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Objectives: Pediatric Quality-of-Life Inventory Version 4.0 Generic Core Scales (PedsQL GCS),
comprising 23 items covering 4 subscales (physical, emotional, social, and school functioning), is
a widely applied generic measure of childhood health-related quality of life but does not
provide health utilities for cost-effectiveness-based decision making. This study aimed to
develop a reduced item version of PedsQL GCS amenable to health utility derivation in Australia.

Methods: Data sources were 2 cohorts of the Longitudinal Study of Australian Children, including
proxy responses for all PedsQL GCS versions (Toddlers, Young Children, Children, and Teens), and
the CheckPoint sample containing child self-report to the Children version. Three analytic samples
were CheckPoint sample (n = 1874); Mallinson sample containing 1 measurement per child from
one of the Young Children, Children, or Teens versions (n = 7855); and Toddlers sample (n =
7401). Exploratory and confirmatory factor analyses assessed dimensionality. Psychometric
analyses used Rasch and classical criteria on 3 randomly selected subsamples (n = 500) per
sample. Item selection prioritized psychometric performance in the CheckPoint sample, also
considering performance in other samples and conceptual content.

Results: Dimensionality assessments did not generate an alternative empirical structure for the
measure, and psychometric analyses were conducted on the original 4 subscales. The selected
items were: “Get aches and pains” for physical functioning; “Feel sad/blue” for emotional func-
tioning; “Other kids not friends” for social functioning; and “Keeping up with school work” for
school functioning.

Conclusions: The final 4-item set, pending further psychometric validation and valuation, can

generate health utilities from the widely used PedsQL GCS to inform cost-effectiveness-based
decision making.

Keywords: health-state classification system, health utility, item set selection, Pediatric Quality of
Life Inventory Version 4.0 Generic Core Scales, psychometric evaluation.
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items by the value set.
A small number of
items in the system
enables efficient valu-

Scarce healthcare resources motivate health economic
evaluations that compare interventions in terms of costs and

consequences.! Many healthcare decision makers recommend ations."! Recently,
cost-utility analysis as the form of health economic evaluation®® several MAUIs with
because it uses a common outcome metric quality-adjusted life small numbers of

years, combining preference-based health utilities with the length items have  been

e The Pediatric Quality-of-Life
Inventory 4.0 Generic Core Scales
(PedsQL GCS) is one of the most
widely used measures of childhood
health-related quality of life.
However, to date, it has not been
possible to use it to estimate health
utilities that can support health
economic evaluations using quality-
adjusted life year as outcome. To
address this gap, a health-state
classification system is developed
from PedsQL GCS with which health
utilities can be derived.

e Through robust dimensionality
assessments and psychometric
analyses, this study generated a
reduced health-state classification
system from the PedsQL GCS, which
contains 4 items, 1 from each of the
original subscales of the PedsQL
GCS. Future research should create a
value set to derive health utilities
from this system.

e Once a value set is created, the
reduced health-state classification
system will greatly increase the
availability of childhood health
utility outcomes through the
application of PedsQL GCS. This will,
in turn, aid the conduct of cost-
utility analyses that inform
healthcare decision making in terms
of the cost-effectiveness of
alternative pediatric clinical and
public health interventions.

of time in health states.! Generic multiattribute utility instruments
(MAUISs), such as EQ-5D,%’ have been developed to derive health
utilities. Typically, they consist of a small number of items that
each represent a different dimension of the construct being
measured. Together, items form a health-state classification sys-
tem, which is valued by a relevant population using techniques
such as time tradeoff.®'° Utilities are derived after weighting

derived from existing

longer nonpreference-based instruments, although these have

mostly been disease specific and none that target children.'*"°
In children, there are particular challenges to measuring health

utilities. For example, it is unclear at what age self-report by

children is feasible’® and how proxy and self-reports are

related.’®>> Bio-psychosocial development also means that
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relevant health dimensions may differ between stages of child-
hood,”* and the content of classification systems need to be
different across age groups.?® A recent systematic review identi-
fied 11 MAUIs specifically designed for use with children and 3
further MAUIs, whose target age ranges cover both children and
adults.?® These instruments (16D,%” 17D,”® AHUM,?*® AQoL-6D,*°
CH-6D,*! CHSCS-PS,** CHU9D,**** EQ-5D-Y-3L*° EQ-5D-Y-5L>°
HUI2,%>” HUI3,*® IQI,>° QWB,***! and TANDI?>>**?) either had inad-
equate content validity (eg, HUI2/3 and EQ-5D-Y), targeted narrow
childhood age ranges (eg, age 7-11 years for CHU9D), or had both
limitations.”> Many also had gaps in their psychometric evidence,
and there was no clear leading instrument in terms of psycho-
metric robustness.*® There is hence a need for an instrument that
has been developed from a strong conceptual and psychometric
base and measures health utilities in children across a wide range
of age groups.

Pediatric Quality-of-Life Inventory 4.0 Generic Core Scales
(PedsQL GCS) is a generic nonpreference-based measure of
childhood health-related quality of life (HRQoL) developed from
robust psychometric methods.***° It includes 4 subscales: phys-
ical, emotional, social, and school functioning. Separate versions
exist for Toddlers (age 2-4 years), Young Children (5-7 years),
Children (8-12 years), Teens (13-18 years), and Young Adults (18-
25 years). All age groups have both self- and proxy-reported ver-
sions and have the same 23 items, except for the Toddlers version,
which is only proxy reported and has 3 rather than 5 items within
the school subscale. Each item is reported on a 5-point Likert-type
scale (except for the self-reported Young Children version which
has a simplified 3-point scale).?54*

There are strong rationales for deriving a health-state classi-
fication system from PedsQL GCS that is amenable to valuation
and health utility derivation. First, PedsQL GCS covers a wide
range of childhood age groups using the same core constructs
with only minor variations in item wording and response scales.
Second, it has demonstrated acceptable performance on key
psychometric criteria, including content validity in multiple set-
tings.**>3 Thus, any reduced classification system created from
PedsQL GCS would have the strength of having selected the best
performing items from a set that already has robust measurement
properties. Third, PedsQL GCS is one of the most widely used
measures of childhood HRQoL, with over 90 translations.?%>%>°
Health utilities could be retrospectively derived from previous
applications if item-level responses are available. The continuing
widespread use of PedsQL GCS likewise broadens the scope for
prospective health utility derivation in childhood health contexts
in which MAUI applications are not the norm.”® This study aims to
develop a health-state classification system based on PedsQL GCS
for Australian children that is amenable to valuation and health
utility derivation.

PedsQL GCS was developed as a generic instrument for use
with healthy, acute, and chronically ill childhood populations.>
This study analyses the Longitudinal Study of Australian Chil-
dren (LSAC), which includes PedsQL GCS data across those pop-
ulations. LSAC recruited a nationally representative cohort of 5000
children aged 0 to 1 years in 2003 and 2004 (cohort B) and a
second cohort aged 4 to 5 years in 2003 and 2004 (cohort K). Both
were followed longitudinally and age-appropriate PedsQL GCS
versions applied. Around 20% of the cohorts have 1 or more
common chronic health condition (asthma, anxiety/depression,
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ADHD, autism/Asperger’s, epilepsy, and type 1 diabetes).”” We
obtained the latest version of LSAC from the Australian Data
Archive.”® We also use PedsQL GCS data from the LSAC Child
Health CheckPoint study (CheckPoint), which conducted physical
health and biomarker collection from cohort B children aged 11 to
12 years. Details on LSAC®®®! and CheckPoint®*®* are reported
elsewhere.

The CheckPoint data set contained self-reported data on Chil-
dren version of PedsQL GCS, whereas LSAC cohorts contained
proxy-reported data on all age versions of PedsQL GCS except
Young Adults version. Hence, data on the following versions of
PedsQL GCS were available for analysis: Toddlers (proxy reported),
Young Children (proxy reported), Children (self- and proxy re-
ported) and Teens (proxy reported). All versions used 1-month
recall for the same 5-point response scale (0 = Never, 1 = Almost
never, 2 = Sometimes, 3 = Often, and 4 = Almost always). Except
for Toddlers version, all versions consist of 23 items representing 4
subscales of functioning: physical (8 items), emotional,” social,®
and school.” There are minor differences in wording between
versions, but the conceptual meaning of items is consistent. The
Toddlers version consists of 21 items, with 2 fewer school items.
Appendix Table 1 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2024.08.005 provides the full item wording. The
analyses here used reversed ordinal responses rather than values
on the transformed numerical 0 to 100 scales** because this is
required for Rasch analysis.

Figure 1 shows the LSAC and CheckPoint data sources
composing the 3 analytic samples used.

The CheckPoint sample comprised self-reported data on Chil-
dren version from CheckPoint. For Young Children, Children, and
Teens proxy-reported versions, a combined analytic sample was
created using the Mallinson method for Rasch analysis of repeated
measures.’* Specifically, from the 3 measurement points for a
child in the given cohort (children without three measurements
were excluded), 1 was selected randomly such that in the con-
structed cross-sectional data set, each child appears once, and
measurement points from the 3 proxy-reported versions are
evenly represented. This was applied separately for cohorts B and
K and the data sets combined to form the Mallinson sample.
Children aged 4 years in the cohort B wave 3 and cohort K wave 1
samples formed the Toddlers sample.

The aim was to identify 1 item per subscale/dimension that
could be used in a health-state classification system for PedsQL
GCS across all ages. The analysis comprised 3 stages (25-27)":
empirical determination of dimensionality,”> psychometric ana-
lyses to understand item performance, and® selection of the best-
performing item per subscale. RUMM2030°° was used for Rasch
analyses and STATA 17°° for other analyses.

Stage 1 aimed to understand the extent to which the 4 original
subscales hypothesized for the PedsQL GCS** are empirically
supported by LSAC data or whether there was an alternative
structure. We used exploratory factor analysis (EFA) followed by
confirmatory factor analysis (CFA).

We used principal axis factoring and varimax rotation for EFA,
then the eigenvalue >1 rule and examination of scree plot to
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Composition of main analytic samples derived from
the LSAC and CheckPoint cohorts and waves.

CheckPoint
sample

1. CheckPoint Cohort aged 11-12 years:
Children version, child self-reported data

—-

. LSAC Cohort B Wave 4 aged 6-7 years:
Young Children version,proxy-reported data
. LSAC Cohort K Wave 2 aged 6 years:
Young Children version, proxy-reported data
3. LSAC Cohort B Wave 6, aged 10-11 years:
Mallinson Children version, proxy-reported data
sample 4. LSAC Cohort K Wave 5, aged 12 years:
Children version, proxy-reported data
5. LSAC Cohort B Wave 8, aged 14-15 years:
Teens version, proxy-reported data
6. LSAC Cohort K Wave 7, aged 16 years:
Teens version, proxy-reported data

N

—_

. LSAC Cohort B Wave 3 aged 4 years:
Toddlers version, proxy-reported data
. LSAC Cohort K Wave 1 aged 4 years:
Toddlers version, proxy-reported data

Toddlers
sample

N

LSAC indicates Longitudinal Study of Australian Children.

guide the extraction of factors. Subsequently, we specified 4 fac-
tors because 4 subscales were originally hypothesized by the de-
velopers of PedsQL GCS. Previous work has identified a possible 5
factor structure in which the fifth factor consisted of the 2 school
absence items.%” Because 2 items constitute only a very weak
factor, our final EFA removed these 2 items and assessed whether
a 4-dimensional structure could be identified. Items were
considered to load on a factor if the loading was >0.4 and to cross-
load if they loaded on multiple factors with the difference in
loading coefficients <0.2.

CFA assessed how well the observed covariance matrix fitted
the expected matrix for the following a priori structures':

1. Original 4-factor structure of PedsQL GCS.

2. Five-dimensional structure identified by Varni and col-
leagues®”: same as original structure but the last 2 school
functioning items forming a separate fifth subscale. This was
not applied to the Toddlers version because its school subscale
contains 3 items.

3. Empirical structure obtained from EFA without constraint on
the number of factors.

4. Empirical 4-factor structure from EFA.

5. Empirical structure from EFA after removing the last 2 school
functioning items.

When assessing empirical fits, the root mean square error of
approximation and the standardized root mean square residual of
less than 0.05 indicated good fit, whereas values between 0.05 and
0.08 indicated reasonable fit. The comparative fit index and the
Tucker and Lewis index values above 0.95 indicated good fit,
whereas values between 0.90 and 0.95 indicated reasonable fit.!

The final decision on the dimensional structure for psycho-
metric analysis was taken via group deliberation involving all
coauthors who together have expertise in health economics, pe-
diatrics, and psychometrics. This considered the EFA and CFA re-
sults plus face validity and conceptual coverage of the proposed
structure. Literature on the initial development of PedsQL GCS™°
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was also considered to assess the content validity of the original
structure.

Item analyses were undertaken to understand the performance
of each item in relation to the subscale to which it was supposed
to belong. We followed the approach in previous work'"'* and
used both Rasch and classical psychometric methods. Rasch
analysis compares the observed questionnaire responses with
what would be expected if the desirable characteristics of an in-
terval scale were met.°®° Respondents are located on a latent
scale representing their underlying levels on a dimension. The
probability of a respondent endorsing a particular item response is
assumed to be a logistic function of the relative distance between
their position on the unidimensional latent scale and the position
of the item response.”®

As Rasch models assume unidimensionality, a separate model
was evaluated for each of the subscales identified from dimen-
sionality assessment. Unidimensionality was tested by applying a
principal component analysis on the residuals of the Rasch model,
and then conducting a series of t tests on the difference in the
latent scale location of each person as measured by 2 subsets of
items that have, respectively, positive and negative correlations
between items and the first residual factor.”! If statistically sig-
nificant differences are found for more than 5% of the sample (ie,
95% confidence interval of the estimated proportion should
contain at most 5%), the assumption of unidimensionality is no
longer reasonable and the Rasch analysis less appropriate.

The overall fit to the Rasch model was examined by consid-
ering item and person fit residuals (criterion: mean residual
approximately 0 with a standard deviation of approximately 1),
item-trait interaction (nonsignificant %2 test, P >.01), and person
separation index =0.7."" The following criteria were used to
evaluate how well each item met the Rasch expectations:

(a) Threshold ordering: the item response levels should sequen-
tially show the highest probability of endorsement as one
progresses along the unidimensional latent scale. This gen-
erates an ordered set of response thresholds for item. The
category probability curve was plotted for each item to
identify disordered thresholds. Where disordered, adjacent
levels were collapsed to improve the overall model fit. Items
requiring adjustment were retained in the Rasch models but
not considered for selection.

(b) Differential item functioning (DIF): DIF occurs when different
groups within the sample show different scores for the same
amount of the construct being measured. We evaluated DIF by
age (CheckPoint and Mallinson samples) and sex (all sam-
ples). Uniform DIF refers to the between-group difference
being constant (main effect); nonuniform DIF refers to the
difference varying (interaction). Items with uniform DIF were
adjusted and retained but not considered for selection.

(c) Item-level goodness of fit: poorly fitting items, with fit re-
siduals outside the = 2.5 range and statistically significant %>
test result, were retained but not considered for selection.
Bonferroni correction for the number of items in the subscale
was applied on the base-case significance threshold of P value
< .0l

Item threshold range and mean location were also considered,
but no explicit criteria were set. Several classical psychometric
criteria' #7273 that address more descriptive elements of item
performance were assessed: the rate of missing data (criterion:
rate = 5%’2), internal consistency (corrected item-total correla-
tions >0.2 and <0.87%); and floor/ceiling effects (rate <80%"2).



For robustness, the Rasch analyses were repeated for 3 sub-
samples of size n = 500 randomly selected from each analytic
sample using the random sampling function in RUMM2030. The
size of n = 500 has been recommended for Rasch analysis to avoid
type I error.!*”47> Classical psychometric analyses were conducted
on the full analytic samples.

To select the best item for each subscale, we eliminated items
that failed the Rasch criteria for threshold ordering, DIF, or item-
level goodness of fit in 2 out of 3 subsamples within each ana-
lytic sample. The classical psychometric criteria were then
considered among the remaining items. The results from Check-
Point sample with self-reported data were prioritized because this
was considered to best represent children’s own views. The
CheckPoint sample results were subsequently compared with
those from the other samples to assess whether the psychometric
performance of items was consistent across age groups and
respondent types. Finally, the conceptual meaning of the items
was considered, to ensure that the selected item adequately rep-
resents the subscale content.

Table 1 shows the characteristics of the 3 analytic samples.

Characteristics of analytic samples.

Mean age (SD) [Range]

Female N (%) 919 (49.0)
SEIFA disadvantage quintile N (%)
Most disadvantaged 156 (8.3)
2nd most 277 (14.8)
Middle 351 (18.7)
2nd least 439 (23.4)
Least disadvantaged 651 (34.7)
Remoteness area N (%)
Major cities 1318 (70.3)
Inner regional 379 (20.2)
Outer regional 162 (8.6)
Remote 9 (0.5)
Very remote 6 (0.3)
Missing 0 (0.0)
Mean BMI (SD) 19.2 (3.4)
Asthma N (%) 252 (13.5)
Diabetes N (%) 7 (0.4)
Hearing loss N (%) 22 (1.2)
Vision loss N (%) 12 (0.6)
Chronic pain N (%) 39 (2.1)

11.5(0.5) [11-12]
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Table 2 shows the EFA results for the Children self-report data
from the CheckPoint sample with no factor number constraint.
This produced 5 factors with eigenvalue >1 and the scree plot
supported 5 factors. Broadly, the first 4 factors were similar to the
original structure, although physical item 7 “Get aches and pains”
loaded on factor 3 alongside emotional items. The fifth factor
consisted of 2 school absence items.

Appendix Tables 2 and 3 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2024.08.005, respectively, show the
EFA results after imposing a 4-factor constraint and after removing
the 2 school absence items. In the former, the original structure of
PedsQL GCS was reproduced, except for physical item 7, which did
not load on any factor. In the latter, the physical items were split
across 2 factors to create 5 factors. The EFA results for the proxy-
reported data in the Mallinson and Toddlers samples are not
displayed and are available from the corresponding author. In
summary, although the original structure of PedsQL GCS was not
completely replicated, this is largely due to the 2 school absence
items loading on a fifth factor. Moreover, the 4-factor constraint
replicated the original structure.

Table 3 summarizes the CFA results. For each sample, the best-
performing structure for each fit statistic is indicated by . For the
CheckPoint sample, which we prioritized, the original structure

9.6 (3.6) [6-16] 4.0 (0.0) [4]
3809 (48.5) 3603 (48.7)
804 (21.7)* 1,572 (21.2)
748 (20.2) 1,480 (20.0)
786 (21.2) 1760 (23.8)
683 (18.4) 1126 (15.2)
685 (18.5) 1463 (19.8)
5093 (64.8) 4855 (65.6)
1710 (21.8) 1515 (20.5)
903 (11.5) 874 (11.8)
110 (1.4) 118 (1.6)
28 (0.4) 32 (0.4)
11 (0.1) 7 (0.1)
18.7 (4.0) 16.3 (1.7)
2248 (28.6) 1519 (20.5)
16 (0.2) Data not available
44 (1.0) Data not available
168 (3.4)" Data not available
150 (3.0)° Data not available

ABS indicates Australian Bureau of Statistics; BMI, body mass index; LSAC, Longitudinal Study of Australian Children; SD, standard deviation; SEIFA, socio-economic

indexes for areas.

*SEIFA disadvantage data were available only for cohort B wave 4 and cohort K wave 2 children (N = 3706).

TChildren reporting moderate/severe hearing problem; these data were available only for cohort B waves 4 and 6 and cohort K wave 5 (N = 4327).

*Children reporting moderate/severe vision problem; these data were available only for cohort B waves 4 and 6 and cohort K waves 5 and 7 (N = 4973).

SChildren reporting moderate/severe pain in the abdomen or other parts of the body; these data were available only for cohort B waves 4 and 6 and cohort K waves 5

and 7 (N = 4978).
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Rotated factor loadings and unique variances without constraint on factor number for PedsQL GCS Children self-report

version, CheckPoint sample.

Physical 1. Walk a few houses 0.646"
2. Run 0.754°
3. Play sport/do exercise 0.763°
4. Lifting something heavy 0.517'
5. Have a bath or shower 0.488"
6. Help around the house 0.438+"
7. Get aches and pains 0.333
8. Have low energy 0.499'
Emotional 1. Feel afraid/scared 0.194
2. Feel sad/blue 0.117
3. Feel angry 0.068
4. Trouble sleeping 0.151
5. Worry about what will happen 0.117
Social 1. Trouble getting along with other kids 0.164
2. Other kids not friends 0.133
3. Other kids tease 0.095
4. Cannot do things other kids can do 0.407°
5. Keep up when playing 0.443°
School 1. Pay attention 0.072
2. Forget things 0.094
3. Keeping up with school work 0.111
4. Away from school, feel sick 0.129
5. Away from school, to doctor 0.118

PedsQL GCS indicates Pediatric Quality of Life Inventory 4.0 Generic Core Scales.

0.098 0.069 0.177 0.063
0.226 0.137 0.030 0.179
0.247 0.129 0.049 0.144
0.130 0.220 0.282 0.011

-0.084 0.051 0.292 -0.200
0.090 0.097 0.496° -0.001
0.139 0.414* 0.038 0.327
0.180 0.389 0.069 0.216
0.124 0.716" 0.162 0.078
0.298 0.692° 0.168 0.070
0.247 0.643" 0.261 0.113
0.146 0.585° 0.206 0.083
0.274 0.665° 0.160 0.103
0.731" 0.209 0.219 0.092
0.821° 0.155 0.145 0.091
0.743* 0.229 0.144 0.089
0.521"° 0.144 0.223 0.112
0.584"° 0.188 0.137 0.134
0.194 0.198 0.767* 0.156
0.223 0.291 0.598" 0.249
0.256 0.178 0.748" 0.208
0.102 0.117 0.227 0.770°
0.130 0.087 0.146 0.800°

*See Appendix Table 1 in Supplemental Materials found at https://dx.doi.org/10.1016/j.jval.2024.08.005 for the full item wording.

fFactor loadings greater than 0.4 are in bold text.
*ltems in each factor.
SCross-loading items.

performed best according to root mean square error of approxi-
mation and standardized root mean square residual but not ac-
cording to comparative fit index and Tucker and Lewis index. For
all versions and structures, no statistic approached level indicating
good fit.

Because the results of the EFA and CFA did not support a robust
alternative, the original subscales (physical, emotional, social, and
school functioning) were taken forward to psychometric analyses.

Thirty-six Rasch models were fitted (3 analytic samples, each
with 3 subsamples and 4 subscales). Of these, 33 (91.7%) were
unidimensional, and 17 (47.2%) showed good overall fit to the
Rasch model.

Table 4 shows the results of psychometric assessments (Rasch
and classical) for the subscales in CheckPoint. For each subsample,
items that failed the criterion for disordered threshold, DIF, or
poor item-level fit are indicated by !l and marked by x in the final
column. The corresponding results for the Mallinson and Toddlers
samples are shown in Appendix Tables 4 and 5 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2024.08.005,
respectively.

In the physical subscale for CheckPoint, item 7 was the best-
performing item (rejected on Rasch criteria in only 1 subsam-
ple). It also had the lowest ceiling effect (20.9%). In the Mallinson
sample, all items failed at least 1 Rasch criterion in multiple
subsamples. In the Toddlers sample, items 3, 7, and 8 each failed
the Rasch criteria in only 1 subsample. Items 3, 7, and 8 were
therefore retained for consideration.

In the emotional subscale for CheckPoint, items 2, 4, and 5
failed none of the Rasch criteria in any subsample. Item 2 per-
formed best in terms of the classical criteria and had the widest
threshold range. For Mallinson, item 5 failed none of the Rasch
criteria in any subsample, whereas items 2 to 4 failed the criteria
in one subsample each. For Toddlers, items 1, 3, and 5 failed the
criteria in 1 subsample each. All items were retained for consid-
eration, with a particular focus on items 2, 4, and 5, which per-
formed well for CheckPoint.

In the social subscale for CheckPoint, only item 4 failed the
Rasch criteria in multiple subsamples. Items 1 and 2 had relatively
low ceiling effects and high corrected item-total correlations. For
Mallinson, all items except item 3 failed the Rasch criteria in
multiple subsamples. For Toddlers, items 2 and 3 failed in none of
the subsamples, whereas the other 3 items failed in all sub-
samples. Items 1, 2, 3, and 5 were retained for consideration.

In the school subscale for CheckPoint, items 4 and 5 were
rejected for failing the Rasch criteria in multiple subsamples,
whereas items 1, 2, and 3 failed in none. Item 2 had a relatively
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Results of confirmatory factor analysis by PedsQL GCS version.

CheckPoint sample: Children version, self-reported data

RMSEA* 0.103" 0.103 0.103 0.107 0.106
SRMR* 0.250" 0.253 0.254 0.254 0.259
CFI* 0.723 0.725 0.725" 0.701 0.693
T 0.695 0.697 0.698" 0.672 0.665
Mallinson sample: Young Children, Children, and Teens versions, proxy-reported data

RMSEA 0.120 0.116 0.107" 0.113 0.107
SRMR 0.238 0.239 0.231 0.228" 0.231
CFI 0.696 0.720 0.759" 0.732 0.749
TLI 0.666 0.692 0.735" 0.706 0.726
Toddlers sample: Toddlers version, proxy-reported data

RMSEA 0.118 N/AS 0.099 0.092" 0.097
SRMR 0.189 N/A 0.183 0.167" 0.184
CFI 0.608 N/A 0.722 0.764 0.715
T 0.565 N/A 0.691 0.738" 0.686

CFl indicates comparative fit index; EFA, exploratory factor analysis; N/A, not applicable; PedsQL GCS, Pediatric Quality of Life Inventory 4.0 Generic Core Scales; RMSEA,
root mean square error of approximation; SRMR, standardized root mean square residual; TLI, Tucker and Lewis index.
*Estimate less than 0.05 indicates a good fit and between 0.05 and 0.08 a reasonable fit.

"The structure that performs best for each statistic.

*Estimate greater than 0.95 indicates a good fit and between 0.90 and 0.95 a reasonable fit.
SNot applied because removing the 2 school absence items would leave a single item for the school subscale.

low ceiling effect. For Mallinson, all items except item 4 failed the
Rasch criteria in multiple subsamples. For Toddlers, only 3 items
were available (corresponding to items 3, 4, and 5 in the other age
versions). Of these, only item 3 failed the Rasch criteria in multiple
subsamples. All items were retained for consideration, with
particular focus on items 1, 2, and 3, which performed well for
CheckPoint.

Item 7 (Get aches and pains) was the only retained item ac-
cording to the Rasch criteria in the prioritized CheckPoint sample,
had reasonable classical psychometric performance, and was also
retained in the Toddlers sample. Item 7 was selected.

Items 2 (Feel sad/blue), 4 (Trouble sleeping), and 5 (Worrying
about what will happen) were retained based on Rasch perfor-
mance in CheckPoint and had comparable classical performance.
Item 5 was the only item retained according to the Rasch criteria
in all 3 analytic samples. However, it was considered to be
conceptually different to other emotional functioning items in that
it is future oriented and may be less easily understood by younger
children. There was also a concern that item 4 on its own does not
capture emotional functioning. Item 2 was selected.

Items 1 (Trouble getting along with other kids), 2 (Other kids
not friends), 3 (Other kids tease), and 5 (Keeping up when playing)

were retained according to the Rasch criteria in CheckPoint and
had comparable classical performance. Item 3 was the only item
retained according to the Rasch criteria in all 3 analytic samples,
whereas item 2 was retained in the CheckPoint and Toddlers
samples. Items 2 and 3 were conceptually similar in depicting
negative peer relationships. However, it was noted that item 3
(Other kids tease) captures a more extreme end of peer relation-
ships and hence may not represent the intended content of the
social functioning subscale in isolation. Item 2 was selected.

Items 1 (Pay attention), 2 (Forget things), and 3 (Keeping up
with school work) were retained according to the Rasch criteria in
CheckPoint and had comparable classical performance. Items 1
and 2 are not available in the Toddlers version and hence were
ruled out. Item 3 was selected.

This study identified 4 items that represent each of the 4
subscales of PedsQL GCS to form a reduced health-state classifi-
cation system. This is amenable for valuation using techniques
such as discrete choice experiments to derive health utilities and
can be applied in future health economic evaluations. We
recommend that PedsQL GCS is still administered in full and that
the value set is applied to the relevant items afterward. Retro-
spective derivation of utilities would also be possible based on
responses to the above 4 items in previous studies using PedsQL
GCS. Given that PedsQL GCS is one of the most widely used
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Table 4. Psychometric analysis results for the CheckPoint sample.

Subsample Disordered DIF* Item fit Item 2 test Threshold Item Missing  Floor Ceiling Corrected Outcome

threshold? residual® significant!? range mean  data effect effect item-total (x=
location (%)** (%)**1  (%)*** correlation** reject)®

Physical functioning

1. Walk a few houses 1 Yes!! —0.408 -0.514 to 0199 1.5 0.8 783 0.530 i
0.903
2 —1.000 —-1.278 to
0.459
3 Yes!! -1.035 -0.679t0  —0.202 i
0.558
Summary Rejected in 2/3 subsamples
2. Run 1 -3.147'1  ves!! —-2.525 to 0.007 1.6 0.5 60.5 0.649 i
2.193
2 -3.947!1  ves!! —-1.285to 0.040 N
1.739
3 —3.455 —1.563 to 0.052
1.749
Summary Rejected in 2/3 subsamples
3. Play sport/do exercise 1 -3.562/  ves!l —-3344t0  -0553 1.7 0.4 66.8 0.670 N
1.563
2 -4.264  ves!! -2929t0  —0.49 i
1.234
3 Yes -3.816//  ves!! -1.189t0  —0.320 x|l
1.196
Summary Rejected in 3/3 subsamples
4. Lifting something heavy 1 0.442 —2.133to 0.295 1.5 1.0 34.5 0.505
3.114
2 Yes!! 0.907 -1.391 to 0.490 i
2.583
3 Yes!! 0.609 -0.916 to 0.605 i
2.810
Summary Rejected in 2/3 subsamples
5. Have a bath or shower 1 Yes!! —0.264 -7.340t0 -1322 15 0.4 94.4 0.349 i
5.033
2 Yes!l -1.030 —5.796 to —0.442 i
6.928
3 Yes!! -1.053 -1.622t0  —0.632 N
0.946
Summary Rejected in 3/3 subsamples
6. Help around the house 1 Uniform 0.967 —1.305 to 0.098 1.5 0.6 57.6 0.471 i
(sex) 1.468
2 0.959 -1.119to 0.198
1.729
3 Uniform 0.979 -2.092t0  -02M1 i
(age)'! 1.545
Summary Rejected in 2/3 subsamples
7. Get aches and pains 1 2.038 Yes —0.539 to 1.517 1.6 1.5 209 0.422
3.524
2 1.628 -1.202 to 1.110
3.523
3 2,645/ ves!l 0.144 to 0.916 i
1.314
Summary Rejected in 1/3 subsamples
8. Have low energy 1 —0.381 —0.515 to 0.835 1.5 0.7 41.5 0.538
3.072
2 Yes!! —0.744 -1.145 to 0.296 i
2.496
3 Uniform —-1.039 —1.039 to 0.146 I
(sex) 2.356
Summary Rejected in 2/3 subsamples

Emotional functioning

1. Feel afraid/scared 1 Yes!! —0.685 —2.084 to -0.182 1.7 07 30.4 0.607 i
2.608
2 —0.605 -4293t0  —0.335
3.170
3 Yes!'l 0.577 —1.768 to —0.180 x|l
2.289
Summary Rejected in 2/3 subsamples
2. Feel sad/blue 1 —0.790 —4.107 to —0.462 1.9 0.5 19.3 0.639
3.135
2 —0.032 —2.700 to 0.433
4.106
3 —0.079 —2.727 to —0.157
3.294
Summary Rejected in 0/3 subsamples

continued on next page
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Table 4. Continued

Subsample Disordered DIF* Item fit Item 2 test Threshold Item Missing Floor Ceiling Corrected Outcome
threshold? residual® significant!? range mean data effect effect item-total (x=
location (%)** (%)** ™ (%)*** correlation** reject)®
3. Feel angry 1 Uniform 0.680 -2711 to 0192 20 0.5 18.2 0.593 i
(sex)!! 3.403
2 Uniform 1.210 -8579t0  —1.142 Pl
(age)! 3.851
3 0.958 -3905t0  —0.347
3.063
Summary Rejected in 2/3 subsamples
4. Trouble sleeping 1 3.043 —1.804 to 0.234 1.8 3.6 30.8 0.494
2.208
2 2.011 —0.381 to 1.082
2.889
3 1.386 —1.208 to 0.421
1.983
Summary Rejected in 0/3 subsamples
5. Worrying about what will 1 —-0.298 —1.950 to —-0.106 2.1 25 36.6 0.613
happen 1.791
2 —0.698 —0.956 to 0.668
2.300
3 —0.301 —2.272 to -0.183
1.699
Summary Rejected in 0/3 subsamples

Social functioning

1. Trouble getting along 1 -0.233 —2.190 to -0.117 13 0.8 45.2 0.670
with other kids 2.786
2 —0.637 —1.972 to -0.175
2.620
3 —-0.759 —2.550 to -0.210
2.698
Summary Rejected in 0/3 subsamples
2. Other kids not friends 1 —1.546 —2.310 to -0.123 1.8 1.1 48.6 0.706
2.332
2 —0.895 —1.034 to 0.087
2.308
3 -1.917 —2.156 to —0.146
2.482
Summary Rejected in 0/3 subsamples
3. Other kids tease 1 0.700 —1.152 to 0.040 1.6 1.8 57.5 0.628
1.819
2 1.160 —1.048 to 0.121
1.619
3 0.783 —0.763 to 0.208
1.593
Summary Rejected in 0/3 subsamples
4. Cannot do things other 1 Yes!l 2.153 —1.297 to 0267 1.7 1.1 46.1 0.581 i
kids can do 2.408
2 1.555 —1.383 to 0.163
2.443
3 Yes!! 1.213 -1.126 to 0.350 il
2478
Summary Rejected in 2/3 subsamples
5. Keeping up when playing 1 —0.768 —1.531 to —0.426 1.7 0.7 65.1 0.639
1.450
2 Yes!! -1.562 -2316t0  -0516 il
1.566
3 —0.091 —1.492 to —0.505
1.206
Summary Rejected in 1/3 subsamples

School functioning

1. Pay attention 1 -1.299 —1.549 to —0.058 1.6 13 349 0.577
2134
2 —0.950 —1.814 to 0.054
2.290
3k —1.586 —1.969 to —-0.251
1.900
Summary Rejected in 0/3 subsamples
2. Forget things 1 —0.287 —2.155 to 0.526 1.8 21 14.9 0.564
3.504
2 0.322 —1.804 to 0.585
3.384
BE —-0.782 —2.005 to 0.442
3.254
Summary Rejected in 0/3 subsamples

continued on next page
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Continued

3. Keeping up with school 1 —2.926
work
2 -1.816
3r —3.288
Summary
4. Away from school, feel 1 Yes!! 1.532
sick
2 0.918
Eind Yes'! 1.072
Summary
5. Away from school, to 1 Yes 0.965
doctor
2 Yes 0.699
3 Yes 1.153
Summary

DIF indicates differential item functioning.

JANUARY 2025

—-2.196 to -0.239 1.9 13 371 0.631
1.900
—2.552 to —-0.226
1.951
-1.643 to -0.151
1.833

Rejected in 0/3 subsamples
—1.336 to —0.209 1.8 1.4 391 0.488 x|l
2.144
—1.693 to —-0.363
2.076
—2.548 to -0.077 Il
1.746

Rejected in 2/3 subsamples
-1541t0  -0422 1.8 1.0 54.0 0.436 x|l
1.327
—1.030 to -0.221 !l
1.063
—1.646 to -0.226 x|
1.145

Rejected in 3/3 subsamples

*See Appendix Table 1 in Supplemental Materials found at https://dx.doi.org/10.1016/j.jval.2024.08.005 for the full item wordings.
"Where items were adjusted for disordered threshold and/or DIF, their Rasch statistics before the adjustment(s) are shown; for other items, their statistics after all

adjustments are shown.

*Based on item-specific %2 test with threshold P value of < .05 and Bonferroni correction.

SFit residuals outside the range of —2.5 and 2.5 are highlighted in bold.
lusing threshold P value of < .01 and Bonferroni correction.
**Assessed on the full analytic sample rather than the subsample.

"percentage responding “Almost always,” (ie, the lowest health-related quality of life, excluding missing responses).
*percentage responding “Never,” (ie, the highest health-related quality of life, excluding missing responses).
§§Rejection for disordered threshold, DIF, or poor item fit (fit residual outside range of =2.5 and significant statistic for item «2 test).

IIThe criteria that led to rejection.
**Subsample failed to show unidimensionality.

measures of childhood HRQoL,> such applications should signif-
icantly expand the evidence base for cost-effectiveness-based
decision making for childhood populations.

The proposed health-state classification system needs to un-
dergo further psychometric validation before use in clinical
research and practice. This should cover multiple criteria,
including reliability, construct validity, responsiveness, and
empirical validity (once a value set is developed).”®’” These vali-
dations should be comparative, ie, assess the performance of the
system relative to existing childhood MAUIs (eg, CHU9D).**”® The
psychometric performance of the derived utilities could likewise
be compared with the total score of the full version of PedsQL GCS,
which has already shown acceptable psychometric performance
in diverse settings.’®>* These steps would confirm that the new
system fills a methodological gap, namely, a health utility in-
strument that can be applied across a wide range of childhood age
groups and has strong psychometric properties.

Several caveats apply to this study’s methodological approach.
First, there was some difficulty in empirically identifying the
structure of PedsQL GCS for psychometric evaluation. None of the
structures examined in CFA, including the original structure and
those suggested by EFA, produced statistics indicating good fit.
The EFA results themselves were not wholly consistent: for
example, physical item 7 (Get aches and pain) in the CheckPoint
sample loaded with emotional items in unconstrained EFA
(Table 2) but not so under different EFA conditions (Appendix
Tables 2 and 3 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2024.08.005). Overall, there was no evidence of
a robust alternative to the original structure.

Second, the study faced data constraints. The accessed data
exclusively concerned Australian children, and further work re-
mains to verify generalizability to other populations. Assessment

of cross-cultural validity is required concerning both the item
selection and the psychometric performance of the selected items.
This process could involve reassessing the content validity of the
selected items such as “Feel sad/blue,” in which the word “blue” is
no longer a commonly used expression. Moreover, the self-
reported PedsQL GCS data in CheckPoint were only available
from children aged 11 to 12 years, and we cannot say whether the
same items would be selected from other childhood age groups.
Likewise, data for the Toddlers sample were available only from 4
year olds, which potentially restricts the generalizability of find-
ings to the age range of 2 to 4 years targeted by the Toddlers
version.

Third, the study utilized proxy-reported PedsQL GCS data in
the Mallinson and Toddlers samples and self-reported data in
CheckPoint but was unable to assess the correspondence between
self and proxy reports without the data from both reports for the
same children obtained at the same time. Disagreements between
child and proxy reports have been documented,’*?* and further
work is required to verify whether respondent type alters the item
selection. That said, the consideration of proxy-reported data from
LSAC enhances the applicability of the proposed system for self-
and proxy reports and across childhood age groups. Further
research should explore the potential variation in the psycho-
metric properties of the PedsQL GCS items across the different age
versions, which in this study were grouped into the Mallinson and
Toddlers samples.

This study nevertheless has several strengths. First, it closely
followed recommendations'"'“ for the development of health-state
classification systems amenable to health utility derivation. More-
over, the item selection process was transparent in how it consid-
ered the psychometric performance and conceptual validity of
items. Second, there were nontrivial variations in Rasch
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performance between subsamples and analyzing multiple sub-
samples improved the robustness of item selection. Third, all ana-
lyses were conducted on data obtained from general population
samples, which included both healthy children and those with
ongoing clinical conditions. This has the advantage of ensuring that
the results are truly generic and applicable across diverse pediatric
populations. Although further work may be necessary to investigate
applicability for health technology assessment decision making in
tightly defined clinical groups, the generic system is highly relevant
for wider health technology assessment decision making.”®

A reduced health-state classification system was generated from
the PedsQL GCS. The item set contains 4 items, 1 from each of the
original subscales of the PedsQL GCS, which, after further psycho-
metric validation, should be amenable to preference-based valua-
tion. This will enable the prospective and retrospective derivation of
preference-based health utilities from PedsQL GCS applications,
which, in turn, should support cost-utility analyses and inform
decision making regarding interventions for children.
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