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Abstract

Purpose: To describe the initial results of the Child Health Ratings Inventory (CHRIs), 20-item generic
health-related quality of life (HRQL) instrument and the 10-item disease-specific (DS) module, the Disease
Specific Impairment Inventory-Hematopoietic Stem Cell Transplantation (DSII-HSCT), for children and
adolescents, ages 5–18 years and their parents following HSCT. Study design: Using cross sectional design,
122 children with a median age of 11 years (range 5.0–18 years) completed the questionnaire (CHRIs
+DSII-HSCT) with research assistance. Seventy-four parents independently completed a parallel version
of the questionnaire; health care providers assigned a global clinical severity rating. Results: The generic
core includes four domains: physical, role, and emotional functioning, and energy. The DS module has three
domains: worry, hassles, and body image. The Cronbach’s alpha for parents and for older children (8 years
and over) exceeded 0.70 for all generic and DS domains. While the range of alpha coefficients was lower for
younger children, ages 5–7 year, only the alpha coefficient for one domain (energy) was less than 0.70. The
instrument satisfactorily discriminated between clinically important groups: those early in the transplant
process (<6 months) versus those later (>12 months) and by provider-assigned clinical severity ratings.
Conclusion: results suggest that the CHRIs generic core and its DSII-HSCT module is a promising measure
of HRQL after pediatric HSCT. Although parent and child reports were moderately correlated and re-
vealed complementary results, the unique perspectives of both raters provide a more complete picture of
HRQL. Longitudinal application is underway to further characterize the measurement properties of the
CHRIs and to determine the instrument’s responsiveness and sensitivity to change over time in this vul-
nerable population.

Key words: Children’s self-assessment, Health-related quality of life, Health status, Hematopoietic stem cell
transplantation, Parent report, Pediatric oncology

Introduction

Quality of life (QOL) is a subjective, multidimen-
sional concept that encompasses a variety of
domains, including physical health, psychological
state, levels of functional independence, social
relationships, environmental features, spiritual

concerns, and personal beliefs [1]. The terms
‘‘QOL’’ and ‘‘health-related quality of life’’
(HRQL) are often used interchangeably, although
the latter refers to the impact of health states on
overall QOL. The principal distinction lies in the
consideration of selected aspects of overall QOL,
such as economic, spiritual, political, and cultural
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factors, which are not under the purview of the
health care system [2]. Hence, they are not con-
sidered in many operationalized definitions of
HRQL [3, 4].

Measurement of HRQL is important in under-
standing the impact of illness and treatment, as a
screening tool to identify functional impairment,
and in evaluating intervention strategies. Pediatric
HRQL instrument development, lagging behind
efforts for adults, has a variety of distinct meth-
odological issues that require special attention,
[5–7] including the impact of physical and psycho-
social development on children and adolescents, the
validity of self-report andproxy report, and theneed
for age-appropriate item content [5, 8].

Historically, it was thought that children’s
developing emotional maturity and cognitive
capacity rendered them incapable of providing
consistent and accurate information about their
level of functioning or state of well-being [9–11].
The design of developmentally appropriate (and
age-specific) measures that are accessible to chil-
dren across a wide age range represents one of the
most important innovations in this area and serves
as a model for the work reported herein [7, 12–14].
Moreover, there has been growing awareness of
the developmental skills required for valid child
self-report; these in turn have informed instrument
development and evaluation [6, 7, 9–11, 13, 14].
Briefly, these composite skills include the ability to
conceptualize health and make the linkage between
health and functioning. The rater must understand
health-related words and grasp complex concepts.
With the evolution of abstract reasoning, the child
also develops the ability to understand causality/
relatedness, have independent thought, and have an
expanded capacity for a range of response rather
than polar extremes. The ability to recall a specific
reference period also evolves.

HRQL instrument development has relied on
two distinct approaches: the utility-based measures
such as the Health Utilities Index [15, 16] with its
roots in economics theory; and the psychosocially-
oriented profile instruments, including the Rand
Health Insurance Experiment-Child Form [3], the
Child Health and Illness Profile (CHIP) [4, 14, 17,
18], the Child Health Questionnaire (CHQ) [19],
the Child Health Ratings Inventory (CHRIs) [20],
and the PedsQL [21]. Some of these instruments
are designed for a targeted age group (e.g., CHIP

adolescent and children versions), while others
have age-based modules, (e.g., PedsQL) addressing
the distinct developmental issues of children in
early and middle school age as compared to later
adolescence. Disease specific (DS) instruments
have also been developed to address the unique
symptoms, disruptions and dysfunction associated
with discrete conditions [22–25]. Generic cancer-
specific measures, namely the PedsQL Cancer
Module [12] and the Minneapolis-Manchester
Quality of Life Survey (MM-QOL) [26, 27]
recently have become available, each with a
specific emphasis, focusing on anxieties and dis-
comfort related to medical encounters and issues
of survivorship, respectively.

Children who have undergone hematopoietic
stem cell transplant (HSCT) are at particular risk
for altered HRQL. This is in part due to the par-
adox of HSCT: the intense treatment that offers
patients and their families hope against fairly cer-
tain death from their disease may actually result in
death itself [28] and invariably leads to acute and
delayed sequelae. The meaning of this ‘risking
death to live’, the ‘second opportunity to live’ and
the related expectations of the post transplant
period influence the way in which HRQL is per-
ceived by the rater in this population [28]. HSCT
also dramatically disrupts children’s development
both acutely during the hospitalization and subse-
quently during the extended period of protective
isolation. When patients attempt to resume their
age-appropriate activities, some find that their
developmental trajectory and future potential have
been permanently altered.Moreover, the enormous
stress of the underlying disease and its treatment
and the fear of sequelae, relapse, and death has the
potential to alter relationships within the family.

While traditional sources of information, such
as clinical outcomes, healthcare utilization, or
reports of school absence [29], provide us with
some insight about the issues of recovery following
HSCT, a comprehensive evaluation of HRQL in
children following HSCT has remained elusive.
Recent measurement work by Phipps and
co-workers in the pediatric HSCT population has
addressed HRQL in the acute peri-transplant
periods, particularly the impact of transplant on
emotional distress and impaired functioning [30].
However, the ability to assess HRQL in school-
aged children and adolescents at different time
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points beyond the peri-transplant period has been
limited by the lack of available instruments.

To address this need, we set out to develop a DS,
child-reported instrument for the pediatric HSCT
population for use with a conceptually similar
general health status measure, the CHRIs [20],
which was also under development at that time. The
CHRIs instruments permit comparison between
self- and proxy reporting through the use of parallel
versions for parents and children (both school-aged
and adolescents), utilizing a generic core and a DS
module. This paper is the report of the preliminary
testing of the CHRIs instruments among pediatric
HSCT survivors and their parents.

Methods

Study participation

Pediatric patients, age 5–18 years, receiving post-
transplant care at the Jimmy Fund Clinic of the
Dana-Farber Cancer Institute (DFCI) following
HSCT at Children’s Hospital, Boston, and their
parents were consecutively recruited for study
participation. Criteria for participation included
an age-appropriate working knowledge of English
at the time of the interview; functionally corrected
hearing and vision, and a routine, scheduled visit
with their regular physician/nurse practitioner
(NP). All eligible patients were identified from the
daily clinic roster and, together with their parents,
were recruited upon their arrival to the clinic by a
member of the research team. Written consent
from parents and verbal assent from children were
obtained according to the policies of the hospital’s
institutional review board.

Study design and data collection

Questionnaires for the child and parent, described
below, were completed at the end of a routine visit.
To establish the link between health status and
clinical status, a medical chart review was per-
formed on all participants. The various compo-
nents of the transplant process (e.g., transplant
type, time after transplant, presence or absence of
chronic graft versus host disease (CGVHD) [31]
serve as markers of clinical severity, informed by
the degree of immunosuppression, infection risk,

risk of complications, and extent of protective
isolation – all of which could have functional im-
pact [32]. The relationship of clinical severity and
HSCT is supported by several studies in adult
HSCT recipients [33–44].

Health care provider severity rating: Following a
scheduled visit, physicians or NP completed a
global severity item, ‘‘How would you rate the
severity of this child’s condition post-HSCT,
overall?’’ The overall severity item was scored on a
5-point scale from ‘‘minimal’’ to ‘‘very severe’’ to
determine the disease severity rating (DSR).

Development of the CHRIs DSII-HSCT instrument

Development of child self-report: The school aged-
version of CHRIs was originally developed for
children age 5–12 years with chronic diseases as
part of a larger initiative led by Dr Sherrie Kaplan
to enhance children’s understanding of and par-
ticipation in their own disease management [20].
This generic instrument consists of 20 items with
developmentally appropriate item content, form-
ing four domains: physical, emotional and role
functioning, and energy. The adolescent version,
developed as part of the HSCT research efforts,
contains the same core items. The specific content
of HSCT questions for the DS module was based
on focus groups, semi-structured interviews and
polling of patients, parents, and health care pro-
viders as well as a formal review of the literature to
derive the most salient aspects of the transplant
experience. Ten items were developed within three
hypothesized domains: hassles, body image, and
worry (i.e., distress/preoccupation) for each age-
based version and for parents. The resultant
questionnaire was reviewed with elementary
school-aged and adolescent transplant recipients,
their parents, and their health care providers for
face validity, including completeness, relevance,
and perceived burden.

Children completed the questionnaire away
from their parents to avoid prompting or influ-
ence. For younger children, particularly those who
were pre-literate, the questionnaire was completed
with a research assistant working from a
standardized script to avoid bias. For other chil-
dren, research assistance was available as needed.
The entire questionnaire (general and DS modules)
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was completed in 10–25 min with the longer times
reflecting interviewer assistance for the younger
children.

Development of parental report: Parents completed
a parallel questionnaire privately, although the
research assistant was available, if needed. The
parental questionnaire includes three sections: (1)
questions identical to those posed to the child,
regarding the child’s general health and DS func-
tioning; (2) questions on the parent’s own health
and level of functioning; (3) questions on the
family’s demographic characteristics. As a result,
the parents completed the assessment in 20–
25 min, inclusive of extensive, unsolicited com-
ments about the transplant process and their
thoughts about the questionnaire.

The generic and DS questions were designed to
assess children’s status in the four weeks before the
interview. The voice of the child is the standard
used in the questions. All questions began with the
stem ‘‘How much has not feeling well gotten in the
way. . .’’ followed by a description of an area of
general (CHRIs) or DS functioning (DSII-HSCT).
For the school-aged children, the response scales
were pictorially represented, and the child was
instructed to select ‘‘the kid most like you’’ from
among the five response levels. In contrast, the five
response options were text-based in the adolescent
and parent versions; adolescents had reported
finding the pictures too ‘‘baby-ish’’ when probed
during the instrument’s developmental phase. For
frequency items, the 5-point Likert scale ranged
from ‘‘never’’ to ‘‘a whole lot of the time,’’ whereas
for the intensity items, the scale ranged from ‘‘not
at all’’ to ‘‘a whole lot.’’ For the DS items, the
5-point rating scale ranged from most (1) to least
(5). For most of the DS items, the respondent also
was given the option of indicating that ‘‘this hasn’t
happened to me’’ (or my child) or ‘‘I don’t have to
do this.’’ This choice was designed to distinguish
between experiencing the problem and not being
bothered by it versus not experiencing the problem
within the reference period. The scores for each
general and DS dimension were then transformed
to a 0-100-point scale1 using conventional

psychological scaling methods [45]. For the generic
items the higher number represents a higher level
of reported functioning, while for the DS items,
the higher score connoted greater distress, more
hassles, or body image issues.

Statistical analysis

Sample size

The planned sample (n ¼ 50/group) was chosen to
yield an 80% power to detect meaningful differ-
ences in the mean summary scores for each
domain. A medium effect of 7–10 points between
groups [46] was chosen and the sample size cal-
culation was based on the observed variance in
responses from children with other chronic dis-
eases as well as preliminary data from a sample of
healthy children (S.H. Kaplan, personal commu-
nication). This sample size was selected to address
the primary objective of the study, which was to
demonstrate ‘‘proof of concept’’ in the evaluation
of HRQL in the HSCT pediatric population.

To characterize the psychometric properties of
CHRIs and the DSII-HSCT within this transplant
sample, Cronbach’s alpha coefficient was com-
puted to evaluate the internal consistency reli-
ability for each of the four domains in the general
measure and each of the three domains the DS
module with a minimum acceptable criterion of
0.70 [47]. The relationship between individual
items to the scales was described by reporting the
Pearson correlation for each item to its respective
subscale with the item itself removed. Summary
scores for each generic and disease-specific scale
were defined as the average raw score if at least
50% of the items in the scale were non-missing; if
more than 50% of the items were missing, the scale
was set to missing. This is equivalent to imputing
the missing values(s) by the mean of the available
items when at least 50% of the items were not
missing. This calculation was done for both raters
(children and parents).

To evaluate the discriminant validity of the
measure, mean scores in generic and DS scales
were compared using known-groups methodology
by time post transplant. Specifically, we compared
the pattern of scores from each rater for those
early in the post-transplant period (<6 months,

1 The details of transformation of raw scale scores are outlined

in the manual and interpretation guide of the SF-36 Health

Survey, 1993, p. 6:18.
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i.e, EARLY, 38 children and 23 parents) with those
who were more than six months post transplant
(i.e., LATE, 84 children and 51 parents), by two-
sample t-test. We hypothesized that transplant
recipients in the EARLY group would report more
disease-related hassles, worries, and changes to
body image than those in the LATE group, based
on externally imposed protective isolation and
more intense transplant-related management. We
also hypothesized that physical functioning and
energy functioning would be more severely
affected in the EARLY group than in the LATE

group. All tests were two-sided. Of note, we
also performed comparisons that adjusted for
child age at assessment, as a dichotomous variable
(5–7 years vs. 8 years and older) or as a continu-
ous variable. These adjusted analyses yielded the
same pattern of scoring and comparable magni-
tude of p-values and thus not presented.

As both a measure of discrimination as well as
of convergence, the mean summary scores for each
rater (parent and child) were compared with
respect to health care provider-assigned clinical
severity ratings. The analysis focused on children
who were at least 6 months post-transplant. The
severity rating’s five levels were collapsed into
three, based on the distribution of responses: level
1, minimal (49.6%); level 2, mild-moderate
(41.2%); and level 3, severe-very severe (9.2%).
Results were adjusted for patient age and time post
transplant. Pairwise comparisons were performed
(e.g., minimal vs. severe); Tukey adjusted p-values
are reported [48].2

For comparisons between raters within the
treatment dyad, the mean differences (child score
minus parent score) and the standard errors were
calculated for each generic and DS domain. Mul-
tiple linear regressions were performed to examine
the relationship between the mean difference in
domain scores and the child’s age at the assess-
ment, time since transplant, and transplant type.
Age and time since transplant were considered
both dichotomously and continuously, with the
final selection based on goodness of fit statistics
and Akaike Information Criterion. We also
examined potential interactions between raters and

other covariates; that is, whether parent–child
differences in domain scores varied with respect to
other covariates. Furthermore, as a measure of
inter-rater reliability, intra-class correlations (ICC)
were calculated using a mixed effects model with
all available data [49]. Pearson’s correlation was
also calculated as a measure of inter-rater validity
[49]. Of note, neither the ICC nor the Pearson’s
correlation was adjusted for covariates such as
child’s age at the assessment or time since trans-
plant, based on the premise that parent’s and
child’s reports may co-vary because of these
covariates.

Results

Sample description

A convenience sample of 122 children was
enrolled, 48 without corresponding parent data
and 74 in treatment dyads. Eligible participants
were approached for recruitment, based on con-
secutive presentation to the clinic for routine
post-transplant care. Among those, two parents
and two children in four dyads refused to partici-
pate, resulting in a 1.6% refusal rate for the chil-
dren (2/122) and 2.7% for parents (2/74). The two
children who refused to participate reported that
they did not want to think about their transplant;
both were >12 months post-transplant. Both
parents did not want their children to participate.
In addition, four children were unable to complete
the assessment, despite research assistance and
attempts to modify attentional and/or spatial
confounders. After the initial pilot testing of the
measure in school aged children (n ¼ 48), the DS
module for the parent questionnaire was aug-
mented to include all 10 DS items to ensure com-
plete parallel content and uniformity of scoring
with the child version. Hence, the parent results
reported herein reflect 74 respondents who com-
pleted the augmented parent questionnaire. Since
no modifications of item content were made in the
child measure after the first pilot, the results for
the entire 122 patient sample are included.

Demographics of the study sample are summa-
rized in Table 1. Overall, the sample was
predominantly Caucasian (94%) and male (54%),
reflecting the overall HSCT population at our

2 The reader is referred to an excellent reviewbyGeraldE.Dallal,

PhD, entitled Multiple Comparison Procedures, available at:

www.tufts.edu/~gdallal/mc.htm, accessed 11/5/2004.
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center. Gender differences reflect the epidemiology
of the underlying conditions. The median age at
evaluation was 11 years. Although the median
time post-transplant was one and a half years,
(519 days), the range extended from 17 days to
8.4-years (3079 days). The distribution of the
study sample by diagnosis and transplant type
mirrored that of the center’s overall HSCT popu-
lation with a predominance of transplants for
hematological malignancies (77%, study; 69%
center overall) and near-equivalence in the number
of allogeneic (allo) and autologous (auto) trans-
plants (52% allo; 48% auto). Among the 41 allo
transplant recipients greater than 100 days post-
transplant and thus evaluable for CGVHD, 12
(29%) had CGVHD, reflecting the prevalence of
this complication in our center. The families of
participants were well educated (78% with more
than a high school education) with a median family

income of $40,000–49,999. While many were pri-
vately insured, 14% of the study population had
Medicaid coverage, similar to the program as a
whole (16%).

Measurement properties

1. Item scores
Mean raw scores (standard deviation) for each
item, presented in Tables 2 and 3, revealed similar
variability between parent and child reports. All
generic and DS items demonstrated sufficient
variability across response choices. Ceiling and
floor effects were not observed for either rater; the
full five-point scale was used in the majority of
items. Among the generic items, none of the parent
raters endorsed that the child was doing ‘‘pretty
bad’’ lately or had ‘‘a whole lot’’ of pain. None of
the child raters selected that they were ‘‘sad.’’ In
the DS items, none of the parents reported that the
child was bothered ‘‘a whole lot’’ by telling friends
about the transplant.
2. Internal Consistency Reliability (ICR)
The results of the internal consistency reliability,
summarized in Table 4 reveal that alpha coeffi-
cients for the generic domains range from 0.85 to
0.95 for the parent raters and 0.69–0.83 for children
for the generic items. As expected, younger chil-
dren, age 5–7 years, had lower reliability for all
scales. Among the older children (8 years and old-
er), alpha coefficients ranged from 0.72 to 0.86.
Similar patterns were observed for the DS module.
Of note, since the body image domain contains only
two items, an alpha coefficient was not calculated.
3. Validity
The unadjusted comparison of mean summary
scores by time post transplant (early vs. late) is
summarized in Table 5 for each domain by rater.
For all domains, generic and DS, early scores from
the parents are significantly worse than later scores
(p < 0.001). The magnitude of the differences in
mean summary scores for the two time periods is
striking, ranging from 20 to 50 points (1–2 SD).
This pattern is also seen in the child reports for all
DS domains and for energy. For the other generic
domains (i.e., physical, role, emotional), early
scores are lower than later scores, but those dif-
ferences do not reach statistical significance.

The comparison of domain scores with the
health care provider’s disease severity rating is

Table 1. Sample demographics (74 parents and 122 children)a

Child gender 54% Male

Child race 94% Caucasian

Child age

Age at BMT median (range) 8 (1–17)

Age at Eval median (range) 11 (5–18)

Transplant indication 77% hematologic

malignancies

Transplant type 58 (48%) autologous

64 (52%) allogeneic

Days post BMT median (range) 519 (17—3079)

% with CGVHD* 29% (12/41)

Parental education

Did not completed high school 6%

Completed high school 16%

Some–completed college 63%

Some–completed

graduate school 15%

Parental marital status

Married/living with partner 87%

Divorced/separated/widowed 12%

Never married 2%

Median family income $40–49,999

Method of payment

Commercials insurance 36%

HMO/prepaid plan 23%

Other/combo** 25%

Medicaid 14%

Self pay 2%

a Numbers for gender, parental education, and marital status

are not complete due to missing data.

* Allo transplants >100 days.

** Reflects more than one type of private insurance coverage.
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summarized in Table 6. In this comparison, the
best model fit included age as a continuous var-
iable and time post-transplant, based on quar-
tiles. It revealed that parents reported
significantly lower scores in emotional function-
ing for those in the most severe category as
compared to the least (minimal) severe group.
Similarly, parental scores for energy significantly
varied for those in the most severe group versus
minimal, but also in the mild-moderate versus

most severe. This pattern was also seen for body
image. Mirroring parent responses, children re-
ported significantly different scores in compari-
sons between the least and most severe groups for
physical functioning and all three of the disease
specific domains.
4. Inter-rater comparisons
Table 7 summarizes the results of a multiple linear
regression examining mean difference (child score
minus parent score) for each of the generic and

Table 2. Generic item mean raw scores by rater (1 = worst functioning to 5 = best functioning)

Item Parent (n = 74) Child (n = 122)

Mean (SD) Floor% Ceiling%a Mean (SD) Floor% Ceiling%a

Play hard 3.44 (1.59) 20.8 38.9 3.44 (1.30) 10.1 25.2

Play ball 3.64 (1.57) 15.9 49.3 3.73 (1.30) 9.2 36.7

Swing/walk 3.96 (1.35) 8.2 53.4 4.03 (1.13) 5.0 44.5

Climb 3.74 (1.54) 14.5 52.2 3.46 (1.40) 13.3 31.7

Class activities 3.79 (1.65) 20.6 58.7 3.81 (1.41) 13.3 46.0

Housework 4.01 (1.37) 10.8 55.4 3.76 (1.36) 11.1 43.6

Schoolwork 3.96 (1.32) 7.1 52.9 3.85 (1.29) 8.0 45.1

Enjoy family 4.05 (1.28) 5.5 57.5 4.14 (1.24) 6.8 56.4

Pay attention 4.21 (1.20) 4.0 63.0 3.82 (1.23) 6.8 39.3

Concentrate 4.28 (1.31) 8.1 71.6 4.04 (1.28) 8.5 50.9

Talk friends 3.96 (1.46) 11.1 59.7 4.13 (1.23) 6.7 57.1

Miss school 2.70 (2.29) 1.4 38.6 2.60 (2.12) 7.8 27.6

Energy after school 2.54 (2.01) 2.9 15.9 3.57 (1.44) 7.1 27.4

Energy play 3.60 (1.32) 13.9 27.8 4.14 (1.00) 1.7 46.2

Rest 3.64 (1.06) 1.4 26.0 3.89 (1.09) 5.1 35.6

Nervous/worry 3.53 (1.01) 2.8 15.3 4.07 (1.05) 4.2 41.2

Happy/sad 3.46 (1.05) 1.4 16.9 4.06 (0.96) 0.0 40.3

Doing overall 4.09 (0.93) 0.0 40.0 4.40 (0.88) 0.9 61.5

Fun 3.74 (1.06) 1.4 29.7 4.09 (1.09) 3.4 48.7

Pain 4.14 (0.93) 0.0 43.8 4.24 (1.01) 3.4 52.9

a Floor: worst function; ceiling: best functioning.

Table 3. Disease specific item mean raw scores by rater (1 = least impaired to 5 = most impaired)

Item Parent (n = 74) Child (n = 122)

Mean (SD) Floor % Ceiling %a Mean (SD) Floor % Ceiling %a

Worry hosp 2.00 (1.30) 52.7 6.8 1.84 (1.14) 53.9 4.3

Worry infection 1.93 (1.21) 51.4 5.6 1.99 (1.31) 50.9 9.3

Worry disease 2.01 (1.32) 52.8 6.9 1.95 (1.32) 53.4 10.2

Mask 1.38 (1.52) 43.5 8.7 1.65 (1.55) 37.1 6.9

Diet 1.41 (1.44) 36.2 5.8 1.96 (1.63) 33.6 14.0

Meds 1.60 (1.41) 34.3 5.7 1.76 (1.35) 43.6 5.5

Tell friend 1.37 (0.67) 72.1 0.0 1.73 (1.47) 51.7 8.6

Think BMT 2.65 (0.99) 13.5 2.7 1.99 (0.99) 35.6 3.4

Cheek 0.97 (1.18) 40.0 1.4 1.39 (1.40) 40.4 4.4

Hair 1.27 (1.30) 44.3 4.3 1.46 (1.45) 45.2 7.0

a Floor: least impaired; ceiling: most impaired.
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disease specific domains. The parent scores varied
significantly by time post-transplant in all domains
(p<0.0001). For example, physical functioning
scores were 40 points higher (SE 6.9) for the group
beyond 6 months versus less than 6 months post-
transplant. Scores for Hassles were 29 points lower
(SE 4.3), connoting fewer hassles, in the later time
period. A similar pattern was noted for all other
domains (see Table 7). The impact of child age on
the mean difference varied by domain. For emo-
tional functioning and worry, emotional distress
significantly increased with child age. This was
reflected in lower emotional functioning scores
(coefficient of )1.12; SE 0.37) and higher worry
scores (coefficient 2.15, SE 0.78) when age was
considered continuously. Child age was not sig-
nificantly associated with other domain scores.
When interactions between rater and other cova-
riates (time post-transplant, transplant type, and

child age at evaluation) were considered, several
important patterns emerged. First, for all of the
generic and disease-specific domains, the interac-
tion between rater and time post-transplant was
significant. As an example, for physical function-
ing, in the early period (<6 months), children’s
scores were 19.9 points higher than parent scores
(p ¼ 0.003), whereas in the later period, parents’
scores were 12.2 points higher than the children’s
scores (p ¼ 0.005). Second, for energy, the rater by
transplant type interaction was also significant.
Specifically, parents of allo transplant recipients
reported 8.2 points worse energy than parents of
auto recipients (p ¼ 0.05), whereas children’s
scores did not significantly vary by transplant type
(p ¼ 0.94). Third, a significant interaction between
rater and child age at assessment was observed for
the disease-specific domain of worry. Specifically,
the association between age at assessment and

Table 4. Internal consistency reliability (Cronbach’s alpha)

Number of

item items

Parent

(n = 74)

Child

Child (all)

(n = 122)

5–7 years

(n = 32)

8–18 years

(n = 90)

Generic

Physical 6 0.95 0.82 0.79 0.83

Role 5 0.91 0.83 0.74 0.86

Emotional 5 0.85 0.73 0.72 0.74

Energy 4 0.89 0.69 0.59 0.72

Disease specific

Worry 3 0.91 0.77 0.69 0.80

Hassle 4 0.84 0.74 0.70 0.77

Body image 2 – – – –

Table 5. Parent and child: early (<6 months) and late (‡ 6 months) mean domain scores

Parent Child

Total

(n = 74)

Early

(n = 23)

Late

(n = 51)

Total

(n = 122)

Early

(n = 38)

Late

(n = 84)

Mean (SD) Mean (SD) Mean (SD) p-value Mean (SD) Mean (SD) Mean (SD) p-value

Generic

Physical 69.2 (33.5) 41.7 (33.6) 81.3 (25.5) <0.001 67.2 (24.2) 62.4 (20.1) 69.4 (25.7) 0.14

Role 77.6 (28.1) 60.1 (26.6) 85.7 (25.1) <0.001 74.8 (24.6) 75.9 (21.2) 74.2 (26.2) 0.74

Emotional 69.6 (19.3) 54.9 (18.1) 76.2 (16.0) <0.001 79.2 (17.5) 75.6 (18.8) 80.9 (16.7) 0.13

Energy 53.3 (29.8) 16.6 (9.8) 69.2 (19.7) <0.001 60.8 (21.8) 39.7 (11.3) 70.7 (18.2) <0.001

Disease specific

Worry 24.9 (29.6) 48.7 (33.2) 14.0 (20.0) <0.001 23.2 (26.0) 30.3 (27.8) 19.8 (24.6)

Hassle 33.8 (19.8) 55.0 (16.2) 23.5 (11.2) <0.001 36.1 (20.4) 49.7 (19.9) 29.8 (16.8) <0.001

Body image 22.4 (20.8) 41.7 (21.0) 13.0 (12.7) <0.001 28.6 (25.1) 37.8 (23.0) 24.3 (25.0) 0.01
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worry was observed in parent’s scores (p ¼ 0.008)
but not in child’s scores (p ¼ 0.94).

Unadjusted intra-class correlations of the raters’
scores varied by domain. For the generic domain,

the strongest correlation was for energy (0.68),
weak to moderate for role, physical and emotional
(0.12, 0.26, and 0.33, respectively). In the disease
specific domains, the ICCs were in the moderate

Table 6. Health care provider disease severity rating and mean summary scores by domaina

Parent Child

Minimal

(n = 26)

Mild–Moderate

(n = 19)

Severe–very

severe (n = 4)

Minimal

(n = 48)

Mild–moderate

(n = 24)

Severe–very severe

(n = 10)

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Generic

Physical 89.8 (19.4)b 73.1 (27.6) 61.5 (37.9) 75.8 (22.4) 63.1 (28.3) 52.9 (24.5)d

Role 91.8 (20.9) 80.0 (29.4) 71.3 (28.1) 76.8 (24.5) 70.0 (30.0) 73.9 (23.0)

Emotional 79.6 (14.2) 75.5 (15.2) 58.8 (24.6)d 83.7 (15.3) 80.0 (14.6) 72.1 (23.5)

Energy 75.2 (15.7) 67.0 (19.7)c 41.3 (26.6)d 75.1 (16.1) 66.7 (20.7) 57.2 (16.4)

Disease specific

Worry 10.0 (18.0) 12.7 (20.9) 31.3 (15.8) 15.4 (19.7) 23.9 (28.7) 36.1 (30.9)d

Hassle 21.0 (9.5) 22.6 (10.9) 34.0 (13.3) 27.6 (13.9) 29.0 (18.8) 43.0 (22.3)d

Body image 11.2 (11.3) 9.4 (10.0)c 30.0 (14.1)d 20.7 (22.3) 22.6 (24.3)b 44.4 (33.6)d

a Tukey adjusted p-values £ 0.05.
b Between minimal/mild–mod.
c Between mild–mod/severe.
d Between minimum/severe.

Table 7. Child-parent mean differences in HRQL scoringa

Physical

coefficient

(SD)

Role

coefficient

(SD)

Emotional

coefficient

(SD)

Energy

coefficient

(SD)

Hassles

coefficient

(SD)

Worry

coefficient

(SD)

Body image

coefficient

(SD)

Time post-transplantb 40.0 (6.9)*** 26.4 (6.6)*** 20.4 (4.3)*** 47.6 (4.4)***)18.1 (3.5)***)31.8 (6.5)***)22.9 (5.6)***

Age at assessment )0.4 (0.6) )0.1 (0.5) )1.1 (0.4)** 0.3 (0.4) )0.4 (0.4) 2.2 (0.8)** )0.8 (0.5)

Transplant typec 2.2 (4.5) 3.5 (4.3) )1.1 (3.0) )8.2 (4.1)* 2.5 (2.9) )1.5 (4.6) 5.4 (4.1)

Raterd 19.9 (6.4)** 15.4 (6.4)* 19.4 (3.9)*** 16.1 (4.7)** )5.4 (3.9) 11.3 (11.4) )3.8 (4.4)

Time post-transplant

by Rater

)32.1 (7.7)*** )27.0 (7.7)***)16.4 (4.7)***)17.0 (4.3)***)10.9 (4.7)* 19.8 (6.6)** 11.5 (5.3)*

Transplant type by Rater – – – 8.5 (4.0)* – – –

Age of assessment by

Rater

– – – – – )2.1 (0.8)* –

Child–parent (early) 19.9 (6.4)** 15.4 (6.4)* 19.4 (3.9)*** )5.4 (3.9) 11.3 (11.4) )3.8 (4.4)

Child–parent (late) )12.2 (4.2)** )11.6 (4.3)** 3.1 (2.6) 5.5 (2.7)* 31.1 (10.7)** 7.7 (3.0)*

Child–parent (early, auto) 16.1 (4.7)**

Child–parent (early, allo) 24.6 (3.5)***

Child–parent (late, auto) )0.9 (2.8)

Child–parent (late, allo) 7.6 (3.1)*

Allo–auto (parent) )8.2 (4.1)*

Allo–auto (child) 0.3 (3.5)

Age at assessment (parent) 2.2 (0.8)**

Age at assessment (child) 0.0 (0.7)

a p-value: * <0.05; ** <0.01; *** <0.001.
b Early (<6 months) vs. late (‡ 6 months).
c Reference group = auto (vs. allo) transplant.
d Reference group = parent (vs. child).
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range (0.43, worry; 0.52, hassles, and 0.60, body
image). Pearson’s correlationswere also performed,
yielding similar, but not identical results to the ICC.
(Data not shown.)

Discussion

This study outlines the preliminary work in the
evaluation of HRQL in children undergoing
HSCT, utilizing the CHRIs instruments: a generic
core and a DS module with child and parent report
versions. The potential advantages of the CHRIs
instruments in this population include its brevity,
the conceptual links between general and DS
modules, and the ability to assess self- and proxy
reporting through parallel content questionnaires.
An added advantage of the CHRIs instruments for
this population is a shared theoretical construct
and working definition of QOL with several adult-
based instruments (e.g., EORTC QLQ-30 [50],
FACT-BMT) [33]. These features make it attrac-
tive in complex clinical settings and create the
possibility for longitudinal exploration across
developmentally distinct age groups.

Both self-report versions of the instrument for
school aged children 5–12 years and for adoles-
cents, 13–18 years, contain developmentally
appropriate content, presented to enhance the
accessibility and acceptability of the measure
across this age continuum. Specifically, since the
school-aged population represents the majority of
the HSCT population and is a developmentally
distinct group from its adolescent counterpart, we
designed a pictorially based response scale for all
general and DS items. This type of scale, which
allows the child to match their level of functioning
with a picture in the response scale, helps cir-
cumvent issues such as literacy and concrete
thinking. Other investigators have also successfully
used non-verbal cueing with younger children.
(Wolters, personal communication, 2004) [12, 14].
As has been previously demonstrated, younger
children (5–7 years) had lower internal consistency
reliability than older children (P8 years old) [12,
14]. However, with the exception of a single
domain, the Cronbach’s coefficient exceeded 0.70
for all domains and for all raters.

Our experience mirrors the findings from other
pediatric populations. Specifically, when children

are provided with the appropriate tool that is
relevant and developmentally accessible to them
they are capable of providing valid and reliable
information [4, 12, 14, 17, 19].

One of the goals of the study was to evaluate the
feasibility of assessing HRQL among medically
complex children and their parents, receiving care
in a busy outpatient clinic. Hence, we were par-
ticularly encouraged by the apparent acceptance of
the measures as demonstrated by a low refusal rate
and high completion rates by both members of the
dyad.

One of the most striking results of our study
was the magnitude of differences in mean sum-
mary scores by time period (early vs. late) and by
clinical severity, a difference greater for parent
raters than for child raters. Moreover, in addition
to magnitude of change, the raters appear to
change position as a functioning of time
post-transplant. Specifically, children report bet-
ter functioning than parents in the early post
transplant period, whereas later on, parents
report better functioning. This pattern is also seen
in the disease specific domains. The variability of
child response as a function of age most strik-
ingly emerges for the emotional domains (emo-
tional functioning as a generic domain and worry
as a disease specific domain), demonstrating a
linear relationship between increased distress and
child age. Taken together, these results indicate
that HRQL differs as a function of time and
changing clinical status, mirroring the results
from adult transplant recipients. [51, 52]. In
addition, these results suggest that the effects of
time and clinical status on HRQL have different
implications for each rater.

While these initial findings provide compelling
information about pediatric HSCT survivors’
HRQL, there are several important limitations to
this study, principally related to the cross-sectional
design, size, and source of the sample. As noted,
one of the goals of the study was to demonstrate
‘‘proof of concept’’ that we could evaluate HRQL
in this population, using child self report in addi-
tion to parent report. We wanted to demonstrate
the additional contribution of transplant-specific
items as a supplement to items related to generic
functioning.

To render the characterization of HRQL in this
population more universally applicable, a larger,
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more ethnically and socio-economically diverse
population is needed. Future research will employ
longitudinal analysis to explore potential differ-
ences in children’s health status as a function of
age/developmental stage as well as the differences
in raters’ perception of HRQL over time. More-
over, we will evaluate the robustness of both the
generic core and DS module through direct com-
parisons with other validated measures. This
information will generate a better understanding
of the performance of the CHRIs instruments in
evaluating HRQL over time in the pediatric HSCT
population. With greater confidence we will then
be able to identify risk factors leading to impaired
functioning for particularly vulnerable patients
and families. This knowledge will allow develop-
ment of appropriate prevention/intervention pro-
grams to eliminate or mitigate the long-term effects
of HSCT.
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