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Abstract

Background—~Few studies have compared multiple health-related quality of life (HRQOL)
instruments simultaneously for pediatric populations. This study aimed to test psychometric
properties of four legacy pediatric HRQOL instruments: the Child Health and IlIness Profile
(CHIP), the KIDSCREEN-52, the KINDL, and the Pediatric Quality of Life Inventory (PedsQL).

Methods—This study used data of 908 parents whose children (ages 2—-19) were enrolled in
Florida Medicaid. Parents were asked via telephone interview to complete each instrument
appropriate to the age of their children. Structural, convergent/discriminant, and known-group
validities were investigated. We examined structural validity using confirmatory factor analyses.
We examined convergent/discriminant validity by comparing Spearman rank correlation
coefficients of homogeneous (physical functioning and physical well-being) vs. heterogeneous
(physical and psychological functioning) domains of the instruments. We assessed known-groups
validity by examining the extent to which HRQOL differed by the status of children with special
health needs (CSHCN).

Results—Domain scores of the four instruments were not normally distributed and ceiling
effects were significant in most domains. The KIDSCREEN-52 demonstrates the best structural
validity, followed by the CHIP and the KINDL, and the PedsQL. The PedsQL and the
KIDSCREEN-52 show better convergent/discriminant validity than the other instruments. Known-
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groups validity in discriminating CSHCN versus no needs was the best for the PedsQL, followed
by the KIDSCREEN-52, the CHIP, and the KINDL.

Conclusion—No one instrument was fully satisfactory in all psychometric properties.

Strategies are recommended for future comparison of item content and measurement properties
across different HRQOL instruments for research and clinical use.

BACKGROUND

There is a growing interest in using pediatric health-related quality of life (HRQOL)
measures to evaluate effectiveness of clinical interventions and/or health care programs (1).
HRQOL measures aim to assess various aspects of a patient’s functional status and well-
being, including physical, psychological, and social domains (1, 2). Evidence suggests
exploring and discussing HRQOL issues can improve communication and promote shared
decision-making between physicians and patients (3-5). HRQOL reported by patients is
particularly important in pediatric clinical settings because it helps physicians detect
children’s psychosocial issues in routine practice (6, 7).

In the last two decades, more than 30 generic and 60 disease-specific HRQOL instruments
have been developed for pediatric populations (8). Several of the commonly used
instruments include the Child Health and IlIness Profile (CHIP) (9), the KIDSCREEN-52
(10), the KINDL (11), and the Pediatric Quality of Life Inventory (PedsQL) (12). Ideally,
the development of good pediatric HRQOL instruments should be based on a conceptual
framework that accommodates multiple aspects of the child’s health (e.g., physical,
emotional/psychological, and social) and developmental issues (1). In addition, they should
be as brief as possible to reduce administrative burden and maintain good psychometric
properties including reliability, validity, and responsiveness (1). Although the
aforementioned four instruments were developed based on the concept of health (13), each
instrument did not measure exactly the same aspects of children’s health and functional
status. These include, but are not limited to, physical health, psychological/emotional health,
social interaction, and school activity. The PedsQL focuses on physical, emotional, social
and school functioning, and has the shortest length compared to the KIDSCREEN-52, the
KINDL, and the CHIP. The KIDSCREEN-52 and the CHIP are the lengthiest (52 and 45
items, respectively) among the four instruments, but they include unique domains that are
not present in the PedsQL and the KINDL. Specifically, the KIDSCREEN-52 includes
financial resources and autonomy domains, and the CHIP includes the domains that related
to the child’s future health and development such as risk avoidance and resiliency. Each of
these instruments has demonstrated adequate psychometric properties in their original
evaluations, yet these instruments have not been fairly compared to each other based on the
same study sample.

The design and administration of HRQOL measures is a challenging endeavor in pediatric
research. Although the FDA (14) and previous research (15) suggest collecting HRQOL data
directly from children to capture their own perception of health and functional status and to
avoid the potential bias for data derived from parents, parent-proxy reports still provide
unique information and are demanded in clinical settings (16, 17). If a child is too young to
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comprehend and report HRQOL or cannot respond due to physical, psychological, or
cognitive problems, the use of parent-proxy report is important. The parents’ perception of
the child’s HRQOL influences decision-making for health care utilization on behalf of their
children (18, 19), reflects the quality of health care services the child receives (20), and links
to risk factors of poor health outcomes associated with the socioeconomic position (1, 21,
22). Importantly, few studies focus on psychometric properties of HRQOL measures for
children enrolled in Medicaid, who are an under-studied population with a greater risk for
chronic conditions and worse health outcomes than high-income, privately insured children
(21, 23).

Given the practical needs of parent-proxy reports of HRQOL instruments for a publicly
insured pediatric population (21), it is important to compare the measurement properties of
frequently used instruments to identify if an instrument has superior quality in measuring
pediatric HRQOL than other instruments (8, 24). Using an HRQOL instrument with inferior
measurement properties may bias the comparisons of different treatment regimen outcomes
and mislead decisions made by clinical and policy stakeholders. Previous research
comparing pediatric instruments is limited to review studies which evaluate HRQOL
instruments across different populations and different study designs (13, 24-27) and
empirical studies which do not deliver each instrument to the same population (28).
Important design factors for fair comparisons among HRQOL instruments include a large
sample size, the use of the same sample to evaluate multiple HRQOL instruments, and
application of comprehensive and sophisticated psychometric methods for data analysis
(29). A good pediatric HRQOL instrument must demonstrate acceptable measurement
properties such as reliability and construct validity (2, 30). The comparison of four
commonly used pediatric HRQOL instruments may guide the appropriate selection of an
instrument for use in future studies or healthcare settings involving a Medicaid population.

To our knowledge, no large-scale studies have compared measurement properties of multiple
pediatric HRQOL instruments using the same sample simultaneously. In light of limited
empirical studies, the present study aimed to compare four renowned generic pediatric
HRQOL instruments (the CHIP, KIDSCREEN-52, KINDL, and PedsQL) based on children
enrolled in the Florida Medicaid program. The primary research question asks what are the
measurement properties of parent-proxy versions of the aforementioned four instruments?
We evaluated the measurement properties of reliability and construct validity (structural
validity, convergent/discriminant validity, and known-groups validity). The second research
question asks do these instruments measure the same concept of HRQOL, and does one
instrument have superior validity and reliability compared to the others?

METHODS

Data collection

The study sample was children enrolled in the Florida Medicaid program. Throughout the
manuscript, we use the terms “children” and “child” to refer to the individuals from the time
of birth to their 18t birthday (31). In this Medicaid sample, the majority of families are
within 100% of the federal poverty level (FPL), with some participants within 155% of the
FPL if the child is between the ages of 2 and 5. To be eligible for study participation,
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families were required to have 12 months of continuous Medicaid enrollment. For the
eligible families, 5,879 phone numbers were available for contact for phone interview.
However, 2,873 phone numbers were disconnected, non-working, or fax lines. Of the
remaining 3,006 eligible numbers, 908 parents agreed to participate and completed the
interview. The overall response rate was 30.2% (i.e., 908/3006). Ages of children were
stratified by three strata (2—7, 8-12, and 13-17 years). The survey was conducted through
the telephone interview and participants spent between 40 to 50 minutes to complete the
survey. This study was approved by the University of Florida Institutional Review Board.

Survey instruments

Four pediatric HRQOL instruments (the CHIP, the KIDSCREEN-52, the KINDL and the
PedsQL) and the Children with Special Health Care Needs (CSHCN) Screener were
administered using parent-proxy reports. The instruments were delivered in the following
sequence: the CHIP, the CSHCN, the KIDSCREEN-52, the PedsQL, and the KINDL (Kiddy
or Kid/Kiddo). Age-appropriate versions of the instruments were administered for each
child. Each instrument was scored according to the developers’ guidelines and all items were
scored so that higher scores indicate better HRQOL. The domain scores and the total score
were transformed to a 0-100 point scale, with 100 representing the best HRQOL. Missing
item information was imputed based on each instrument’s respective guidelines. Because
missing on all items was less than 5% for each participant, we retained the entire sample in
the analyses (n=908).

Table 1 compares the characteristics of the pediatric HRQOL instruments. Briefly, the CHIP
was designed to identify risk populations of poor functional status and HRQOL in
epidemiology studies, and to assess the effects of health services and public policy on
children’s health outcomes (9, 32). The CHIP contains 5 domains (45 items) including
satisfaction (5 items), comfort (12 items), resilience (8 items), risk avoidance (8 items), and
achievement (8 items).

The KIDSCREEN-52 is the most commonly administered pediatric HRQOL instrument in
Europe (33). The instrument contains 10 domains (52 items): 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 environment (6 items), and financial
resources (3 items).

The KINDL was developed to assess HRQOL among healthy and chronically or acutely ill
children (11). The instrument has two versions (i.e., Kiddy KINDL (4-7 years of age) and
the Kid/Kiddo KINDL (8-16 years of age)) with different wordings for the friends and
school functioning domains. Each version has six domains, each with four items: physical
well-being, psychological well-being, self-esteem, family functioning, friends (or named
social functioning in Kiddy KINDL), and school functioning (or named everyday
functioning relevant to nursery school/kindergarten in Kiddy KINDL).

The PedsQL 4.0 was developed to assess the World Health Organization’s core concept of
health (physical, emotional, and social functioning) plus school functioning for children
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(12). This instrument contains 23 items measuring problems of performing daily functioning
over the past month. The four domains include physical functioning (8 items), emotional
functioning (5 items), social functioning (5 items), and school functioning (3 items for 2—4
years of age, and 5 items for 5-18 years of age).

The CSHCN screener (34) was administered to assess known-groups validity for the
HRQOL instruments. Known-groups validity is described in the Statistical Analysis section.
A child with special health care needs is defined as having a chronic condition (i.e. allergies,
asthma, and/or attention deficit disorder) and requiring health-related services beyond a
child’s normal requirements. This screener is comprised of 5 question sequences evaluating
the presence and duration of health conditions. It uses a primary health consequence item to
determine whether the “sub-items” need to be answered. The screener is comprised of 3
domains: dependency on prescription medications, service use above routine levels, and
functional limitations. If the parent responds “yes” to a primary health consequence item,
then 2 follow-up items are asked to determine if the consequence is due to a medical or
health condition and whether the duration or expected duration is 12 months or longer. Both
follow-up items must be answered “yes” to qualify the child as a CSHCN.

Statistical analyses

Comparisons across the four instruments were performed based on standard psychometric
methods, including distribution of domain scores, reliability, structural validity, convergent/
discriminant validity, and known-groups validity.

To examine the distribution of domain scores, summary measures (mean, standard deviation,
range, 25 percentile, 50 percentile, and 75 percentile) of each domain in the four instruments
were calculated. In addition, floor and ceiling effects were examined to determine whether
the domain scores are collapsed at the extreme ends of the domain. Ceiling effect refers to
when scores are at the maximum possible value for a domain, and floor effect refers to when
scores are at the minimum possible value for a domain. The Shapiro-Wilk method was used
to test the normality of domain score distribution. Cronbach’s alpha coefficients were
calculated to represent the internal consistency of the domains. If the alpha coefficient of a
domain is above 0.7, it is deemed acceptable for the purpose of group comparisons (35).

Structural validity refers to how well operationalized items measure the theoretical domains
(i.e., factorial structure) of HRQOL within each instrument. We used confirmatory factor
analysis (CFA) to confirm the constructs of individual HRQOL domains in each instrument.
We used two fit indices to determine an acceptable goodness-of-fit, including the
Comparative Fit Index (CFI >0.95) and Root Mean Square Error of Approximation
(RMSEA <0.06) (36).

Convergent/discriminant validity refers to how well the domains of the target instruments are
associated with domains of well-established instruments. We evaluated the convergent and
discriminant validity based on the multitrait-multimethod (MTMM) that demonstrates the
correlation between homogenous and heterogeneous domains of each instrument (37). For
example, homogenous domains between instruments would be physical functioning of the
PedsQL and physical well-being of the KIDSCREEN-52. Heterogeneous domains would be
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the psychological domain of the KIDSCREEN-52 and the achievement of the CHIP.
Specifically, we calculated Spearman’s rank coefficients to account for non-normality of the
data. In the present study, the PedsQL was chosen as the anchor because this instrument
measures the concept of health suggested by the World Health Organization (38). The
domains of the PedsQL (physical, emotional, social and school functioning) capture generic
and basic functional status for general children population and are almost all included in
other three HRQOL instruments. The PedsQL can be used by the broadest age range of
children (2 to 18 years old) compared to other three instruments. Correlations among the
domains of the PedsQL (anchor instrument) and the CHIP, the KIDSCREEN-52, and the
KINDL (as target instruments) were compared. Moderate (r = 0.50-0.69) to strong (r =0.7)
correlations among homogenous domains of the target and the anchor instrument indicate
good convergent validity. In contrast, small (r = 0.30-0.49) or negligible (r <0.30)
correlations among heterogeneous domains of the target and the anchor instrument indicate
good discriminant validity (39).

Known-groups validity refers to the extent to which the mean domain scores of each
instrument can discriminate between clinically meaningful groups (i.e., CSHCN status)
which are known to differ in the underlying HRQOL construct being investigated (40).
Bivariate and multivariate linear regression were used to examine the mean difference in
HRQOL scores between groups with and without adjusting for covariates (i.e., parent age,
child age, sex, income and education). Huber-White robust standard errors were used to
account for non-normality in the distribution of HRQOL scores. Effect sizes (ES) were
calculated by using the difference in domain scores between CSHCN and those without
needs and dividing by pooled standard deviation. Cohen’s d criteria were used (<0.2 as
negligible, 0.2-0.49 as small, 0.5-0.79 as moderate, and >0.8 as large) to determine the
magnitude of ES (41).

As part of known-groups validity, we calculated relative validity (RV) to examine the extent
to which an instrument is more efficient (i.e., more systematic variation is explained by the
items relative to variation due to error) versus the other instruments (42, 43). Essentially, RV
compares two or more instruments’ ability to discriminate between participants’ varying
levels of the underlying HRQOL. To determine the RV for a domain of an instrument, the F-
statistics (squared t-statistics) of individual domains were contrasted against the domain with
the lowest F-statistic (42, 44). Linear regression with robust standard errors, using domain
score as the dependent variable and CSHCN status as the independent variable, was applied
to obtain F-statistics (45). A domain of one instrument demonstrating a higher ratio of F-
statistics represents superior RV to the other domains. STATA version 9 (46) was used for all
analyses.

RESULTS

Participant characteristics

Table 2 shows the characteristics of study participants (N=908). The average age of parents
completing the survey was 39.9 years old (SD=11.9). The majority of parents was White,

non-Hispanic (48%), and received high school or equivalent degree (39%). One third (33%)
of the families had a family income of $20,000 and above. The average age of children was
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9.9 years old (SD=5.1), and approximately half of the children were girls (52%). Of the
children, 37% were classified with special health care needs.

Distribution of domain scores

The distributions of domain scores in the four instruments were skewed left (Table 3). The
Shapiro-Wilk tests suggest that the scores of all domains from the four instruments were not
normally distributed. Floor effects were not significant across the four instruments. Ceiling
effects were more significant in the domains of the KINDL and less significant in the CHIP.
For example, 60% and 40% of participants reported the maximum or highest scores in
psychological well-being and friends domains of the Kiddy KINDL, respectively. For ceiling
effects in the total scores, the percentage is 0% for the CHIP and KIDSCREEN-52, 1.62%
for the Kid/Kiddo KINDL, 5.56% for the Kiddy KINDL, and 6.99% for the PedsQL.

Reliability
The Cronbach’s alpha in all domains of the CHIP, the KIDSCREEN-52, and the PedsQL
was acceptable with coefficients above 0.7 (Table 3, last column). However, reliability of
some domains in the KINDL was not satisfied; these domains included physical well-being
(0.67), psychological well-being (0.60), family functioning (0.45) and friends domain (0.66)
of the Kiddy KINDL, as well as psychological well-being (0.69), family functioning (0.53)
and school functioning (0.57) of the Kid/Kiddo KINDL.

Structural validity

The KIDSCREEN-52 is the only instrument that met both criteria of acceptable structural
validity (CF1>0.95 and RMSEA <0.06). The CHIP (CFI=1.00, RMSEA=0.19), Kiddy
KINDL (CFI=1.00, RMSEA=0.43), and Kid/Kiddo KINDL (CFI=1.00, RMSEA=0.08)
satisfied the criteria of CFI, but not the RMSEA. However, the PedsQL did not satisfy the
CFIl and RMSEA criteria, with 0.84 and 0.23, respectively

Convergent/discriminant validity

Table 4 shows the convergent/discriminant validity of the CHIP, the KIDSCREEN-52, and
the KINDL against the anchor instrument, the PedsQL. The KIDSCREEN-52 demonstrates
superior convergent/discriminant validity when compared to the KINDL. The homogenous
domains between the KIDSCREEN-52 and the PedsQL were moderately correlated,
whereas the heterogeneous domains were weakly correlated. For example, correlation
coefficient of physical well-being of the KIDSCREEN-52 with physical functioning of the
PedsQL was 0.55, and psychological well-being of the KIDSCREEN-52 with emotional
functioning of the PedsQL was 0.58. In contrast, correlation coefficients of physical well-
being of the KIDSCREEN-52 with the domains other than physical functioning of the
PedsQL were between 0.26 and 0.41.

In comparing the Kiddy KINDL to the PedsQL, correlation coefficients of homogenous
domains in two instruments were not larger than the coefficients of heterogeneous domains
in the two instruments. This provides evidence of poor convergent/discriminant validity. For
example, the correlation coefficient between physical well-being of the Kiddy KINDL and
physical functioning of the PedsQL was 0.32; coefficient between the psychological well-
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being of the Kiddy KINDL and emotional functioning of the PedsQL was 0.41. However,
the correlation coefficient between physical well-being of Kiddy KINDL and emotional
functioning of the PedsQL was 0.48; coefficient for psychological well-being of the Kiddy
KINDL and physical functioning of the PedsQL was 0.37. Similarly, poor convergent/
discriminant validity was evident for the Kid/Kiddo KINDL to the PedsQL because
correlation coefficients of homogenous domains in the two instruments were not larger than
the coefficients of heterogeneous domains in the two instruments.

Comparing the CHIP to the PedsQL, the achievement domain of the CHIP was conceptually
comparable with school functioning of the PedsQL. Achievement domain of the CHIP was
moderately correlated with school functioning (0.59) and weakly correlated with physical
functioning (0.47) of the PedsQL. In addition, the comfort domain of the CHIP was
moderately correlated with the physical and emotional functioning domains of the PedsQL
(0.57 and 0.60, respectively).

Known-groups validity

Table 5 shows known-groups validity of the four instruments using the CSHCN status as the
known-groups. Overall, the instruments demonstrated acceptable ability to distinguish the
HRQOL of children with and without special health care needs. The domain scores of
HRQOL among CSHCN were significantly more impaired than children without needs in
the four instruments (p<0.05), except for resilience domain of the CHIP, financial resources
of the KIDSCREEN-52, and physical and psychological well-being of the Kiddy KINDL.
The magnitudes of the PedsQL ES values were larger than the other three instruments.

The total HRQOL scores of CSHCN were significantly more impaired than the total
HRQOL scores of children without needs across four instruments (p<0.05). The ES in the
PedsQL was larger than the other three instruments: the magnitudes were 0.79 for the
PedsQL, 0.67 for the CHIP, 0.60 for the KIDSCREEN-52, 0.54 for the Kidd/Kiddo KINDL,
and 0.31 for the Kiddy KINDL. ES were similar or increased after adjusting for covariates.
In addition, the PedsQL demonstrates a superior relative validity (42.64) in the total scores,
followed by the KIDSCREEN-52 (20.42), the CHIP (11.82), the Kid/Kiddo KINDL (9.59),
and the Kiddy KINDL (1.00). These findings were replicated after adjusting for covariates,
where the relative validity was superior for the PedsQL (8.38), followed by the CHIP (6.05),
the KIDSCREEN-52 (3.65), the Kid/Kiddo KINDL (3.00), and the Kiddy KINDL (1.00).

DISCUSSION

Several studies have made recommendations and suggested criteria for evaluating pediatric
HRQOL instruments (1, 26). These criteria include an operationalized definition of HRQOL,
inclusion of domains relevant to the population of interest, versions for child and parent,
satisfactory psychometric properties, and recognition of developmental process by providing
different age-related forms. The present study focuses on testing and comparing
psychometric properties of four parent-proxy versions of pediatric HRQOL instruments, the
CHIP, the KIDSCREEN-52, the KINDL, and the PedsQL, based on children who were
enrolled in Florida Medicaid. The findings suggest that none of the instruments are superior
to one another with respect to the psychometric properties assessed in this study. However,
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the PedsQL and the KIDSCREEN-52 performed slightly better than the others in the
psychometric evaluation and contain the recommended domains for measuring the essential
construct of HRQOL, including physical, psychological, and social functioning. The
suboptimal psychometric performance of the CHIP might reflect the inclusion of unique
constructs related to future health and development issues such as resilience and risk
avoidance. These unique domains were designed to describe the child’s functional and
behavioral outcomes, and evaluate how complex areas of child’s health may be impacted by
health policy or services interventions (9, 47).

Domain scores of the four instruments are not normally distributed with significant ceiling
effects, especially in the KINDL. Ceiling effects indicate that the sample assessed had very
good HRQOL, which will limit the instruments’ capability to differentiate those whose
HRQOL scores were in the upper range or to detect the change of HRQOL scores over time.
The reliability of the Kiddy and Kid/Kiddo KINDL was lower in comparison to the other
three instruments. Low Cronbach’s alpha indicates that some items within the domain of the
KINDL may measure different concepts of HRQOL, and are not highly correlated with other
items. These findings are consistent with a previous study that reported Cronbach’s alpha for
school and friends domains of the KINDL was low with the values of 0.62 and 0.64,
respectively (48).

Several findings of the construct validity analyses warrant further discussion. First, using the
PedsQL as an anchor for evaluating convergent/discriminant validity, correlation coefficients
were moderate overall, and the KIDSCREEN-52 demonstrated slightly greater convergent/
discriminant validity than the KINDL and the CHIP. It is not surprising that the CHIP
demonstrated suboptimal convergent/discriminant validity because the domains capture
unique content (i.e. resilience, risk avoidance) compared to the other instruments. The CHIP
does not include the same standard domains of HRQOL as the PedsQL does; instead, the
CHIP measures different aspects of a child’s health related to developmental issues such as
engagement in risk behaviors that may threaten future health (i.e. risk avoidance) and factors
that enhance future health, such as family involvement or social problem-solving skills (i.e.,
resilience) (9, 32) Second, the psychological and social domains are higher in known-groups
validity than physical domains within most instruments, with the exception of the Kid/Kiddo
KINDL. This finding indicates that the psychological and social domains were the domains
best able to distinguish the difference between CSHCN and those without needs. This may
suggest that CSHCN status is associated with greater psychosocial demands than physical
demands in this population. Review studies suggest that children with chronic health
problems may have more difficulty adapting to psychosocial demands than healthy peers
(49, 50). Third, in the known-groups validity analysis, the relative validity of the total scores
was greater in the PedsQL, followed by KIDSCREEN-52, the CHIP, and the KINDL,
suggesting that the PedsQL was the most sensitive in detecting differences between CSHCN
and those without special health care needs. The evidence of fair construct validity implies
that items from the same domain of an instrument may capture multi-dimensional concepts
of HRQOL. A more comprehensive CFA approach (e.g., bi-factor models) and item
response theory (IRT; see below) may be implemented to better understand the specific
measurement properties of items from different instruments in future studies.
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The present study compared different instruments at the domain level and assumed that the
items in similar domains of different instruments (e.g., psychological well-being in the
KIDSCREEN-52 and emotional functioning in the PedsQL) capture the same underlying
concept the domains intend to measure. However, the comparisons derived from domain
level information rather than item level can be biased because items from different
instruments were not created on the same foundation (i.e., same underlying construct of
HRQOL). The rationale for classifying items into different domains might be different from
one instrument to another instrument. Future studies may use the International Classification
of Functioning, Disability and Health (ICF) to provide supplementary evidence for
comparisons (51, 52). The ICF is a framework of health and functional status proposed by
the World Health Organization that can be used to compare measurement content of
different HRQOL tools (53). The ICF is comprised of two main sections: functioning and
disability and contextual factors. Functioning and disability is divided into body functions,
body structures, and activities and participation. The contextual factor section separates into
environmental and personal factors. ICF may inform on whether the four pediatric
instruments cover the comprehensive domains and appropriate items of HRQOL for
pediatric population. Comparing the instruments to domains defined by the ICF framework
demonstrates that some instruments might provide more comprehensive coverage than
others (52). For example, Shiariti and colleagues have compared the contents of items from
four condition-specific and three generic pediatric HRQOL instruments on the basis of the
ICF-CY framework; they found that the Child Health Questionnaire captured a broader
range of content in the ICF-CY domains of body functioning, activities and participation,
and environmental factors compared to other pediatric HRQOL instruments (54).

Given the evidence that no one specific instrument was superior to the other instruments, we
suggest two approaches for future pediatric HRQOL research. First, IRT may be used to
build new item banks by selecting appropriate items from each of instruments that are
capable of measuring the same concept across different instruments and calibrating these
selected items to the same metric or scale. Many pediatric instruments, including the ones
utilized in this analysis, were developed using classical test theory (CTT) which has several
limitations for instrument development. CTT is test/scale-driven rather than item-driven,
meaning that the entire set of items must be administered to ensure the scale’s reliability
even though some items may not fit a child’s underlying HRQOL (55, 56). For example, for
a child with severe health conditions, items measuring capability to walk one block may be
infeasible for a specific child, but must be asked because of the instrument’s design. In
addition, CTT cannot differentiate between a child’s level of an underlying HRQOL and the
scale’s measurement properties (55, 56). A second approach for future research is to equate
all of the original items of different instruments. Equating is a statistical process that adjusts
item scoring on instruments so that the item scores and total scores can be used
interchangeably and compared between studies if different instruments are delivered (57,
58).

Several limitations are identified in this study. First, the surveys are based on parent-proxy
rather than child self-report. Although the FDA guidelines recommend obtaining reports
from patients directly, the parent-proxy retains important value in pediatric HRQOL research
as described in the Introduction. Second, the instruments were delivered in the same order
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for all participants. Given the lengthy content, this may have introduced response fatigue for
the final instrument that was administered. Third, we were not able to obtain test-retest
reliability due to budget and time constraints. Finally, CSHCN status was determined
through the non-categorical approach, which might provide different information compared
to the use of the categorical approach or clinical diagnosis (e.g., asthma, cancer, cystic
fibrosis, diabetes, etc.). Despite the validity of the CSHCN screener, using clinical
diagnostic information for the HRQOL validation might help interpret the specific impact on
HRQOL resulting from different health conditions.

CONCLUSION

Although we found that no one instrument was superior to the other instruments in different
psychometric properties, other criteria such as the instrument lengths and unique contents of
HRQOL should be taken into account in the selection of instrument. In particular, the use of
the CHIP might be able to capture unique development issues beside physical, emotional
and social functioning status for children. Nevertheless, we suggest that future studies
should utilize well-established content structure, such as the ICF framework, to guide the
comparisons for the content in different pediatric HRQOL instruments, followed by
applying IRT to test item-level measurement properties across different instrument. Before
these sophisticated methods are implemented, we remind researchers to carefully select
pediatric HRQOL instruments for their population of interest in research and clinical use.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

References

1. Varni JW, Burwinkle TM, Lane MM. Health-related quality of life measurement in pediatric clinical
practice: An appraisal and precept for future research and application. Health Qual Life Outcomes.
2005; 3:34. [PubMed: 15904527]

2. De Civita M, Regier D, Alamgir AH, Anis AH, Fitzgerald MJ, Marra CA. Evaluating health-related
quality-of-life studies in paediatric populations: Some conceptual, methodological and
developmental considerations and recent applications. Pharmacoeconomics. 2005; 23:659-85.
[PubMed: 15987225]

3. Detmar SB, Muller MJ, Schornagel JH, Wever LDV, Aaronson NK. Health-related quality-of-life
assessments and patient-physician communication: A randomized controlled trial. JAMA. 2002;
288:3027-34. [PubMed: 12479768]

4. Espallargues M, Valderas JM, Alonso J. Provision of feedback on perceived health status to health
care professionals: A systematic review of its impact. Med Care. 2000; 38:175-86. [PubMed:
10659691]

5. Higginson 1J, Carr AJ. Measuring quality of life: Using quality of life measures in the clinical
setting. BMJ. 2001; 322:1297-300. [PubMed: 11375237]

6. Wolfe J, Grier HE, Klar N, et al. Symptoms and suffering at the end of life in children with cancer.
N Engl J Med. 2000; 342:326-33. [PubMed: 10655532]

7. Varni JW, Setoguchi Y. Screening for behavioral and emotional problems in children and
adolescents with congenital or acquired limb deficiencies. Am J Dis Child. 1992; 146:103-7.
[PubMed: 1531284]

Med Decis Making. Author manuscript; available in PMC 2015 October 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kenzik et al.

Page 12

8. Solans M, Pane S, Estrada M, et al. Health-related quality of life measurement in children and

adolescents: A systematic review of generic and disease-specific instruments. Value Health. 2008;
11:742-64. [PubMed: 18179668]

9. Starfield B, Riley AW, Green BF, et al. The adolescent child health and illness profile: A population-

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

based measure of health. Med Care. 1995; 33:553-66. [PubMed: 7739277]
10.

Ravens-Sieberer U, Gosch A, Rajmil L, et al. KIDSCREEN-52: Quality-of-life measure for
children and adolescents. Expert Rev Pharmacoecon Outcomes Res. 2005; 5:353-64. [PubMed:
19807604]

Ravens-Sieberer U, Bullinger M. Assessing health-related quality of life in chronically ill children
with the German KINDL.: First psychometric and content analytical results. Qual Life Res. 1998;
7:399-407. [PubMed: 9691720]

Varni JW, Seid M, Rode CA. The PedsQLTM: Measurement model for the pediatric quality of life
inventory. Med Care. 1999; 37:126-39. [PubMed: 10024117]

Davis E, Waters E, Mackinnon A, et al. Paediatric quality of life instruments: A review of the
impact of the conceptual framework on outcomes. Dev Med Child Neurol. 2006; 48:311-8.
[PubMed: 16542522]

Food and Drug Administration. Guidance for industry on patient-reported outcome measures: Use
in medicinal product development to support labeling claims. Federal Register. 2009; 71:5862—
5863.

Riley AW. Evidence that school-age children can self-report on their health. Ambul Pediatric.
2004; 4:371-6.

Varni J, Limbers C, Burwinkle T. Parent proxy-report of their children’s health-related quality of
life: An analysis of 13,878 parents’ reliability and validity across age subgroups using the
PedsQLTM 4.0 generic core scales. Health Qual Life Outcomes. 2007; 5:2. [PubMed: 17201923]

Waters, E. Quality of life. In: Moyer, V., editor. Evidence-Based Pediatrics and Child Health.
London: British Medical Journal Books; 2000.

Campo JV, Comer DM, Jansen-McWilliams L, Gardner W, Kelleher KJ. Recurrent pain, emotional
distress, and health service use in childhood. J Pediatr. 2002; 141:76-83. [PubMed: 12091855]

Janicke DM, Finney JW, Riley AW. Children’s health care use: A prospective investigation of
factors related to care-seeking. Med Care. 2001; 39:990-1001. [PubMed: 11502956]

Seid M, Varni JW, Bermudez LO, et al. Parents’ perceptions of primary care: Measuring parents’
experiences of pediatric primary care quality. Pediatrics. 2001; 108:264—70. [PubMed: 11483786]

Wade TJ, Guo JJ. Linking improvements in health-related quality of life to reductions in Medicaid
costs among students who use school-based health centers. Am J Public Health. 2010; 100:1611—
6. [PubMed: 20634449]

Seid M, Varni JW, Segall D, Kurtin PS. Health-related quality of life as a predictor of pediatric
healthcare costs: A two-year prospective cohort analysis. Health Qual Life Outcomes. 2004; 2:48.
[PubMed: 15361252]

Brunner HI, Taylor J, Britto MT, et al. Differences in disease outcomes between Medicaid and
privately insured children: Possible health disparities in juvenile rheumatoid arthritis. Arthrit Care
Res. 2006; 55:378-84.

Ravens-Sieberer U, Erhart M, Wille N, Wetzel R, Nickel J, Bullinger M. Generic health-related
quality-of-life assessment in children and adolescents: Methodological considerations.
Pharmacoeconomics. 2006; 24:1199-220. [PubMed: 17129075]

Eiser C, Morse R. A review of measures of quality of life for children with chronic illness. Arch
Dis Childh. 2001; 84:205-11. [PubMed: 11207164]

Wallander JL, Schmitt M, Koot HM. Quality of life measurement in children and adolescents:
Issues, instruments, and applications. J Clin Psychol. 2001; 57:571-85. [PubMed: 11255207]
Connolly MA, Johnson JA. Measuring quality of life in paediatric patients. Pharmacoeconomics.
1999; 16:605-25. [PubMed: 10724790]

Ravens-Sieberer U, Gosch A, Rajmil L, et al. The KIDSCREEN-52 quality of life measure for
children and adolescents: Psychometric results from a cross-cultural survey in 13 European
countries. Value Health. 2008; 11:645-58. [PubMed: 18179669]

Med Decis Making. Author manuscript; available in PMC 2015 October 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kenzik et al.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.
44,

45.

46.
47.

48.

49.

50.

5L

Page 13

Fayers, PM.; Machin, D. Quality of Life: The Assessment, Analysis, and Interpretation of Patient-
Reported Outcomes. Chichester; Hoboken, NJ: John Wiley & Sons; 2007.

Waters E, Davis E, Ronen GM, Rosenbaum P, Livingston M, Saigal S. Quality of life instruments
for children and adolescents with neurodisabilities: How to choose the appropriate instrument. Dev
Med Child Neurol. 2009; 51:660-9. [PubMed: 19627340]

Institute of Medicine. Children’s Health, the Nation’s Wealth: Assessing and Improving Child
Health. Washington DC: The National Academies Press; 2004.

Riley AW, Forrest CB, Starfield B, Rebok GW, Robertson JA, Green BF. The parent report form of
the CHIP-child edition: Reliability and validity. Med Care. 2004; 42:210-20. [PubMed: 15076820]
The KIDSCREEN Group Europe. The KIDSCREEN Questionnaires: Quality of Life
Questionnaires for Children and Adolescents. Handbook. Lengerich, Germany: Pabst Science
Publishers; 2006.

Bethell CD, Read D, Stein REK, Blumberg SJ, Wells N, Newacheck PW. Identifying children with
special health care needs: Development and evaluation of a short screening instrument. Ambul
Pediatric. 2002; 2:38-48.

Martin Bland J, Altman Douglas G. Statistics notes: Cronbach’s alpha. BMJ. 1997; 314:572.
[PubMed: 9055718]

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

Campbell DT, Fiske DW. Convergent and discriminant validation by the multitrait-multimethod
matrix. Psychol Bull. 1959; 58:81-105. [PubMed: 13634291]

Varni JW, Burwinkle TM, Seid M, Skarr D. The PedsQLTM* 4.0 as a pediatric population health
measure: Feasibility, reliability, and validity. Ambul Pediatric. 2003; 3:329-41.

Norman, GR.; Streiner, DL. Biostatistics : The Bare Essentials. St. Louis: Moshy; 1998.

Fayers, PM.; Machin, D. Chapter 4: Scores and measurements: Validity, reliability, sensitivity.
Quality of Life: The Assessment, Analysis, and Interpretation of Patient-Reported Outcomes.
Chichester; Hoboken, NJ: John Wiley & Sons; 2007. Chapter 4: Scores and measurements:
Validity, reliability, sensitivity.

Cohen, J. Statistical Power Analysis for the Behavioral Sciences. Hillsdale, NJ: L. Erlbaum
Associates; 1988.

Ware J Jr, Kosinski M, Keller SD. A 12-item short-form health survey: Construction of scales and
preliminary tests of reliability and validity. Med Care. 1996; 34:220-33. [PubMed: 8628042]
Snedecor, GW.; Cochran, WG. Statistical Methods. Ames: lowa State University Press; 1967.
Ware, JE.; Kosinski, M.; Bjorner, J.; Turner-Bowker, B.; Gandek, ME. User’s Manual for the
SF-36v2 Health Survey. Lincoln, RI: Quality Metric Incorporated; 2007.

McHorney CA, Ware JE Jr, Raczek AE. The MOS 36-item short-form health survey (SF-36): I1.
psychometric and clinical tests of validity in measuring physical and mental health constructs.
Med Care. 1993; 31:247-263. [PubMed: 8450681]

StataCorp. Stata statistical software: Release 11. 2009:11.

Riley AW, Forrest CB, Rebok GW, et al. The child report form of the CHIP-child edition:
Reliability and validity. Med Care. 2004; 42:221-31. [PubMed: 15076821]

Erhart M, Ellert U, Kurth B, Ravens-Sieberer U. Measuring adolescents’ HRQoL via self reports
and parent proxy reports: An evaluation of the psychometric properties of both versions of the
KINDL-R instrument. Health Qual Life Outcomes. 2009; 7:77. [PubMed: 19709410]

LeBovidge JS, Lavigne JV, Donenberg GR, Miller ML. Psychological adjustment of children and
adolescents with chronic arthritis: A meta-analytic review. J Pediatr Psychol. 2003; 28:29-39.
[PubMed: 12490628]

Martinez W, Carter JS, Legato LJ. Social competence in children with chronic illness: A meta-
analytic review. J Pediatr Psychol. 2011; 36:878-90. [PubMed: 21745809]

Lee AM. Using the ICF-CY to organise characteristics of children’s functioning. Disabil Rehabil.
2011; 33:605-16. [PubMed: 20695793]

Med Decis Making. Author manuscript; available in PMC 2015 October 16.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Kenzik et al.

Page 14

52. McDougall J, Wright V, Schmidt J, Miller L, Lowry K. Applying the ICF framework to study

changes in quality-of-life for youth with chronic conditions. Developmental Neurorehabilitation.
2011; 14:41-53. [PubMed: 21034288]

53. World Health Organization. International Classification of Functioning, Disability and Health.

Geneva, Switzerland: World Health Organization; 2001.

54. Schiariti V, Fayed N, Cieza A, Klassen A, O’donnell M. Content comparison of health-related

quality of life measures for cerebral palsy based on the international classification of functioning.
Disabil Rehabil. 2011; 33:1330-9. [PubMed: 21067341]

55. Hambleton RK, Jones RW. Comparison of classical test theory and item response theory and their

applications to test development. Educational Measurement: Issues and Practices. 1993; 12:38-47.

56. Hays RD, Morales LS, Reise SP. Item response theory and health outcomes measurement in the

21st century. Med Care. 2000; 38:1128-42. [PubMed: 10982088]

57. Varni JW, Burwinkle TM, Rapoff MA, Kamps JL, Olson N. The PedsQLTM in pediatric asthma:

Reliability and validity of the pediatric quality of life InventoryTM generic core scales and asthma
module. J Behav Med. 2004; 27:297-318. [PubMed: 15259457]

58. Yeatts KB, Stucky B, Thissen D, et al. Construction of the pediatric asthma impact scale (PAIS) for

the patient-reported outcomes measurement information system (PROMIS). J Asthma. 2010;
47:295-302. [PubMed: 20394514]

Med Decis Making. Author manuscript; available in PMC 2015 October 16.



Page 15

Kenzik et al.

TANIX (P10 s1eak 9T-€T) 0ppIX aup pue (pjo s1eak ZT-8) PIX U3 JO UOISIBA pauIqwiod e st (p|o s1eak 9T-8) TANIM OPPIN/PIM YL

7

(sreak /=) TANIM App1>i aus Jo4 sowreu urewoq

y

Sswiall | 104 TOOYH Jamneq e1edlpul s8109s JaybiH
v

(p1o steak gT—G Joj G) Buiuonouny [00YdS
(p1o steak y—z 1oy €) Buluonouny jooyds

(G) Buuonouny e1nos 8T—€T :UddL 8T-€T :UussL
«Shempe 1sowpe, =g (§) Buruonouny reuonows 21-8 :pIYD 21-8 :plud
‘ UdYO, =t ‘. SoW18Wos, . =§ (8) Buiuonouny |eaI1sAyd /-G :p11yd Bunox /-G :ply2 Bunox (zT) (10spad) o' Aiojusau|
* Janau 1sowfe, =g ‘. Janau, =T (P10 SIeak 8T—G 10} £ 'P|O SIBdA —¢ 10J T¢) SUrewop ¥ -2 :13|ppoL =g J3|ppoL aJ17 Jo Aupend ourelpad
») C uapeblapumy/jooyds Alssinu
10 |00yas 03 JueAs|as Buluonouny AepAians 1o) Buiuonouny [00YdS
AEC Buruonouny [e1o0s o) spuati
(%) Butuonouny Ajiwe4
(7) wasrsa-j|os
AW 3y} 4o [e.=§ () Bureg-jjam [ea1bojoydAsd +97

‘LUsY0,,=¥ ‘,SelNswWos, =¢
"L WOpJss, = ‘. Jonau,=T

() Bureg-j1am [eatshyd
{ye) surewop g

=8 IANIM OpPIX/PIY
/= 1ANIM Appiy

#9T-9 “TANIX 0pPIN/PIX
L= 1ANIX Appiy

(TT) 1aNIM

Shempe,=g
‘. UsYo,,=p ‘, SaWswWos,=¢

(€) s924n0sal [e1oueUIH

(9) BWUOIIAUG |00YIS

(g) BuiAjIng 72 aoueidadde |e190S
(9) s19ad 79 1oddns [e100S

(9) a8} swoy 7 diysuone|al Juased
() Awouoiny

(5) uondsatad-yjas

(2) suonows 7 SPooN

(9) Buiag-|jam [ea1bojoydAsd

(S) Burag-jjam [earshyd

. Wop|9s,,=Z . Jansu,=T (¢) surewop 01 81-8 81-8 (0T) 25-N3FFHOSAIM

(8) BwaNBIYOY

(8) ouepIone Y1y

(8) soual|1say

SAemje,,=g ‘. .sAeme (zT) Mojwo)
isowfe, =t ', SaWBWos,,=¢ (6) uonoeysies LT—ZT : JU90S3|0pY (6) (dIHO) 81y01d
' Janau 1sowe, =z ‘. Jenau, =1 (Gp) surewop g T1-9: PIUD T7-9 :PIYD ssau||| pue YieeH pIIyo

Apnis sjuaWwNJIsuUl ayl

Kﬁ.om&mo asuodsay

(swia1l Jo Jaqwinu) surewod

SIy3 ul pasn sabuea aby

ul paubisap sabueu aby

UBWINISU|

Author Manuscript

T alqeL

Author Manuscript

Apnis syl ul pasn sjuswinisul Jo uonduossq

Author Manuscript

Author Manuscript

Med Decis Making. Author manuscript; available in PMC 2015 October 16.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Kenzik et al.

Subject characteristics (N=908)

Table 2

Characteristics Category Mean (SD) or N (%)
Child age - 9.9 (5.1/2-19)
Parent/guardian age | - 39.9 (11.9/20-83)
Child gender Male 47.6
Female 52.4
Child race/ethnicity | White 423
Black 284
Hispanic 14.4
Other 149
Don’t know/refused 0.4
Parent race/ethnicity | White 47.7
Black 274
Hispanic 13.6
Other 113
Don’t know/refused 0.3
Parent education Less than HS 23.8
GED/HS * degree 39.0
Vocational/some college/AA t degree 285
College graduate 6.2
Graduate degree 24
Marital status Married 40.2
Single 325
Other 274
Family income <$9,999 28.2
$10,000 — $19,999 32.6
$20,000+ 333
Don’t know/refused 6.0
CSHCN Yes 36.7
No 63.3

*
General Educational Development test/High school

fAssociate of Arts degree
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Table 4

Page 19

Convergent/discriminant validity” of the CHIP, the KIDSCREEN-52, the Kiddy KINDL, and the Kid/Kiddo
KINDL versus the anchor instrument (the PedsQL)

PedsQL:c

Physical | Emotional | Social | School
CHIP
Satisfaction 0.50 0.50 0.45 0.37
Comfort 0.57 0.60 0.47 0.41
Resilience 0.34 0.24 0.32 0.29
Risk avoidance 0.48 0.61 0.34 0.54
Achievement 0.47 0.54 0598 0.59
KIDSCREEN-52
Physical 0.55 0.34 0.40 0.35
Psychological 0.45 0.58 0.41 0.37
Mood/emotions 0.50 0.69 0.46 0.43
Self-perception 0.40 0.54 0.40 0.30
Autonomy 0.37 0.38 0.35 0.26
Parent/home 0.33 0.40 0.34 0.27
Social support 0.37 0.39 0.45 0.37
Social acceptance 0.33 0.59 0.64 0.53
School environment 0.41 0.49 0.40 0.49
Financial 0.29 0.28 0.26 0.37
Kiddy KINDL
Physical 0.32 0.48 0.33 0.27
Psychological 0.37 041 0.34 0.41
Self-esteem 0.40 0.34 0.32 0.39
Family 0.37 0.35 0.29 0.31
Friends 0.47 0.33 0.38 0.29
School 0.43 0.37 0.46 0.39
Kid/Kiddo KINDL
Physical 0.48 0.48 0.40 0.39
Psychological 0.47 0.58 0.51 0.46
Self-esteem 0.38 0.44 0.40 0.35
Family 0.31 0.44 0.32 0.31
Friends 0.37 0.47 0.49 0.35
School 0.37 0.45 0.38 045

fSpearman's Rank coefficients; all values were significant at p< 0.05

’tVaIues in bold indicate the highest correlation coefficients between a specific domain of the PedsQl and individual domains of other three

instruments; values in /talic indicate hypothesized as a priori convergent validity: the moderate to high correlation coefficients between a specific
domain of the PedsQL and homogeneous domains of other three instruments (e.g., physical domain of the PedsQL and physical domains all other
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instruments); values in regular font indicate hypothesized as a priori discriminant validity: the small correlations coefficients between a specific

domain of the PedsQL and heterogeneous domains of other three instruments (e.g., physical domain of the PedsQL and financial domain of the
KIDSCREEN-52).

§No domain was hypothesized a priori to be highly correlated between the CHIP and the PedsQL.
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p<0.001
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