be moving from above healthy weight to healthy weight.
Specifically, we would expect healthy weight individuals to record either no impairment or minimal
impairment on items compared to their above healthy weight counterparts, who we would expect to
record having some level of impairment. The items in the reduced final item set should therefore be
able to clearly distinguish between different weight categories. In order to test this adolescents who
were healthy weight were included in the survey so that their responses could be compared with the

responses of those above healthy weight.

Analysis
A three step process (a method that has been successfully used in the development of preference

based measures from pre-existing disease specific QoL instruments [23-29]) was applied to the 29

10



items utilising a combination of Rasch analysis [30] and classical psychometric testing. It has been
recommended that a sample size of around five to ten participants per item is required in Rasch
analysis [31, 32]. Given the 29 item scale a minimum sample size of 290 was sufficient. Psychometric
assessments were carried out in SPSS Version 18 [33] whilst Rasch analysis was conducted using the

RUMMZ2030 [34] software package.

Step 1 - Identification of dimensions

In Step 1, factor analysis was used to establish instrument dimensions by identifying the underlying
factors that explained patterns of correlation within a set of observed variables. Exploratory Factor
Analysis (EFA) was undertaken to establish dimension structure, thus facilitating the grouping of the
29 items into acceptable and justifiable categories. Methodological issues concerning the extraction
method, determination of the number of factors to include in the analysis, and type of rotation to use,
were also considered. In terms of the factor extraction method, both the maximum likelihood
estimation and the Principal Axis Factors method were implemented. The selection of the number of
factors was further informed by undertaking Parallel analysis. The Parallel analysis compared the
Eigenvalues obtained using a Monte Carlo simulation of random numbers and the Eigenvalues
generated from the observed dataset. The factor correlation matrix was assessed for correlations
around 0.32 and above to inform the rotation method that was used and the lower threshold for factor
loadings was set at 0.40 [35]. The factor structure of the scale estimated from the EFA was then tested

using confirmatory factor analysis (CFA) (in Amos [33]) [29, 35] (results available upon request).

Step 2 - Item reduction

Rasch models were then applied to each of the dimensions identified in order to exclude poorly
performing items [36] in Step 2. Rasch model goodness of fit was assessed in three ways: the Chi-
squared (X?) test statistic was used to assess the differences between the observed and expected

responses (P-value for the overall model X? statistic should be >0.01). The level of discrimination
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amongst different groups of respondents was assessed using the person separation index (PSI); a PSI
value of 0.7 or above indicates a well-fitting Rasch model. Fit residuals, providing estimates of the
amount of divergence between the expected and observed responses, were assessed and a mean
value of approximately zero with a standard deviation approximately equal to one being adequate

[29].

In addition, Differential Item Functioning (DIF) was examined to establish whether responses
systematically differed across patient characteristics (e.g. for an item asking about physical abilities,
boys might select less severe item response options than girls). Gender (male/female) and age
(younger adolescents (11-15 years)/older adolescents (16-18 years)) were examined for DIF using item
characteristic curves and complementary P-values from ANOVA (under 0.05 indicates that DIF is
observed indicating significant deviations between the observed data and the predictions of the Rasch
model [37]). Finally, identification of potentially problematic level orderings (i.e. identification of
items where responders were unable to distinguish between item-response levels) was sought to
ensure the response ordering of health states (that would be included in the preference valuation
study in future work) was robust. Disordered item levels could indicate the inability of respondents
to distinguish between item levels. Item-threshold probability curves (a plot of the probability of being
in each item level across the latent QoL scale) were examined to assess item-level ordering. Items
that did not meet the goodness of fit tests or showed evidence of DIF were not selected in the final
item set. The process of fitting Rasch models was repeated (independently on each of the QoL
dimensions identified in Step 1) until only well-fitting items remained and the overall item-trait

goodness of fit of the model (see below) was non-significant.
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Step 3 - Item selection

Step 3 used combined criteria based on Rasch analysis, classical psychometric testing, and data
generated from the qualitative interviews to select the final item set. Item selection was
predominantly based upon the spread of item levels across the latent space, in order to span the full
range of condition severity (appropriate to a wider patient population). The threshold probability
curves and item goodness of fit statistics were re-examined. In addition to giving preference to the
best overall performance of items across Rasch and psychometric tests, the interview transcripts from
the qualitative study (Phase 1) that informed the development of the 29 item instrument were
consulted. Transcripts were re-assessed to reflect on the importance of items not excluded after Steps
1 and 2. The importance of items was gauged in two ways: in terms of the number of times
participants mentioned the issue under consideration, and the phrasing used in terms of how serious
the issue was perceived to be. Item wordings were also reviewed to retain the original phrasing used

by adolescents.

Validation

To validate the final item selection, Rasch model goodness of fit statistics were assessed. Additionally,
the assumption of uni-dimensionality was tested, i.e. that scale scores could be meaningfully
aggregated across the final item set. A test of local dependency was also carried out to investigate
whether the response to one item directly influenced the response to another by examining the
correlations among the residuals (the difference between the observed and expected values) using a

test statistic of + / - 0.349 (the mean residual correlation across the seven items, plus 0.2) [36].
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RESULTS

Phase 2 — Quantitative study to identify a reduced item set

Step 1 - Identification of dimensions

Table 4 presents the findings from the psychometric assessments. The frequency and severity scales
were close in their performance across all of the items. The 29 items could be grouped into seven
factors where item 27 displayed disagreement regarding the factor loading between the two scales.
Overall, the frequency scale consistently had a lower percentage of responses answering never
compared to not at all across all the 29 items. T-tests showed that items were better at discriminating
between participants who were normal weight and overweight (25 items with the frequency scale and
28 items with the severity scale) than between those overweight and obese (five items when either
the frequency or severity scales were used) for both scales. The severity scale displayed more items
with factor loadings lower than the 0.4 threshold (four items) than the frequency scale (two items).
Consequently, the frequency scale was chosen over and above the severity scale, and formed the basis

of the remainder of the analyses.

Step 2 - Item reduction

Seven models were estimated independently (F1 to F7) in line with the item groupings identified. The
goodness of fit statistics for each of these models is reported in Table 5. Models F2, F3, F6 and F7 did
not have to be re-estimated. Some of the items included in models F1, F4, and F5 displayed threshold
disordering and were thus re-estimated once this was corrected. Model F1 was re-estimated once
more due to the findings from the assessment of the characteristics of each individual item. Once all
of the necessary adjustments were made, the fit of the majority of the Rasch models, with the
exception of F5, was acceptable based on the thresholds discussed above. In model F5 the fit statistics

were better when item threshold disordering was not corrected.

14



Step 3 - Item selection

Table 6 summarises the combined results of psychometric and Rasch analysis undertaken by item.
Eight items were excluded from further analysis based on the results of the previous psychometric
and Rasch analysis (items 4, 13, 14, 16, 17, 18, 23 and 26 —in italics in the table). None of the items
included in model F1 came out as a strong candidate in its original five level form as each of these
items displayed a problem either with low factor loadings, DIF or disordered thresholds. In order to
ensure that the impact of weight status on all of the 7 dimensions of QoL identified from the factor
analysis, one item needed to be selected from each of the identified factor groupings. Once the Rasch
and psychometric assessments were completed, the selection of one item from each of the seven
factors (F1 to F7) was undertaken. For factor F4, item 15 was the only one that did not breach any of
the psychometric or Rasch conditions, and so this item was selected. For the remaining six factors, re-
assessment of the qualitative interview transcripts was used to aid the selection of the key issues that
were raised, in addition to the re-assessment of the remaining psychometric item characteristics
(identification of floor effects and differentiation between weight groups). This lead to the selection
of the following items from each of the remaining six factors: Item 22 from F1, item 10 from F2, item
3 from F3, item 12 from F5, item 27 from F6 and item 5 from F7 (the seven items that were selected

are in bold in Table 6).

Validation

The results of the psychometric and Rasch validation assessments on the final seven item scale
appeared to be adequate (see Table 7). The seven items displayed internal consistency, moderate
floor effects, and the ability to discriminate between weight categories. Rasch analysis on the final

seven items showed that the scale fitted the Rasch model after Bonferroni adjustment (p<0.01). None
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of the items had a residual greater than +/- 2.5 and only one item had a Chi Square probability of less
than 0.01 (item 27). Overall, the statistics indicated minimal significant individual item misfit.
Combining the final set of seven items showed a number of items with dis-ordered thresholds. In the
main, these statistics showed that the seven items conformed to the underlying assumptions of the
Rasch model. The assessment of uni-dimensionality of the seven items was supported (t-test statistic
of 0.024, less than the 0.05 threshold value). Similarly the test of local dependency demonstrated that
the seven items were independent, despite the fact that the correlated item-total correlations ranged
between 0.62 and 0.75. The final Weight specific Adolescent Instrument for Economic-evaluation

(WAILE) comprised seven items and a five level frequency response scale.

DISCUSSION

The aim of this study was to develop a weight specific instrument appropriate for undertaking
economic evaluation of weight management. Psychometric assessment of the draft 29 items,
generated from qualitative interviews, identified seven dimensions of QoL. Using a combination of
Rasch analysis, psychometric assessment, and re-visiting the qualitative material, one item was
selected from each dimension. Accordingly, the result was a short, 7-item measure based on the views
and experiences of adolescent girls and boys aged 11 to 18 years. The involvement of adolescents in
the development of the WAILE is in line with the Food and Drug Administration guidelines [38] on
patient reported outcome measures. The WAIKE was tested against the Rasch model assumptions
showing that the WAILE adequately met the various test requirements, that each of the seven items

was independent, and that the scores could be aggregated across the seven items meaningfully.

The WAILE therefore has the potential to expand the use of cost effectiveness analysis in economic
evaluation of weight management interventions. One of the key strengths of the WAItE, which make

it stand out from existing weight specific measures, is that it is a brief instrument in comparison to

16



existing weight-specific instruments that have an excess of 20 items [13, 16]. Hence, it is likely to
reduce burden in completion and minimise missing data [39]. The measure focuses on aspects of life
affected by weight that are important to adolescents and thus it also stands out from existing generic
preference based measures. Although physical functioning/comfort is addressed in existing measures,
the consequences of weight status on physical activity, in terms of symptoms are not clearly defined.
For example in the YQOL-W [16], one of the items relating to this dimension asks ‘Because of my
weight exercising is hard for me’. However, it is not possible to identify what exercising impacts upon
i.e. breathing or low energy levels, etc. In terms of the WAItE, adolescents are able to express that
exercising may have an impact upon ‘feeling tired’ or perhaps their ability to ‘keep up with others’, for
example. The WAILE allows respondents to identify the consequences resulting from performing
different activities both in the physical function dimension and in the symptoms dimension. One
dimension that was identified in the WAIE, but not in any of the existing instruments, was the impact
of weight status on cognitive function. The existing instruments discuss the social impact of weight
status in school — but none of the items thus far have specifically addressed issues regarding academic
work, despite evidence of a negative relationship between obese weight status and educational
attainment and achievement [2]. Furthermore, checks with the end users of the scale in terms of
understanding what the items mean and the clarity of the response options, was conducted iteratively

over the development of the WAItE.

Study limitations include the narrow age range of the school sample (11-14 years) in the qualitative
study. It would have been beneficial to have a second focus group with 15-18 year olds. However, it
is worth noting there was a great degree of agreement in terms of the effect of weight status on QoL
between the school and treatment seeker samples. Nevertheless, it would be necessary to collect
data from the older age group as well in order to assess the level of agreement in this age group.

Furthermore, considering that approximately half of the respondents, for the Phase 2 — Quantitative

17



study, reported their perceived weight status as slightly overweight to slightly underweight, this may
have resulted in an under-representation of the views of adolescents with obesity in the QoL
descriptive system. Additionally, the majority of the sample for this study was White British and the
lack of information on their socio-economic status might have implications on generalisability of

findings.

No measure of weight status was taken for the school sample in the Phase 1 - Qualitative study and
for the Phase 2 - Quantitative study, self-reported measures of weight and height were collected. The
use of objective measures of weight and height can be further investigated in future research.
However, a requirement for assessed body weight is one of several barriers to the recruitment of
adolescents and young people in research [40]. For example, adolescents are self-conscious of their
bodies and concerned about their appearance, this may then lead to a hindrance in recruitment. This

has consequent implications for sample representativity.

The parallel analysis used to inform the factor structure in addition to the CFA was not conducted
using polychoric correlations, a limitation given that the analysis would assume the categorical data
was interval-scaled. This may have impacted on the loading for each factor, though it is difficult to
predict in which direction this may lie (i.e. under or over-estimation of the factor loadings). Empirical
testing comparing of the performance of maximum likelihood and robust categorical least squares
methodology, for estimating confirmatory factor analysis models, found that the maximum likelihood

method was favourable where items had five or more associated response categories [41].

In terms of the final seven items that were chosen, the following were observed. There was a large

number of ‘never’ responses observed for some of the items. This may be because approximately
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45% of the sample for the quantitative study was classified as normal weight after adjusting for age
and gender. Analysis of the final seven selected items showed that a number of items in the final set
displayed disordered thresholds. There is a debate surrounding what to do when disordered
thresholds are observed and there is no clear consensus on this issue. Sometimes it is argued that
categories need to be collapsed to address this issue [42, 43]. It has recently been shown empirically
that reversed thresholds do not violate the key assumptions of the item response theory and that
collapsing categories due to reversed thresholds should be carefully considered [44, 45]. It has been
argued that disordered thresholds have been shown to be a consequence of (at least) one category
not being the most likely category along the trait continuum and thus, whether threshold parameters
are ordered or disordered depends solely on the number of respondents endorsing each response
category [45]. Particularly of note, a large number of ‘never’ responses were observed in the current
study and could have affected the threshold ordering. As such the levels for the final seven items
were not collapsed. Sensitivity of the measure to changes in BMI will need to be assessed as this is an
important determinant of the validity of the new measure. Future research will involve the further
validation of the WAILE in terms of further assessments of the psychometric properties, such as
validity and reliability. A valuation study, to assign weight-specific preference values to states

described by the WAILE to generate QALYs will also be necessary.

In the face of high demand on health care resources, the identification of the most cost effective
interventions is crucial. There is currently little consensus on the most economically effective
management and prevention strategies in adolescent obesity. The WAILE could be used to evaluate
the difference in outcomes between alternative weight management interventions in order to
calculate the additional cost per WAItE improvement: the ratio of the costs to the effectiveness of
alternative interventions. This could serve as an important tool to help guide decisions about

allocating scarce resources across competing weight management programmes.
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TABLES

Table 1: Summary of questions included in the topic guide for Phase 1 qualitative study

A. Background and personal circumstances

e Tell me about yourself, family e Comparing yourself to others your age, where do
and area living in: you fall size wise:
o Household o average weight, somewhat overweight
circumstances (who or very overweight
they live with, their

age) o Probe: Can you tell me a little bit about
why you think you are XXXX?
o Main daytime activity

H hers i ily: h
(self & parents) o How about others in your family: mother,

father, brothers, sisters?

o Areathey live in
(rural, built up, parks,
shops, activities, local
services)

B. Dimensions of QoL affected by weight — from own life

e Canyou describe the types of e Thinking back to the activities you just spoke
things you do on a typical day: about, tell me about how your weight might

affect these activities

o School / work days

o Non-school / work
days

C. Dimensions of QoL that obesity affects — from the literature

“Other young people have said that e Physical activity

their weight affects them in other e School
ways too. How do you think weight e Psychological health
might affect other aspects, such e Body esteem - The way you see yourself
as”........ e Relationships
e Social functioning
e Eating
e Future
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Table 2: Characteristics of the adolescents participating in the interviews

Participants

Baseline Body Mass Index —
Standard Deviation Score (BMI-
SDS)*

1-to-1 interviews (n=16)

Girls aged 11-14 years old
(n=6)

2.80

2.43

3.20

2.27

3.56

2.96

Girls aged 15-18 years old
(n=4)

3.16

3.38

2.62

NA (on waiting list)

(school sample)
(n=2 girls & 3 boys)

Boys 11-14 years old 2.87

(n=4) 2.86
2.75
1.53

Boys 15-18 years old 3.08

(n=2) 3.67

Focus group interviews (n=3)

Boys aged 11-18 NA

(enrolled in a weight management service)

(n=5; 3 aged 15-18 & 2 aged 11-14)

Girls aged 11-18 NA

(enrolled in a weight management service)

(n=5; 3 aged 15-18 & 2 aged 11-14)

Mixed, aged 11-14 years NA

*see Cole et al. [18] for further explanation
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Table 3: Participant characteristics N=315*

Characteristics N %
Gender Male 157 49.84
Female 158 50.16
Age 10° 1 0.32
11 32 10.16
12 37 11.75
13 28 8.89
14 23 7.30
15 32 10.16
16 36 11.43
17 56 17.78
18 70 22.22
Perceived weight status Very overweight 26 8.25
Moderately overweight 84 26.67
Slightly overweight 55 17.46
About the right weight 117 37.14
Slightly underweight 28 8.89
Moderately underweight 4 1.27
Very underweight 1 0.32
BMI Normal weight® 152 48.25
Overweight® 51 16.19
Obese ® 112 35.56
In full-time education Yes 299 94.92
No 16 5.08
Ethnicity White 256 81.27
Mixed/dual heritage 9 2.86
Asian or Asian British 25 7.94
Black or Black British 15 4.76
Chinese 5 1.59
Other 3 0.95
Preferred not to say 2 0.63
Geographical location England 275 87.30
Scotland 13 4.13
Wales 16 5.08
Northern Ireland 8 2.54
Self assessed health status Excellent 76 24.13
Good 118 37.46
Fair 85 26.98
Poor 32 10.16
Very poor 4 1.27

* Data from 26 adolescents in the underweight category are excluded

2 This individual was only a few weeks away from their 11th birthday when the survey was administered and
thus it was decided to include them in the study

b Underweight <= 2nd centile, Normal weight >= 2nd centile or < than 85th centile, Overweight >= 85th centile
or < 95th centile and Obese >= 95th centile [18]
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Table 4: Summary of psychometric analysis results by response scale N=315 (Step | - Factor analysis to establish dimension structure)

Item | FREQUENCY SCALE SEVERITY SCALE

No.
Check for P-value (from P-value (from High | Factor | Principal Check for P-value (from P-value (from | High | Factor | Principal axis
floor effect T-test for T-test for ITC® axis factor floor T-test for T-test for ITC® factor
(% Never discrimination | discrimination estimation effect(% discrimination discrimination estimation
responses)® | between between (PAF) Factor | 'Not at all' between between (PAF) Factor

Norm_WT & Over_WT & loading® responses)® | Norm_WT & Over_WT & loading®
Over_WT) Obese) Over_WT) Obese)

17 41.27 <0.01 0.19 0.73 F1 0.39 44.44 <0.01 0.21 0.74 F1 0.33

21 41.90 <0.01 0.25 0.73 F1 0.59 46.35 <0.01 0.70 0.77 F1 0.64

22 58.10 <0.01 0.39 0.79 F1 0.62 61.59 <0.01 0.32 0.79 F1 0.67

23 54.29 <0.01 0.90 0.77 F1 0.39 59.05 <0.01 0.59 0.77 F1 0.46

24 60.00 0.02 0.45 0.74 F1 0.59 62.86 0.02 0.48 0.71 F1 0.72

25 64.13 <0.01 0.27 0.76 F1 0.64 67.62 <0.01 0.22 0.72 F1 0.72

26 40.95 <0.01 0.20 0.77 F1 0.77 42.86 <0.01 0.64 0.74 F1 0.77

28 64.76 <0.01 0.05 0.75 F1 0.56 66.35 <0.01 0.12 0.75 F1 0.53

29 50.79 0.28 0.02 0.77 F1 0.69 54.92 <0.01 0.11 0.75 F1 0.67

8 47.94 <0.01 0.18 0.75 F2 0.66 59.05 <0.01 0.29 0.78 F2 -0.87

9 47.94 <0.01 0.12 0.75 F2 0.73 54.92 <0.01 0.19 0.80 F2 -0.85

10 56.51 0.05 0.15 0.71 F2 0.58 63.49 <0.01 0.35 0.73 F2 -0.60

1 47.94 0.21 0.43 0.63 F3 0.62 60.63 0.12 0.15 0.66 F3 0.42

2 37.46 0.07 0.50 0.72 F3 0.81 4571 <0.01 0.56 0.72 F3 0.75

3 29.84 0.07 0.28 0.70 F3 0.90 37.14 0.02 0.62 0.72 F3 0.79

4 37.46 0.13 0.03 0.69 F3 0.42 47.30 <0.01 0.06 0.73 F3 0.32

13 69.21 0.02 0.15 0.66 F4 0.60 71.75 <0.01 0.46 0.67 F4 0.64

14 78.41 0.12 0.40 0.63 F4 0.44 80.95 0.07 0.25 0.66 F4 0.54

15 72.70 <0.01 0.74 0.68 F4 0.68 77.14 <0.01 0.06 0.72 F4 0.82

16 66.35 <0.01 0.87 0.73 F4 0.67 69.84 <0.01 0.63 0.73 F4 0.58

11 60.32 0.03 0.75 0.67 F5 -0.79 68.89 0.03 0.50 0.65 F5 -1.00

12 52.70 0.03 0.85 0.67 F5 -0.93 59.37 <0.01 0.90 0.65 F5 -0.78

18 50.48 0.07 0.44 0.63 F5 -0.42 51.75 <0.01 0.78 0.65 F5 -0.27

19 61.27 <0.01 0.31 0.84 F6 -0.62 65.71 <0.01 0.66 0.86 F6 -0.53

20 60.32 <0.01 0.32 0.82 F6 -0.73 65.08 <0.01 0.51 0.86 F6 -0.56

5 69.84 <0.01 0.04 0.73 F7 0.57 77.14 <0.01 0.09 0.73 F7 -0.46

6 66.98 <0.01 0.20 0.71 F7 0.52 75.87 <0.01 0.06 0.72 F7 -0.44

7 76.51 0.06 0.03 0.65 F7 0.70 81.27 0.09 0.03 0.63 F7 -0.54

27 64.76 <0.01 0.36 0.82 F6 -0.62 68.25 <0.01 0.34 0.86 F1 0.33

a Floor effect = Never or Not at all less than 40% of responses (e.g. when less than 40% of the sample fall into these categories). P Item Total Correlations (ITC): <0.32 indicates lack of association,
whilst ITC > 0.8 indicates duplication, none are below the 0.32 threshold. ¢ Factor loading less than 0.40 are highlighted in bold.
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Table 5: Rasch model goodness if fit by dimension N=315* (Step Il - Using Rasch analysis to exclude

items)
FREQUENCY SCALE
Model X? Degrees P- Person Cronbach’s Item fit Person
(N) Goodness | of value Separation Alpha with residual fit
of fit freedom | (X?) Index (PSI) extremes Mean residual
(X?) with (No (SD) Mean
extremes extremes) (SD)
(No
extremes)
F1 43.65 36 0.18 0.83 0.94 (-)0.04 (-)0.40
(N=238) (0.86) (0.92) (1.43) (1.34)
Flordered 78.24 36 <0.01 | o084 0.91 (-)0.16 (-)0.34
(N=238)° (0.87) (0.90) 1.81 1.26
Flordered & 41.61 32 0.12 0.83 0.93 (-)0.08 (-)0.33
Item 17 deleted (0.85) (0.89) (1.21) (1.21)
(N=223)°
F2 9.12 12 0.69 0.78 0.92 0.17 (-)0.64
(N=180) (0.77) (0.79) (1.73) (1.16)
F3 25.70 16 0.058 0.79 0.88 0.34 (-)0.37
(N=236) (0.75) (0.77) (2.22) (0.99)
F4 26.11 16 0.05 0.36 0.87 0.19 (-)0.32
(N=138) (0.54) (0.72) (0.72) (0.99)
F4ordered 20.96 16 0.18 0.33 0.85 0.30 (-)2.06
(N=138)¢ (0.57) (0.68) (1.06) (1.25)
F5 22.09 12 0.04 0.56 0.83 0.44 (-)o.30
(N=194) (0.55) (0.61) (1.37) (0.93)
F5ordered 37.79 12 <0.01 0.53 0.83 0.02 (-)0.35
(N=194)¢ (0.50) (0.62) (2.47) (0.93)
F6 3.15 12 0.99 0.82 0.96 (-)0.21 (-)0.97
(N=130) (0.83) (0.85) (1.18) (1.55)
F7 5.54 12 0.94 0.42 0.89 0.27 (-)0.38
(N=128) (0.65) (0.75) (0.30) (1.00)

*Some of the tests statistics in the Rasch analysis excludes individuals with extreme scores (individuals
responding Always to all items in the instrument). 2 Response levels for items 21, 24, and 28 were collapsed. °
Response levels for items 21, 24, and 28 were collapsed and item 17 was deleted. € Response levels for items
13 and 14 were collapsed. 9 Response levels for item 18 were collapsed
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Table 6: Summary of Rasch analysis results by item N= 315 (Step Il cont. - Using Rasch analysis to

exclude items)*

Factor Disordered | DIF? by DIF? by Exclude
Items . q .
loading item levels | Sex Age item
Factor 1 (F1)
Item 17. | worry about my health in the future® | 0.39 No No No Yes
Item 21. | feel uncomfortable or embarrassed 0.59 Yes No No
getting changed in front of others
Item 22. | feel uncomfortable or embarrassed | 0.62 Yes No No
shopping for clothes ¢
Item 23. | feel uncomfortable or embarrassed 0.39 Yes No No Yes
meeting new people®
Item 24. | feel uncomfortable or embarrassed 0.59 Yes No No
eating in front of others
Item 25. | feel unhappy because | can’t eat 0.64 Yes No No
what | want
Item 26. | feel unhappy about the way | look® 0.77 No Yes Yes Yes
Item 28. | feel disappointed because clothes 0.56 Yes No No
aren’t made in the size | need
Item 29. | struggle to keep in control of what | 0.69 Yes No No
eat
Factor 2 (F2)
Item 8. | struggle to keep up with others when | 0.66 No No No
doing physical activity
Item 9. | struggle to keep up with others when | 0.73 No No No
| play sports
Item 10. | avoid doing things like running, 0.58 No No No
cycling, swimming or playing sports ¢
Factor 3 (F3)
Item 1. | have body pain / ache 0.62 No No No
Item 2. | get low energy 0.81 No No No
Item 3. | get tired ¢ 0.90 No No No
Item 4. | get out of breath® 0.42 No No Yes Yes
Factor 4 (F4)
Item 13. | get treated differently at school, 0.60 Yes No Yes Yes
such as being teased or picked-on or left out®
Item 14. | get treated differently at home, such | 0.44 Yes No No Yes
as being teased or picked-on or left out®
Item 15. People treat me differently when | 0.68 No No No
goout®
Item 16. | avoid playing / hanging out or 0.67 No Yes Yes Yes
socialising with others®
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Factor Disordered | DIF? by DIF? by Exclude
Items . . .
loading item levels | Sex Age item
Factor 5 (F5)
Item 11. | struggle to do as well as others at | -0.79 No No No
school
Item 12. | struggle to concentrate on -0.93 No No No
school / college work ¢
Item 18. | worry about the type of -0.42 Yes No No Yes
job/career | will be able to have®
Factor 6 (F6)
Item 19. | feel angry or annoyed because | -0.62 No No No
am unable to do the same things as others
Item 20. | feel frustrated because | am -0.73 No No No
unable to do the same things as others
Item 27. | feel unhappy because | am -0.62 No No No
unable to do the same things as others ¢
Factor 7 (F7)
Item 5. | struggle to keep up when I am 0.57 No No No
walking around with others ¢
Item 6. | struggle when | am going up stairs 0.52 No No No
Item 7. | struggle to reach or bend down 0.70 No No No

*|tem 23 was excluded from the Rasch analysis due to very low factor loading. Item-threshold probability curves
(a plot of the probability of being in each item level across the latent QoL scale) were examined to identify
problematic level orderings and highlight disordered item levels
2DIF — Differential ltem Functioning were examined using item-characteristic curves and item-by-characteristic

ANOVA statistics

b Eight items in italics could be excluded from further analysis based on the results of the psychometric

assessments and Rasch analysis

¢. The final seven items that were selected are in bold
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Table 7: Psychometric & Rasch analyses on the final 7 item instrument

Item No. PSYCHOMETRIC ANALYSIS (N=315) RASCH ANALYSIS (N=247%*)
Mean Total No. Total No. Corrected Cronbach's Factor FitResid ChiSq Disordered
(SD) ‘Never’ ‘Always’ item-total Alpha if item | loading (SE) (P-value) thresholds
responses responses correlation deleted
3.1 get tired 2.54 26 16 0.62 0.87 0.89 0.875 3.78 No
(1.23) (0.08) (0.44)
5. I struggle to keep up when | 1.54 152 3 0.67 0.87 0.57 -1.76 93 Yes
| am walking around with (0.95) (0.08) :
(0.05)
others
10. | avoid doing things like 1.96 110 15 0.68 0.87 0.58 -0.06 453 Yes
running, cycling, swimming (1.27) (0.07) ((') 34)
or playing sports ’
12. I struggle to concentrate | 1.93 98 9 0.64 0.87 -0.93 1.14 7.23 Yes
on school / college work (1.16) (0.07) (0.12)
15. People treat me 1.48 161 4 0.64 0.87 0.68 -0.56 6.44 Yes
differently when | go out (0.90) (0.09) (0.17)
22. | feel uncomfortable or 1.91 115 16 0.72 0.86 0.62 -0.56 Yes
. 4.56
embarrassed shopping for (1.26) (0.07)
(0.34)
clothes
27. | feel unhappy because | 1.72 136 13 0.75 0.86 -0.62 -1.98 Yes
13.56
am unable to do the same (1.15) (0.07)
. (0.01)
things as others
Total score All (N=315) Norm_WT (N=152) Over_WT (N=51) Obese (N=112)
Mean (SD) 13.08 (6.12) 10.68 (4.13) 14.37 (7.48) 15.75 (6.47)
Cronbach's Alpha 0.88
P-value (from t-test for discrimination between Norm_WT & Over_WT) <0.01
P-value (from t-test for discrimination between Over_WT & Obese) 0.26
P-value (from t-test for discrimination between Normal_WT & Obese) <0.01

*Sample size excluding individuals with extreme values N=68 ie. Individuals choosing ‘Always’ across all seven items. There are a number of items with dis-ordered thresholds

but this is likely due to the high number of ‘Never’ responses.
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SUPPLEMENTARY MARTIAL

Figure 1: Person item distribution - final seven items*
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*The person-item threshold distribution assesses whether the scale-to-sample targeting is adequate for making
judgements about the performance of the seven item scale and the measurement of people. The pink blocks
on the upper part of the graph represent groups of respondents and their QoL scores. The blue blocks on the
lower part of the scale represent the item locations and their distribution. There is a good overlap between the
persons and items, indicating that person locations are covered by items and also that the item locations are
covered by persons.

33



