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Abstract

Background An important methodological challenge in conducting pediatric economic evaluations is estimating
the preference-based health-related quality of life (HRQol) of children. Current methods are highly variable and there
is no single instrument available to value HRQoL consistently across multiple pediatric age groups. The Pediatric
Quiality of Life Inventory (PedsQL) is a non-preference-based generic HRQol instrument validated for children

2-18 years, but it cannot be directly used in economic evaluations. The aim of this study was to establish the core
dimension structure of the PedsUtil health state classification system using confirmatory factor analysis, which is the
first step of deriving a preference-based measure of HRQoL based on the PedsQL.

Methods Four competing dimension structures of the PedsUtil health state classification system were developed
based on published literature and expert opinion. Using data from the Longitudinal Study of Australian Children
(LSAC) (n=45,207), the 4 dimension structures were evaluated using the robust weighted least squares estimation
method. The analyses were stratified by 2-year age intervals (from 2 to 17 years) to reflect the study design of the
LSAC, as well as special healthcare needs status of the child. Model fit was evaluated by examining standardized factor
loadings and various fit indices including the comparative fit index (CFI), Tucker-Lewis Index (TLI), and the root mean
square error of approximation (RMSEA). Modification indices and residual correlations were examined to re-specify the
models to improve model fit when necessary.

Results The findings supported a 7-dimension structure (i.e., Physical Functioning, Pain, Fatigue, Emotional
Functioning, Social Functioning, School Functioning, and School Absence) of the PedsUtil health state classification
system. The 7-dimension model exhibited adequate fit across subgroups with CFl values that ranged from 0.929 to
0.954, TLI values from 0.916 to 0.946, and RMSEA values from 0.058 to 0.102.

Conclusions This study established the core dimension structure of the PedsUtil health state classification system
using confirmatory factor analysis. The 7-dimension structure was found to be applicable across diverse pediatric
populations. Research is currently ongoing to select the most representative item within each dimension of the
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PedsUtil health state classification system and valuation surveys will be fielded to estimate the PedsUtil scoring

system.
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Background

Preference-based measures of health-related quality of
life (HRQoL) can be utilized in health economic evalu-
ations to calculate quality-adjusted life years (QALYs),
the standard metric for valuing health in cost-effective-
ness analyses. However, methodological developments
to value child HRQoL have lagged behind comparable
research for valuing adult HRQoL. A critical limitation is
the paucity of child-specific preference-based measures
of HRQoL [1-5]. Currently, there are very few valid and
reliable preference-based measures of HRQoL that can
be applied across multiple pediatric age groups. Most
available measures have either been developed for adult
populations and applied to children without adjustment
[6-8] or apply only to limited age groups [9, 10]. There-
fore, there is a need for a single preference-based mea-
sure of HRQoL that can be applied across a wide range
of pediatric age groups in order to achieve greater consis-
tency in valuing child health.

The Pediatric Quality of Life Inventory (PedsQL) is
a generic HRQoL instrument widely used in pediatric
clinical trials and is validated for children 2-18 years
[11, 12]. However, the PedsQL is not a preference-based
measure, thus it cannot be directly used to calculate
QALYs in cost-effectiveness analyses. The PedsQL pro-
vides a simple summative score that describes HRQoL,
whereas QALYs are derived by combining the time spent
in a health state with the corresponding health utility or
preference weight for that health state [13]. Given that
the PedsQL offers summative scores rather than pref-
erence-based values (health utilities), it cannot be used
to calculate QALYs. One solution to expand its use into
cost-effectiveness analyses is to develop a health util-
ity scoring system for the PedsQL: the PedsUtil scoring
system.

Constructing the PedsUtil scoring system is a multi-
step process that first requires deriving a health state clas-
sification system based on the PedsQL that is amenable
to preference elicitation methods. Specifically, the Ped-
sQL includes more items than is manageable to value in
the preference elicitation exercise required to construct
the PedsUtil scoring system. With 23 items, each rang-
ing 5 severity levels from “Never” to “Almost always” [11,
12], the PedsQL in its entirety would generate 52° health
states, which are feasibly too many to value. Therefore, it
is necessary to reduce the length of the original instru-
ment to a core set of dimensions and items to form the
PedsUtil health state classification system. This approach
to constructing a health state classification system from

an existing non-preference-based measure has been pre-
viously used to derive preference-based measures of adult
generic HRQoL and condition-specific HRQoL [14, 15],
such as the development of the SF-6D from the SF-36 [7,
16] and the QLU-C10D from the QLQ-C30 [17].

The objective of this study was to conduct the first step
in deriving the PedsUtil health state classification system
by establishing its core dimension structure using con-
firmatory factor analysis. One requirement of a multi-
dimensional health state classification system is that the
dimensions are structurally independent (i.e., dimensions
are orthogonal) to avoid nonsensical health states [14].
While various techniques, such as principal component
analysis, exploratory factor analysis, and cluster analy-
sis, can be used to help identify structurally indepen-
dent dimensions, confirmatory factor analysis allows for
testing of a specific dimensional structure (i.e., the con-
ceptual model). The advantage of this approach is that
theoretically or clinically driven decisions can be inte-
grated into the general method of item assessment at the
outset, rather than as an afterthought [18]. Given that the
PedsQL is a well-validated instrument with a previously
established dimensional structure, confirmatory factor
analysis was deemed most appropriate for identifying
the dimensionality of a health state classification system
based on the PedsQL.

Methods

The PedsQL

The PedsQL 4.0 Generic Core Scales is a modular instru-
ment that measures generic HRQoL in children and ado-
lescents from ages 2 to 18 years [11, 12]. It was developed
through focus groups and cognitive interviews, and con-
sists of child self-report and parent proxy-report ver-
sions. The child self-report version includes age groups
5-7 vyears, 8-12 years and 13-18 years. The parent
proxy-report version includes age groups 2—4 years, 5-7
years, 8—12 years, and 13—18 years. The items in the dif-
ferent versions are very similar and differ only in develop-
mentally appropriate vocabulary and first or third person
tense. A 5-point response scale (0=Never; 1=Almost
never; 2=Sometimes; 3=0Often; 4=Almost always) is
used for child self-report ages 8 years and older, and for
all age groups with the parent proxy-report. For child
self-report ages 5 to 7 years, a 3-point response scale
(0=Not at all; 2=Sometimes; 4= A lot) is used to increase
comprehension. The PedsQL Infant Scales, which is vali-
dated to evaluate HRQoL for infants 1-24 months [19],
was not included in this analysis as it consists of different
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items and dimensions than the PedsQL Generic Core
Scales.

Overall, there are 21 to 23 multi-level items that fall
under 4 different dimensions or subscales: (1) Physical
Functioning; (2) Emotional Functioning; (3) Social Func-
tioning; and (4) School Functioning (Table 1). The items
are reverse-scored and linearly transformed to a 0 to 100
scale (0=100; 1=75; 2=>50; 3=25; 4=0), where higher
scores indicate better HRQoL. The total HRQoL score
is calculated as the sum of the completed item scores
divided by the number of items answered [11].

Data source

This study analyzed data from the Longitudinal Study
of Australian Children (LSAC), which is a study that
follows a population-representative sample of approxi-
mately 10,000 children and their families [20]. The LSAC
delivers a comprehensive national dataset on children as
they age and is one of the very few large-scale nation-
ally representative surveys of children in the world. The
LSAC sampling design is detailed elsewhere [21]. The
LSAC was approved by the Australian Institute of Family
Studies Ethics Committee, and families provided written
informed consent to participate [22].

This study used data from the first 7 waves (2003-04
to 2015-16) of the LSAC (#=45,207 observations from
9,262 children). This dataset contains fully completed
responses to the parent proxy-report version of the Ped-
sQL at each wave of data collection for the same children
at different ages from 2 to 17 years. The only excep-
tion was for children 2-3 years old, in which responses
to only 19 of the 21 PedsQL items were available; the 2
items on school absence were not collected as part of the
LSAC. Consequently, all analyses conducted in this study
for children aged 2-3 years only utilized the 19 PedsQL
items that were administered. For all other age groups,
responses to the full PedsQL were available. Special
healthcare needs status of LSAC participants were also
categorized in this study as children with special health-
care needs or typically functioning children. A child was
considered to have special healthcare needs if a par-
ent reported that their child had “a condition which has

Table 1 Summary of PedsQL

Dimensions Number of Items
2-4 5-7 8-12 13-
years years years 18
years
Physical Functioning 8 8 8 8
Emotional Functioning 5 5 5 5
Social Functioning 5 5 5 5
School Functioning 3 5 5 5

Total 21° 23 23 23

#PedsQL School Functioning contains 2 fewer items for children 2-4 years to
reflect developmentally appropriate items
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lasted or is expected to last for at least 12 months, which
causes the child to use medicine prescribed by a doctor,
other than vitamins, or use more medical care, mental
health or educational services” [23]. Data from the last
available wave for each child was used to determine spe-
cial healthcare needs status since younger children are
less likely to be identified as having special healthcare
needs.

Statistical analysis — confirmatory factor analysis

Four main competing conceptual models of the PedsUtil
health state classification system were developed a pri-
ori, drawing on published literature and expert opinion
(Table 2). The first conceptual model, Model A, was the
original 4-dimension structure of the PedsQL: Physical
Functioning, Emotional Functioning, Social Function-
ing, and School Functioning. The second, Model B, was
comprised of 5 dimensions: Physical Functioning, Emo-
tional Functioning, Social Functioning, School Function-
ing, and School Absence. Model B was specified based on
previously published literature that found model fit to be
better when School Functioning items were split into 2
separate dimensions [11, 12, 24]; specifically, the 5-item
School Functioning dimension was split into one dimen-
sions with 3 items measuring school cognitive function-
ing and a second dimension with 2 items measuring
school absence as related to illness. The third concep-
tual model, Model C, included 6 dimensions, 2 of which
were single-item dimensions: Physical Functioning,
Pain, Fatigue, Emotional Functioning, Social Function-
ing, and School Functioning. Model C was constructed
based on expert opinion and by referencing other avail-
able preference-based HRQoL instruments for children
[8-10, 25, 26] that suggested that the items measuring
Pain and Fatigue (originally in the Physical Functioning
dimension) may be clinically important to distinguish as
independent dimensions. Lastly, Model D was composed
of 7 dimensions, and was formed by combining Models
B and C: Physical Functioning, Pain, Fatigue, Emotional
Functioning, Social Functioning, School Functioning,
and School Absence.

The 4 conceptual models were evaluated using the
mean- and variance-adjusted weighted least squares esti-
mation method (estimator=WLSMYV), which is recom-
mended for modeling ordinal data [27]. However, the
single-item dimensions of Pain and Fatigue, which were
included a priori in conceptual Models C and D due to
their clinical importance, could not be empirically tested.
This is because confirmatory factor analysis requires
at least 2 items in a dimension to empirically estimate
the measurement model. Therefore, items for Pain and
Fatigue were omitted from the empirical measurement
model despite their inclusion in the conceptual models.
Because the PedsUtil health state classification should
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Table 2 Summary of dimension structures for conceptual models A-D

Item? Model A Model B Model C Model D
Problems with... (4 Dimensions) (5 Dimensions) (6 Dimensions) (7 Dimensions)
Phys 1. Walking Physical Physical Physical Physical

Phys 2. Running Physical Physical Physical Physical

Phys 3. Participating in exercise Physical Physical Physical Physical

Phys 4. Lifting something heavy Physical Physical Physical Physical

Phys 5.Taking a bath or shower Physical Physical Physical Physical

Phys 6. Doing chores Physical Physical Physical Physical

Phys 7. Having hurts or aches Physical Physical Pain® Pain®

Phys 8. Low energy level Physical Physical Fatigue® Fatigue®

Emot 1. Feeling afraid or scared Emotional Emotional Emotional Emotional
Emot 2. Feeling sad or blue Emotional Emotional Emotional Emotional
Emot 3. Feeling angry Emotional Emotional Emotional Emotional
Emot 4. Trouble sleeping Emotional Emotional Emotional Emotional
Emot 5. Worrying Emotional Emotional Emotional Emotional

Soc 1. Getting along with others Social Social Social Social

Soc 2. Others not wanting to be friends Social Social Social Social

Soc 3. Getting teased Social Social Social Social

Soc 4. Unable to do things others can do Social Social Social Social

Soc 5. Keeping up with other children Social Social Social Social

School 1. Paying attention in class School School School School

School 2. Forgetting things School School School School

School 3. Keeping up with schoolwork School School School School

SchAbs 1. Missing school because sick School School Absence School School Absence
SchAbs 2. Missing school to go to doctor School School Absence School School Absence

Abbreviations Phys Physical Functioning; Emot Emotional Functioning; Soc Social Functioning; School School Functioning; SchAbs School Absence

?Item descriptions are summarized in the table (exact wording of items not displayed)

bSingle-item dimensions (i.e., Pain and Fatigue) are included in the conceptual models but could not be empirically tested, thus are omitted from the measurement

models

ideally be applicable across diverse pediatric populations,
analyses were stratified by age group and child special
healthcare needs status in order to identify a common
dimension structure across all subgroups. Age groups
were stratified by 2-year age intervals (from 2 to 17 years)
to reflect the study design of the LSAC. Special health-
care needs status was defined as children with special
healthcare needs or typically functioning children.

Model fit was evaluated in this study by examin-
ing standardized factor loadings and various fit indices
including the comparative fit index (CFI) [28], Tucker-
Lewis Index (TLI) [29], and the root mean square error
of approximation (RMSEA) [30]. Previously established
guidelines suggest adequate fitting models have CFI and
TLI values>0.90 and RMSEA values<0.08 [31]. Modi-
fication indices (output=modindices) and residual cor-
relations (output=residual) were examined to re-specify
the models to improve model fit when necessary. Models
were modified and re-fit until a clinically coherent model
was achieved across all subgroups that also adequately fit
the data. All analyses were conducted in Mplus v8 [27].
This study was determined to be exempt by the Univer-
sity of Michigan Institutional Review Board (IRBMED #
HUMO00182088).

Results

Sample characteristics

Table 3 presents characteristics of the LSAC participants
by child special healthcare needs status. As expected, the
individual PedsQL scale scores and total score were lower
for children with special healthcare needs than for typi-
cally functioning children. Children with special health-
care needs had an average total score of 74.8 and typically
functioning children had an average total score of 81.0.
In addition, most of the parent respondents were female
(96%) and had earned at least a high school degree (70%).

Confirmatory factor analysis

Table 4 reports the confirmatory factor analysis fit indices
for Models A-D across all age and child special health-
care needs status subgroups. Models A-C generally did
not meet the cutoffs for the various model fit indices and
model fit was worse for children with special healthcare
needs than for typically functioning children. Model A
had CFI values that ranged from 0.879 to 0.918, TLI val-
ues from 0.863 to 0.912, and RMSEA values from 0.071
to 0.118; Model B had CFI values from 0.906 to 0.931,
TLI values from 0.892 to 0.920, and RMSEA values from
0.067 to 0.110; and Model C had CFI values from 0.898
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Characteristic Children with Typically
Special Healthcare  Functioning
Needs Children?
(n=8,793) (n=36,414)
Child
Age,y
Mean (SD) 9.1 (4.1) 8.8 (4.0)
Age Distribution [n (%)]
2-3 years 519 (5.9) 2,615(7.2)
4-5 years 1,330 (15.1) 5,862 (16.1)
6-7 years 1,343 (15.3) 5,765 (15.8)
8-9 years 1,380 (15.7) 5,938 (16.3)
10-11 years 1,450 (16.5) 5933(16.3)
-13 years 1,315 (15.0) 5434 (14.9)
14-15 years 775 (8.8) 2,588 (7.1)
6-17 years 681 (7.7) 2,279 (6.3)
Sex [n (%)]
Male 4,642 (52.8) 18,482 (50.8)
Female 4,151 (47.2) 17,932 (49.2)
PedsQL Scale Scores [mean (SD)]
Physical Functioning 789(17.2) 83.9(14.7)
Emotional Functioning 68.8 (18.0) 758 (15.3)
Social Functioning 76.7 (19.9) 83.6 (15.7)
School Functioning 73.0 (20.0) 79.8 (16.8)
Total Score 748 (14.8) 0(11.9
Parent®
Age,y
Mean (SD) 40.3 (6.8) 399(6.5)
Sex [n (%)]
Male (%) 344 (3.9) 1,366 (3.8)
Female (%) 8,449 (96.1) 35,048 (96.3)
Education [n (%)]
Less than high school 117 (1.3) 387 (1.1)
Some high school 2,649 (30.2) 10,510 (28.9)
High school graduate 2,807 (31.9) 12,431 (34.2)
College degree 1,704 (19.4) 6,981 (19.2)
Graduate degree 1,510 (17.2) 6,065 (16.7)

Abbreviations LSAC Longitudinal Study of Australian Children; y years; SD
standard deviation

Typically functioning children excluded children with special healthcare needs

bParent that answered the PedsQL about their child

to 0.945, TLI values from 0.881 to 0.937, and RMSEA
values from 0.087 to 0.111. On the other hand, Model
D exhibited adequate model fit for most subgroups with
CFI values that ranged from 0.929 to 0.954, TLI values
from 0.916 to 0.946, and RMSEA values from 0.058 to
0.102. Additionally, despite the acceptable fit for Model
D across most subgroups, model fit was slightly better
for typically functioning children than for children with
special healthcare needs. Table al in the Supplement also
presents the confirmatory factor analysis fit indices when
children with special healthcare needs and typically func-
tioning children were combined across age groups, and
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this analysis similarly found Model D to be the best fit-
ting model.

Table 5 displays the standardized factor loadings for
Model D for all subgroups. All items had salient factor
loadings>0.4 and p-values<0.001, though 14 out of the
21 items had factor loadings>0.7 across all subgroups.
In addition, certain items (Phys 4—6, Emot 1-4, Soc 1-5,
and School 2) exhibited a general trend for higher factor
loadings as children increased in age (Table a2).

Though model fit was generally adequate for Model D,
the RMSEAs were >0.08 for all age groups 6 years and
older for children with special healthcare needs and age
groups 10-11 years and 14—15 years for typically func-
tioning children. When modification indices and residual
correlations were examined for age groups 6 years and
older, items Soc 1 (“getting along with others”), Soc 4
(“unable to do things others can do”), and Soc 5 (“keeping
up with other children”) appeared to cross-load onto the
Physical Functioning dimension. Therefore, Model D was
re-specified with these cross-loadings and the re-spec-
ified model fit indices are shown in Table 6. Similar to
the original model, fit indices for the re-specified model
indicated slightly better model fit for typically function-
ing children (CFI>0.96, TL1>0.952, and RMSEA <0.071)
than for children with special healthcare needs
(CFI=0.954, TLI>0.945, and RMSEA <0.076) across age
groups. Nevertheless, model fit improved across all sub-
groups, resulting in model fit indices that were consid-
ered acceptable (i.e., cutoff criteria of CFI and TLI>0.90
and RMSEA <0.08).

Although overall model fit improved when items Soc
1, Soc 4, and Soc 5 were cross-loaded onto the Physical
Functioning dimension, these items need to be allocated
to a single dimension in order to create the PedsUtil
health state classification system. Therefore, these items
were retained in the Social Functioning dimension as
originally hypothesized, and Model D was determined
to be the core dimension structure of the PedsUtil health
state classification system.

Discussion

The first step in deriving a preference-based HRQoL
measure from a non-preference-based instrument is to
construct a health state classification system that is ame-
nable to preference elicitation methods. This study con-
ducted confirmatory factor analysis to identify the core
dimension structure of the PedsUtil health state clas-
sification system based on the PedsQL. Among the four
conceptual models hypothesized, the 7-dimension struc-
ture of the PedsUltil health state classification system (i.e.,
Physical Functioning, Pain, Fatigue, Emotional Function-
ing, Social Functioning, School Functioning, and School
Absence) exhibited the best model fit. The subgroup
analyses also suggest that this 7-dimension structure
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Table 6 Fitindices for re-specified model D?

Typically Functioning Children

6/7 years

Children with Special Healthcare Needs

Fit Indices

16/17 years
0.067

14/15 years

0.071

12/13 years

0.060

10/11 years

0.062

8/9 years
0.065

16/17 years
0.074

14/15 years
0.074

12/13 years

0.076

10/11 years

0.074
0.073-0.080 0.071-0.077

8/9 years
0.076

6/7 years
0.072

0.061

RMSEA

0.064-0.070
0.965

0.068-0.073
0.973

0.058-0.061
0.968

0.063-0.067 0.061-0.064
0.960

0.952

0.060-0.063

0.970

0.069-0.079
0.964
0.957

0.069-0.079
0.971

0.072-0.079
0.961

0.068-0.075
0.963

RMSEA 90% Cl

CFl

0.971

0.965

0.954

0.962 0.968 0.958

0.966

0.965

0.954 0.965

0.958
Abbreviations RMSEA root mean square error of approximation; CF/ comparative fit index; 7L/ Tucker-Lewis index; C/ confidence interval

0.945

0.955

TU

#Model D re-specified by cross-loading items Soc 1 (“getting along with others”), Soc 4 (“unable to do things others can do”), and Soc 5 (“keeping up with other children”) onto the Physical Functioning dimension
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may be applicable across diverse pediatric populations,
including children with special healthcare needs and typ-
ically functioning children, as well as children aged 2-17
years.

Previous studies have examined the dimension struc-
ture of the PedsQL using confirmatory factor analysis
across various pediatric populations. Consistent with the
findings of this study, these studies demonstrated that
splitting the 5 items in the original School Functioning
dimension into 2 separate dimensions — School Func-
tioning and School Absence — generally exhibited better
model fit [24, 32-36). This led to identifying the 5-dimen-
sion structure of the PedsQL (i.e., Physical Function-
ing, Emotional Functioning, Social Functioning, School
Functioning, and School Absence) as the most appropri-
ate. However, none of the previous studies evaluated the
dimension structure of the PedsQL with Pain and Fatigue
as single-item dimensions as done in this analysis.

Though the 7-dimension structure was the best fitting
model across all subgroups in this study, some trends in
the factor loadings and model fit indices were observed.
For example, some items exhibited higher factor loadings
for older children. This positive trend suggests that the
construct validity of some items may improve for older
children, given that they may have increased oppor-
tunities to experience or express some of the behaviors
described by the PedsQL items. Additionally, model
fit was slightly better for typically functioning chil-
dren than for children with special healthcare needs.
This may be because there is more homogeneity in the
responses of typically functioning children, leading to
a more consistent pattern that aligns with the hypoth-
esized 7-dimension model structure. Previous studies
have also examined factorial invariance for the PedsQL
across pediatric subpopulations. These studies similarly
found that PedsQL items are comparable across age [32]
and child health status subgroups [33], as well as across
various race [34], gender [35], and socioeconomic status
subgroups [36].

There are some potential limitations to this study. First,
this study was conducted using parent-proxy responses
to the PedsQL from an Australian population, as the
LSAC is one of the most extensive pediatric datasets
available with PedsQL responses. Future research should
validate dimensionality of the health state classifica-
tion system using data from other populations, as well
as the child self-report version of the PedsQL for age
groups 5-7 years, 8—12 years, and 13—-18 years. Second,
this study did not empirically estimate any single-item
dimensions (i.e., Pain and Fatigue). While it may be pos-
sible to model these single-item dimensions through
higher-order models, this approach was not taken due to
the potential issues regarding the causal structure among
dimensions and the limited relevance of higher-order
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models in identifying the core dimension structure of the
PedsUtil health state classification system. Subsequent
research will incorporate alternative methods, including
psychometric analyses and expert and parent opinion, to
further validate the clinical importance and inclusion of
Pain and Fatigue as single-item dimensions in the health
state classification system. Lastly, this study did not test
for metric and scalar invariance across subgroups, which
are stricter conditions of measurement invariance. Given
that the objective was to identify a conceptually sound
dimension structure where each common dimension
is associated with identical sets of items across various
pediatric subgroups, measurement models for each sub-
group were estimated separately to establish configural
invariance.

Conclusions

This study established the core dimension structure of
the PedsUtil health state classification system using con-
firmatory factor analysis, which is the first key step to
developing the PedsUtil scoring system. The 7-dimension
structure of the PedsUltil health state classification system
(Model D: Physical Functioning, Pain, Fatigue, Emotional
Functioning, Social Functioning, School Functioning,
and School Absence) demonstrated the best model fit
across diverse pediatric subgroups, including children
with special healthcare needs and typically functioning
children, as well as children aged 2—17 years. Following
research includes selecting the most representative item
within each dimension of the PedsUtil health state clas-
sification system [37] and fielding valuation surveys to
estimate the PedsUtil scoring system. The development
of the PedsUtil health state classification system and its
resulting value set will ensure that children’s experiences
with disease and treatment are consistently and accu-
rately represented in healthcare value assessments, sup-
porting evidence-based decisions for healthcare priority
setting.

Abbreviations

HRQoL Health-related quality of life

QALY Quiality-adjusted life year

PedsQL  Pediatric Quality of Life Inventory

LSAC Longitudinal Study of Australian Children
Phys Physical Functioning

Emot Emotional Functioning

Soc Social Functioning

School School Functioning

SchAbs  School Absence

CFI Comparative fit index

TLI Tucker-Lewis Index

RMSEA Root mean square error of approximation

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512955-024-02300-8.

(2024) 22:85

Page 9 of 10

[ Supplementary Material 1 ]

Acknowledgements
We would like to acknowledge the valuable contributions made by Dr. Abram
Wagner who provided helpful guidance on data analysis.

Author contributions

All authors conceived and designed the study. EKD conducted the analyses
and drafted the manuscript. KD, EW, AR, and LP contributed to interpretation
of results and reviewed the manuscript to provide critical feedback. All authors
have read and approved the final manuscript.

Funding

Funding for this work was provided by the PhRMA Foundation Value
Assessment Initiative - Research Awards and the Valuation of Child Health
Initiative (VoCHI). EKD was also funded through the Rackham Predoctoral
Fellowship from the University of Michigan.

Data availability

The data that support the findings of this study are available from Australian
Data Archive (ADA), but restrictions apply to the availability of these data,
which were used under license for the current study and so are not publicly
available. The data are, however, available from the authors upon reasonable
request and with permission of Australian Data Archive.

Declarations

Ethics approval and consent to participate
This study was determined to be exempt by the University of Michigan
Institutional Review Board (IRBMED # HUM00182088).

Competing interests
The authors declare no competing interests.

Author details

'Department of Population Medicine, Harvard Pilgrim Health Care
Institute, Boston, MA, USA

2Department of Health Management and Policy, Michigan School of
Public Health, University of Michigan, Ann Arbor, MI, USA

3Centre for Health Policy, Melbourne School of Population and Global
Health, University of Melbourne, Parkville, VIC, Australia

“4Center for Health Decision Science, Harvard T.H. Chan School of Public
Health, Harvard University, Boston, MA, USA

>Susan B. Meister Child Health Evaluation & Research Center, Department
of Pediatrics, Michigan Medicine, University of Michigan, Ann Arbor, MI,
USA

Received: 23 December 2023 / Accepted: 20 September 2024
Published online: 08 October 2024

References

1. Ungar WJ. Economic evaluation in child health. Oxford; New York: Oxford
University Press; 2010. p. 314.

2. Ungar WJ. Challenges in health state valuation in paediatric economic evalu-
ation: are QALYs. Contraindicated? Pharmacoeconomics. 2011;29(8):641-52.

3. Prosser LA, Hammit JK, Keren R. Measuring health preferences for use in cost-
utility and cost-benefit analyses of interventions in children: theoretical and
methodological considerations. PharmacoEconomics. 2007;25(9):713-26.

4. Prosser LA. Current challenges and future research in measuring preferences
for pediatric health outcomes. J Pediatr. 2009;155(1):7-9.

5. Rowen D, Rivero-Arias O, Devlin N, Ratcliffe J. Review of Valuation Methods
of Preference-Based Measures of Health for Economic Evaluation in child
and adolescent populations: where are we now and where are we going?
PharmacoEconomics. 2020;38(4):325-40.

6. Shaw JW, Johnson JA, Coons SJ. US valuation of the EQ-5D health
states: development and testing of the D1 valuation model. Med Care.
2005;43(3):203-20.


https://doi.org/10.1186/s12955-024-02300-8
https://doi.org/10.1186/s12955-024-02300-8

Kim DelLuca et al. Health and Quality of Life Outcomes

20.

21

22.

23.

Brazier J, Roberts J, Deverill M. The estimation of a preference-based measure
of health from the SF-36. J Health Econ. 2002;21(2):271-92.

Feeny D, Furlong W, Torrance GW, Goldsmith CH, Zhu Z, DePauw S, et al. Mul-
tiattribute and single-attribute utility functions for the health utilities index
mark 3 system. Med Care. 2002;40(2):113-28.

Stevens K. Valuation of the Child Health Utility 9D Index. PharmacoEconom-
ics. 2012;30(8):729-47.

Torrance GW, Feeny DH, Furlong WJ, Barr RD, Zhang Y, Wang Q. Multiattrib-
ute utility function for a comprehensive health status classification system.
Health Utilities Index Mark 2 Med Care. 1996;34(7):702-22.

Varni JW, Seid M, Kurtin PS. PedsQL 4.0: reliability and validity of the Pediatric
Quality of Life Inventory version 4.0 generic core scales in healthy and patient
populations. Med Care. 2001;39(8):800-12.

Varni JW, Seid M, Rode CA. The PedsQL: measurement model for the pediatric
quality of life inventory. Med Care. 1999;37(2):126-39.

Weinstein MC, Torrance G, McGuire A. QALYs: the basics. Value Health.
2009;12(Suppl 1):S5-9.

Brazier J, Ratcliffe J, Salomon JA, Tsuchiya A. Measuring and valuing health
benefits for economic evaluation. 2nd ed. Oxford: Oxford University Press;
2017. p. 348.

Young T, Yang Y, Brazier JE, Tsuchiya A, Coyne K. The first stage of developing
preference-based measures: constructing a health-state classification using
Rasch analysis. Qual Life Res. 2009;18(2):253-65.

Brazier JE, Mulhern BJ, Bjorner JB, Gandek B, Rowen D, Alonso J, et al. Devel-
oping a New Version of the SF-6D health state classification system from the
SF-36v2: SF-6Dv2. Med Care. 2020;58(6):557-65.

King MT, Costa DS, Aaronson NK, Brazier JE, Cella DF, Fayers PM, et al. QLU-
C10D: a health state classification system for a multi-attribute utility measure
based on the EORTC QLQ-C30. Qual Life Res. 2016;25(3):625-36.

Costa DS, Aaronson NK, Fayers PM, Grimison PS, Janda M, Pallant JF, et al.
Deriving a preference-based utility measure for cancer patients from the
European Organisation for the Research and Treatment of Cancer’s quality of
Life Questionnaire C30: a confirmatory versus exploratory approach. Patient
Relat Outcome Meas. 2014;5:119-29.

Varni JW, Limbers CA, Neighbors K, Schulz K, Lieu JE, Heffer RW, et al. The
PedsQL Infant scales: feasibility, internal consistency reliability, and validity in
healthy and ill infants. Qual Life Res. 2011;20(1):45-55.

Growing Up in Australia: Australian Institute of Family Studies. 2020. https://
growingupinaustralia.gov.au/

Soloff C, Lawrence D, Johnstone R. LSAC sample design (Technical Paper No.
1). Australian Institute of Family Studies; 2005. https://api.research-repository.
uwa.edu.au/ws/portalfiles/portal/73664759/tp1.pdf

Ethics approval for Growing Up in Australia: the Longitudinal Study of
Australian Children. Australian Institute of Family Studies. Available from:
https://growingupinaustralia.gov.au/sites/default/files/certification_of_eth-
ics_approval_for_lsac-2022.pdf.

Australian Institute of Family Studies. Longitudinal Study of Australian Chil-
dren Data User Guide. Melbourne: Australian Institute of Family Studies; 2018.

(2024) 22:85

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 10 of 10

Hoffman S, Lambert MC, Nelson TD, Trout AL, Epstein MH, Pick R. Confirma-
tory factor analysis of the PedsQL among youth in a residential treatment
setting. Qual Life Res. 2013;22(8):2151-7.

Wille N, Badia X, Bonsel G, Burstrom K, Cavrini G, Devlin N, et al. Develop-
ment of the EQ-5D-Y: a child-friendly version of the EQ-5D. Qual Life Res.
2010;19(6):875-86.

Feeny D, Furlong W, Boyle M, Torrance GW. Multi-Attribute Health Status Clas-
sification Systems. PharmacoEconomics. 1995;7(6):490-502.

Muthen LK, Muthen BO. Mplus User's Guide. Eighth Edition. Los Angeles, CA;
2017.

Bentler PM. Comparative fit indexes in structural models. Psychol Bull.
1990;107(2):238-46.

Tucker LR, Lewis C. A reliability coefficient for maximum likelihood factor
analysis. Psycometrika. 1973;38(1):1-10.

Steiger JH. Structural Model Evaluation and Modification: An Interval Estima-
tion Approach. Multivariate Behav Res. 1990,25(2):173-80.

Hu L, Bentler PM. Cutoff criteria for fit indexes in covariance structure
analysis: Conventional criteria versus new alternatives. Struct Equ Modeling.
1999;6(1):1-55.

Limbers CA, Newman DA, Varni JW. Factorial invariance of child self-report
across age subgroups: a confirmatory factor analysis of ages 5 to 16 years
utilizing the PedsQL 4.0 Generic Core Scales. Value Health. 2008;11(4).659-68.
Limbers CA, Newman DA, Varni JW. Factorial invariance of child self-report
across healthy and chronic health condition groups: a confirmatory factor
analysis utilizing the PedsQLTM 4.0 Generic Core Scales. J Pediatr Psychol.
2008;33(6):630-9.

Limbers CA, Newman DA, Varni JW. Factorial Invariance of Child Self-Report
Across Race/Ethnicity Groups: A Multigroup Confirmatory Factor Analysis
Approach Utilizing the PedsQL™* 4.0 Generic Core Scales. Annals of Epidemi-
ology. 2009;19(8):575-81.

Varni JW, Limbers CA, Newman DA. Factorial Invariance of the PedsQL™ 4.0
Generic Core Scales Child Self-Report Across Gender: A Multigroup Confirma-
tory Factor Analysis with 11,356 Children Ages 5 to 18. Applied Research in
Quality of Life. 2008;3(2):137-48.

Limbers CA, Newman DA, Varni JW. Factorial invariance of child self-report
across socioeconomic status groups: a multigroup confirmatory factor
analysis utilizing the PedsQLTM 4.0 Generic Core Scales. Journal of Behavioral
Medicine. 2008;31(5):401-11.

Kim Deluca E, Dalziel K, Wittenberg E, Henderson NC, Prosser LA. Selecting
PedsQL items to derive the PedsUtil health state classification system to
measure health utilities in children. Health Qual Life Outcomes. 2024;22(1):53.

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


https://growingupinaustralia.gov.au/
https://growingupinaustralia.gov.au/
https://api.research-repository.uwa.edu.au/ws/portalfiles/portal/73664759/tp1.pdf
https://api.research-repository.uwa.edu.au/ws/portalfiles/portal/73664759/tp1.pdf
https://growingupinaustralia.gov.au/sites/default/files/certification_of_ethics_approval_for_lsac-2022.pdf
https://growingupinaustralia.gov.au/sites/default/files/certification_of_ethics_approval_for_lsac-2022.pdf

	﻿Deriving the PedsUtil health state classification system to measure health utilities for pediatric populations based on the PedsQL: a confirmatory factor analysis
	﻿Abstract
	﻿Background
	﻿Methods
	﻿The PedsQL
	﻿Data source
	﻿Statistical analysis – confirmatory factor analysis

	﻿Results
	﻿Sample characteristics
	﻿Confirmatory factor analysis

	﻿Discussion
	﻿Conclusions
	﻿References


