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Abstract

The purpose of this study was to develop item banks by linking items from three pediatric health-related quality of life
(HRQolL) instruments using a mixed methodology. Secondary data were collected from 469 parents of children aged 8-16
years. The International Classification of Functioning, Disability and Health-Children and Youth (ICF-CY) served as a
framework to compare the concepts of items from three HRQoL instruments. The structural validity of the individual
domains was examined using confirmatory factor analyses. Samejima’s Graded Response Model was used to calibrate items
from different instruments. The known-groups validity of each domain was examined using the status of children with
special health care needs (CSHCN). Concepts represented by the items in the three instruments were linked to 24 different
second-level categories of the ICF-CY. Eight item banks representing eight unidimensional domains were created based on
the linkage of the concepts measured by the items of the three instruments to the ICF-CY. The HRQoL results of CSHCN in
seven out of eight domains (except personality) were significantly lower compared with children without special health care
needs (p<<0.05). This study demonstrates a useful approach to compare the item concepts from the three instruments and
to generate item banks for a pediatric population.
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Introduction used generic HRQoL instruments are the Child Health and Illness
o ) ) ) Profile (CHIP) [6], the Child Health Questionnaire (CHQ) [7], the

Over the past decade, pediatric research has shifted its attention KIDSCREEN-52 [8], the KINDL-R [9], and the Pediatric
from advancing treatments and survival rates for children with Quality of Life Inventory (PedsQL) [10]. Ideally, pediatric
various diseases and disorders to improving their functional status HRQoL instruments should be brief in content, related to the
and h.ealth—r.elated quality of life (HRQ.OL)'. In parallel to this child’s age and developmental stage, and demonstrate good
paradigm shift, the World Health Orgz?n}zatlfm (WHO) elaborat- measurement properties such as reliability, validity, and respon-
ed the. concept O.f hef‘lhh by Cmphaslzmg its components and siveness [11]. In addition, good generic instruments should be able
dct_cr.rr.nnants, Whlcb_ 1nc.,ludc body fu.nctlons, body  structures, to assess the HRQoL in children with varying health conditions
activities and partlc1pat10n,v and envlronme.ntal and personal and across different languages and cultures [12,13]. Using a large
factors [1,2]. The use of this bio-psycho-social model helps us 51 of children enrolled in the Medicaid program, our previous
understand the psychological, SOFlal, z.md e.nvn“onmental determi- study based on the classical test theory (C'TT) method suggested
nants of health outcomes, especially in children and adolescents that none of the existing pediatric HRQoL instruments (the CHIP,
with various diseases, at different developmental stages and who KIDSCREEN, KINDL-R, or PedsQL) was superior to any other
are often under-served [3-5]. in the different psychometric properties [14,15]. Although the

Several generic- and disease-specific HRQoL instruments have CTT has often been applied to compare or develop new HRQoL
been developed for use in pediatric populations. The commonly
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mstruments, the use of the CTT alone may neglect item-level
information, which might bias the conclusions in comparative
effectiveness research and clinical applications [16]. Using
qualitative methodologies to compare the heterogeneity of item
content, followed by advanced quantitative methodologies (e.g.,
item response theory; IRT) [16,17] to quantify the measurement
properties of individual items for the design of appropriate
pediatric instruments, is important [4,18].

The International Classification of Functioning, Disability and
Health for Children and Youth (ICF-CY) taxonomy represents an
international classification system for pediatric health and
disability. The ICF-CY has been used in research and clinical
practice to understand the components and determinants of
pediatric health outcomes and to help design HRQoL instruments
[19]. The ICF-CY can also serve as a framework to compare the
contents of items in existing HRQoL instruments, thus providing
evidence of content validity [5,20,21]. Although researchers have
used the ICF-CY to investigate the contents of items in pediatric
HRQoL instruments [4,5,22-24], few studies have used the ICF-
CY to conduct head-to-head comparisons among items from
different pediatric HRQoL instruments combined with quantita-
tive methods to validate these items and generate item banks for
use in pediatric settings [25].

Designing and administering HRQOL items in children must
account for several pediatric issues related to age, neurocognitive
development, and special health care needs. Although there is a
consensus that children as young as 8 years old are able to and
should self-report their HRQoL [26,27], the use of parent-proxy
reports remains important, especially when the children are
mentally disabled, too young, or too sick to self-report [26,28,29].
Parent-proxy reports of a child’s HRQoL 1is of particular
importance for children enrolled in public insurance programs
such as Medicaid [30] because the parents are responsible for
evaluating their child’s health outcomes and making decisions for
health services. Children from low-income families and those
enrolled in Medicaid have a greater likelihood of a poorer HRQoL
related to multiple chronic conditions than children of high-income
families and those in private health insurance programs [31].

The main purpose of this study was to use a mixed qualitative and
quantitative methodology to develop initial items banks on the basis
of three most frequently used pediatric legacy HRQoL instruments
(KIDSCREEN-52, KINDL-R, and PedsQL). The KIDSCREEN-
52 and KINDL-R are among the most widely used pediatric generic
HRQoL instruments in Europe, whereas the PedsQL is the most
popular generic instrument in the United States. These three
mstruments capture the common aspects of HRQoL including
physical, psychological and social domains, and are suitable for
children and adolescents. Our first objective was to apply the ICF-
CY framework to compare the contents of items from three pediatric
legacy instruments and map these items into the domains suggested
by the ICF-CY. The second objective was to apply IRT
methodology to develop item banks using items mapped to the
same HRQoL domain represented by the ICF-CY. The advantage
of the IRT is that it can calibrate items from different instruments on
the same metric by capturing comparable underlying constructs of
HRQoL. The developed item banks were further validated using the
Children with Special Health Care Needs (CSHCNs) Screener [32].

Methods

Study sample, inclusion and exclusion criteria, and data
collection

The secondary data were analyzed using a 2009 survey
comprising parents who had children aged 2-17 years old who
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were enrolled in Florida’s Medicaid program. Only families with
12 months of continuous enrollment in Medicaid were considered
eligible for this study. Eligible families were sent a primer letter
followed by a phone call for recruitment (n = 5,789). Families with
disconnected and non-working numbers were excluded
(n=2,783). A total of 908 parents among the remaining 3,006
eligible participants completed the telephone interview (response
rate 30.2%: 908/3006) by trained interviewers using a structured
questionnaire including three legacy instruments (KIDSCREEN-
52, KINDL-R, and PedsQL) and demographic information. Age-
appropriate versions of the instruments were administered to each
child and adolescent (Table 1). The present study analyzed the
data of 469 surveys that were collected from the parents of
children aged 8-16 years to allow for the comparison of all items
across the three instruments.

The University of Florida’s Institutional Review Board
approved the study protocol. This study is part of the Quality
Assurance project of the Florida Health Department for public
insurance programs, and the survey was conducted via telephone.
Per the University’s IRB, we obtained a waiver for collecting
written informed consent. Instead, we collected verbal agreement
from all study participants over the phone when they were
enrolled.

Survey instruments

The three pediatric legacy instruments, the KIDSCREEN-52,
KINDL-R, and PedsQL, were chosen for the present study and
are given in Table 1. Additionally, the parent participants
answered the CSHCN Screener [32] for the analysis of the
known-groups validity of the item banks. The domains and total
scores were transformed into a 0-100 point scale (100=best
HRQoL and 0= worst HRQoL). The characteristics of the three
HRQoL instruments and the CSHCN Screener are described as
follows:

The KIDSCREEN-52 is the most commonly administered
pediatric HRQoL instrument in Europe [8,33]. The instrument
contains 10 domains (52 items) including physical well-being (5
items), psychological well-being (6 items), moods and emotions (7
items), self-perception (5 items), autonomy (5 items), parent
relationship and home life (6 items), social support and peers (6
items), social acceptance and bullying (3 items), school environ-
ment (6 items), and financial resources (3 items).

The KINDL-R was developed to assess HRQoL in healthy,
chronically ill, and acutely ill children [9]. The Kid/Kiddo
KINDL was especially designed for older children and adolescents
between 8 and 16 years of age. Each version has 6 domains with 4
items per domain. The domains include physical well-being,
psychological well-being, self-esteem, family functioning, friends,
and school functioning.

The PedsQL 4.0 was developed to assess the WHO’s core
concept of health (physical, mental, and social functioning) plus
school functioning [10]. This instrument contains 23 items
measuring the problems associated with performing daily func-
tions. The four domains include physical functioning (8 items),
emotional functioning (5 items), social functioning (5 items), and
school functioning (5 items).

CSHCN are defined as having a chronic condition (physical,
developmental, behavioral, or emotional) and requiring health-
related services and/or medication. The CSHCN Screener
consists of five questions to evaluate the presence and duration
of health conditions captured by three domains (dependency on
prescription medications, service use above routine levels, and
functional limitations). If a parent responds “yes” to a health
consequence item, two follow-up items are asked to determine if
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Table 1. Descriptions of the three pediatric health-related quality of life (HRQoL) instruments used in this study.

original instrument

Age range used in this study 8-16 years old

Item scoring 5-point Likert scale

Items scored so higher scores
indicate better HRQoL

KIDSCREEN-52 KINDL-R PedsQL
Number of items 52 24 23
Number of subscales/domains 10 6 4
Age ranges suggested by the 8-18 years old Kiddy KINDL: 4-7 Toddler: 2-4

Kid KINDL: 8-12 Young child: 5-7
Kiddo KINDL: 13-16 Child: 8-12
Teen: 13-18

8-16 years old
5-point Likert scale

All items scored so that higher
scores indicate better HRQoL

8-16 years old
5-point Likert scale

All items reverse scored so higher
scores indicate better HRQoL

doi:10.1371/journal.pone.0107771.t001

the consequence is due to a medical or health condition. Both
follow-up items must be answered “yes” to qualify the child as a
CSHCN for that domain.

Mapping, linking, and validation methodology

The ICF-CY framework. This study used the ICF-CY as a
framework to link the items from the three pediatric HRQoL
instruments. The ICF-CY includes four major components, and
each has its respective classification codes and categories. The four
components are ‘body functions’, represented as code letter b;
‘body structure’, represented as code letter s; ‘activities and
participation’, represented as code letter d; and ‘environmental
factors’, represented as code letter e. The numeric codes following
these letters represent the chapter number (one digit), the second
level (two digits), and the third and fourth levels (one digit each).
The letters with the suffix of numeric codes are termed as
categories. In this study, the items from the three HRQoL
instruments were linked to the second-level categories of the ICF-
CY [18], and these categories were used to form the domains of
HRQoL and the item banks. The specific steps to map, link, and
calibrate the items from the three instruments and to develop and
validate the item banks are described as follows:

Step 1: Mapping items from the three pediatric HRQoL
instruments using the ICF-CY framework. The rules
suggested by Cieza et al. [18] were used to link the meaningful
concepts of the items in the three HRQoL instruments to the ICT-
CY. Prior to linking the items, the meaningful concepts of
individual items were extracted by two authors using a data
extraction form (see below). Per Cieza et al. [18], when the
concept from each item of the three HRQoL instruments could
not be linked with a specific ICF-CY category, the item was
identified as ‘not definable (nd)’ [18]. For example, the KINDL
item of ‘my child worried about his/her future’ was assigned ‘nd’
because it could not be represented by any specific ICF-CY
category. Additionally, the abbreviation ‘nc’ (not covered) was
used when the ICF-CY classification did not include a specific
concept of the item [18].

In addition to the rules of Cieza et al. [18], other rules for item
linkage were applied in this study. If an item from the three
HRQoL instruments was linked to more than one category of the
ICF-CY, multiple categories were reported for that particular
item. However, to create different item banks with each measuring
a unidimensional concept of HRQoL, we chose the most relevant
ICF-CY category to represent the content of each individual item.
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In line with the rules of Cieza et al. [18], the linking procedure was
conducted independently by two authors (PG and ICH). To
resolve any disagreements, a third rater was consulted, and a final
decision based on a consensus among the three raters was made.
Items that were linked from different instruments and placed in the
same ICF-CY category are supposed to measure the same
underlying construct of HRQoL. Subsequently, specific domains
were created for these items that capture the same underlying
constructs, and individual item banks were developed to represent
the specific domains of HRQoL.

Step 2: Psychometric analysis using IRT. Confirmatory
factor analyses (CIFA) were used to test the structural validity of the
individual domains. Specifically, CFA was used to test unidimen-
sionality and local independence, which are two basic assumptions
of IRT analysis. For the unidimensionality of individual domains,
various fit indices were used to assess the structural validity,
including the goodness-of-fit index % (a non-significant chi-square
indicates a good model fit) and the root mean square error of
approximation (RMSEA) (a value below 0.08 indicates a good
model fit, and values below 0.05 indicate a close fit) [34]. Items
with acceptable magnitudes of factor loading on the corresponding
domains (A>0.4; p<<0.05) were considered to be appropriate for
the IRT application. Non-significant items and items with a lower
factor loading (A<<0.4; p>0.05) were removed from the analysis.
For local independence, residual correlations of paired items from
the same domains were investigated, and one of the paired items
with a high residual covariance (>10.0) was considered for
removal because both items might measure similar content.

Following the CFA, we used Samejima’s Graded Response
Model (GRM), a unidimensional IRT model for items with
categorical response categories, to test and calibrate item
parameter estimates and to calculate domain scores for specific
HRQoL domains that were identified in the previous step. We
examined different measurement properties to further remove
some items from the item banks, including item thresholds and
discrimination as well as item and test information functioning
(IF/'TTF). Items with discrimination values>1.0, higher or lower
threshold values (i.e., able to measure easiest or most challenging
underlying  HRQoL, respectively), and a higher IIF were
considered for retention. Additionally, standardized local depen-
dence (LD) y? statistics were examined to test local independence
between paired items in a specific domain [35]. Items that failed to
satisty more than one of the criteria described above were deleted
from the item banks. Various fit indices were adopted to assess the
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Characteristics

N (%) or mean (SD)

Child age, years
Parent age, years
Child gender, %
Male
Female
Child race/ethnicity, %
White
Black
Hispanic
Other
Refused
Parent race/ethnicity, %
White
Black
Hispanic
Other
Refused
Parent education, %
Less than HS
GED/HS degree
Vocational/some college/AA Degree
College graduate
Graduate degree
Marital status, %
Married
Single
Other
Family income, %
<$9,999
$10,000-$19,999
$20,000+
Refused

11.96 (2.55)
41.46 (11.73)

221 (47.1)
248 (52.9)

208 (44.3)
143 (30.5)
53 (11.3)
62 (13.2)
3 (0.6)

233 (49.7)
140 (29.9)
51 (10.9)
43 (9.2)

2 (0.4)

112 (23.9)
183 (39.0)
133 (28.4)
30 (6.4)

8 (1.7)

187 (39.9)
134 (28.6)
143 (30.49)

132 (28.2)
153 (32.6)
156 (33.3)
28 (6.0)

SD: standard deviation.
doi:10.1371/journal.pone.0107771.t002

appropriateness of individual domains, including marginal reli-
ability estimates (=0.60 as acceptable), the M, statistic [36,37],
and RMSEA (<0.08 as a good model fit for unidimensionality and
<0.05 as a close fit).

Step 3: Validation analysis using the known-groups
approach. The CSHCN Screener [32] was used to investigate
the known-groups validity of item banks measuring different
domains of pediatric HRQoL. Known-groups validity was
demonstrated when the mean HRQoL domain scores derived
from the item banks were able to better discriminate among the
clinically meaningful groups (i.e., CSHCN versus children without
special health care needs). For each individual, the underlying
HRQoL domain scores were estimated using an expected a
posteriori estimation (EAP) based on the Bayesian statistical
principle. Bivariate relationships were examined using an inde-
pendent t-test to compare the mean difference in the underlying
HRQoL domain scores between the two groups. Additional
analyses comparing the underlying HRQolL scores between the
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two groups were conducted with adjustments for the children’s age
and gender and for the parent’s race and education. Cohen’s effect
size (ES; Cohen’s d) estimates were reported to indicate the
magnitude of difference in the domain scores between CSHCN
and children without special health care needs divided by the
smaller value of the standard deviation (SD). Cohen’s d values of
<0.2, 0.2-0.49, 0.5-0.79, and>0.8 were regarded as a negligible,
small, moderate, and large ES, respectively [38].

LISREL 8.8 was used to perform CFA [39], the Item Response
Theory for Patient-Reported Outcomes IRTPRO) v2.1 [40] was
used for the IRT analysis, and the SAS 9.1 software [41] was used
for the remaining analyses.

Results

Description of sample
Table 2 shows the characteristics of 469 parents of children
aged 8-16 years. The average ages were 11.96 years old
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Table 3. Specific items and their linkage to ICF-CY second-level categories for the development of item banks.

PLOS ONE | www.plosone.org

Domain Item Item question ICF-CY category
Personality KindI11 My child felt pleased with him-/herself b126 Temperament and personality functions
KindI20 My child felt different from other children b126 Temperament and personality functions
Kdscrn10 Has your child felt cheerful? b126 Temperament and personality functions
Kdscrn12 Has your child felt that he/she does everything badly? b126 Temperament and personality functions
Kdscrn19 Has your child been happy with the way he/she is? b126 Temperament and personality functions
Kdscrn43 Has your child been able to rely on his/her friends? b126 Temperament and personality functions
Emotional function Pedsql13 Worrying about what will happen to him/her b152 Emotional functions
KindI5 My child had fun and laughed a lot b152 Emotional functions
KindI8 My child felt scared or unsure of her/him-self b152 Emotional functions
Kdscrné Has your child felt that life was enjoyable? b152 Emotional functions
Kdscrn13  Has your child felt sad? b152 Emotional functions
Kdscrn14  Has your child felt so bad that he/she didn’t want to do anything? b152 Emotional functions
Kdscrn15  Has your child felt that everything in his/her life goes wrong? b152 Emotional functions
Kdscrn16 Has your child felt fed up? b152 Emotional functions
Kdscrn17 Has your child felt lonely? b152 Emotional functions
Kdscrn18 Has your child felt under pressure? b152 Emotional functions
Kdscrn20 Has your child been happy with his/her clothes? b152 Emotional functions
Kdscrn31 Has your child been happy at home? b152 Emotional functions
Kdscrn44 Has your child been happy at school? b152 Emotional functions
Kdscrn50 Has your child been afraid of other girls and boys? b152 Emotional functions
Mobility Pedsql4 Lifting something heavy? d430 Lifting and carrying objects
Pedsqll Walking more than one block? d450 Walking
Kdscrn2 Has your child felt physically well and fit? d455 Moving around
Pedsql2 Running? d455 Moving around
Energy Pedsql8 Low energy level? b130 Energy and drive functions
KindI3 My child was tired and worn-out b130 Energy and drive functions
Kindl6 My child didn’t feel much like doing anything b130 Energy and drive functions
Kdscrn5 Has your child felt full of energy? b130 Energy and drive functions
Pedsql12  Trouble sleeping? b134 Sleep functions
Social function Kindl19 My child got along well with his/her friends d750 Informal social relationships
Kdscrn27 ~ Has your child had enough time to meet friends? d750 Informal social relationships
Kdscrn38 Has your child spent time with his/her friends? d750 Informal social relationships
Kdscrn40 Has your child had fun with his/her friends? d750 Informal social relationships
Kdscrn41 Has your child and his/her friends helped each other? d750 Informal social relationships
Kdscrn51 Have other girls and boys made fun of your child? d750 Informal social relationships
Task accomplishment ~ Pedsql22 Missing school because of not feeling well? d230 Carrying out daily routine
Pedsql5 Taking a bath or shower by him or herself? d510 Washing oneself
Pedsql6 Doing chores around the house? d640 Doing housework
Pedsql3 Participating in sports activity or exercise? d920 Recreation and leisure
Family function Kindl13 My child got on well with us as parents d760 Family relationships
Kdscrn29 Has your child felt understood by his/her parents? d760 Family relationships
Kdscrn30 Has your child felt loved by his/her friends? d760 Family relationships
Kdscrn33 Has your child felt that his/her parent(s) treated him/her fairly? d760 Family relationships
Kdscrn34 Has your child been able to talk to his/her parent(s) when d760 Family relationships
he/she wanted to?
School function Pedsql21 Keeping up with schoolwork? d820 School education
KindI22 My child enjoyed the school lessons d820 School education
Kdscrn45 Has your child gotten on well at school? d820 School education
Kdscrn49 Has your child gotten along well with his/her teachers? d820 School education
Kindl17 My child played with friends d880 Engagement in play
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(SD =2.55) for the children and 41.46 years old (SD =11.73) for
the parents. A plurality of the parents were white (49.7%), and the
majority had received at least a high school diploma or equivalent
degree (75.5%). A third (33.3%) of the families had an income of
$20,000 or above.

Step 1: Mapping items from the three pediatric HRQoL
instruments using the ICF-CY framework. Table 3 displays
an overview regarding the mapping of the concepts of specific
items to the second-level categories of the ICF-CY. The concepts
represented by the items were linked to 24 different second-level
ICF-CY categories, including nine categories in the body functions
component, 13 categories in the activities and participation
component, and two categories in the environmental factor
component. None of the items from the three HRQoL instruments
were assigned to the body structures component, and three items
each were not definable or not covered.

Meaningful concepts in items from the KIDSCREEN-52,
KINDL-R, and PedsQL were almost equally represented by the
body functions categories: six, four, and five second-level
categories, respectively. In contrast, meaningful concepts of items
from the PedsQL were greatly represented by the activities and
participation categories: 10 second-level categories for the PedsQL
compared with six and five second-level categories for KINDL-R
and KIDSCREEN-52, respectively. The environmental factor
component was not well represented by any of the three
instruments as only one item each from the KIDSCREEN-52
and PedsQL was linked to a single category of the environmental
factor component.

Appendix S1 shows the detailed mapping results between the
concepts of individual items from the three instruments and the
specific codes for the ICF-CY’s body functions, activity and
participation, and environmental factor components. This specif-
ically informs how each item is represented by the ICF-CY
components and categories. A higher representation for the items
from the HRQoL instrument to a specific ICF-CY category
suggests that the same concept was captured by potentially
redundant items from this specific instrument. Items from the
three instruments that were linked to the same ICF-CY category
represented the same underlying construct, and a specific domain
comprising items measuring this construct was created. As a result,
10 initial HRQoL domains were created based on the criterion of
all the items in that domain that potentially measured the same
underlying construct and had a minimum of four items per
domain, including personality, emotion, mobility, energy, social
function, task accomplishment, family function, school function,
cognition, and experience of self (Table 3 and Appendix S2).
However, two of the ten domains (cognition and experience of self)

PLOS ONE | www.plosone.org

Table 3. Cont.
Domain Item Item question ICF-CY category
Pedsql17 Not being able to do things that other children/teens his or her age can do?  nd
Pedsql18a  Keeping up with other teens nd
KindI23 My child worried about his/her future nd
KindI1 My child felt ill nc
Kindl14 My child felt fine at home nc
Kdscrn1 In general, how would your child rate his/her health? nc
Kdscrn: KIDSCREEN-52; Kindl: KINDL-R; Pedsql: PedsQL; nd: not definable; nc: not covered.
All Kindl items start with “During the past week....”; All Kdscrn items start with “Please try to remember your child’s experiences over the last month...”; and all Pedsq|
items start with “How much of a problem has your child/teen had with...".
doi:10.1371/journal.pone.0107771.t003

were not considered further as they contained only a few items
measuring those domains. Three of the six items measuring the
experience of self domain were deleted because they had factor
loadings <0.4 (see Step 2 below and Appendix S2). The remaining
three items were considered too few to measure the experience of
self. Four out of the five items from the cognition domain were
assigned to different ICF-CY categories (b140, b144, b160, and
b164), suggesting that these items might not measure the same
underlying construct (Appendix S2).

Step 2: Psychometric analysis using IRT. CFA was
performed to test the structural validity of the individual HRQoL
domains with the goal of retaining items to meet the assumptions
of unidimensionality and local independence to conduct the IRT
analysis (Table 3 and Appendix S2). In the CFA, items that were
significantly associated with the corresponding domains with
factor loadings (A>0.4; $<<0.05) and residual covariance (<10.0)
were considered for retention (Table 3). As a result, a total of six
items were deleted due to either a low factor loading (<0.4) or a
high residual covariance (>10.0), including one item in the
mobility domain, three items in the social function domain, and
two items in the task accomplishment domain (Appendix S2).

Item parameter estimates from the GRM for eight specific
HRQoL domains are presented in Table 4. Items that did not
satisty one of the criteria explained in the Methods section were
excluded from the analysis (Appendix S2). For example, item 23 of
the PedsQL (name: Pedsql23) was deleted because of a poor item
fit and a high correlation (>10.0) with item 22 from the PedsQL
(name: Pedsql22). A total of 21 items were deleted across different
domains due to poor item fit, high correlation, and/or poor
discrimination value (Appendix S2). Overall, we did not consider
50 items to be assigned to any of the eight domains, leaving 49
items in the eight item banks that measure eight HRQoL domains
(Table 3, Table 4, and Appendix S2). After deleting specific items
across different domains, the RMSEA values for all eight domains
suggested a good model fit (<0.08), and the marginal reliability of
the eight domains ranged from 0.63-0.87. The majority of the
threshold parameters (representing item difficulty) corresponding
to the response categories of each item in a specific domain had
negative values, suggesting that the majority of items captured
lower levels of underlying HRQoL (Table 4).

Step 3: Validation analysis wusing known-groups
approach. Table 5 shows known-groups validity related to
CSHCN for the eight specific domains. Overall, the eight domains
were able to distinguish the underlying HRQoL between children
with and without special health care needs. Bivariate analyses
suggested that the HRQoL domain scores for seven domains (with
the exception of personality) in the CSHCN were significantly
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with children without special health care needs.

Measuring Pediatric Generic Health-Related Quality of Life

Table 5. Known-groups validity for individual domain scores among children with special health care needs (CSCHN) compared

Difference (effect size) Difference (effect size)

School function —0.293 (0.882) 0.196 (0.774)

Domains CSCHN Children without special health care needs
Bivariate analysis Multivariate analysis™

Personality 0.069 (0.879) —0.049 (0.862) —0.118 (—0.137) —0.124 (0.142)
Emotional function —0.337 (0.942) 0.226 (0.863) 0.562 (0.651)*** 0.570 (0.609)***

Mobility —0.245 (0.892) 0.167 (0.714) 0.415 (0.581)*** 0.472 (0.581)***

Energy —0.282 (0.901) 0.189 (0.726) 0.471 (0.649)*** 0.488 (0.587)***

Social function —0.213 (0.901) 0.143 (0.863) 0.356 (0.413)*** 0.361 (0.402)***

Task accomplishment —0.202 (0.780) 0.136 (0.804) 0.338 (0.423)*** 0.379 (0.466)***

Family function —0.157 (0.860) 0.106 (0.834) 0.263 (0.315)** 0.216 (0.255)**

0.489 (0.632)*** 0.499 (0.587)***

** p<0.01.

*** p<0.001.

# Controlling for child’s age and gender and parent’s race and education.
doi:10.1371/journal.pone.0107771.t005

lower than those in the children without special health care needs
(p<0.05). The magnitude of ES was larger for domains of
emotional function (ES=0.65), energy (ES=0.65), and school
function (ES = 0.63) compared with the other domains (ES=0.32
to 0.58; excluding the personality domain). Similar findings were
replicated after adjusting for covariates (children’s age and gender
and parent’s race and education).

Discussion

This study shows that the contents of items from the three
pediatric HRQoL legacy instruments were well represented by the
ICF-CY categories. Specifically, compared with the KIDSC-
REEN-52 and KINDL, the PedsQL was found to better represent
the activity and participation components of the ICF-CY. The
KINDL-R and PedsQL corresponded less with respect to the
environmental factors, which is consistent with a previous study
that linked items of these instruments to the ICF-CY categories
[5]. However, we only linked one item in the KIDSCREEN-52 to
a single category of the environmental factor component, which
contrasts with the results of a previous study showing that 24% of
the items in the KIDSCREEN-52 were able to link to six different
categories in the environmental factor component [5]. This
discrepancy might have arisen because the latter study linked
cach item to more than one concept, resulting in the total number
of concepts exceeding the number of items in the instrument.
However, because our purpose was to develop different item banks
with each capturing a unidimensional concept of HRQoL, we
chose the most relevant ICF-CY category to represent the content
of an individual item. Since our selection criteria for linkage
methodology was different from the previous studies [4,5,22-24],
our findings do not allow for recommending which pediatric
HRQOL instrument should be chosen. Instead, we argue that
different pediatric HRQOL instruments contain items of different
measurement properties and the inclusion of various items from
different instruments will strengthen item banks with robust
measurement properties.

This study uses the rules recommended by Cieza et al. [18] to
link items from the three pediatric HRQoL instruments to the
specific ICF-CY categories. Consequently, eight specific unidi-
mensional domains emerged, which provides a foundation for
developing item banks to measure pediatric HRQoL. CFA were
used to test for structural validity, and IRT was used to calibrate

PLOS ONE | www.plosone.org

items from different instruments on the same metric and to
calculate domain scores for individuals. Items were deleted from
the item banks if they were not represented by the appropriate
ICF-CY categories or if they demonstrated poor performance on
the basis of psychometric properties. This combined use of
qualitative and quantitative approaches allowed for the concom-
itant establishment of the content validity of individual domains
and the confirmation of content validity using IRT. This strategy
directly led to robust item banks that measure unidimensional
HRQoL constructs. We identified several items represented by the
same ICF-CY category, indicating an overlap in the concepts
across different pediatric HRQoL instruments. Our linkage also
identified some items that were not included in the item banks as
the ICF-CY unfortunately does not represent meaningful concepts
for these items. Future studies might replicate our approach to
explore the potential similarities or discrepancies in these findings
and expand our item banks based on the ICF-CY framework to
link existing items from other pediatric HRQoL instruments or to
add novel items.

The linking process was conducted based on a parent-proxy
report rather than on a child self-report. The use of a parent versus
a child version of the instruments might not result in discrepant
item mapping results because the contents in the child and parent
versions are almost the same. However, data collected from a
parent-proxy versus a child self-report might lead to different
quantitative results in terms of construct validity and item
parameters because parents and children possess different
perceptions with regard to interpreting and answering pediatric
HRQoL items [42]. A greater discrepancy between proxy- and
self-reports has been found in the more abstract domains (e.g.,
emotional functioning) compared with the less abstract domains
(e.g., physical functioning) [43].

We found that the mean underlying HRQoL scores for seven of
the eight domains (except personality) were significantly lower (p<
0.05) in the CSHCN compared to the children without special
health care needs in the bivariate and multivariate analyses
(Table 5). These findings suggest a high level capacity to
discriminate and differentiate CSHCN with respect to different
emotional (emotional function and social function) and activity
and participation (mobility, energy, task accomplishment, family
function, and school function) domains compared with children
without special health care needs. The ES for the underlying
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HRQOoL scores was the highest for the emotional function domain,
followed by the energy domain. This finding echoes our previous
study suggesting that CSHCN require more physical, develop-
mental, and emotional support than children without special
health care needs [44]. Not surprisingly, children with and without
special health care needs had similar personality domain scores
because personality is a trait that is less likely to be related to
different levels of special health care needs.

The linkage of ICF-CY categories to the concepts measured by
the items in the three pediatric HRQoL instruments helped with
the development of the item banks, which in turn assists clinicians
in using the measurement tools to evaluate the comparative
effectiveness of different interventions [3,45]. However, there is
limited evidence of the ability of HRQoL tools to measure the
impact of environmental and personal factors on a child’s health
status. The ICF-CY framework provides an important foundation
for creating the unidimensional item banks. Through the ICF-CY
framework we were able to identify items from different pediatric
HRQoL instruments that specifically capture life experiences,
activities and participation appropriate for the child’s age and
developmental stage. The broader perspective embedded in the
ICF-CY framework provides a valuable opportunity to develop
measures to capture factors influencing physical and emotional
functioning and activity and participation, further facilitating the
ability of researchers and clinicians to design appropriate
interventions targeting these modifiable factors [3].

The ICF framework was primarily developed to measure
disability, functional status, and social participation rather than
quality of life [46]. The components of the ICF are more objective
(e.g., ability to perform specific functioning) than subjective (e.g.,
satisfaction with health). In this regard, the linkage exercise using
the ICF-CY framework might not have distinguishable concepts
for some items that measure specific pediatric HRQoL. The
concepts for some categories in the ICF-CY are general and thus
susceptible to a broader description of the meaningful concepts for
the items. For example, the ICF-CY body function category b152
(emotional functions) can be explained by several aspects
regarding emotions such as sadness, laughter, and fear. In turn,
this general nature resulted in linking a specific ICF-CY category
to several items from the pediatric HRQoL instruments.

Several limitations should be noted when interpreting the
findings of this study. Iirst, the generalizability of the findings is
limited due to the use of a Medicaid population from Florida.
Second, the linkage was conducted based on the perspective of the
mvestigators and did not include the perspectives of the parents
and children themselves. Indeed, investigators, parents and
children may interpret the meaning of items differently [47].
With an emphasis on a patient-centeredness approach, future
studies might consider engaging parents and children as
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