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Abstract
Background—Fatigue is a significant problem associated with radiation therapy (RT).

Objective—This study examined how evening and morning fatigue changed from the time of
simulation to four months after the completion of RT and investigated whether specific demographic
and disease characteristics and baseline severity of symptoms predicted initial levels of fatigue and
characteristics of the trajectories of fatigue.

Methods—Seventy-three women with breast cancer completed questionnaires that assessed sleep
disturbance, depression, anxiety, and pain prior to the initiation of RT and the Lee Fatigue Scale,
over six months. Descriptive statistics and hierarchical linear modeling were used for data analysis.

Results—Large amounts of inter-individual variability were found in the trajectories of fatigue.
Evening fatigue at baseline was negatively influenced by having children at home and depression.
The trajectory of evening fatigue was worse for women who were employed. Morning fatigue at
baseline was influenced by younger age, lower body mass index, and the degree of sleep disturbance
and trait anxiety. Trajectories of morning fatigue were worse for patients with a higher disease stage
and more medical co-morbidities.

Conclusions—Inter-individual and diurnal variability in fatigue found in women with breast
cancer is similar to that found in a men with prostate cancer. However, the predictors of inter-
individual variability in fatigue between these two cohorts were different.

Implications for Practice—Diurnal variability and different predictors for morning and evening
fatigue suggest different underlying mechanisms. The various predictors of fatigue need to be
considered in the design of future intervention studies.

Keywords
fatigue; breast cancer; radiation therapy; hierarchical linear modeling; symptom patterns; symptom
trajectories; sleep disturbance; depression

Address correspondence to: Christine Miaskowski, RN, PhD, FAAN, Professor and Associate Dean for Academic Affairs, Department
of Physiological Nursing, University of California, 2 Koret Way – Box 0610, San Francisco, CA 94143-0610, 415-476-9407 (phone),
415-476-8899 (fax), chris.miaskowski@nursing.ucsf.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Cancer Nurs. Author manuscript; available in PMC 2011 May 1.

Published in final edited form as:
Cancer Nurs. 2010 ; 33(3): 201–212. doi:10.1097/NCC.0b013e3181c75f2a.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



INTRODUCTION
Fatigue is the most common and disruptive symptom reported by patients undergoing radiation
therapy (RT).1–9 Despite major advances in RT techniques, fatigue remains a significant
clinical problem.9–11 In fact, fatigue associated with RT occurs in approximately 80% of
patients and has deleterious effects on their functional status and quality of life (QOL).8,12–
14

Longitudinal studies of RT-induced fatigue in patients with breast cancer
Several studies have evaluated for changes in fatigue in women with breats cancer during the
course of RT.4,15,16 While the exact measurement times differed across these studies, in most
cases fatigue severity ratings increased significantly from the beginning to the middle of RT
and remained elevated from the middle to the end of RT. In the seven studies that evaluated
for changes in fatigue in women with breast cancer following the completion of RT,17–23

fatigue severity scores decreased to pretreatment levels within 4 to 8 weeks following the
completion of treatment.

Predictors of RT-induced fatigue in patients with breast cancer
Findings across seven studies that evaluated for predictors of RT-induced fatigue in women
with breast cancer16–21,23 are inconsistent. For example, in one study,16 fatigue severity
scores were not associated with stage of disease, type of breast cancer surgery, or pretreatment
with chemotherapy (CTX). In contrast, Donovan and colleagues15 found that women who
received CTX prior to the initiation of RT reported higher fatigue severity scores that persisted
throughout RT than women who had not received CTX. In another study,17 while fatigue
severity scores were not influenced by age, stage of disease, time since surgery, weight, or
length of time since diagnosis, women with higher levels of psychological and symptom
distress reported higher fatigue severity scores. This finding contrasts with that of Geinitz and
colleagues23 who found no relationship between fatigue severity and anxiety and depression.
In another study that examined factors that predicted fatigue severity at the end of RT,19
younger age, higher level of education, increased level of treatment related side effects and
living alone were associated with higher fatigue scores. In a study of women who underwent
adjuvant treatment for breast cancer,20 higher pretreatment levels of fatigue were associated
with higher levels of mood disturbance, higher total network support, lower satisfaction with
social support, lower morning cortisol, and higher levels of interleukin1-β. No associations
were found between fatigue severity scores prior to adjuvant therapy and age, income,
educational level, stage of disease, type of surgery, or type of adjuvant therapy. Finally, in a
recent study of fatigue in patients with breast cancer who underwent adjuvant therapy,21 the
magnitude and correlates of response shift in the measurement of fatigue were evaluated. Of
note, clinically significant response shifts in ratings of fatigue did occur over time. Larger
response shifts were found in women who reported higher pretreatment ratings of fatigue, in
those who received CTX, and in those who reported lower fatigue catastrophizing scores.

Summary and Rationale for the Proposed Study
While the number of longitudinal studies of RT-related fatigue in women with breast cancer
has increased, additional research is warranted because of the inconsistent findings across these
studies. While some of these inconsistencies may be related to the measures used to assess
fatigue; the timing of the measures; large variations in sample size; and/or the number and
types of predictor variables tested, clinical experience as well as the findings reported to date,
suggest that a large amount of inter-individual variability exists in patients’ experiences of
fatigue during and following RT.
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Another factor that may contribute to the inconsistent findings is the time of day that fatigue
was assessed. While diurnal variations in fatigue were reported in the general population,24–
26 only two studies have assessed for diurnal variations in fatigue in oncology patients.27, 28

In the only study of women with breast cancer,27 their ratings of fatigue were compared to
those of age-matched groups of healthy women and women with benign breast disease. While
breast cancer survivors reported higher levels of fatigue relative to the other two groups of
women, no group differences in the diurnal pattern of fatigue was evident. Fatigue scores were
lowest at 10AM and highest at 9PM. An evaluation of diurnal variations in fatigue severity
might provide insights into its etiology or mechanisms.27–29

In an attempt to overcome some of the limitations noted above, as part of a larger study of
symptoms in patients who underwent RT and their family caregivers (FCs), evening and
morning fatigue trajectories were evaluated in patients with prostate cancer13 and in their
FCs30 using a more sophisticated method for longitudinal data analysis (i.e., hierarchical linear
modeling (HLM).

In this study, patients and their FCs were taught to complete the fatigue measure before going
to bed each night (evening fatigue) and upon arising each morning (morning fatigue).
Assessments were done prior to the initiation of RT, weekly during the course of RT, every
two weeks for two months, and once a month for two months. While mean evening and morning
fatigue scores were in the moderate range, a large amount of inter-individual variability was
found in the trajectories of morning and evening fatigue reported by both patients and their
FCs.13,30

Younger men and those with higher levels of sleep disturbance reported higher levels of
evening fatigue at the initiation of RT. In terms of predictors of the trajectories of evening
fatigue, younger age, lower baseline levels of evening fatigue, and higher baseline levels of
sleep disturbance were associated with the worst evening fatigue trajectory. In terms of morning
fatigue, the two variables that predicted higher baseline levels of morning fatigue in these
patients with prostate cancer were younger age and higher baseline levels of depression and
sleep disturbance. In terms of predictors of the trajectories of morning fatigue, younger age,
lower baseline levels of morning fatigue, and higher baseline levels of sleep disturbance and
depression were associated with the worst morning fatigue trajectory.13

In terms of the FCs,30 the two predictors of higher baseline levels of evening fatigue were
higher baseline levels of sleep disturbance in the FC and higher baseline levels of evening
fatigue in the patient. FCs with the worst evening fatigue trajectory were those who reported
lower baseline levels evening fatigue, higher baseline levels of sleep disturbance, and who
cared for a patient who reported higher baseline levels of evening fatigue. The three predictors
of higher baseline levels of morning fatigue in these FCs were higher baseline levels of trait
anxiety in the FC, lower baseline levels of family support, and higher baseline levels of morning
fatigue in the patient. FCs with the worst morning fatigue trajectory were those who reported
higher baseline levels of anxiety, lower baseline levels of family support and who cared for a
patient who reported higher baseline levels of morning fatigue.

Findings from these two studies suggest that diurnal variation exists in patients and FCs ratings
of evening and morning fatigue, that evening and morning fatigue scores in both groups were
in the moderate range, and that a large amount of inter-individual variability exists in ratings
of evening and morning fatigue. However, the predictors of baseline levels of evening and
morning fatigue, as well as the predictors of changes in fatigue trajectories over time were
different between the two measures of fatigue, as well as between patients and their FCs.13,
30 Based on these findings and because this type of longitudinal analysis, is lacking in women
with breast cancer, the purposes of this study, in a sample of women who underwent RT for
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breast cancer, were: to examine how ratings of evening and morning fatigue changed from the
time of simulation to four months after the completion of RT and to investigate whether specific
patient, disease, and symptom characteristics predicted the initial levels of fatigue and/or
characteristics of the trajectories of evening and morning fatigue.

METHODS
Participants and Settings

This analysis, drawn from the larger, descriptive, longitudinal study of symptoms in patients
and their FCs, analyzed data from 73 women with breast cancer. Patients were eligible to
participate if they: were adults (> 18 years of age); were able to read, write, and understand
English; had a Karnofsky Performance Status (KPS) score of ≥ 60 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. 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 Instruments and Procedures
The study instruments included a demographic questionnaire, the Karnofsky Performance
Status (KPS) scale,31 the Lee Fatigue Scale (LFS),32 the General Sleep Disturbance Scale
(GSDS),33 the Center for Epidemiological Studies-Depression Scale (CES-D),34 the
Spielberg State-Trait Anxiety Inventories (STAI-S and STAI-T),35 and a descriptive numeric
rating scale (NRS) for worst pain intensity from the Brief Pain Inventory.36

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.

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.14,33,37 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 for morning
fatigue, ≥ 5.6 for evening fatigue). The LFS has well established validity and reliability.32,
38 In the current study, the Cronbach’s alphas for the LFS for evening and morning ratings
were 0.95 and 0.96, respectively.

The GSDS consists of 21 items that evaluate various aspects of sleep disturbance. Each item
is rated on a NRS that ranges from 0 (never) to 7 (every day) and the 21 items are summed to
yield a total score that can range from 0 (no disturbance) to 147 (extreme sleep disturbance).
A cutoff score of ≥ 43.0 indicates a clinically significant level of sleep disturbance. The GSDS
has well-established validity and reliability in shift workers, pregnant women, and patients
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with cancer and HIV.14,33,39,40 In the current study, the Cronbach’s alpha for the GSDS total
score was 0.81.

The CES-D consists of 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 indicating the need
for individuals to seek clinical evaluation for major depression. The CES-D has well established
concurrent and construct validity.34,41,42 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 1 to 4. 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
and ≥ 32.2, 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.35,43,44 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 numeric rating scale is a valid and reliable measure of pain
intensity.45 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 (i.e., approximately one week prior to the start of RT), patients
were approached by a research nurse to discuss participation in the study. After obtaining
written informed consent, they were asked to complete the baseline study questionnaires.
Patients were taught to complete the LFS prior to going to bed each night (i.e., evening fatigue)
and upon arising each morning (i.e., morning fatigue) for two consecutive days. Assessments
were done at the time of the simulation visit (baseline), weekly during the course of RT, every
2 weeks for 2 months, and once a month for 2 months following RT. The majority of the patients
completed 16 assessments.

Data Analysis
Descriptive statistics and frequency distributions were generated on the sample characteristics
and baseline symptom severity scores using SPSS™ Version 15.0. For each of the 16 fatigue
assessments, a mean score for each of the LFS scores (i.e., two consecutive assessments of
evening and morning fatigue) 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 colleagues.46 The repeated measures of fatigue 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.46,47
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With HLM, the repeated measures of the outcome variables (i.e., evening and morning fatigue)
are nested within individuals and the analysis of change in fatigue 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.46,
48,49

Separate HLM analyses were done to evaluate changes over time in ratings of evening and
morning fatigue. Each HLM analysis proceeded in two stages. First, intra-individual variability
in fatigue 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 (i.e., six months with a
total of 16 assessments). Three Level 1 models, which represented that the patients’ fatigue
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 evening and morning fatigue over time.

The second stage of the HLM analysis, which answered the second research question, examined
inter-individual differences in the trajectories of evening and morning fatigue 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 fatigue in women with breast cancer who
underwent RT.15–18,20–23 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 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 in conjunction with other variables were retained in the final model. A p-
value of <.05 indicates statistical significance.

RESULTS
Patient Characteristics and Symptom Severity Scores

The demographic, disease, and treatment characteristics of the 73 patients are presented in
Table 2. This sample of patients, with a mean age of 55 years, was well-educated, had a KPS
score of 87.7, an average of 5 co-morbidities, and 22% were caring for children at home. The
most common co-morbid 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
CTX prior to RT. The mean baseline symptom severity scores for the 73 patients are listed in
Table 2.

Individual and Mean Change in Evening and Morning Fatigue
The first HLM analyses examined how evening and morning levels of fatigue changed from
the time of the simulation visit to 4 months after the completion of RT. Two models were
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estimated in which the function of time was linear and quadratic. For both evening fatigue and
morning fatigue, the goodness-of-fit tests of the deviance between the linear and quadratic
models indicated that a quadratic model fit the data significantly better than a linear model
(both p < 0.0001).

Evening Fatigue—The estimates of the quadratic change model are presented in Table 3
(unconditional model). Because the model had no covariates (i.e., unconditional), the intercept
represents the estimated amount of evening fatigue (i.e., 4.95 on a 0 to 10 scale) at the time of
the simulation visit. The estimated linear rate of change in evening fatigue, for each additional
week, was 0.072 (p=0.002) and the estimated quadratic rate of change per week was −0.002
(p=0.009). The weighted combination of the linear and quadratic terms defines each curve.
Figure 1 displays the trajectory for evening fatigue from the time of the simulation visit to 4
months after the completion of RT. Evening fatigue increased over the course of RT (i.e., weeks
0 to 9) and then declined after the completion of RT. It should be noted that the mean fatigue
scores for the various groups depicted in all of the figures are estimated or predicted means
based on the HLM analyses.

Morning Fatigue—As shown in Table 3, in the unconditional model, the intercept represents
the estimated amount of morning fatigue (i.e., 2.9) at the time of the simulation visit. The
estimated linear rate of change in morning fatigue, for each additional week, was 0.049
(p=0.055) and the estimated quadratic rate of change per week was −0.003 (p<0.01). Figure 1
displays the trajectory for morning fatigue from the time of the simulation visit to 4 months
after the completion of RT. Morning fatigue decreased over the course of RT and then plateaued
after the completion of RT.

Although the results indicate a sample-wide increase followed by a decrease in evening fatigue
and a gradual decrease in morning fatigue followed by a plateau, they do not imply that all
patients exhibited the same trajectories. The variance in individual change parameters
estimated by the models (i.e., variance components, Table 3) suggested that substantial inter-
individual differences existed in the trajectories of evening and morning fatigue which are
illustrated in Figure 2. These results suggested that further examination of inter-individual
differences in the individual change parameters was warranted.

Inter-individual Differences in the Trajectories of Evening and Morning Fatigue
The second stage of the HLM analyses tested the hypothesis that the pattern of change over
time in evening and morning fatigue varied based on specific person, disease, treatment, and/
or symptom variables that were found to influence fatigue levels of patients who underwent
RT for breast cancer. Exploratory analyses were done with the potential predictors listed in
Table 1. To improve estimation efficiency and construct models that were parsimonious,
exploratory Level 2 analyses were 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 of < 2.0, indicating lack of a significant effect, were dropped from subsequent
model testing. All of the significant predictors from the exploratory analyses were entered into
the models to predict each individual change parameter. Only predictors that maintained a
significant contribution in conjunction with other variables were retained in the final models.

Evening Fatigue—As shown in the final model in Table 3, the two variables that predicted
inter-individual differences in the intercept for evening fatigue were having children at home
and baseline level of depressive symptoms. The variable that predicted inter-individual
differences in the slope parameters for evening fatigue was being employed.
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To illustrate the effects of the three different predictors on patients’ trajectories of evening
fatigue, Figure 3 displays the adjusted change curves of evening fatigue that were estimated
based on differences in having children at home (i.e., children at home, yes or no), baseline
level of depressive symptoms (i.e., low CES-D/high CES-D calculated based on 1 standard
deviation (SD) above and below the mean CES-D score), and work (i.e., working or not
working).

Morning Fatigue—As shown in the final model in Table 3, the four variables that predicted
inter-individual differences in the intercept for morning fatigue were age, BMI, trait anxiety,
and sleep disturbance. The two variables that predicted inter-individual differences in the slope
parameters for morning fatigue were number of co-morbidities and stage of disease.

To illustrate the effects of the different predictors on patients’ trajectories of morning fatigue,
Figure 4 displays the adjusted change curves for morning fatigue that were estimated based on
differences in age (i.e., younger/older calculated based on 1 SD above and below the mean age
of the patients), BMI (i.e., low/high BMI calculated based on 1 SD above and below the mean
BMI score), trait anxiety (i.e. low/high trait anxiety calculated based on 1 SD above and below
the mean STAI-T score), and baseline level of sleep disturbance (i.e. low sleep/high sleep
disturbance calculated based on 1 SD above and below the mean GSDS score). Figure 5
displays the adjusted change curves for morning fatigue based on predictors of the slope
parameters (i.e., number of comorbidities, stage of disease).

DISCUSSION
The results of this study of women with breast cancer extend findings on both inter-individual
and diurnal variability in fatigue initially reported in a group of prostate cancer patients who
underwent RT.13 Diurnal variability was evaluated in both studies to test the hypothesis that
fatigue severity varies over the course of the day and may be influenced by different factors.
Mean levels of morning (2.9) and evening (5.0) fatigue at the initiation of RT were in the
moderate range.50,51 However, these levels of fatigue may be underestimates of the amount
of fatigue women who are about to undergo RT experience because among the 61 patients who
declined to participate in this study, the primary reason cited was being too overwhelmed with
the experience of cancer. In addition, these baseline levels of morning and evening fatigue
were higher than those reported by men with prostate cancer at the initiation of RT (i.e., 2.0
and 3.6, respectively).13

The incremental increases in evening and morning fatigue in this sample as a whole were
modest but consistent with previous reports.4,15,16,18,23 However, the use of HLM, compared
to more traditional statistical approaches (e.g., repeated measures analysis of variance)
provided evidence of a large amount of inter-individual variability in baseline levels, as well
as in the trajectories of evening and morning fatigue. In addition, these HLM analyses provide
insights into which of these women with breast cancer were at increased risk for more severe
and prolonged fatigue trajectories.

The estimated mean evening fatigue scores at the time of the simulation visit ranged from 0.2
to 8.2, which spans the mild to severe range.50,51 Consistent with previous reports that
evaluated overall levels of fatigue during RT,4,15,16,18,23 mean evening fatigue scores
increased gradually during RT and gradually declined following the completion of RT (Figure
1). The predictors of baseline levels of evening fatigue included having children at home and
higher CES-D scores. In addition, women who were employed showed a small but steady
increase in evening fatigue over the six months of the study. As shown in Figures 2A and 2B,
patients who were caring for children at home and those who reported higher levels of
depressive symptoms had evening fatigue scores at the initiation of RT that were above the
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clinically significant level of 5.6.32,51 While previous reports have not examined the impact
of caring for children on women’s level of fatigue during RT, the finding of increased fatigue
in women who reported higher depression scores at the initiation of RT is consistent with two
previous reports.17,20 However, the finding that being employed was a predictor of higher
levels of evening fatigue is not consistent with a previous report that found that women who
worked more hours reported lower fatigue severity scores.22 This inconsistency warrants
consideration in future studies.

Taking care of children and working may represent important lifestyle factors that contribute
to the development of fatigue in women who are receiving RT for breast cancer. While these
factors were not identified as predictors of evening fatigue in men with prostate cancer,13

clinicians who care for women with breast cancer should assess for these factors and counsel
patients about possible lifestyle modifications or the need for assistance while on treatment.

Estimated mean morning fatigue scores at the time of the simulation visit ranged from 0.0 to
7.5. In contrast to evening fatigue, morning fatigue scores decreased slightly during RT and
then plateaued about two weeks after the completion of RT (Figure 1).The predictors of higher
baseline levels of morning fatigue were younger age, higher levels of sleep disturbance and
trait anxiety, and lower BMI. Both younger age and higher levels of sleep disturbance were
predictors of baseline levels of morning fatigue in men with prostate cancer who underwent
RT.13 Of note, other cross-sectional studies of oncology patients have associated sleep
disturbance52–54 and trait anxiety55 with higher levels of average fatigue.

At the time of the simulation visit, the mean sleep disturbance and anxiety scores were above
the cutoffs for clinically significant levels of these two symptoms.35,51,56 In addition, as shown
in Figures 3C and 3D, patients with higher levels of trait anxiety or sleep disturbance had
morning fatigue scores at the initiation of RT that were above the clinically significant level
of 3.2.32,51 These findings suggest that clinicians need to assess not only for fatigue but for
anxiety and sleep disturbance in patients with breast cancer who undergo RT.

In terms of BMI being a predictor of baseline levels of morning fatigue, 4.1% of the women
in this study were underweight and 37.8% had a BMI in the normal range. This finding warrants
additional investigation because the data on the relationship between BMI and fatigue are
inconclusive.18,57,58

The predictors of the trajectories of morning fatigue were co-morbidity and stage of disease.
A higher number of co-morbidities was associated with higher levels of fatigue, which confirms
findings from one study.52 While pretreatment with CTX was associated with higher levels of
fatigue in some studies,15,21 but not in others,16 it was not a predictor of morning or evening
fatigue in this study. However, in this study, advanced stage of disease may be a proxy for a
higher level of treatment burden and/or an independent disease-related predictor of higher
levels of fatigue. All of these predictors warrant investigation in future studies.

Diurnal variability in and different predictors for evening and morning fatigue suggest that
different factors and different mechanisms underlie the development of fatigue. While morning
fatigue appears to be more affected by biologic factors, evening fatigue appears to be more
affected by behavioral factors. These data suggest that different interventions may be needed
to reduce diurnal variations in fatigue.

Different predictors for fatigue were found for this cohort of women with breast cancer
compared to a cohort of patients with prostate cancer who underwent RT.13 The patients with
prostate cancer were more homogeneous in their clinical characteristics. All of these patients
had localized prostate cancer, a low Gleason score, and a similar treatment history. The patients
with breast cancer were more heterogeneous in terms of their disease stage and treatment
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history. These between group differences may explain why a number of biologic factors were
related to fatigue in the breast cancer cohort but not in the prostate cancer cohort. While these
findings warrant replication, they suggest that interventions for fatigue may need to be
individualized based on the patient’s cancer diagnosis, as well as on personal and clinical
characteristics.

Some limitations of this study include the relatively small sample size and the fact that most
of the study participants were white and highly educated, which might limit the generalizability
of the findings. The strengths of this study include the collection of longitudinal data on the
trajectories of fatigue and the use of HLM to identify predictors of fatigue. The identification
of factors that influence the development of fatigue may assist clinicians to identify patients
at highest risk for the development of this deleterious symptom. In addition, these factors may
be used in the development of intervention studies for cancer-related fatigue. However,
additional research is warranted, with larger samples, to fully characterize those phenotypic
and genotypic characteristics that influence patients’ experiences of fatigue during RT.
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Figure 1.
Trajectories of evening and morning fatigue over the 25 weeks of the study
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Figure 2.
Spaghetti plots of the 73 patients’ individual evening (A) and morning (B) fatigue trajectories
over the 25 weeks of the study.
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Figure 3.
Influence of having children at home (Figure 3A) and baseline levels of depression (Figure
3B) on inter-individual differences in the intercept for evening fatigue and influence of being
employed (Figure 3C) on the slope parameters for evening fatigue.
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Figure 4.
Influence of age (Figure 4A), body mass index (Figure 4B), trait anxiety score (Figure 4C),
and sleep disturbance score (Figure 4D) on inter-individual differences in the intercept for
morning fatigue.
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Figure 5.
Influence of number of comorbidities (Figure 5A) and stage of disease (Figure 5B) on the slope
parameters for morning fatigue.
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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)

Hematocrit (%) 37.5 (3.4)

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%

Hormonal therapy prior to diagnosis 44.0%

Total dose of RT (cGys) 5829 (438.3)

Mean symptom severity scores at baseline

  LFS score for evening fatigue 4.9 (1.8)

  LFS score for morning fatigue 2.9 (2.1)

Cancer Nurs. Author manuscript; available in PMC 2011 May 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Dhruva et al. Page 21

Characteristic Mean (Standard Deviation)

  GSDS score 44.7 (21.7)

  CES-D score 12.0 (9.2)

  Trait Anxiety Inventory score 36.2 (11.3)

  State Anxiety Inventory score 33.7 (12.9)

Percentage of patients with pain 49.3%

Abbreviations: 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

Hierarchical Linear Models of Evening and Morning Fatigue

Evening Fatigue Coefficient (SE)

Variable Unconditional
Model

Final Model

Fixed Effects

  Intercept 4.947 (0.214)** 4.644 (0.203)**

  Timea (linear rate of change) 0.072 (0.218)* 0.120 (0.028)**

  Time2 (quadratic rate of change) −0.002 (0.0008)* −0.004 (0.001)**

Time invariant covariates

  Intercept:  Children at home 1.384 (0.427)*

       CES-D score 0.089 (0.019)**

  Linear:   Work × time −0.105 (0.042)+

  Quadratic:    Work × time2 −0.005 (0.002)*

Variance components

  In intercept 2.979** 1.989**

  In linear rate 0.015** 0.012**

  In quadratic fit 0.00001* 0.00001+

Goodness-of-fit deviance(parameters estimated) 3154.432 (10) 3117.1853 (14)

Model comparison (χ2 [df]) 37.247 (4)**

Morning Fatigue Coefficient (SE)

Variable Unconditional
Model

Final Model

Fixed Effects

  Intercept 2.940 (0.212)** 2.942 (0.155)**

  Timea (linear rate of change) 0.049 (0.025)+ −0.093 (0.038)+

  Time2 (quadratic rate of change) −0.003 (0.001)* −0.002 (0.001)

Time invariant covariates

  Intercept:  Age −0.034 (0.014)+

       Body Mass Index −0.054 (0.021)*

       Trait anxiety score 0.038 (0.016)+

       GSDS score 0.033 (0.008)**

  Linear:   Number of co-morbidities × time 0.112 (0.042)+

       Stage of disease × time 0.173 (0.0424)**

  Quadratic:   Number of co-morbidities × time2 −0.004 (0.002)+
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Evening Fatigue Coefficient (SE)

Variable Unconditional
Model

Final Model

       Stage of disease × time2 −0.006 (0.002)*

Variance components

  In intercept 2.900* 1.389**

  In linear rate 0.027* 0.014**

  In quadratic fit 0.00003* 0.00001*

Goodness-of-fit deviance(parameters estimated) 3131.8235 (10) 3057.1598 (18)

Model comparison (χ2 [df]) 74.664 (8)**

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

**
p < 0.0001,

*
p < 0.01,

+
p ≤ 0.05

Abbreviations: CES-D = Center for Epidemiologic Studies Depression Scale, GSDS = General Sleep Disturbance Scale, LFS = Lee Fatigue Scale,
RT = radiation therapy
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