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Abstract

Background Fatigue has been reported as one of the most
distressing symptoms in oncology patients, yet few have
investigated the longitudinal course of sleep and fatigue in
newly diagnosed pediatric oncology patients.

Procedure To longitudinally assess presence and changes of
sleep complaints and fatigue, we administered questionnaires
designed to measure sleep complaints, sleep habits, daytime
sleepiness, and fatigue to parents of pediatric oncology pa-
tients ages 2—18 and to pediatric oncology patients, them-
selves, ages 818 within 30 days of diagnosis (n=170) and
again 8 weeks later (n=153).

Results Bedtimes, wake times, and sleep duration remained
relatively stable across the first 8 weeks of treatment. Sleep
duration and fatigue were not related for the entire sample,
though children’s self-reported sleep duration was positively
correlated with fatigue only at the baseline time point. Parent
reports of fatigue significantly decreased for leukemia patients
but remained rather high for solid tumor and brain tumor
patients.
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Conclusions Because fatigue remained high for solid tumor
and brain tumor patients across the initial 8 weeks of treat-
ment, this may highlight the need for intervention in this
patient population.
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Introduction

Childhood cancer 5-year survival rates have increased dra-
matically from approximately 58 % in 1975 to 80 % in 2003
[1]. Because of the increased likelihood of survival, focus on
improved quality of life has increased. In particular, one
important contributor to quality of life that has received atten-
tion is sleep and fatigue.

Fatigue and sleep disturbances have consistently been
found to be among the most frequent symptoms experienced
by both adult and pediatric oncology patients [2—5]. Many
factors contribute to fatigue among on-therapy oncology pa-
tients, including disease process, treatment modality [6], fre-
quent nocturnal awakenings in hospitalized patients [3], and
poor sleep quality [5]. Fatigue can be distinguished from sleep
disturbances in that cancer-related fatigue is a daytime symp-
tom that is defined by The Clinical Practice Guidelines in
Oncology of the National Comprehensive Cancer Network
(NCCN) as “a distressing persistent subjective sense of phys-
ical, emotional, or cognitive tiredness or exhaustion related to
cancer or cancer treatments that is not proportional to recent
activity and interferes with daily function” [7]. Sleep distur-
bances, on the other hand, refer to difficulties initiating or
maintaining sleep that can, in turn, contribute to daytime
fatigue.

Sleep disturbances and fatigue are of particular concern to
oncology patients not only because they may negatively
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impact immune functioning and healing [8] but also because
they negatively impact treatment adherence, daily function-
ing, social activities, depressive symptoms, behavior prob-
lems, and overall quality of life [2, 6, 9, 10]. In particular,
children undergoing maintenance treatment for acute lympho-
blastic leukemia have been shown to have poorer quality of
life associated with overall impaired sleep including difficulty
initiating and maintaining sleep as well as with daytime sleep-
iness [10]. Thus, sleep and fatigue may impact both physical
and mental well-being in pediatric oncology patients, making
these important variables to understand.

In addition to the importance of cancer on children’s
sleep and fatigue, previous research suggests that socio-
economic status (SES) may contribute to increased risk
for sleep-disordered breathing. Lower SES has been found
to be significantly related to obstructive sleep apnea in
children, even after controlling for other health variables
such as prematurity and obesity [11, 12]. Although the
relation between SES and sleep problems has not yet been
examined with pediatric oncology patients, given the re-
lation of SES to sleep-disordered breathing in children
with other medical conditions, we sought to explore this
variable in the current study.

Limitations of previous research and study aims

Although sleep and fatigue in pediatric oncology patients
has received increased attention in recent years, many
questions remain. First, while diagnosis is related to
unique treatment-related factors that may impact sleep
and daytime alertness, the majority of research has includ-
ed children with acute lymphoblastic leukemia (ALL) or
CNS tumors, which account for only half of childhood
cancer patients. Thus, this exploratory study included
three diagnostic groups (leukemia/lymphoma, solid tumor,
and CNS tumor) to better understand the impact of a
cancer diagnosis, treatment-related factors, and potential
differences in sleep and fatigue among pediatric oncology
patients. Second, few studies have prospectively ad-
dressed sleep complaints in a cross section of pediatric
oncology patients at the time of diagnosis [13], and stud-
ies that have explored sleep complaints across time during
treatment have had methodological limitations such as
small sample size and low statistical power [14]. As
fatigue and sleep interventions are developed, it is impor-
tant to discern fatigue and sleep disturbance that may have
been influenced by disease in comparison to disturbances
that are treatment related. Therefore, this exploratory
study assessed sleep disturbance and fatigue at two time
points, within 30 days of a cancer diagnosis and 8 weeks
after the initial assessment.
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Methods
Participants

Study participant demographics are presented in Table 1. One
hundred seventy parents of children (87 boys) between the
ages of 2 and 18 (Mxg.=7.71 years, SD=4.4) and 81 children
between the ages of 8 and 18 were asked to complete ques-
tionnaires within 30 days of diagnosis (time 1), and of these,
153 parents and 68 children again completed questionnaires
8 weeks after the initial assessment (time 2). Seventeen par-
ticipants were unable to complete the time 2 assessment due to
the inability of the study team to contact the participant within
the study time window of 8 weeks (£2 weeks) of initial
assessment. There were no differences in diagnosis, age,
gender, SES, or steroid use in those who participated at only
time 1 and those who participated at both time points.
Participant diagnoses were categorized into three disease
groups: leukemia/lymphoma (n=70), solid tumor (n=50),
and CNS tumor (n=50). Eighty percent of those invited to
participate consented, and those who did not consent typically
were “passive refusals,” in which they verbally agreed but
then did not return completed questionnaires. No significant
differences in participants and passive refusers were found
with respect to age, gender, or diagnosis. Those who agreed to
participate were significantly more likely to be Caucasian than
African American or other races (x>=6.25, p<0.05). Half of
the participants at time 1 were taking steroids (including
dexamethasone, methylprednisolone, prednisolone, predni-
sone, and hydrocortisone) in the immediate period prior to

Table 1 Demographic characteristics of participants

N Percentage
Gender
Boys 87 51
Girls 83 49
Racial Background
African American 31 18
Asian American 2 1
Caucasian 128 75
Multiracial 7 4
Other 2
Age Group
2-5 years 69 41
6-12 years 72 42
13-18 years 29 17
Diagnosis
Brain Tumor 50 29
Leukemia 70 41
Solid Tumor 50 29
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data collection, while only 11 % were taking steroids imme-
diately prior to the data collection at time 2. The study was
approved by the Institutional Review Board of St. Jude
Children’s Research Hospital, and parents provided informed
consent to participate.

Instruments

Parents of children newly diagnosed with cancer completed an
abbreviated version of the Kosair Sleep Questionnaire [15],
and the Childhood Cancer Fatigue Scale—Parent Version
(CCFS) [16]. Additionally, parents of children ages 2—12
completed the Children’s Sleep Hygiene Scale (CSHS) [17].
Children and adolescents ages 8—18 completed the Children’s
Report of Sleep Patterns (CRSP) [18]. Finally, socioeconomic
status was calculated using a modified version of the Barratt
Simplified Measure of Social Status (BSMSS) [19].

Kosair Sleep Questionnaire The Kosair Sleep Questionnaire
is a 39-item parent report measure of demographics and
children’s sleep disturbances. It has been validated for use in
children to identify daytime and nighttime behaviors consis-
tent with symptoms of sleep-disordered breathing, daytime
sleepiness, and restless sleep. The instrument has demonstrat-
ed good sensitivity and specificity for parents reporting sleep-
disordered breathing symptoms in their children “frequently”
or “almost always” [15]. The Kosair is designed such that
parents are provided with a forced choice of a range of bed and
wake times (e.g., 8:00-9:00 pm, 9:00-10:00 pm; 7:00—
7:30 am, after 7:30 am). The measure was abbreviated for
the current study to include 20 items focused on sleep sched-
ule, restless sleep, and symptoms of sleep-disordered breath-
ing in an effort to reduce participant burden in a newly
diagnosed pediatric oncology sample. Items that were re-
moved were related to parasomnias, nightmares, and daytime
somnolence to allow for focus on the items with demonstrated
effective psychometric properties.

Childhood Cancer Fatigue Scale The CCES is a 17-item
parent report measure of fatigue specific to children with
cancer [16]. Items related to fatigue are rated by the parent
on a 5-point Likert scale from “not at all”’ (1) to “always” (5),
with possible scores ranging from 17 to 85, and higher scores
corresponding to more fatigue. The measure has demonstrated
good psychometric properties with an internal consistency
estimate of 0.88 and item to total correlations ranging from
0.34 to 0.069. The CCFS has demonstrated construct validity
with strong correlations between parent and child self-report
of fatigue. For the current study sample, at time point 1, the
CCFS had a Cronbach’s «¢ of 0.92, with item to total correla-
tions ranging from 0.40 to 0.80. At time point 2, Cronbach’s
a=0.84, with item to total correlations ranging from 0.31 to
0.62.

Children’s Report of Sleep Patterns The CRSP is a 60-item
self-report measure of sleep patterns, sleep hygiene, and sleep
disturbances in children ages 8—18 years. Children respond to
items considering both the previous night and a typical night.
Items are rated on a five-point scale from “never” to “always,”
and three modules including sleep patterns, sleep hygiene, and
sleep disturbance are calculated. Validity and reliability have
been established separately for children and adolescents, and
participants in this sample served as a subset of the validation
sample for the CRSP. In children ages 8—12, Cronbach’s alpha
for most sleep disturbances scales were acceptable ranging
from 0.70 to 0.76. The two-item Parasomnia scale has a
Cronbach’s alpha of 0.64 [18]. Test-retest reliability correla-
tions >0.80 were present for all indices other than the Restless
Legs Scale with a test-retest correlation index of 0.65 [18]. In
adolescents, the modules had moderate to acceptable reliabil-
ity with Cronbach’s alphas ranging from 0.54 for the two-item
Parasomnia scale to 0.77 in the Insomnia scale [20]. The
CRSP also includes a sleepiness scale (Cronbach’s alpha=
0.77) that was utilized in the current study for purposes of
assessing child self-reported daytime sleepiness [21].

Barratt Simplified Measure of Social Status SES was estimat-
ed using an adaptation of the BSMSS [19]. Although the
complete BSMSS formula is calculated using scores from
grandparents and parents, the formula was modified for use
in this study as only parent data were available for this sample.
The BSMSS calculates a proxy of SES based on occupational
prestige and parental level of education. Level of education is
rated on a 3- to 21-point scale while occupation is rated on a 5-
to 45-point scale. For two parent families in which both
parents were employed, a score was obtained by averaging
father and mother scores. For two parent families in which
only one parent was employed, a score was calculated for only
that parent. Scores for single parent families were based on a
calculation for the parent who participated in the research
study. Therefore, the possible scores ranged from 4 to 33. In
this sample, the range of scores was 4.25 to 33.00 (M=19.68,
SD=7.11), indicating that individuals from diverse socioeco-
nomic backgrounds were included in the sample.

Statistical analysis

To examine changes in bed time and wake time from time 1 to
time 2, it was necessary to first compute a midpoint time from
the time intervals indicated on the Kosair, CRSP, and ASHS.
For example, a parent reporting a bedtime between 9:00 pm
and 10:00 pm had a midpoint score of 9:30 pm, and a child
reporting a bedtime between 8:30 pm and 9:00 pm had a
midpoint score of 8:45 pm. Repeated measures ANOVAs
were used to examine changes in bed time midpoint, wake
time midpoint, and sleep duration separately by child and
parent report. Because bed time, wake time, and sleep
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duration norms vary by developmental level, these ANOVAs
were performed separately for participants 2—5 years (parent
report only), 6—12 years (child and parent-reported data for 8—
12 years), and 1318 years (adolescent and parent report). All
relationships between demographic variables (gender, race,
SES) and fatigue scores were found to be nonsignificant.
Pearson correlations between parent and child report were
used at each time point for the two older age groups to assess
agreement in bed time, wake time, and sleep duration. Change
scores were calculated for both parent-reported fatigue as
measured by the CCFS and child-reported daytime sleepiness
as measured by the sleepiness scale of the CRSP. An ANOVA
was used to examine differences in change in fatigue and
sleepiness by diagnostic group.

Results
Changes in bedtime, wake time, and sleep duration

Table 2 includes child and parent report of bedtime and wake
time at baseline (time 1) and 8 weeks from initial assessment
(time 2). At time 1, the mode bedtime reported by both
children for the entire sample was between 9:00 and
9:59 pm with a wake time between 6:00 and 6:29 am.
Parents reported mode bedtimes (36.5 %) for the entire sample
between 8:00 and 9:00 pm with rise times between 7 and
7:30 am. Of note, nearly as many parents reported mode
bedtimes between 9:00 and 10:00 pm (33.5 %). The mode
bedtime at time 2 as reported by children was unchanged from
time 1; however, parents reported later bedtimes at time 2, and
both child and parent report indicated that the children’s mode
wake time surpassed the 7:30 am wake time reported at time 1.

At both time points, as expected, bedtimes were reported to be
later for the older than the younger age groups. Multivariate
analyses were conducted to determine change in reported
bedtime, wake time, and sleep duration from time 1 to time
2. Prior to this analysis, the relation of steroid use to bedtime
and wake time at time 1 and time 2 and the relation of SES to
sleep change scores were found to be nonsignificant, and thus
were not included as a covariate. Young children, ages 2 to 5,
were reported to have significantly later bedtime and wake
time at time 2 when compared to time 1 (F(3, 37)=4.01,
p<0.05). Parents of children ages 6—12 also reported signifi-
cantly later bedtime and wake time at time 2 (F(3, 41)=3.51,
p<0.05), though children did not self-report later bedtimes or
wake time. Conversely, adolescents self-reported later bed-
time and wake time at time 2 (F(3, 21)=4.99, p<0.01), though
their parents did not report changes in bedtime and wake time
over time.

Table 3 includes child and parent reports of sleep duration
attime 1 and time 2. At time 1, for the overall sample, children
reported sleeping an average of 9.0+1.1 h per night (range
6.75-11.75), and parents reported that their child slept 9.7+
1.0 h per night (range 6.75-12.0). At time 2, children reported
sleeping 8.9+1.3 h per night (range 6.0-12.0), and parents
reported that their child slept 9.5+1.1 h per night (range 6.0—
11.75). Steroid use was not significantly related to sleep
duration at either time point, and no significant time 1 to time
2 changes in sleep duration were reported by either parents or
children. As expected, adolescents reportedly slept less than
did younger children at both time points and by both parent
and child report (See Table 3). When potentially sedating
agents (including antiemetics, anticholinergics, antiepileptics,
benzodiazepines, and opioids) were investigated as potential
contributors to sleep habits, no relation was found with bed-
time, wake time, or sleep duration.

Table 2 Modal bed time & wake

time (hour intervals) Time 1 Time 2
Bed Time Wake Time Bed Time Wake Time

Children all ages

Child report 9:00-9:59 6:00-6:29 9:00-9:59 after 7:30

Parent report 8:00-9:00 7:00-7:30 9:00-10:00 after 7:30
Children 2-5

Child=no report - - - -

Parent report 8:00-9:00 7:00-7:30 9:00-10:00* after 7:30*
Children 6-12

Child report 9:00-9:59 7:00-7:29 9:00-9:59 after 7:30

Parent report 8:00-9:00 6:30-7:00 9:00-10:00* after 7:30*
Children 13-18

Child report 9:00-9:59 6:00-6:29 10:00-10:59 after 7:30

Parent report 9:00-10:00 6:00-6:30 9:00-10:00%* after 7:30**

*p<.05;** p<.01
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Table 3 Mean sleep duration in
hours Time 1 Time 2
M (SD) Range p M (SD) Range p
Child Report 8.97 (1.06) 6.75-11.75 8.94 (1.28) 6.00-12.00
Gender 0.399 0.291
Boys 9.06 (1.08) 6.75-11.75 8.68 (1.23) 6.00-11.00
Girls 8.86 (1.05) 6.75-11.00 9.07 (1.21) 6.00-12.00
Age Group <0.001 0.009
2-5 years - - - -
6-12 years 9.33(0.99) 7.25-11.75 9.27 (1.28) 6.00-12.00
13-18 years 8.38 (0.91) 6.75-10.00 8.35(0.94) 6.00-9.75
Diagnosis 0.344 0.922
Leukemia 8.99 (1.12) 6.75-11.00 8.85(0.71) 7.75-10.25
Solid Tumor 8.78 (1.11) 6.75-11.75 8.75 (1.45) 6.00-11.00
Brain Tumor 9.21 (0.90) 7.75-10.75 9.16 (1.45) 6.00-12.00
Steroid Use 0.209 0916
Yes 9.08 (1.06) 6.75-11.75 8.63 (1.25) 6.75-11.00
No 8.85 (1.04) 6.75-11.00 8.93 (1.23) 6.00-12.00
Parent Report 9.67 (0.99) 6.75-12.00 9.47 (1.07) 6.00-11.75
Gender (Child) 0.788 0.617
Boys 9.46 (1.00) 6.75-12.00 9.41 (0.98) 6.00-11.25
Girls 9.68 (1.01) 7.00-11.75 9.49 (1.15) 6.00-11.75
Age Group <0.001 0.003
2-5 years 9.93 (0.93) 7.75-11.75 9.63 (1.17) 6.00-11.75
6-12 years 9.75 (0.77) 8.00-12.00 9.61 (0.86) 8.00-11.25
13-18 years 8.77 (1.20) 6.75-12.00 8.64 (0.97) 6.00-10.00
Diagnosis 0.295 0.908
Leukemia 9.78 (0.89) 7.75-12.00 9.43 (0.85) 7.75-11.00
Solid Tumor 9.42 (1.09) 6.75-12.00 9.38 (1.22) 6.00-11.75
Brain Tumor 9.92 (1.01) 7.25-11.75 9.55 (1.21) 6.00-11.25
Steroid Use 0.176 0312
Yes 9.56 (0.92) 6.75-12.00 8.97 (0.65) 8.00-10.00
No 9.77 (1.07) 7.00-12.00 9.51 (1.10) 6.00-11.75
Sleep problems were not significantly related to diagnostic group, gender, age,

At time 1, parental report of sleep problems as measured by
the Kosair indicated that 12 % of children snored, 19 % did
not sleep through the night, 20 % were restless sleepers, 1 %
stopped breathing during the night, and 9 % had enuresis. At
time 2, 4 % snored, 12 % did not sleep through the night, 13 %
experienced restless sleep, no children stopped breathing dur-
ing the night, and 10 % continued to have enuresis.
McNemar and paired 7 tests were used to evaluate the
change in sleep problems from time 1 to time 2. The reduction
of the number of children reported as snoring was significant
(McNemar test=137, p<0.05); however, decreases in not
sleeping through the night, restless sleeping, stopping breath-
ing, and enuresis were not significant. Decreases in snoring

SES category, or steroid use at either time point.
Fatigue

Mean fatigue scores as reported on the Childhood Cancer
Fatigue Scale at time 1 and time 2 are presented in Table 4.
Steroid use, chemotherapy, and radiation therapy were not
significantly associated with fatigue scores at either time point
and were not associated with change in fatigue score from
time 1 to time 2. Results from the ANCOVA analysis (con-
trolling for gender, age, and SES) indicated a significant effect
of diagnosis on cancer fatigue change scores over the first
8 weeks of treatment, F(2, 110)=5.44, p<0.01. Children
diagnosed with leukemia/lymphoma were found to have
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Table 4 Mean fatigue scores (CCFS) at time 1 and time 2 and mean fatigue change scores across groups

Time 1M (SD) Time 2M (SD) Change M (SD)
Diagnostic Group F(2,110)=5.44, p<0.01
Leukemia 48.45 (12.75) 38.72 (9.94) 8.76 (12.56)
Solid Tumor 44.41 (10.95) 42.09 (9.69) 0.56 (12.86)
Brain Tumor 43.90 (13.32) 41.79 (8.59) 1.58 (12.74)
Analysis Covariates
Gender F(1, 110)=1.17, p=0.28
Boys 46.00 (12.08) 37.76 (9.54) 5.97 (13.05)
Girls 45.77 (13.05) 43.48 (8.71) 2.44 (13.11)
Age group F(1, 110)=0.01, p=0.91
2-5 years 46.88 (11.57) 40.26 (9.95) 5.58 (13.47)
6-12 years 43.90 (11.90) 40.71 (9.30) 1.86 (11.91)
13-18 years 48.43 (10.82) 41.64 (9.48) 6.29 (12.85)
SES category F(1, 110)=2.34, p=0.13
1 43.95 (11.63) 41.58 (9.91) 2.10(11.57)
2 44.55 (14.82) 39.88 (8.78) 244 (14.91)
3 47.36 (10.30) 40.07 (8.20) 6.28 (8.97)
4 45.29 (12.70) 39.78 (11.28) 4.52 (16.25)

ANCOVA results in this table correspond to impact of diagnostic group on fatigue change scores, with gender, age group, and SES entered as covariates.

Higher scores indicate more fatigue

significantly reduced parent-reported fatigue scores on the
CCFS (Mchange=8.76) from time 1 to time 2 compared to
children diagnosed with solid tumors (Mchange=0.56) or brain
tumors (Mchange=1.58; Fig. 1). Interestingly, this did not
correspond to a significant mean change in child-reported
daytime sleepiness on the CRSP over the 8-week period,
F(5, 40)=0.87. However, it is important to note that this
measure was only completed by children 8 years or older
(n=81), and of this group, only 46 participants had data at
both time points to be included in this analysis. Furthermore,
no statistically significant relationships between change in
fatigue and several sleep-related variables, including

insomnia, sleep hygiene, bedtime, wake time, total sleep time,
or restless sleep were found.

Relation of sleep duration and fatigue

Pearson correlations were run to determine the relation of
sleep duration and fatigue at both time points. At time 1, there
were no significant correlations between parent or child report
of sleep duration and fatigue (#=0.12, p>0.05 child; »=0.04,
p>0.05 parent). Similarly, there were no significant correla-
tions between parent or child report of sleep duration and
fatigue at time 2 (»=0.12, p>0.05 child; »=0.09, p>0.05
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parent). When exploring the correlations by age group, chil-
dren ages 612 did show a significant positive correlation
between self-reported sleep duration and fatigue at time 1 only
(r=0.31, p<0.05). At time 2, self-reported sleep duration and
fatigue were not significantly correlated in this age group (r=
0.27, p>0.05).

Discussion

This study was the first to our knowledge to evaluate sleep
duration and fatigue longitudinally in a cross section of pedi-
atric oncology patients with a wide variety of diagnoses.
Because sleep and fatigue are related but distinct concepts, it
is important to delineate if poor sleep is contributing to day-
time fatigue or if daytime fatigue is a separate entity to be
treated with daytime interventions. Over the first 8 weeks of
treatment in this newly diagnosed pediatric oncology sample,
both bedtimes and wake times became significantly later
while sleep duration was not reported to change.
Interestingly, this finding of later bedtime and wake time
across the initial portion of treatment was reported by parents
in young children and school-aged children and by self-report
in adolescents. School-aged children did not self-report
changes in bedtime and wake time across treatment, and the
parents of adolescents did not report changes in bedtime and
wake time. This likely points to a developmentally typical
finding in which parents may be more accurate reporters of
bedtime and wake time in preschool and school-aged children,
while adolescents may be able to better report their own sleep
patterns. As such, the importance of obtaining self-reported
sleep habits from adolescents, even those on active treatment
for cancer, is underscored. Later bedtimes and wake times
from time 1 to time 2 are likely reflective of changes in
schedule for these patients who are typically not in school
while receiving cancer-directed therapy. Although their sched-
ules appear delayed, their overall sleep duration is not reported
to change, and younger children were reported to have longer
nighttime sleep (on average 9—10 h) than school-aged children
(on average 9 h), who were reported to sleep longer than
adolescents (on average 8.5 h). Of note, the adolescents in
our sample were reportedly obtaining more sleep each night
than the average of 7.6 h per night reported in the 2006
National Sleep Foundation Sleep in America Poll [22].

With sleep duration within the recommended range for age,
rates of fatigue were high in the newly diagnosed patients near
the time of diagnosis. Although the sleep duration was not
reported to change and snoring actually decreased across the
first 8 weeks of treatment, parent-reported fatigue only im-
proved for the leukemia/lymphoma group, with the solid
tumor and brain tumor groups reporting significant fatigue
both at time of diagnosis and again 8 weeks into treatment. It

is unclear why snoring significantly decreased across the
8 weeks of treatment to below the mean rates of 7 % of healthy
children who are reported to snore [23], as it had no associa-
tion with diagnosis or steroid use, which might have been
explanatory related to decreased inflammation. The mean
fatigue scores reported in the current sample were somewhat
higher than the mean of 41 reported in the original validation
sample of the CCFS [16]. It is important to note that 51 % of
the validation sample for the CCFS was recruited within
6 months of oncology diagnosis with an even longer time
since diagnosis for the remainder of the sample [16]. While
the results may not be directly comparable, this may lend
support for higher fatigue earlier in the diagnosis and treat-
ment process.

It is interesting to note the significant reduction of fatigue in
the leukemia/lymphoma sample with no improvement in fa-
tigue for the solid tumor or brain tumor patients, with all
groups reporting similar fatigue at time of diagnosis. The
fatigue experienced by leukemia/lymphoma patients at diag-
nosis is likely related to their disease burden and subsequent
anemia, infection, and bleeding; however, these symptoms
have been shown to dramatically reduce during the initial
month of therapy [24, 25]. The solid tumor and brain tumor
patients, on the other hand, continue to demonstrate similar
fatigue to baseline as they undergo additional treatment op-
tions including surgery and radiation. The ongoing fatigue
throughout the initial portion of treatment, which has previ-
ously been reported as one of the most distressing symptoms
by patients [3, 5], points to the need for empirically validated
interventions to reduce fatigue in these patient groups. For the
overall group, sleep duration and fatigue were not significant-
ly related at either time point. Thus, the interventions to
address fatigue may need to focus more on daytime activity
rather than targeting nighttime sleep.

While these findings are important, several limitations
must be delineated. First, only 29 adolescents were included
in the sample, which may have limited our statistical power to
detect changes in this group over time. Additionally, potential
participants were more likely to agree to participate if they
were Caucasian than other racial backgrounds. This may limit
the generalizability of findings to other races and/or ethnici-
ties. Although we are able to ascertain that fatigue significant-
ly decreases for children in the Leukemia/Lymphoma group,
we unfortunately do not have an established score to indicate
clinically significant fatigue in this sample. As a result, we are
limited in our ability to determine if the statistically significant
reduction in fatigue corresponds with a clinically significant
reduction in fatigue in this sample. We further did not collect
data on number of inpatient days preceding the questionnaire
completion. Thus, we cannot draw conclusions related to the
child’s sleeping environment that may have potentially con-
tributed to fatigue. Furthermore, all of the data collected in the
study were subjective reports without actigraphy,
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polysomnography, or other objective assessment of sleep.
While it is important that both parents and children (8 years
of age and older) were permitted to provide their assessment
of the child’s sleep and fatigue, objective actigraphy data
would have expanded the confidence to interpret typical bed
times, wake times, and sleep duration. It is important to
recognize, however, that while actigraphy can yield more
accurate assessments of sleep, parent report correlates signif-
icantly with actigraphy with respect to sleep onset, sleep
offset, and total sleep time [26, 27]. Furthermore, we did not
include an assessment of daytime sleep, which limits our
ability to understand how much sleep children are obtaining
in a 24-h period. In addition, because the final choice option
on the Kosair regarding wake times does not include an end
time (after 7:30 am), we are unable to directly ascertain just
how late a portion of our sample was regularly sleeping.
Finally, as we only obtained fatigue and sleep complaint
ratings at two time points, we are limited in our ability to
make conclusions about the trajectory of fatigue across treat-
ment in pediatric oncology patients. Future studies could help
elucidate this trajectory by measuring fatigue and sleep com-
plaints at multiple time points and later in the treatment
course.

Sleep and fatigue in pediatric oncology patients has pri-
marily been descriptive in nature thus far. While the current
study is also descriptive, exploratory, and subjective in nature,
the findings describe previously unknown changes in sleep
and fatigue during the initial intensive portion of treatment in
newly diagnosed pediatric oncology patients. Fatigue in solid
tumor and brain tumor patients remains relatively high, while
sleep duration reportedly remains stable. This provides sup-
port for the need to focus interventions on daytime activity,
rather than nighttime sleep, in an effort to reduce the very
distressing symptom of daytime fatigue in this patient
population.
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