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Study Objectives: Describe the self-reported sleep quality
and sleep hygiene behaviors of adolescents before diagnosis
and during chemotherapy (CTX), compare their sleep quality
and sleep hygiene behaviors with published normative data for
healthy adolescents and adolescents with chronic pain, and
explore factors that predict sleep quality.

Methods: Subjects were 51 adolescents (10 to 19 years) re-
ceiving CTX for cancer. A questionnaire was used to assess
sleep patterns prior to the adolescent’s cancer diagnosis, and
a 7-day sleep diary was used to assess subjective sleep-wake
activity during CTX. Sleep quality was assessed using the Ado-
lescent Sleep Wake Scale, and sleep-facilitating and sleep-in-
hibiting behaviors using the Adolescent Sleep Hygiene Scale.
Results: Adolescents receiving CTX reported significantly
worse sleep quality and sleep hygiene behaviors than
healthy adolescents, and better sleep quality but similar
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sleep hygiene behaviors to adolescents with chronic pain.
Significant interactions were found between bedtimes and
wake-times on weekdays and weekends before diagnosis
and during CTX. Sleep hygiene and demographic variables
accounted for 24% of the variance in sleep quality. The cogni-
tive and emotional subscales of the sleep hygiene scale and
demographic variables accounted for 36% of the variance in
sleep quality.

Conclusions: Both the weekday and weekend sleep-wake
patterns of adolescents receiving CTX resembled their week-
end sleep patterns prior to diagnosis.
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dolescent sleep-wake patterns result from complex interac-

tions among four distinct processes: maturation and devel-
opment, behavior, and intrinsic sleep and circadian regulatory
mechanisms. Several developmental trends are evident in the
sleep-wake patterns of healthy adolescents.! First, as children
progress from early to late adolescence they go to bed later.
In addition, they tend to awaken later on weekends and during
vacation periods. These patterns result in shortened week-day
sleep durations and increased discrepancies between weekday
and weekend sleep patterns. These changes in sleep-wake pat-
terns exist within the context of an educational system that re-
quires adolescents to start school earlier in the morning than
younger children. Developmental changes in sleep patterns,
coupled with earlier school start times, are associated with in-
sufficient sleep for many adolescents.? Adolescence proceeds
through three distinct periods: early (10 to 13 years), middle
(14 to 16 years), and late (17 to 19 years).® For the purposes of
this study, adolescents were defined as persons 10 to 19 years to
broadly reflect the biological and psychosocial period of ado-
lescence.

Good sleep quality can be defined as a period of restorative
sleep that meets an individual’s sleep-related needs and allows
for optimal daily functioning.* An adolescent with good sleep
quality goes to bed easily at bedtime, transitions effortlessly
from wakefulness to sleep, maintains sleep without disruptions,
reinitiates sleep if aroused, and transitions easily in the morn-
ing from sleep to wakefulness.® Sleep quality is influenced by
intrinsic sleep and circadian regulatory mechanisms, as well as

BRIEF SUMMARY

Current Knowledge/Study Rationale: Sleep is important for ado-
lescents who are experiencing a life-threatening iliness and a period of
brain maturation that require adequate sleep. Self-reported sleep qual-
ity and sleep hygiene behaviors during cancer chemotherapy are likely
related but have not been described.

Study Impact: The findings of this study suggest that adolescents have
poor sleep quality and sleep hygiene behaviors during chemotherapy.
The cognitive and emotional aspects of sleep hygiene behaviors may be
particularly relevant for adolescents with cancer and warrant further study.

demographic (e.g., age, race, gender) and lifestyle factors (e.g.,
sleep hygiene behaviors, physical activity).

Sleep hygiene behaviors are lifestyle factors assumed to influ-
ence sleep quality by promoting or inhibiting better sleep. Positive
sleep-promoting behaviors include following a bedtime routine;
sleeping alone; sleeping in a comfortable, quiet, toxin-free en-
vironment; maintaining a regular sleep and exercise schedule,’
and decreasing the number of negative sleep-inhibiting behaviors
(taking late-afternoon naps; consumption of tobacco, alcohol,
and caffeine prior to bedtime; engaging in physiologically, cog-
nitively, and emotionally stimulating activities within an hour of
bedtime).> Adolescents frequently engage in negative sleep hy-
giene behaviors, including keeping different sleep schedules on
weekdays and weekends and engaging in stimulating activities
prior to bed that result in disrupted sleep-wake patterns.’

In addition to changes in sleep-wake patterns and sleep
hygiene behaviors associated with development, adolescents
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with cancer are subject to disease-related (e.g., symptoms,
physical activity, rest) and treatment-related (e.g., CTX) in-
sults to their sleep quality.® While research about these fac-
tors has focused on adults with cancer, these factors may be
relevant for children and adolescents with cancer. To date, no
studies have described the sleep quality and sleep hygiene be-
haviors, or the influences of demographic, disease, treatment,
and lifestyle factors on the sleep quality of adolescents receiv-
ing cancer CTX.

Sleep is important for these adolescents who are experienc-
ing a life-threatening illness during normal brain maturation
that requires adequate sleep. Increasing evidence suggests that
natural killer cell activity is reduced with sleep deprivation
and raises the possibility that sleep is important for immune
defenses against tumor cells.”'° In addition, sleep may sustain
the activity of certain immune cells that are important in fight-
ing cancer."" Given the paucity of research and the importance
of sleep for adolescents with cancer, the purposes of this study
were to describe the self-reported sleep quality and sleep hy-
giene behaviors of adolescents before diagnosis and during
CTX, and to compare their sleep quality and sleep hygiene be-
haviors with published data for healthy adolescents and adoles-
cents with chronic pain. In addition, factors that predicted sleep
quality were explored. It was hypothesized that adolescents
with cancer would report worse sleep quality and sleep hygiene
behaviors than healthy adolescents.

METHODS

This analysis is part of a larger descriptive, longitudinal
study that explored nocturnal sleep, symptoms, and quality
of life in adolescents with cancer. Fifty-one adolescents (10
to 19 years) receiving CTX were recruited from 2 regional
children’s cancer centers in the Pacific Northwest. The study
was approved by the institutional review boards at both cen-
ters. Adolescents were recruited irrespective of type of cancer,
phase of treatment, or whether the cancer was primary, sec-
ondary, or in relapse. Adolescents needed to read, speak, and
understand English, and were excluded if they had a diagnosis
of mental illness prior to cancer or cognitive impairment (e.g.,
developmental delay) that precluded participation. Decisions
to exclude an adolescent were made by the investigator, in
conjunction with chart reviews and informal discussions with
physicians, parents, and adolescents. For adolescents 10 to 17
years of age, assent and written consent from a parent or legal
guardian were obtained. Written consent was obtained from 18
and 19-year-old adolescents.

Data from 2 published samples of adolescents were used for
comparative purposes.'? One sample of adolescents was healthy
(n = 20), and the other sample had chronic pain (n = 20). The
healthy sample was recruited by posted advertisements about a
study exploring adolescent sleep and the pain sample was re-
cruited from a multidisciplinary pediatric chronic pain clinic.
Both samples were recruited from a metropolitan area in the
Pacific Northwest.

Measures
Sleep Routines “Before You Were Sick” Questionnaire
(BYWS) is a brief investigator-developed questionnaire that
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was used to assess baseline sleep patterns (i.e., weekday and
weekend bedtimes and wake-times). The “before you were
sick” period is a retrospective report of the time before they ex-
perienced symptoms related to their cancer diagnosis. Although
the length of recall reflected the time since diagnosis, adoles-
cents seemed to be able to readily recall bedtimes and wake-
times on weekdays and weekends because they were in school.
These data provided a comparison for self-reported sleep-wake
patterns during CTX.

Sleep Week Diary is an investigator-developed, one-page,
7-day sleep diary that was used to assess subjective sleep-wake
activity during CTX. Questions included bedtimes and wake-
times. Content validity of the diary was supported by a review
of the literature and an examination of other sleep diaries.*!*!*

Adolescent Sleep Wake Scale (Sleep Quality) is a 28-item
instrument that assesses sleep quality in adolescents 12 to 18
years of age for 5 behavioral dimensions: (1) going to bed, (2)
falling asleep, (3) maintaining sleep, (4) reinitiating sleep, and
(5) returning to wakefulness (i.e., final awakening).® Respon-
dents indicate how often these sleep behaviors occurred on a
6-point Likert scale (never, once in awhile, sometimes, quite
often, frequently if not always, always). For this study, the ref-
erence time was modified from past month to last week. Mean
scores were calculated so that total and subscale scores ranged
from 1 to 6, with higher scores indicating better sleep qual-
ity. Reliability estimates of internal consistency are reported
for the full scale (Cronbach a = 0.80 to 0.86) and subscales
(Cronbach a = 0.60 to 0.82).>'5 In this study, the Cronbach o
for the total score was 0.83 and ranged from 0.66 to 0.78 for
the 5 subscales.

Adolescent Sleep Hygiene Scale (Sleep Hygiene) is a
28-item instrument that assesses sleep-facilitating and sleep-
inhibiting behaviors in adolescents 12 to 18 years of age in 6
conceptual domains: (1) physiological, (2) cognitive, (3) emo-
tional, (4) sleep environment, (5) substances, and (6) sleep
stability.'® In this study, the reference time was modified from
past month to last week. Mean scores were calculated so that
total and subscale scores ranged from 1 to 6, with higher scores
indicating better sleep hygiene behaviors. Internal consistency
coefficients were reported for the full scale (Cronbach o= 0.80)
and subscales (Cronbach o = 0.46 to 0.74). In this study, the
Cronbach a for the total score was 0.73 and ranged from 0.34
to 0.84 for the subscales. The sleep quality and sleep hygiene
scales were developed for use with healthy adolescents. How-
ever, in this study they were used to evaluate for differences
in sleep quality and sleep hygiene among published data from
healthy adolescents and adolescents with chronic pain, and this
sample of adolescents with cancer.

Study Procedures

Eligible adolescents were identified by a physician, staff
nurse, nurse practitioner, or medical assistant. After screening
for eligibility and obtaining consent, medical records were re-
viewed to confirm diagnosis, age, ethnicity, date of diagnosis,
and treatment protocol. The BYWS, sleep quality, and sleep
hygiene scales were completed on day one of data collection,
when intravenous CTX was administered. The sleep diaries
were completed on days 1 to 7 of data collection. Adolescents
received a cash incentive when they completed data collection.



Data Analysis

Data were analyzed using SPSS 15.0. Descriptive statistics
were used to describe the demographic and clinical characteris-
tics of the sample, bedtimes and wake-times on weekdays and
weekends before diagnosis and during CTX, and total and sub-
scale scores for sleep quality and sleep hygiene. Self-reported
bedtimes and wake-times from the diary were used to make
comparisons with the retrospective self-reports of sleep pat-
terns prior to diagnosis.

Repeated measures analyses of variance (ANOVA) with 2
within-subjects factors (weekday versus weekend and before
diagnosis versus during CTX) were performed to compare dif-
ferences between bedtimes and wake-times on weekdays and
weekends before diagnosis and during CTX. One-sample #-tests
were used to evaluate for differences in sleep quality and sleep
hygiene scores between the adolescents during CTX and pub-
lished normative data from healthy adolescents and adolescents
with chronic pain.'> A p-value < 0.05 was considered statisti-
cally significant.

Two multiple regression analyses were performed to deter-
mine predictors of sleep quality using the sleep quality total
score. In both regression analyses, age, gender, and race (i.c.,
white, not white) were entered as control variables because
these variables have been shown to affect sleep in previous
studies.'”? In the first regression analysis, the impact of sleep
hygiene (total score) on sleep quality (total score) was evalu-
ated. In the second analysis, the impact of sleep hygiene (cog-
nitive and emotional subscales) on sleep quality was evaluated.
Because of the small sample size, the predictors were limited to
those that showed significance in a prior study.’

RESULTS

Sample Characteristics

The majority of the adolescents were male (57%) and Cauca-
sian (75%) with a mean age of 14.2 years (SD =2.7; range 10 to
18 years) (see Table 1). The most common cancers were acute
lymphocytic leukemia (ALL), lymphoma, bone tumors, and
brain tumors. Other diagnoses included testicular rhabdomyo-
sarcoma, alveolar rhabdomyosarcoma, ovarian teratoma, germ
cell tumor, synovial sarcoma, and renal neuroblastoma. The
mean time since diagnosis was 6.3 months (SD = 7.8; range 0
to 37 months). Treatment was for a primary cancer in 47 (92%)
of the adolescents, for a relapse in 3 (6%), and for a secondary
cancer in 1 (2%) adolescent.

The published healthy adolescent (n = 20) and chronic pain
(n = 20) samples had mean ages of 14.6 years (SD = 2.0; range
12 to 17) and 15 years (SD = 1.4; range 12 to 17), and were 85%
and 95% Caucasian, respectively. Among the adolescents with
chronic pain, primary diagnoses were chronic headaches (40%),
functional abdominal pain (10%), myofascial pain (40%), and
complex regional pain syndrome (10%)."

Sleep Quality

Although this study was not powered to detect differences
in sleep quality based on race or gender, exploratory analyses
revealed no significant differences in sleep quality by race or
gender for these adolescents with cancer. As shown in Table 2,

M
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Table 1—Demographic and clinical characteristics of
adolescents (n = 51)?
Variable Number %
Gender
Female 22 43
Male 29 57
Race or ethnicity
Caucasian 38 75
Hispanic 7 14
More than one race 5 10
African American 1 1
Age (years)
Mean = 14.2 years, SD = 2.7
10-13 years 21 41
14-16 years 16 31
17-19 years 14 28
Diagnosis
Leukemia
Acute lymphocytic 21 41
Acute myelogenous 2 4
Lymphoma
Hodgkin 4 8
Non-Hodgkin 4 8
Bone tumors (osteogenic or Ewing) 8 15
Brain tumors 6 12
Other 6 12

Time since diagnosis (months)
Mean = 6.3, SD = 7.8, Range = 0 - 37

?Includes 2 adolescents who started but did not complete the study.

Table 2—Total and subscale scores for the Adolescent
Sleep Wake Scale (ASWS) and Adolescent Sleep Hygiene
Scale (ASHS) for adolescents receiving CTX compared to
healthy adolescents®

Adolescents  Healthy
CTX Adolescents Qne-
Scale N =46 N=20  sample
Sleep Quality Mean£SD Mean+SD  t-test
Going to bed subscale 42+1.0 39+12 2107
Falling asleep subscale 42+08 45+07 278"
Maintaining sleep subscale 43+09 47+08 294"
Reinitiating sleep subscale 4807 52+05  3.54*
Return to wakefulness subscale 3.4 +0.9 3412  0.01
ASWS Total Score 42406 44+06  2.71*
Sleep Hygiene
Physiological subscale 47+07 49+08 175
Cognitive subscale 39+08 44+06 407
Emotional subscale 47411 48+11 070
Sleep environment subscale 50409 55+06  4.07*
Substances subscale 5905 6.0+0.1 1.71
Sleep stability subscale 3711 43+0.7  3.80™
ASHS Total Score 4705 50+04  4.84™

aSample from Palmero, 2007; *p < 0.05; **p < 0.01; ***p < 0.001
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Table 3—Total and subscale scores for the Adolescent
Sleep Wake Scale (ASWS) and Adolescent Sleep Hygiene
Scale (ASHS) for adolescents receiving CTX compared to
adolescents with chronic pain?

Adolescents

Adolescents with
CTX  Chronic Pain Qne-

Scale N =46 N=20  sample

Sleep Quality Mean+SD Mean+SD ttest
Going to bed subscale 42+10 3409 544
Falling asleep subscale 42+08 3310 7.07
Maintaining sleep subscale 43+09 35+10 571
Reinitiating sleep subscale 48+07 45+07  3.23*
Return to wakefulness subscale 3.4+09 25+10  6.50"
ASWS Total Score 42+06 35+07 824

Sleep Hygiene
Physiological subscale 4707 46+08 103
Cognitive subscale 39+08 39+09 0.33
Emotional subscale 4711 44+11 1.90
Sleep environment subscale 50£0.9 51+07 095
Substances subscale 59+05 6000 1.7
Sleep stability subscale 3.7+£11 38+12 070
ASHS Total Score 47+05 46106 083

aSample from Palmero, 2007; **p < 0.01; ***p < 0.001

Table 4—Descriptive statistics for bedtimes and wake-times
before diagnosis and during CTX

Variable N Mean SD Range
Bedtime weekdays
Before diagnosis 43 21:52  1:08  20:00-02:30
During CTX 43 2228 1:26  20:30-02:00
Bedtime weekends
Before diagnosis 44 23:33  1:34  21:30-05:00
During CTX 43 2315 111 00:30-02:00
Wake-time weekdays
Before diagnosis 43 06:36 0:34  05:30-08:00
During CTX 43 0852 1:16  06:30-11:26
Wake time weekends
Before diagnosis 44 09:37 1:33  07:00-1400
During CTX 43 09:02 1:36  04:30-12:15

adolescents receiving CTX (M =4.2; SD = 0.6) reported signifi-
cantly worse sleep quality based on sleep quality total scores
than healthy adolescents (M = 4.4; SD = 0.6). Adolescents re-
ceiving CTX reported more problems with going to bed, falling
asleep, maintaining sleep, and reinitiating sleep than healthy
adolescents. No difference was found between the 2 groups on
returning to wakefulness (i.e., final awakening).

As shown in Table 3, adolescents receiving CTX
(M=4.2,SD=0.6) reported better sleep quality based on the sleep
quality total score than adolescents with chronic pain (M = 3.5,
SD = 0.7). Adolescents with chronic pain had more problems with
going to bed, falling asleep, maintaining sleep, reinitiating sleep,
and returning to wakefulness than adolescents receiving CTX.
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Figure 1—Bedtimes on weekdays and weekends before
and during chemotherapy
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Sleep Hygiene

Although this study was not powered to detect differences in
sleep hygiene based on race or gender, exploratory analyses re-
vealed no significant differences in sleep hygiene by race or gen-
der for these adolescents with cancer. As shown in Table 2, the
adolescents receiving CTX (M =4.7, SD = 0.5) reported signifi-
cantly lower total sleep hygiene scores (i.e., worse sleep hygiene
behaviors) than healthy adolescents (M = 5.0, SD = 0.4). In ad-
dition, adolescents receiving CTX reported worse sleep hygiene
behaviors on the cognitive, sleep environment, and sleep stabil-
ity subscales than healthy adolescents. As shown in Table 3, no
significant differences in total sleep hygiene or any of the sub-
scales (physiological, cognitive, emotional, sleep environment,
substances, or sleep stability) scores were found between the
adolescents receiving CTX and adolescents with chronic pain.

Mean bedtimes and wake-times for adolescents prior to and
during CTX are summarized in Table 4. The effect for weekend
versus weekday (F ;= 70.09, p < 0.001) was significant, but
the effect for before versus during CTX (£, ,, = 1.09), p=0.30)
was not significant. For bedtimes, a significant interaction was
found between bedtimes on weekdays and weekends before
diagnosis and during CTX (F ,, = 9.54; p < 0.01). As illus-
trated in Figure 1, a larger discrepancy between bedtimes on
weekdays and weekends occurred before diagnosis than dur-
ing CTX. For wake-times, a significant interaction was found
between wake-times on weekdays and weekends before diag-
nosis and during CTX (F ;; = 93.54; p < 0.01). As illustrated
in Figure 2, a larger discrepancy occurred between wake-times
on weekdays and weekends before diagnosis than during CTX.

Correlations between Sleep Quality and Sleep Hygiene
As shown in Table 5, sleep quality total score was correlated
with sleep hygiene (total and subscales). Demographic vari-
ables (age, gender, race) and sleep hygiene (total) accounted
for 30% of the variance in sleep quality (#>= 0.305; p = 0.004),
whereas demographic variables and sleep hygiene (cognitive
and emotional subscales) accounted for 36% of the variance in



Sleep in Adolescents during Chemotherapy

Figure 2—Wake-times on weekdays and weekends before
and during chemotherapy
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sleep quality (#* = 0.359; p = 0.002). The cognitive and emo-
tional subscale uniquely explained 14% and 6% of the variance
in sleep quality, respectively.

DISCUSSION

Both the weekday and weekend sleep-wake patterns of ado-
lescents receiving CTX resembled their weekend sleep patterns
prior to diagnosis. Adolescents receiving CTX had worse sleep
quality than healthy adolescents and better sleep quality than
adolescents with chronic pain. For sleep hygiene behaviors,
healthy adolescents had better sleep hygiene behaviors than
adolescents receiving CTX and similar sleep hygiene behaviors
to adolescents with chronic pain. These findings suggest that
these instruments are sensitive enough to detect differences in
sleep quality and sleep hygiene behaviors in adolescents who
are healthy compared to adolescents with acute and chronic
diseases. Future studies with larger sample sizes are needed to
confirm these findings.

Prior to their cancer diagnosis, adolescents reported a de-
layed timing of sleep and concomitant early wake-time on
schooldays. On weekends, a delayed timing occurred for sleep
and wake-times. These findings are consistent with previous
findings of delayed timing of sleep in healthy adolescents.*¢
Their weekend sleep-wake pattern (i.e., later bedtimes and
wake-times) prior to diagnosis persisted during CTX. The most
likely explanation for this pattern is that many of these adoles-
cents were not attending school and so weekday sleep patterns
were not restricted by school start times. They went to bed later
and awakened later. While this finding suggests that their sleep
time was adequate when compared to the estimated sleep need
for healthy adolescents, the actual sleep need of adolescents on
CTX is unknown. Additional research is warranted to determine
the total sleep time needed by adolescents on CTX to enhance
their immune system, as well as their physical and psychologi-
cal recovery. An assessment of adolescent’s knowledge about
sleep need, positive and negative sleep hygiene behaviors, and

Table 5—Multiple regressions for effects of control variables,
sleep hygiene (ASHS) total scores and sleep hygiene
(ASHS) cognitive and emotional subscale scores on sleep
quality (ASWS) total scores for adolescents with cancer

Sleep Quality (ASWS Total)

Variable R? F(p) ) (sp?)
Age 0.013 0.003
Gender 0.266 0.054
Race -0.192  0.019
ASHS Total 0.305 4.498

(p=0.004)

Model 2
Age 0.047 0.029
Gender 0.217  0.036
Race -0.239  0.029
ASHS Cognitive & 0.359 4.480
Emotional Subscales (p=0.002)

Cognitive 0.346  0.140
Emotional 0.146 0.063

sp? (semi-partial correlation) refers to the unique contribution of a variable
to the explained variance

relationships between sleep, brain maturation, and the immune
system would help drive efforts toward development of effec-
tive measures and interventions that include patient and family
education materials.

Clinical experience and findings from three studies®* sug-
gest that cancer and CTX has a negative impact on sleep quality
and sleep hygiene behaviors. Multiple chemotherapeutic agents
are used to treat adolescents with cancer, each with its own set
of side-effects. For example, corticosteroids are associated with
mood changes, depression, increased appetite, weight gain, and
sleep disturbance. Methotrexate is associated with nausea and
vomiting, mucositis, diarrhea, increased risk of sunburn, and
loss of appetite; and vincristine is associated with constipation,
hair loss, and numbness/tingling in hands and feet related to
peripheral nerve irritation.** These physical and psychological
symptoms may contribute to sleep disturbances. In addition,
the side effects of weight gain and hair loss affect body im-
age, which is exceedingly important to adolescents, and may be
sources of rumination that make it difficult for them to fall asleep
at night or reinitiate sleep after nocturnal awakenings. Other
aspects of cancer treatment that may contribute to sleep distur-
bances include symptom management medications, changes in
routines for appointments, hospitalizations, surgery, and radia-
tion therapy.”® Future research is needed to explore how these
factors affect sleep quality and sleep hygiene behaviors of ado-
lescents with cancer. Interestingly, adolescents receiving CTX
had better sleep quality than adolescents with chronic pain. The
reasons for the poor sleep quality of adolescents with chronic
pain need to be determined in future studies. However, findings
from previous studies support connections between pain, sleep,
depression, and worry.'>?%?7 The exact nature and direction of
these relationships are not known. Differences in psychologi-
cal symptoms between adolescents receiving CTX and adoles-
cents with chronic pain may account for differences in sleep

21-23
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quality. Additional research is warranted that compares these
groups to better understand sleep quality and guide interven-
tions to improve sleep in both groups.The positive relationship
between sleep hygiene behaviors and sleep quality is consis-
tent with previous research with healthy adolescents® and war-
rants further investigation in adolescents with cancer. Special
attention should be given to cognitive and emotional aspects
of sleep hygiene behaviors because the exploratory findings of
this study suggest these aspects may be particularly relevant for
adolescents with cancer.

Limitations

Some study limitations need to be acknowledged. The sam-
ple size was small and cross-sectional, which limits the gener-
alizability of the study’s findings. The sample was not powered
to detect changes in sleep parameters between early, middle,
and late adolescence. The “Before You Were Sick™ question-
naire was not validated and requires additional evaluation in
future studies. The comparison of sleep-wake patterns from
retrospective reports of bedtimes and wake-times before treat-
ment to current diary reports during treatment may be prob-
lematic and limit validity of the comparisons because of recall
bias. The length of recall was based on the time since diagnosis,
with a mean of 6.3 months and a range of 0 to 37 months. The
comparisons among healthy adolescents, adolescents receiving
CTX, and adolescents with chronic pain are limited by small
sample sizes. The findings are also limited by lack of objec-
tive sleep data to support the subjective data. Additional stud-
ies with larger sample sizes are needed to explore predictors
of sleep quality, the actual sleep needs of adolescents during
cancer treatment, as well as the effectiveness of cognitive be-
havioral therapies to improve sleep quality.
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