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of sleep disturbance included presence of intestinal, urinary, and 
androgen-blockade related symptoms, pain, and anxiety, as well 
as being unmarried and not having undergone RT. Predictors of 
insomnia syndrome included younger age, not having undergone 
RT, worse clinical prognosis, and the presence of intestinal pain, 
depressive, and androgen-blockade related symptoms.

In a more recent cross-sectional study,10 the relationships 
between sleep disturbance and depression and distress were 
evaluated in a sample of prostate cancer patients who were 
undergoing a variety of treatments. Over 50% of the patients 
in this study reported clinically significant levels of sleep 
disturbance and significant positive correlations were found 
between the severity of sleep disturbance and depression 
(r = 0.39, P = 0.005) and distress (r = 0.33, P = 0.02). Findings 
from both of these studies demonstrate that sleep disturbance 
is a significant problem in men with prostate cancer. In addi-
tion, they provide preliminary evidence of potential predictors 
that may place men at greater risk for this symptom. However, 
no studies were identified that evaluated for changes in sleep 
disturbance in men with prostate cancer prior to and follow-
ing the completion of a course of RT. Therefore, the purposes 
of this study, in a sample of patients who underwent RT for 
prostate cancer, were: to examine how self-reported ratings 
of sleep disturbance changed from the time of the simulation 
visit to 4 months after the completion of RT, and to investi-
gate whether specific patient, disease, and symptom charac-
teristics predicted the initial levels of sleep disturbance and/or 
characteristics of the trajectories of sleep disturbance. These 
analyses were conducted using a more sophisticated statisti-
cal method, namely hierarchical linear modeling (HLM), to 
account for variability in the number and the spacing of the 
assessments across individuals.11,12

RECENT STUDIES SUGGEST THAT SLEEP DISTUR-
BANCE OCCURS IN 30% TO 50% OF ONCOLOGY PA-
TIENTS, COMPARED TO A 20% PREVALENCE RATE IN 
the general population.1,2 However, most of these sleep studies 
were cross-sectional in nature and included patients with a variety 
of cancer diagnoses. Taken together, findings from these studies 
suggest that sleep disturbance has a negative impact on patients’ 
functional status and quality of life (QOL). However, additional 
research is warranted within specific cancer diagnoses to deter-
mine how sleep disturbance changes over the course of treatment 
and what factors predict changes in sleep disturbance.

Prostate cancer is the most common type of cancer in men, 
with 192,280 new cases diagnosed annually in the United States.3 
The disease itself and its associated treatments place men at high 
risk for sleep disturbance, particularly with bladder irritation and 
frequent voiding associated with radiation therapy (RT)4,5 and 
with hot flashes during hormonal therapy.6-8 However, only a lim-
ited number of cross-sectional studies have evaluated sleep dis-
turbance in men with prostate cancer. In one of the earliest studies 
of men treated with radical prostatectomy, 32% of the patients re-
ported sleep disturbance as a clinically significant symptom and 
18% met diagnostic criteria for insomnia syndrome.9 Predictors 
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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. 
Mean subscale scores ≥ 3 and a GSDS total score ≥ 43 indicate 
a significant level of sleep disturbance.26 The GSDS has well-
established validity and reliability in shift workers, pregnant 
women, and patients with cancer and HIV.19,27,28 In the current 
study, the Cronbach α for the GSDS total score was 0.81.

The CES-D consists of 20 items selected to represent the ma-
jor symptoms in the clinical syndrome of depression. Scores 
can range from 0 to 60, with scores ≥ 16 indicating the need 
for individuals to seek clinical evaluation for major depression. 
The CES-D has well-established concurrent and construct va-
lidity.20,29,30 In the current study, the Cronbach α for the CES-D 
was 0.83.

The STAI-T and STAI-S inventories consist of 20 items each 
that are rated from 1 to 4. The scores for each scale are summed 
and can range from 20 to 80. A higher score indicates greater 
anxiety. The STAI-T measures an individual’s predisposition to 
anxiety determined by his/her personality and estimates how a 
person feels generally. The STAI-S measures an individual’s 
transitory emotional response to a stressful situation. It evalu-
ates the emotional response of worry, nervousness, tension, and 
feelings of apprehension related to how people feel “right now” 
in a stressful situation. The STAI-S and STAI-T inventories 
have well-established criterion and construct validity and in-
ternal consistency reliability coefficients.21,31,32 In this study, the 
Cronbach α was 0.86 for the STAI-T and 0.91 for the STAI-S.

Worst pain intensity was evaluated using a descriptive NRS 
that ranged from 0 (no pain) to 10 (excruciating pain). A de-
scriptive NRS is a valid and reliable measure of pain intensity.22 
Because the majority of the patients did not have pain (74.4%), 
for the subsequent longitudinal analyses, pain was recoded as 
present or absent.

Fatigue severity was measured using the 13-item LFS. Each 
item is rated using a 0 to 10 NRS, and a total score is calcu-
lated 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 bed (i.e., evening fatigue). The LFS has 
been used with healthy individuals as well as in patients with 
cancer and HIV.27,28,33 It was chosen for the current study be-
cause it is relatively short and easy to administer. The LFS has 
well established validity and reliability.23,34 In this sample, the 
Cronbach α for the LFS was 0.95 for evening ratings and 0.96 
for morning ratings.

Study Procedures
At the time of the simulation visit that occurred approximate-

ly 1 week prior to the start of RT, patients were approached by 
a research nurse to discuss participation in the study. The simu-
lation is the visit where the patient’s treatment plan is formu-
lated, 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 writ-
ten informed consent, they were asked to complete the baseline 
study questionnaires. Patients completed the GSDS prior to the 
initiation of RT, every other week for 6 weeks, at the end of 

METHODS

Participants and Settings
This descriptive, longitudinal study is part of a larger study 

that evaluated multiple symptoms in patients with breast, pros-
tate, lung, and brain cancer who underwent RT.13-15 For this 
study, 82 men with prostate cancer were recruited who met the 
following inclusion criteria: adults (> 18 years of age) who were 
able to read, write, and understand English; had a Karnofsky 
Performance Status (KPS) score ≥ 60; and were scheduled to 
receive primary or adjuvant RT. Patients were excluded if they 
had metastatic disease, had more than one cancer diagnosis, or 
had a diagnosed sleep disorder. They were recruited from RT 
departments located in a Comprehensive Cancer Center and a 
community-based oncology program. This study was approved 
by the Human Subjects Committee at the University of Califor-
nia, San Francisco and at the second study site.

One hundred eighty-eight patients with prostate cancer were 
approached, and 82 consented to participate in the longitudi-
nal study (43.6% 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.

Instruments
The study instruments included a demographic question-

naire, the KPS scale,16,17 the Pittsburgh Sleep Quality Index 
(PSQI),18 the General Sleep Disturbance Scale (GSDS),19 the 
Center for Epidemiological Studies-Depression Scale (CES-
D),20 the Spielberg State-Trait Anxiety Inventories (STAI-S and 
STAI-T),21 a descriptive numeric rating scale (NRS) for worst 
pain intensity,22 and the Lee Fatigue Scale (LFS).23

The demographic questionnaire provided information on 
age, marital status, years of education, living arrangements, 
ethnicity, and employment status. In addition, patients com-
pleted a checklist of comorbidities.

The PSQI was administered at baseline. The PSQI consists 
of 19 items designed to assess the quality of sleep in the past 
month. The global PSQI score is the sum of the 7 component 
scores (subjective sleep quality, sleep latency, sleep duration, 
habitual sleep efficiency, sleep disturbances, use of sleeping 
medication, daytime dysfunction). Each component score rang-
es from 0 to 3, and the global PSQI score ranges from 0 to 21. 
Higher global and component scores indicate more severe com-
plaints and a higher level of sleep disturbance. A global PSQI 
score > 5 indicates a significant level of sleep disturbance.18 A 
cutoff score of 8 was found to discriminate poor sleep quality in 
oncology patients.24 The PSQI has established internal consis-
tency, test-retest reliability, and construct validity.18,24,25 In this 
study, the Cronbach α for the global PSQI score was 0.72.

To estimate changes in self-reported sleep disturbance, the 
GSDS was administered at each time point. The GSDS consists 
of 21 items designed to assess the quality of sleep in the past 
week. Each item was rated on a 0 (never) to 7 (every day) nu-
meric rating scale (NRS). The GSDS total score is the sum of 
the 7 subscale scores (quality of sleep, quantity of sleep, sleep 
onset latency, mid-sleep awakenings, early awakenings, medi-
cations for sleep, excessive daytime sleepiness) that can range 
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cancer who underwent RT. The predictors are organized using 
the theory of symptom management (TSM) that served as the 
conceptual framework for the larger study.38-40 The TSM is a 
multidimensional model that includes 3 dimensions of symp-
toms (symptom experience, symptom management strategies, 
and symptom outcomes). The 3 dimensions of the symptom are 
influenced by the 3 domains of nursing (person, environment, 
and health and illness). This study focused on the symptom ex-
perience of sleep disturbance within the context of the 3 do-
mains of nursing.

To improve estimation efficiency and construct a model that 
was parsimonious, an exploratory Level 2 analysis was done 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 < 2.0, which indicates lack 
of significant effect, were dropped from subsequent model test-
ing. All of the potentially significant predictors from the ex-
ploratory 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 model. A P-value < 0.05 indicates sta-
tistical significance.

RESULTS

Patient Characteristics and Symptom Severity Scores
The demographic, disease, and treatment characteristics of 

the 82 patients are presented in Table 2. These men with pros-

RT, and once a month for 4 months after the completion of RT. 
Every patient provided data for a minimum of at least 7 of the 9 
assessments of self-reported sleep disturbance.

Data Analysis
Descriptive statistics and frequency distributions were gen-

erated on the sample characteristics and baseline symptom 
severity scores using SPSS Version 15.0. For each of the 9 as-
sessments, a GSDS total score was calculated for use in the 
subsequent statistical analyses.

HLM, based on full maximum likelihood estimation, was 
done using the software developed by Raudenbush and col-
leagues.11 The repeated measures of sleep disturbance were 
conceptualized as being nested within individuals. Compared 
with other methods of analyzing change, HLM has 2 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 abil-
ity to model individual change, which helps to identify more 
complex patterns of change that are often overlooked by other 
methods.11,35

With HLM, the repeated measures of the outcome variable 
(sleep disturbance) are nested within individuals and the analy-
sis of change in sleep disturbance scores has 2 levels: within 
persons (Level 1) and between persons (Level 2). At Level 
1, the outcome is conceptualized as varying within individu-
als 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 ef-
fects.11,36,37

Each HLM analysis proceeded in 2 stages. First, intra-indi-
vidual 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 4 months after the completion of RT (6 
months with a total of 9 assessments). Three Level 1 models, 
which represented that the patients’ level of sleep disturbance 
(a) did not change over time (no time effect), (b) changed at 
a constant rate (linear time effect), and (c) changed at a rate 
that accelerated or decelerated over time (quadratic effect) were 
compared. At this point, the Level 2 model was constrained to 
be unconditional (no predictors), and likelihood ratio tests were 
used to determine the best model. These analyses answered the 
first research aim and identified the change parameters that best 
described individual changes in sleep disturbance over time.

The second stage of the HLM analysis, which answered the 
second aim, examined inter-individual differences in the tra-
jectory of sleep disturbance by modeling the individual change 
parameters (intercept, linear, and quadratic slopes) as a func-
tion of proposed predictors at Level 2. Table 1 presents a list 
of the proposed predictors that was developed based on a re-
view of the literature of sleep disturbance in men with prostate 

Table 1—Potential predictors of intercept, linear coefficient, and quadratic 
coefficient for general sleep disturbance total score

Potential Predictors Intercept
Linear 

Coefficient
Quadratic 
Coefficient

Person
Age ■ ■ ■
Ethnicity
Lives alone
Marital status
Education
Employment status

Disease and Treatment
KPS Score ■ ■ ■
Number of comorbidities
Pretreatment PSA
Gleason score
Total dose of RT received
Hormonal therapy prior to RT

Symptoms
Baseline CES-D score ■ ■ ■
Presence of pain at baseline
Baseline trait anxiety score ■ ■ ■
Baseline state anxiety score ■ ■ ■

■ = From exploratory analyses had a t-value > 2.00. CES-D, Center for 
Epidemiologic Studies-Depression; KPS, Karnofsky Performance Status, 
RT, radiation therapy.
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employed (53.7%). The distribution of clinical stage of disease 
was 48.8% with T1, 42.5% with T2, and 8.8% with T3. About 
half (51.2%) of the patients received hormonal therapy prior 
to the initiation of RT. The mean symptom severity scores for 
the 82 patients at the time of the simulation visit are listed in 
Table 2. Baseline subscale and total scores for the PSQI and the 
GSDS are presented in Table 3.

Individual and Mean Change in Self-reported Sleep Disturbance
The first HLM analyses examined how level of sleep distur-

bance changed from the time of the simulation visit to 4 months 
after the completion of RT. Two models were estimated, one in 
which the function of time was linear and a second in which 
the function of time was quadratic. The goodness-of-fit test of 
the deviance between the linear and quadratic models indicated 
that a quadratic model fit the data significantly better than a lin-
ear model (χ2 = 41.35, df = 4, P < 0.001). In addition, the test of 
the quadratic coefficient in the quadratic model was significant 
(t = −4.78, df = 81, P < 0.001).

The estimates of the quadratic change model are presented 
in Table 4 (unconditional model). Because the model had no 
covariates (i.e., unconditional), the intercept represents the es-
timated amount of sleep disturbance based on the total GSDS 
score (36.09) at the time of the simulation visit. The estimated 
linear rate of change in sleep disturbance for each additional 
week was 0.72 (P < 0.05), and the estimated quadratic rate of 
change per week was −0.04 (P < 0.0001). It is important to re-
member that it is the weighted combination of the linear and 
quadratic terms that define each curve. Figure 1A displays the 
trajectory for sleep disturbance from the time of the simulation 
visit to 4 months after the completion of RT. Sleep disturbance 

tate cancer were approximately 67 years of age, were well edu-
cated, and had a mean KPS score of 95.7. Most of the patients 
were married or partnered (69.5%), white (76.8%), and not 

Table 2—Demographic, disease, and treatment characteristics and 
baseline symptom severity scores of the patients (n = 82)

Characteristic
Mean 

(Standard Deviation)
Age (years) 67.1 (7.8)
Education (years) 16.0 (3.2)
Karnofsky Performance Status Score 95.7 (6.9)
Number of comorbidities 4.6 (2.5)
Lives alone 23.2%
Marital status
	 Married/partnered
	 Divorced/separated
	 Other

69.5%
13.4%
17.1%

Ethnicity
	 Black
	 White
	 Other

18.3%
76.8%
  4.9%

Employed
	 Yes
	 No

46.3%
53.7%

Pre-treatment PSA level (ng/mL) 10.9 (7.9)
Gleason score
	 5 or 6
	 7
	 ≥8

39.0%
47.7%
13.4%

Mean Gleason score 6.8 (0.9)
Mean hemoglobin level (g/dL) 14.4 (1.2)
Mean hematocrit (%) 42.3 (3.7)
Clinical stage
	 T1
	 T2
	 T3

48.8%
42.5%
  8.8%

Time since diagnosis (months) 8.9 (12.7)
Prostatectomy prior to RT   9.8%
Hormonal therapy prior to RT 51.2%
RT treatment plan
	 Whole pelvis + conformal boost after 
surgery
	 Whole pelvis + conformal boost
	 Whole pelvis + high dose RT
	 Whole pelvis + seed implant

9.8%
75.6%

4.9%
9.8%

Total dose of RT (cGys) 6902 (958.2)
Mean symptom severity scores at 
baseline
	 GSDS score
	 LFS score for evening fatigue
	 LFS score for morning fatigue
	 CES-D score
	 Trait Anxiety Inventory score
	 State Anxiety Inventory score

33.4 (16.3)
3.5 (2.1)
1.8 (1.8)
5.9 (5.7)

31.3 (7.9)
27.8 (7.8)

CES-D, Center for Epidemiologic Studies-Depression Scale; 
GSDS, General Sleep Disturbance Scale; LFS, Lee Fatigue Scale; 
PSA, prostate specific antigen; RT, radiation therapy.

Table 3—Baseline Pittsburgh Sleep Quality Index (PSQI) Subscale and 
Global Scores, and General Sleep Disturbance (GSDS) Subscale and 
Global Scores of the Patients (n = 82)

Mean 
(Standard 
Deviation) Range

PSQI Scores (range of possible scores)
	 Sleep quality (0 to 3) 0.90 (0.64) 0 to 3
	 Sleep latency (0 to 3) 0.67 (0.77) 0 to 3
	 Sleep duration (0 to 3) 0.86 (0.85) 0 to 3
	 Habitual sleep efficiency (0 to 3) 0.56 (0.86) 0 to 3
	 Sleep disturbances (0 to 3) 1.26 (0.52) 0 to 2
	 Use of sleep medications (0 to 3) 0.44 (0.98) 0 to 3
	 Daytime dysfunction (0 to 3) 0.60 (0.61) 0 to 2
Global PSQI score (0 to 21) 5.25 (2.93) 0 to 14
GSDS scores (range of possible scores)
	 Quality of sleep (0 to 7) 2.0 (1.6) 0 to 6
	 Quantity of sleep (0 to 7) 4.2 (1.1) 0 to 7
	 Sleep onset latency (0 to 7) 1.0 (1.5) 0 to 7
	 Mid-sleep awakenings (0 to 7) 4.5 (2.6) 0 to 7
	 Early awakenings (0 to 7) 1.9 (1.9) 0 to 7
	 Medications for sleep (0 to 7) 0.25 (0.50) 0 to 2
	 Excessive daytime sleepiness (0 to 7) 1.4 (1.3) 0 to 6
Total GSDS score (0 to 147) 33.44 (16.31) 8 to 79
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bance at baseline. The 3 variables that predicted inter-individual 
differences in the slope parameters for sleep disturbance were 

increased over the course of RT (weeks 1 to 9) and then declined 
after the completion of RT. It should be noted that the mean 
sleep disturbance scores for the vari-
ous groups depicted in all of the fig-
ures are estimated or predicted means 
based on the HLM analyses.

Although the results indicate a 
sample-wide increase followed by a 
decrease in sleep disturbance, they do 
not imply that all patients exhibited 
the same trajectory. The variance in in-
dividual change parameters estimated 
by the models (variance components, 
Table 3), suggested that substantial 
inter-individual differences existed in 
the trajectory of sleep disturbance that 
warranted examination of predictors 
of these inter-individual differences 
(see Figure 1B).

Inter-Individual Differences in the 
Trajectory of Self-reported Sleep 
Disturbance

As shown in the final model in 
Table 4, the 2 variables that predict-
ed inter-individual differences in the 
intercept for sleep disturbance were 
baseline level of trait anxiety (base-
line STAI-T score) and baseline level 
of depressive symptoms (baseline 
CES-D score). Baseline sleep distur-
bance (baseline GSDS score) was en-
tered in Level 2 as a predictor of the 
slope parameters to control for intra-
individual differences in sleep distur-

Figure 1—(A) Trajectories of self-reported sleep disturbance measured using the General Sleep Disturbance Scale (GSDS) over the 25 weeks of the study. 
(B) Spaghetti plot of the 82 patients’ individual trajectories of self-reported sleep disturbance using the GSDS over the 25 weeks of the study.
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Table 4—Hierarchical linear model for self-reported sleep disturbance

General Sleep Disturbance Scale 
(GSDS) Total Score Coefficient (SE)

Variable Unconditional Model Final Model
Fixed Effects

Intercept 36.086 (1.781)* 36.147 (1.382)*
Timea (linear rate of change) 0.723 (0.195)+ 0.753 (0.195)*
Time2 (quadratic rate of change) −0.035 (0.007)* −0.036 (0.008)*

Time invariant covariates
Intercept

Baseline Trait anxiety score 0.406 (0.190)+

Baseline CES-D score 1.428 (0.293)*
Linear

Age × time −0.051 (0.025)+

Baseline CES-D score × time 0.102 (0.050)+

Baseline GSDS score × time −0.040 (0.016)+

Quadratic
Age × time2 0.002 (0.001)
Baseline CES-D score × time2 −0.004 (0.002)+

Baseline GSDS score × time2 0.002 (0.001)+

Variance components
In intercept 199.971* 99.426+

In linear rate 0.831 0.909
In quadratic fit 0.001 0.001

Goodness-of-fit deviance (parameters estimated) 4046.230 (10) 3986.372 (18)
Model comparison (χ2 [df]) 59.858 (8)*

*P < 0.0001; +P < 0.05. aTime was coded 0 at the time of the simulation visit. CES-D, Center for Epidemiologic 
Studies-Depression; GSDS, General Sleep Disturbance Scale; LFS, Lee Fatigue Scale; SE, standard error.
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disturbance. Rather than place 16 trajectories on a single plot, 2 
figures were made to illustrate differences in sleep disturbance 
trajectories based on low (Figure 3) and high (Figure 4) CES-D 
scores.

DISCUSSION
This study is the first to evaluate for inter-individual differ-

ences in self-reported sleep disturbance as well as the predic-
tors of sleep disturbance prior to, during, and after a course of 
RT in men with prostate cancer. An evaluation of the uncondi-
tional model suggests that the severity of self-reported sleep 
disturbance increased during RT and then decreased following 
the completion of RT. As shown in Figure 1, when the GSDS 
scores for the entire sample were considered, the incremental 
increases in sleep disturbance over time were modest. In addi-
tion, none of them reached the clinically significant cutoff > 43 
at any time during the six months of this study.

However, the use of HLM, compared to the more traditional 
statistical approaches that are used to evaluate for changes over 
time in some dependent variable (e.g., repeated measures anal-
ysis of variance), provided evidence of a large amount of inter-

age, baseline level of depressive symptoms, and baseline level 
of sleep disturbance.

To illustrate the effects of the 4 different predictors on pa-
tients’ trajectories of sleep disturbance, Figures 2A through 
2D display the adjusted change curves for sleep disturbance 
estimated based on differences in baseline level of trait anxi-
ety (lower/higher trait anxiety calculated based on 1 standard 
deviation [SD] above and below the mean STAI-T score), base-
line level of depressive symptoms (lower/higher CES-D calcu-
lated based on 1 SD above and below the mean CES-D score), 
age (younger/older calculated based on 1 SD above and below 
the mean age), and baseline level of sleep disturbance (lower/
higher GSDS calculated based on 1 SD above and below the 
mean GSDS score).

In addition, to illustrate the effects of the different predic-
tors on patients’ trajectories of sleep disturbance, Figures 3 and 
4 display the adjusted change curves of sleep disturbance that 
were estimated based on differences in baseline levels of de-
pression (low CES-D and high CES-D, respectively, calculated 
based on 1 SD above and below the mean CES-D score), as well 
as age, baseline level of trait anxiety, and baseline level of sleep 

Figure 2—Trajectories of self-reported sleep disturbance measured using the General Sleep Disturbance Scale (GSDS) by level trait anxiety at baseline 
(A; i.e., lower/higher TRAIT anxiety), level of depression at baseline (B; i.e., lower/higher CES-D score), age (C; i.e., older/younger), and sleep disturbance 
at baseline (D; i.e., lower/higher GSDS score).

0 2 4 6 9 13 17 21 25

GS
DS

 T
ot

al 
Sc

or
e

Lower TRAIT anxiety
Higher TRAIT anxiety

0 2 4 6 9 13 17 21 25

GS
DS

 T
ot

al 
Sc

or
e

Lower CES-D score
Higher CES-D score

0 2 4 6 9 13 17 21 25

GS
DS

 T
ot

al 
Sc

or
e

Older age
Younger age

0 2 4 6 9 13 17 21 25

GS
DS

 T
ot

al 
Sc

or
e

Higher GSDS score
Lower GSDS score

A B

C D

0

25

30

35

40

45

50

55

60

65

0

25

30

35

40

45

50

55

60

65

0

25

30

35

40

45

50

55

60

65

0

25

30

35

40

45

50

55

60

65



SLEEP, Vol. 34, No. 2, 2011 177 Predictors of the Trajectories of Sleep Disturbance—Miaskowski et al

cer,43,44 the mechanisms that underlie these relationships need 
to be elucidated. Additional research is warranted to determine 
how depression and sleep disturbance change together over the 
course of RT.

Anxiety as a predictor of sleep disturbance has not received 
as much attention as depression in the oncology literature. Con-
sistent with work by Savard and colleagues,9 trait but not state 
anxiety predicted higher levels of sleep disturbance at the initia-
tion of RT. Trait anxiety scores in this sample of men were near 
the cutoff for clinically meaningful levels of this symptom.21 
In addition, when evaluated as a predictor with depression (see 
Figs. 3 and 4), younger men with higher levels of trait anxi-
ety had worse sleep disturbance trajectories. Again, research 
is warranted to determine how anxiety and sleep disturbance 
change together over the course of RT. In addition, given the 
deleterious effects of comorbid depressive and anxiety symp-
toms, even at subsyndromal levels,45 the relationship between 
these psychological symptoms and sleep disturbance warrant 
additional investigation.

Again, consistent with findings by Savard and colleagues,9 
younger men in this study had higher levels of sleep distur-
bance. As noted by these authors, while some population-based 
studies suggest that sleep disturbance increases with age,46,47 
other researchers suggests that other factors (e.g., medical and 
psychiatric disorders) may mediate the relationships between 
age and sleep disturbance.48 Younger men in this study may 
have had more trouble adapting to the changes associated with 
prostate cancer and its treatment that may have resulted in more 
sleep disturbance. In fact, an evaluation of the impact of all of 
the predictors on sleep disturbance (Figs. 3 and 4) suggest that 
in both the lower CES-D and higher CES-D groups, younger 
men with higher levels of state anxiety, and lower levels of sleep 
disturbance at baseline had the worst sleep disturbance trajec-
tories. These findings suggest that the relationships among age, 
anxiety, and sleep disturbance in patients with prostate cancer 
warrant additional investigation.

individual variability in the trajectories of sleep disturbance in 
these men with prostate cancer. In addition, the HLM analy-
ses provided some insights into which factors may increase 
patients’ risk for more severe and prolonged sleep disturbance 
trajectories given their initial status.

Estimated mean sleep disturbance scores at the time of the 
simulation visit ranged from 7 to 87 (actual scores ranged 
from 8 to 79) with 24.4% of the patients reporting a score > 
43. This occurrence rate of sleep disturbance is slightly lower 
than previous reports of sleep disturbance, measured using 
the Insomnia Severity Index, in men with prostate cancer.9,10 
The slightly lower rates of sleep disturbance may be related 
to differences in the self-report measures used across these 
studies. Based on the HLM analysis, patients with higher lev-
els of trait anxiety and depression reported higher levels of 
sleep disturbance at the time of the simulation visit. In addi-
tion, because HLM has the ability to determine predictors, 
not only of the intercept but of the slopes of the trajectories 
of sleep disturbance, younger age as well as lower baseline 
levels of sleep disturbance, were identified as significant pre-
dictors of sleep disturbance.

Consistent with previous reports that used the CES-D10 or 
the Hospital Anxiety and Depression Scale,9 higher levels of 
depressive symptoms at the time of the simulation visit were 
associated with higher levels of sleep disturbance at baseline, as 
well as over the entire 6 months of the study (Figure 2B). While 
the mean CES-D score in this sample of men with prostate can-
cer was well below the cutoff score of 16, as illustrated in Fig-
ure 4, patients with higher CES-D scores (1 SD above the mean 
CES-D score) were projected to have baseline sleep disturbance 
scores that were above the clinically meaningful cutpoint for 
the GSDS. These patients’ sleep disturbance scores rose over 
the course of RT, peaked one month after the completion of RT, 
and then began to decline gradually over the next three months. 
While depression has been shown to co-occur with sleep dis-
turbance in the general population41,42 and in patients with can-

Figure 3—Trajectories of self-reported sleep disturbance measured 
using the General Sleep Disturbance Scale (GSDS) by lower level of 
depression at baseline (LOW CES-D) and by age (younger/older), level 
of sleep disturbance at baseline (low sleep/high sleep), and level of trait 
anxiety at baseline (low anxiety/high anxiety).
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Figure 4—Trajectories of self-reported sleep disturbance measured 
using the General Sleep Disturbance Scale (GSDS) by higher level of 
depression at baseline (HIGH CES-D) and by age (younger/older), level 
of sleep disturbance at baseline (low sleep/high sleep), and level of trait 
anxiety at baseline (low anxiety/high anxiety).
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A surprising finding from this study was that neither hor-
monal treatment prior to RT nor fatigue was a significant 
predictor of sleep disturbance in this sample. Based on an eval-
uation of patients’ responses to the Memorial Symptom Assess-
ment Scale, only 32.5% of the sample reported night sweats 
prior to the initiation of RT (data not shown). In addition, both 
morning and evening fatigue scores in these patients were in 
the mild range prior to the initiation of RT. Additional research 
is warranted to evaluate when and which specific disease and 
treatment characteristics (e.g., night sweats, urinary symptoms) 
interfere with sleep so that more targeted interventions can be 
designed and tested.

Limitations of this study include the relatively small sample 
size, the single cancer diagnosis, the single gender, the use of 
only self-report measures to evaluate sleep disturbance, and the 
lack of a clinical evaluation of anxiety and depression. There-
fore, the findings from this study cannot be generalized to can-
cer patients with different cancer diagnoses who undergo RT 
or to female patients. However, the focus on a homogeneous 
sample of patients with prostate cancer allowed for an evalu-
ation of disease and treatment predictors that were specific to 
this cancer diagnosis. While the refusal rate for this study was 
relatively high (43.6%), it should be noted that the major rea-
sons for refusal were being overwhelmed or too busy. One can 
speculate that the patients who refused may have reported even 
higher levels of sleep disturbance and that the data presented 
in this paper may be conservative estimates of the trajectories 
of self-reported sleep disturbance. Information on the use of 
sedatives and hypnotics is not available. However, based on the 
PSQI and GSDS medication subscale scores, very few patients 
reported the use of sleep medications.

Despite these limitations, findings from this longitudinal 
study suggest that younger men with co-occurring depression 
and anxiety may be at greatest risk for sleep disturbance during 
RT. Additional research is warranted on the impact of RT treat-
ment and its associated symptoms (e.g., urinary frequency, ur-
gency) on the trajectories of sleep disturbance and to determine 
the optimal interventions for these high-risk patients.
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