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A Longitudinal Study of Measures of Objective and Subjective
Sleep Disturbance in Patients with Breast Cancer Before,
During, and After Radiation Therapy

Anand Dhruva, MD, Steven M. Paul, PhD, Bruce A. Cooper, PhD, Kathryn Lee, RN, PhD,
Claudia West, RN, MS, Bradley E. Aouizerat, PhD, Laura B. Dunn, MD, Patrick S. Swift, MD,
William Wara, MD, and Christine Miaskowski, RN, PhD
Schools of Medicine (A.D., L.B.D., W.W.) and Nursing (S.M.P., B.A.C., K.L., C.W., B.E.A., C.M.),
University of California, San Francisco; and Alta Bates Comprehensive Cancer Center (P.S.S.),
Berkley, California, USA

Abstract
Context—Sleep disturbance is a significant problem in oncology patients.

Objectives—To examine how actigraphy and self-report ratings of sleep disturbance changed
over the course of and following radiation therapy (RT); investigate whether specific patient,
disease, and symptom characteristics predicted the initial levels and/or the characteristics of the
trajectories of sleep disturbance; and to compare predictors of subjective and objective sleep
disturbance.

Methods—Patients (n=73) completed self-report questionnaires that assessed sleep disturbance,
fatigue, depressive symptoms, anxiety, and pain prior to the initiation of RT through four months
after the completion of RT. Wrist actigraphy was used as the objective measure of sleep
disturbance. Hierarchical linear modeling (HLM) was used for data analyses.

Results—Mean wake after sleep onset (WASO) was 11.9% and mean total score on the General
Sleep Disturbance Scale (GSDS) was 45. More than 85% of the patients had an abnormally high
number of nighttime awakenings. Substantial interindividual variability was found for both
objective and subjective measures of sleep disturbance. Body mass index predicted baseline levels
of objective sleep disturbance. Comorbidity, evening fatigue, and depressive symptoms predicted
baseline levels of subjective sleep disturbance, and depressive symptoms predicted the trajectory
of subjective sleep disturbance.

Conclusion—Different variables predicted sleep disturbance using subjective and objective
measures. The slightly elevated WASO found may be an underestimation of the degree of sleep
disturbance when it is evaluated in the context of the high number of nighttime awakenings and
patient’s perception of poor sleep quality and quantity.
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Introduction
Sleep-wake disturbances occur in approximately 60% of patients with breast cancer and can
persist after the completion of treatment (1-3). Although several cross-sectional studies
found that sleep disturbance is associated with increased levels of fatigue, anxiety, and
depression (4-8), as well as decreases in quality of life (9, 10), longitudinal data on sleep
disturbance in breast cancer patients during and after cancer treatment are limited.

Assessment of sleep disturbance can include both objective (e.g., polysomnography,
actigraphy) and subjective measures. Whereas polysomnography is considered the gold
standard for the objective measurement of sleep disturbance, it correlates well with
actigraphy (11). However, sleep quality questionnaires do not always correlate with
objective measures, such as actigraphy (11). Therefore, both types of measures are
recommended to evaluate various dimensions of sleep disturbance (12).

Only one cross-sectional (13) and one longitudinal study (14) were found that evaluated
self-reported sleep disturbance in women with breast cancer during radiation therapy (RT).
In a cross-sectional study of women with breast cancer receiving RT (13), 300 women were
screened for insomnia using a brief questionnaire and those with insomnia were interviewed
to obtain more details about it. Nineteen percent of these women met the diagnostic criteria
for an insomnia syndrome and 51% experienced insomnia symptoms. Radiation therapy was
implicated as contributing to sleep disturbance in 33 of 76 patients. In a longitudinal study
of patients with breast (n=33) and prostate (n=23) cancer during RT (14), sleep was
measured using the self-report Medical Outcomes Study – Sleep Scale at multiple time
points prior to, during, and after RT. Hierarchical linear and nonlinear modeling (HLM) was
used to analyze the data. In this study that focused on coping, women with breast cancer
who were high in avoidance coping reported greater sleep dysfunction. Finally, only three
studies (4, 15, 16) were found that used both subjective and objective measures to evaluate
sleep disturbance in patients with breast cancer. However, these three studies evaluated
sleep disturbance in patients undergoing chemotherapy for breast cancer. To our knowledge,
no studies have used both types of measures to evaluate sleep disturbance in women with
breast cancer during and following RT.

Therefore, given the paucity of data and the fact that a large percentage of patients with
breast cancer will receive RT, the purposes of this longitudinal study, in a sample of breast
cancer patients who underwent RT, were to examine how actigraphy (objective sleep
disturbance) and self-report ratings of sleep disturbance (subjective sleep disturbance)
changed from the time of the simulation visit to four months after the completion of RT; to
investigate, for the objective and subjective measures, whether specific patient, disease, and
symptom characteristics predicted the initial levels and/or the characteristics of the
trajectories of sleep disturbance; and to compare predictors of subjective and objective sleep
disturbance.
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Methods
Patients and Settings

These analyses, drawn from a larger, descriptive, longitudinal study of symptoms in patients
and their family caregivers (FCs), analyzed data from 73 women with breast cancer. Patients
were eligible to participate if they: were adults (18 years of age or older); were able to read,
write, and understand English; had a Karnofsky Performance Status (KPS) score (17) of 60
or greater; and were scheduled to receive adjuvant RT. Patients were excluded if they had
metastatic disease, more than one cancer diagnosis, or had a diagnosed sleep disorder (for
example, sleep apnea, narcolepsy, restless leg syndrome). They were recruited from RT
departments located in a comprehensive cancer center and a community-based oncology
program. The study was approved by the Human Subjects Committee at the University of
California, San Francisco and at the second study site.

One hundred and thirty-four patients with breast cancer were approached and 73 consented
to participate in this longitudinal study (54.5% response rate). The major reasons for refusal
were being too overwhelmed with their cancer experience or too busy. No differences were
found in any of the demographic or disease characteristics between patients who did and did
not choose to participate in this study.

Study Measures
Objective data on wake after sleep onset (WASO; percentage of time awake between sleep
onset and sleep offset, calculated as % of total sleep time [TST] that is spent awake and in
bed) were obtained by continuous noninvasive monitoring of activity over 48 hours using
wrist actigraphy, which has been validated with EEG measures of sleep and awakenings in
men and women with both healthy and disturbed sleep patterns (18-20). It provides
continuous motion data using a battery-operated, wristwatch-size microprocessor that senses
motion with a piezoelectric beam and detects movement in all three axes. The
accompanying Action 4® software (Ambulatory Monitoring, Inc., Ardsley, NY) allows
analysis of activity and non-activity as well as automatic scoring of sleep and wake in one
minute intervals.

Subjective sleep disturbance was assessed using the General Sleep Disturbance Scale
(GSDS) (21). The GSDS consists of 21 items that evaluate various aspects of sleep
disturbance. Each item is rated on a numeric rating scale (NRS) that ranges from 0 (never) to
7 (every day).The GSDS total score is the sum of the seven subscale scores (i.e., quality of
sleep, quantity of sleep, sleep onset latency, midsleep awakenings, early awakenings,
medications for sleep, excessive daytime sleepiness) that can range from 0 (no disturbance)
to 147 (extreme sleep disturbance). Each mean subscale score can range from 0 to 7. Higher
total and subscale scores indicate higher levels of sleep disturbance. Subscales scores of
three or greater and a GSDS total score 43.0 or more indicate a clinically significant level of
sleep disturbance. The GSDS has well-established validity and reliability in shift workers,
pregnant women, and patients with cancer and HIV (21-24). In the current study, the
Cronbach’s alpha for the GSDS total score was 0.81.

Additional study instruments included a demographic questionnaire, the KPS scale (17), the
Lee Fatigue Scale (LFS) (25), the Center for Epidemiological Studies-Depression Scale
(CES-D) (26), the Spielberg State-Trait Anxiety Inventories (STAI-S and STAI-T) (27), and
a descriptive NRS for worst pain intensity from the Brief Pain Inventory (28).

The demographic questionnaire provided information on age, marital status, years of
education, living arrangements, ethnicity, and employment status. In addition, patients
completed a checklist of comorbidities.
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Fatigue severity was measured using the 13-item LFS. Each item is rated using a 0 to 10
NRS and a total score is calculated as the mean of the 13 items that can range from 0 to 10,
with higher scores indicating higher levels of fatigue severity. Respondents were asked to
rate each item based on how they felt “right now,” within 30 minutes of awakening (i.e.,
morning fatigue), and prior to going to bed (i.e., evening fatigue) for two consecutive days
and nights. The LFS has been used with healthy individuals as well as in patients with
cancer and HIV (22, 24, 29). It was chosen for the current study because it is relatively short
and easy to administer and has established cutoff scores for clinically significant levels of
fatigue (i.e., 3.2 or greater for morning fatigue, 5.6 or greater for evening fatigue). The LFS
has well-established validity and reliability (25, 30). In the current study, the Cronbach’s
alphas for the LFS for evening and morning ratings were 0.95 and 0.96, respectively.

The CES-D comprises 20 items selected to represent the major symptoms in the clinical
syndrome of depression. Scores can range from 0 to 60, with scores of 16 or greater
indicating the need for individuals to seek clinical evaluation for major depression. The
CES-D has well-established concurrent and construct validity (26, 31, 32). In the current
study, the Cronbach’s alpha for the CES-D was 0.83.

The STAI-T and STAI-S inventories consist of 20 items each that are rated from one to four.
The scores for each scale are summed and can range from 20 to 80. A higher score indicates
greater anxiety. The cutoff scores for clinically significant levels of trait and state anxiety
are 31.8 or greater and 32.2 or greater, respectively. The STAI-T measures an individual’s
predisposition to anxiety determined by his/her personality and estimates how a person
generally feels. The STAI-S measures an individual’s transitory emotional response to a
stressful situation. It evaluates the emotional responses of worry, nervousness, tension, and
feelings of apprehension related to how a person feels “right now” in a stressful situation.
The STAI-S and STAI-T inventories have well-established criterion and construct validity
and internal consistency reliability coefficients (27, 33, 34). In the current study, the
Cronbach’s alphas for the STAI-T and STAI-S were 0.86 and 0.91, respectively.

Worst pain was evaluated using a descriptive NRS that ranged from 0 (no pain) to 10
(excruciating pain). A descriptive NRS is a valid and reliable measure of pain intensity (35).
Because the majority of the patients in this study did not have pain, for the subsequent
longitudinal analyses, pain was recoded as present or absent.

Study Procedures
At the time of the simulation visit, which occurred approximately one week prior to the start
of RT, patients were approached by a research nurse to discuss participation in the study.
During the simulation visit, the patient’s treatment plan is formulated, measurements are
taken, and the patient’s skin is marked in order to insure that the patient is positioned
correctly and in the same way for each RT treatment. After patients gave written informed
consent, they completed the baseline study questionnaires, their height and weight were
obtained, and blood was drawn for hemoglobin. Medical records were reviewed for disease
and treatment information.

Patients wore the wrist actigraph on their nondominant wrist to monitor sleep and activity
continuously for two consecutive days. Wrist actigraphy data were collected on weekdays to
avoid confounding data with weekend sleep patterns. Data were collected for only 48 hours
to reduce respondent burden, maximize the number of eligible patients, and minimize the
amount of missing data.

The epoch length for the wrist actigraph was set at 30 seconds. Patients were asked to use
the event marker on the wrist actigraph to indicate “lights out” and “lights on” time. Patients
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reported no difficulties wearing the wrist actigraph. Because the actual time is important in
the calculation of the amount of sleep obtained in the amount of time designated for sleep,
having an additional source of information about nap times, bed times, and wake times is
important. This information was recorded by patients in a two-day diary. Upon awakening,
the patients used the diary to indicate the number of awakenings during the night. Patients
returned the questionnaires and actigraphs to the research nurse at the completion of each of
the assessments (i.e., baseline, weekly during RT, end of RT, monthly for two months, and
every other month for two months for a total of 16 assessments over six months). Patients
completed the GSDS at the time of the simulation visit (baseline) and monthly thereafter for
a total of seven assessments.

Data Analysis
Descriptive statistics and frequency distributions were generated on the sample
characteristics, baseline symptom severity scores, and sleep disturbance subscale scores
using SPSS™ Version 18.0 (IBM Corporation, Armonk, NY). AU: PLS CHECK THAT
VERSION 18 SHOULD BE ATTRIBUTED TO IBM. Body mass index (BMI) was
calculated as the weight (kilograms) divided by the height (meters) squared.

Actigraphy files, programmed in zero-crossing mode with 30 second intervals, were
analyzed using the Cole-Kripke algorithm in the Action 4® software (Ambulatory
Monitoring, Inc., Ardsley, NY) by two of the researchers (KL and CW). The file was first
scanned for missing data. The file was reviewed and intervals were individually set for each
day and night period using, in order of priority, as decision guides: the event marker, diary
data, channel data, and cascading movement data. Because no differences were found in
WASO between the two days of data collection, mean values were calculated and used in
the subsequent analyses.

HLM, based on full maximum likelihood estimation, was done using the software developed
by Raudenbush and colleagues (36). The repeated measures of sleep disturbance were
conceptualized as being nested within individuals. Compared with other methods of
analyzing change, HLM has two major advantages. First, HLM can accommodate
unbalanced designs, which allows for the analysis of data when the number and the spacing
of the assessments vary across respondents. Although every patient was to be assessed on a
pre-specified schedule, the actual number of assessments was not the same for all of the
patients because some patients had longer periods of RT and some had scheduling conflicts.
Second, HLM has the ability to model individual change, which helps to identify more
complex patterns of change that are often overlooked by other methods (36, 37).

With HLM, the repeated measures of the outcome variables (i.e., subjective and objective
sleep disturbance) are nested within individuals and the analysis of change in sleep
disturbance scores has two levels: within persons (Level 1) and between persons (Level 2).
At Level 1, the outcome is conceptualized as varying within individuals and is a function of
person-specific change parameters plus error. At Level 2, these person-specific change
parameters are multivariate outcomes that vary across individuals. These Level 2 outcomes
can be modeled as a function of demographic or clinical characteristics that vary between
individuals, plus an error associated with the individual. Combining Level 1 with Level 2
results in a mixed model with fixed and random effects (36, 38, 39).

Separate HLM analyses were done to evaluate changes over time in measures of objective
(i.e., WASO as percent of time awake after sleep onset) and subjective (i.e., total GSDS
score) sleep disturbance. Each HLM analysis proceeded in two stages. First, intra-individual
variability in sleep disturbance over time was examined. In this study, time in weeks refers
to the length of time from the simulation visit to four months after the completion of RT
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(i.e., six months with a total of 16 assessments for WASO and seven assessments for
GSDS). Three Level 1 models, which represented that the patients’ sleep disturbance levels
(a) did not change over time (i.e., no time effect), (b) changed at a constant rate (i.e., linear
time effect), and (c) changed at a rate that accelerates or decelerates over time (i.e., quadratic
effect), were compared. At this point, the Level 2 model was constrained to be unconditional
(i.e., no predictors) and likelihood ratio tests were used to determine the best model. These
analyses answered the first research question and identified the change parameters that best
described individual changes in objective and subjective measures of sleep disturbance over
time.

The second stage of the HLM analysis, which answered the second research question,
examined interindividual differences in the trajectories of objective and subjective sleep
disturbance by modeling the individual change parameters (i.e., intercept, linear, and
quadratic slopes) as a function of proposed predictors at Level 2. Table 1 presents a list of
the proposed predictors that was developed based on a review of the literature of sleep
disturbance in women with breast cancer (4-8, 11, 12, 40-42). To improve estimation
efficiency and construct models that were parsimonious, separate exploratory Level 2
analyses were done for objective and subjective sleep disturbance in which each potential
predictor was assessed to see if it would result in a better fitting model if it alone was added
as a Level 2 predictor. Predictors with a t-value of < 2.0, which indicates a lack of a
significant effect, were dropped from subsequent model testing. All of the potentially
significant predictors from the exploratory analyses were entered into the model to predict
each individual change parameter. Only predictors that maintained a significant contribution
in conjunction with other variables were retained in the final models. A P-value of <0.05
indicates statistical significance.

Results
Patient Characteristics and Symptom Severity Scores

Table 2 displays the demographic, disease, and treatment characteristics of the 73 patients.
This sample of patients, with a mean age of 55 years, was well-educated, had a KPS score of
87.7, an average BMI of 27.4, and an average of five comorbidities (58% of the sample had
more than five comorbidities). The most common comorbid conditions were allergies
(58.6%), back problems (54.8%), headaches (44.4%), and hypertension (27.8%). Fifty-six
percent had localized disease (stage 1) while 44% had locally advanced (stage 2 or 3)
disease. Seventy-four percent of the patients had breast conserving surgery. Almost 50% had
a lymph node dissection and 55% had received chemotherapy prior to RT. The mean
baseline symptom severity scores for the 73 patients are listed in Table 2.

Subscale Scores for Objective and Subjective Sleep Disturbance
Scores for the various actigraphy parameters and the subscale scores for the GSDS at
baseline are listed in Table 3. The mean scores for the various actigraphy parameters were
compared to healthy adult values (12) and the percentage of patients outside the normal
range are reported in Table 3. For the GSDS, the percentage of patients who scored three or
more on each of the subscales or 43 or more for the total score are listed in Table 3.

For actigraphy, 87% of the sample had an excessive number of awakenings, 46% had an
abnormal WASO, and 58% had a TST below healthy adult values (i.e., 420-540 minutes per
night). For the GSDS, 51% reported poor quality of sleep, 97% reported poor quantity of
sleep, and 77% were above the cutoff score for the number of mid-sleep awakenings. Fifty-
four percent of the patients were above the cutoff score for total GSDS score.

Dhruva et al. Page 6

J Pain Symptom Manage. Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Objective Measure of Sleep Disturbance
Individual and Mean Change in the Objective Measure of Sleep Disturbance—
Fig. 1a displays the individual WASO trajectories for the 73 patients. The first HLM
analyses examined how WASO changed from the time of the simulation visit to four months
after the completion of RT. Linear, quadratic, and cubic trends were tested. The estimates of
the linear change model for WASO are presented in Table 4 (unconditional model). Because
the model had no covariates (i.e., unconditional), the intercept represents the estimated
percentage of WASO (i.e., 11.861%) at the time of the simulation visit. The estimated linear
rate of change in WASO, for each additional week, was 0.008 and not significant (P=0.81).
Fig. 2a displays the trajectory for WASO from the time of the simulation visit to four
months after the completion of RT. WASO increased very slightly over the course of RT
(i.e., weeks 0 to 9), but this trend was not statistically significant. The variance in individual
change parameters estimated by the models (i.e., variance components, Table 4) suggested
that substantial interindividual differences existed in the trajectories of WASO (see Fig. 1a).
These results suggested that further examination of interindividual differences in the
individual change parameters was warranted.

Interindividual Differences in the Objective Measure of Sleep Disturbance—
The second stage of the HLM analyses tested the hypothesis that the pattern of change over
time in WASO varied based on specific person, disease, treatment, and/or symptom
variables that were found to influence sleep disturbance among patients who underwent RT
for breast cancer. As shown in the final model in Table 4, the slope of the line for WASO is
flat and the one variable that predicted interindividual differences in the intercept for WASO
was BMI. No variables predicted interindividual differences in the slope parameters for
WASO. To illustrate the effects of BMI on patients’ trajectories of WASO, Fig. 2b displays
the adjusted change curves for WASO that were estimated based on differences in BMI (i.e.,
lower and higher BMI calculated based on one standard deviation (SD) above and below the
mean BMI score).

Subjective Measure of Sleep Disturbance
Individual and Mean Change in Subjective Measure of Sleep Disturbance—Fig.
1b displays the individual GSDS total score trajectories of the 73 patients. The estimates of
the linear change model for GSDS total scores are presented in Table 4 (unconditional
model). Because the model had no covariates (i.e., unconditional), the intercept represents
the estimated GSDS total score (i.e., 45.615) at the time of the simulation visit. The
estimated linear rate of change in GSDS total score, for each additional week, was −0.177
(P<0.05). Fig. 3a displays the trajectory for subjective sleep disturbance from the time of the
simulation visit to four months after the completion of RT. GSDS total score decreased
slightly over the course of RT (i.e., weeks 0 to 9). Although the results indicate a sample-
wide decrease in GSDS total score, they do not imply that all patients exhibited the same
trajectory. The variance in individual change parameters estimated by the models (i.e.,
variance components, Table 4) suggested that substantial interindividual differences existed
in the trajectories of subjective sleep disturbance (see Fig. 1b).

Interindividual Differences in the Subjective Measure of Sleep Disturbance—
As shown in the final model in Table 4, the three variables that predicted interindividual
differences in the intercept for GSDS total score were the number of comorbidities, baseline
level of evening fatigue, and baseline level of depressive symptoms. The variable that
predicted interindividual differences in the slope parameters for GSDS total score was
baseline level of depressive symptoms.
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To illustrate the effects of the three different predictors on patients’ trajectories of GSDS
total score, Figs. 3b to 3d display the adjusted change curves for GSDS total score that were
estimated based on differences in number of comorbidities (i.e., five or more comorbidities,
yes or no), baseline level of evening fatigue (i.e., low evening fatigue/high evening fatigue
calculated based on one SD above and below the mean evening fatigue score), and baseline
level of depressive symptoms (i.e., low CES-D/high CES-D calculated based on one SD
above and below the mean CES-D score).

It should be noted that the mean WASO and GSDS scores for the various groups depicted in
all of the figures are estimated or predicted means based on the HLM analyses.

Discussion
This longitudinal study of breast cancer patients is the first to evaluate both objective and
subjective measures of sleep disturbance during and after RT. The percentages of this
sample with abnormal WASO and total GSDS scores at the initiation of RT were
approximately 50%. This percentage is consistent with previous reports of sleep disturbance
among cancer patients in general when occurrence rates are based on self-report measures
(1, 43). However, the rate is much higher than the 19% of patients who met the criteria for
insomnia syndrome, using Diagnostic and Statistical Manual of Mental Disorders (DSM-IV)
and International Classification of Sleep Disorders (ICSD) criteria, in an earlier cross-
sectional study of women with breast cancer receiving RT (13). The fact that the self-report
of sleep disturbance in this study is similar to earlier studies that used self-report measures,
lends validity to the present findings. Reasons for these differences may relate to the
instruments and methods used to classify sleep disturbance.

The HLM analysis of WASO that adjusted for covariates (Table 4, final model)
demonstrated that at the initiation of RT, patients were awake after sleep onset for
approximately 11% of their TST, which is above the cutoff for healthy adults (less than
10%) (12). This WASO is similar to that reported by Beck and colleagues (16) (11.5%) and
Berger and colleagues (4) (13.9%), but less than that reported by Ancoli-Israel and
colleagues (15) (24%) among women with breast cancer receiving chemotherapy.
Furthermore, no improvements in WASO occurred over the six months of the study as
evidenced by the flat predicted curve for WASO. This finding suggests that sleep
disturbance persists in these women long after RT ends.

Higher BMI was associated with more objective sleep disturbance at the initiation of RT. Of
note, 30% of the women had a BMI of more than 30, which is the cutoff score for obesity
(44). Although two cross-sectional studies of risk factors for sleep disturbance did not find
an association between BMI and sleep disturbance (6, 45), sleep apnea syndrome is
associated with obesity (46). Whereas participants were excluded from this study if they had
a diagnosed sleep disorder, such as sleep apnea, it is possible that some of the patients had
undiagnosed sleep apnea. This finding warrants investigation in future studies.

In terms of subjective sleep disturbance, although the unadjusted GSDS score at baseline
was 46, in the final model, after adjusting for covariates, the baseline GSDS total score was
41 (Table 4). The predicted trajectory for GSDS total scores had a small downward slope,
which suggests only minimal improvement in subjective reports of sleep disturbance over
the six months of the study. Consistent with findings from a cross-sectional study of a mixed
patient population (47), a higher number of comorbidities was associated with higher GSDS
scores at the initiation of RT. In this study, comorbidity was defined broadly and included
conditions that ranged in severity from allergies and back problems to heart disease, stroke,
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and liver disease. Additional research is warranted to determine the impact of specific
comorbidities in addition to cancer on patients’ perceptions of sleep disturbance.

Higher levels of evening fatigue at baseline were associated with higher GSDS scores at the
initiation of RT. Although no studies were found that measured both morning and evening
fatigue in patients with cancer, positive correlations were found between fatigue severity and
sleep disturbance in several studies of oncology patients with a variety of cancer diagnoses
(4, 15, 48). Of note, depressive symptoms was the only predictor of both the intercept and
the linear trajectory of subjective sleep disturbance in this sample. Consistent with previous
reports (6, 15, 48, 49), higher levels of depressive symptoms were associated with more
sleep disturbance at baseline and a gradual improvement in subjective sleep disturbance over
the six months of this study. The complex interplay between sleep disturbance, fatigue, and
depression warrants additional investigation into whether these three symptoms represent a
symptom cluster that shares a common biological mechanism (50).

It is interesting to note that different types of variables predicted subjective and objective
sleep disturbance. Whereas subjective sleep disturbance was influenced by other subjective
symptoms (i.e., depression, fatigue), only BMI predicted variability in WASO. These
findings need to be confirmed and additional research is warranted on differential predictors
of objective and subjective sleep disturbance that may suggest differences in the underlying
mechanisms for these two components of sleep disturbance.

The mean WASO in this sample was 11% (with 46% of the sample having an abnormal
WASO), which is above the normal range for healthy adults (less than 10%) (12). However,
this parameter may be an underestimate of the severity of sleep disturbance in this sample.
First, over 87% of the sample had an abnormally high number of awakenings per night,
suggesting that patients were lying in bed awake and motionless for periods of time after
each awakening, which would be scored as sleep during the analysis of the actigraphy data.
Second, this mean number of awakenings corresponds to the GSDS subscale score that
showed that 77% of the sample reported a significant number of mid-sleep awakenings on
three or more nights per week. Taken together, these findings suggest that these women with
breast cancer had a problem with sleep maintenance. In addition, given the fact that 51% of
the sample reported poor sleep quality and 97% of the sample reported an insufficient
amount of sleep on three or more days per week, future studies need to include both
objective and subjective measures of sleep disturbance to provide a more comprehensive
evaluation of this symptom. In addition, a comparison of findings from polysomnography
and actigraphy may provide additional information on the magnitude and type of sleep
disturbance in oncology patients.

An examination of the concordance between a number of the actigraphy parameters and the
corresponding self-report measure suggests only minimal agreement when comparisons are
done with the percentage of patients who scored above established cutoffs. For example, in
terms of number of awakenings, 87% of the sample was above the healthy adult value of
less than six per night using actigraphy and 77% of the sample scored above the cutoff of
three or greater on the GSDS subscale of mid-sleep wakes. For sleep onset latency, the
differences in the percentages of patients with abnormal objective and subjective values are
larger (i.e., 26% versus 41%, respectively). Finally when the percentage of patients with
abnormal TST (58%) was compared to the percentage of patients who reported an
insufficient amount of sleep (97%), the difference between measures is large. Whereas the
concordance between objective and subjective measures in healthy individuals tends to
reflect an underestimation of self-reported sleep compared to actigraphy (51), the relatively
low agreement between objective and self-report measures in this study is consistent with a
previous report in oncology patients (12).
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This study is limited by its small sample size, relatively well-educated patient population,
and single cancer diagnosis and gender. However, few longitudinal studies of sleep
disturbance in oncology patients are published and even fewer studies evaluated both
objective and subjective measures of sleep disturbance in patients with a single cancer
diagnosis. In addition, the HLM analyses optimized the evaluation of the study’s
longitudinal data. Vasomotor symptoms occur frequently in women undergoing treatment
for breast cancer and may contribute to sleep disturbance (11). However, these symptoms
were not measured in detail, which is another limitation of this study. The occurrence of
sweats, which can accompany hot flashes, was measured as a single item in this study.
Although this symptom is not equivalent to hot flashes, it may provide a general sense of the
frequency of hot flashes in this sample. This symptom was reported by 28.2% of the patients
prior to the initiation of RT. Given that a quarter of the patients experienced sweats, this
symptom warrants investigation in future studies of sleep disturbance in patients with breast
cancer.

In conclusion, findings from this study suggest that a significant number of women with
breast cancer who are about to undergo RT experience problems with sleep maintenance that
persists for six months. Women with a higher number of comorbidities and higher levels of
evening fatigue and depressive symptoms, as well as women with a higher BMI, may be at
greater risk for sleep disturbance. Additional research is needed to determine the specific
predictors of sleep quality and number of awakenings in order to identify potential targets
for interventions to improve sleep in these vulnerable patients.
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Fig. 1.
Spaghetti plot of the 73 patients’ individual trajectories for wake after sleep onset (WASO -
A) and total scores on the General Sleep Disturbance Scale (GSDS - B) over the 25 weeks of
the study.
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Fig. 2.
Trajectories of wake after sleep onset (WASO) over the 25 weeks of the study (A) and the
influence of body mass index (BMI; B) on interindividual differences in the intercept for
WASO (B).
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Fig. 3.
Trajectories of total scores on the General Sleep Disturbance Scale (GSDS) over the 25
weeks of the study (A); the influence of comorbidities (B) and evening fatigue (C) on
interindividual differences in the intercept for total GSDS score and the influence of
depressive symptoms (D) on the intercept and linear slope for total GSDS score.
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Table 1

Potential Predictors of Intercept (I) and Linear Coefficient (LC) for Subjective and Objective Sleep
Disturbance

Potential Predictors Subjective Sleep
Disturbance

Objective Sleep
Disturbance

I LC I LC

Person

  Age

  Lives alone

  Marital status

  Education

  Ethnicity

  Employment status

  Children at home

  Body mass index ■

Disease and treatment

  KPS score ■

  Comorbidities ■

  Stage of disease

  Total dose of radiation

  Previous chemotherapy

  Previous hormone
  therapy

Symptoms

  Baseline evening LFS
  score

■

  Baseline CES-D score ■ ■

  Presence of pain at
  baseline

  Baseline AFI score ■ ■

  Baseline Trait Anxiety
  score

■

AFI = Attentional Functional Index; CES-D = Center for Epidemiologic Studies Depression Scale; KPS = Karnofsky Performance Status; LFS =
Lee Fatigue Scale;

■
= From exploratory analysis had a t-value of > 2.00
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Table 2

Demographic, Disease, and Treatment Characteristics of the Patients (n=73)

Characteristic Mean (Standard Deviation)

Age (years) 55.1 (11.0)

Education (years) 16.2 (2.7)

Karnofsky Performance Status score 87.7 (12.4)

Number of comorbidities 5.3 (2.6)

Weight (pounds) 165.2 (43.6)

Body mass index 27.4 (7.3)

Hemoglobin (g/dl) 12.7 (1.2)

Lives alone 41.0%

Marital status

  Married/partnered 28.8%

  Divorced/separated 30.1%

  Other 41.1%

Ethnicity

  Non-White 30.0%

  White 70.0%

Employed

  Yes 45.0%

  No 55.0%

Children at home 22.0%

Stage

  Localized 56.2%

  Locally advanced 43.8%

Any chemotherapy received 55.0%

Lymph node dissection 49.0%

Total dose of RT (cGys) 5829 (438.3)

Mean Total Sleep Time (minutes) at baseline 418.6 (72.6)

Mean symptom severity scores at baseline

  GSDS score 44.7 (21.7)

  LFS score for morning fatigue 2.9 (2.1)

  LFS score for evening fatigue 4.9 (1.8)
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Characteristic Mean (Standard Deviation)

  CES-D score 12.0 (9.2)

  Trait Anxiety Inventory score 36.2 (11.3)

  State Anxiety Inventory score 33.7 (12.9)

Patients with pain at baseline 49.3%

Patients reporting sweats frequently or
constantly

28.2%

CES-D = Center for Epidemiologic Studies Depression Scale; GSDS = General Sleep Disturbance Scale; LFS = Lee Fatigue Scale; RT = radiation
therapy
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Table 3

Mean Values for Various Actigraphy Parameters and General Sleep Disturbance Subscale Scores

Actigraphy Parameters and GSDS
Subscales Mean (SD)

Percentage
Outside Normal

Rangea

Normal
Range/Cutoffs

Actigraphy

Sleep onset latency (minutes) 14.7 (12.2) 25.6 <20 minutes

Percent wake after sleep onset (WASO) 11.0 (8.3) 46.2 <10%

Number of awakenings 15.1 (8.8) 87.2 <6

Wake duration (minutes)b 3.5 (2.6)

Total sleep time (TST) minutes
   hours

419.8 (69.8)
7.0 (1.2) 57.7 >420 minutes

Sleep period time (minutes) 493.1 (71.1)

Sleep efficiency (%) 85.5 (8.7) 26.9 >80%

General Sleep Disturbance Scale (GSDS)

Quality of sleep 2.8 (2.1) 51.3 >3.0

Quantity of sleep 4.6 (1.3) 97.4 >3.0

Sleep onset latency 2.4 (2.5) 41.0 >3.0

Mid sleep wakes 4.5 (2.5) 76.9 >3.0

Early awakenings 2.9 (2.4) 51.3 >3.0

Excessive daytime sleepiness 2.3 (1.4) 30.8 >3.0

Medications for sleep 0.4 (0.7) 1.3 >3.0

Total score 45.4 (21.8) 53.9 ≥43.0

a
Percentage abnormal for actigraphy is based on deviations from healthy adult values. Percentage abnormal for GSDS is based on the cutoff of ≥

3.0 for each subscale score and ≥ 43.0 for the total GSDS score.

b
Mean time awake per awakening.
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Table 4

Hierarchical Linear Models of Objective and Subjective Sleep Disturbance

Objective Sleep Disturbance Coefficient (SE)

Variable Unconditional
Model Final Model

Fixed Effects

  Intercept 11.861 (0.854)b 11.862 (0.834)b

  Timea (linear rate of change) 0.008 (0.033) 0.007 (0.033)

Time invariant covariates

  Intercept: Body mass index 0.270 (0.103)c

Variance components

  In intercept 46.509b 44.084b

  In linear rate 0.031b 0.031b

Goodness-of-fit deviance(parameters estimated) 5771.428 (6) 5764.897 (7)

Model comparison (χ2 [df]) 6.531 (1)c

Subjective Sleep Disturbance Coefficient (SE)

Variable Unconditional
Model Final Model

Fixed Effects

  Intercept 45.615 (2.287)b 41.361 (2.206)b

  Timea (linear rate of change) −0.177 (0.847)c −0.172 (0.081)c

Time invariant covariates

  Intercept: Comorbidity 7.455 (2.714)c

   Baseline evening LFS score 2.013 (0.843)c

    Baseline CES-D
score 1.300 (0.184)b

  Linear: Baseline CES-D × time −0.023 (0.009)

Variance components

  In intercept 336.369b 132.125b

  In linear rate 0.307b 0.262b

Goodness-of-fit deviance(parameters estimated) 3744.742 (6) 3684.669 (10)

Model comparison (χ2 [df]) 60.073 (4)b

CES-D = Center for Epidemiologic Studies Depression Scale; LFS = Lee Fatigue Scale.

a
Time was coded 0 at the time of the simulation visit.

b
P ≤ 0.001.
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c
P < 0.05.
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