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Abstract
Purpose of the research—To identify distinct latent classes of individuals based on ratings of
morning and evening fatigue; evaluate for differences in phenotypic characteristics, as well as
symptom and quality of life scores, among these latent classes; and evaluate for an overlap in
morning and evening fatigue class membership.

Patients and methods—In a sample of 167 oncology outpatients and 85 of their FCs, growth
mixture modeling was used to identify distinct latent classes based on ratings of morning and
evening fatigue obtained before, during, and after radiation therapy. Analyses of variance and Chi
Square analyses were used to evaluate for differences among the morning and evening fatigue
latent classes.

Results—Three distinct latent classes for morning fatigue were identified. Participants in the
High Morning Fatigue class (47%) were younger and had lower functional status. Three distinct
latent classes for evening fatigue were identified. Participants in the High Evening Fatigue class
(61%) were younger, more likely to be female, more likely to have children at home, and more
likely to be a FC. Only 10.3% of participants were classified in both the Very Low Morning and
Low Evening Fatigue classes and 41.3% were classified in both the High Morning and High
Evening Fatigue classes.

Conclusions—Different characteristics were associated with morning and evening fatigue,
which suggests that morning and evening fatigue may be distinct but related symptoms.
Additional research is needed to elucidate the mechanisms that may underlie diurnal variability in
fatigue.
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Introduction
Fatigue is a frequent and disabling symptom (Lawrence et al., 2004) that occurs in
approximately 80% of patients receiving radiation therapy (RT) (Henry et al., 2008;
Hoffman et al., 2007) and in 24%–30% of family caregivers (FCs) (Swore Fletcher et al.,
2008). The impact of fatigue on cancer patients and their FCs is significant in terms of
inability to tolerate treatments, lost productivity, lost days from work, and decreased quality
of life (QOL) (Dhrupad et al., 2012; Fletcher et al., 2009, 2008; Gupta et al., 2007; Vigilant
et al., 1997). Some of the etiologies for fatigue may be similar or different between patients
and FCs. However, the various physical (e.g., multiple co-morbid conditions, concurrent
medical treatments) and psychological (e.g., stressor associated with cancer and its
treatment) factors that contribute to the development and maintenance of fatigue in both
patients and FCs merge into one or more common mechanistic pathways (e.g.,
inflammation).

While the majority of research on fatigue has reported mean changes in fatigue severity,
prior work from our research team (Dhrupad et al., 2010; Fletcher et al., 2009; Miaskowski
et al., 2008) and others (Dimsdale et al., 2007; Jim et al., 2011; Molassiotis and Chan, 2004)
suggests that the severity of fatigue varies over the course of a day and varies substantially
among individuals. In a previous study, we determined, using hierarchical linear modeling,
that different demographic and clinical characteristics predicted inter-individual variability
in the trajectories of morning and evening fatigue in both patients (Dhrupad et al., 2010;
Miaskowski et al., 2008) and FCs (Fletcher et al., 2009). These findings provide support for
the hypothesis that morning and evening fatigue are distinct but related symptoms. A careful
evaluation of the phenotypic characteristics associated with diurnal variations in fatigue may
provide new insights into modifiable risk factors, as well as the mechanisms that underlie
this devastating symptom(s).

Growth mixture modeling (GMM) can be used to discover latent classes of individuals with
distinct trajectories of fatigue that may not be identified using more conventional analytic
techniques (Jung and Wickrama, 2008; Muthen, 2004). Only one study of oncology patients
used GMM to identify two distinct groups of breast cancer survivors with low (n = 85) and
high (n = 176) levels of fatigue (Donovan et al., 2007). Patients in the high fatigue class had
a higher body mass index and higher fatigue catastrophizing scores. However, diurnal
variability in fatigue was not examined. This study, as well as studies of different symptoms
in oncology patients and their FCs (Dunn et al., 2012, 2011; Hou et al., 2010; Lam et al.,
2012; Rose et al., 2009; Van Onselen et al., 2012), demonstrate that GMM is a useful
technique to identify subgroups of individuals with distinct symptom phenotypes.

Given the paucity of research on diurnal variability in fatigue in oncology patients and their
FCs, the purposes of this study were to: identify distinct latent classes of oncology patients
and their FCs based on subjective reports of morning and evening fatigue; evaluate for
differences in demographic and clinical characteristics, as well as symptom and quality of
life (QOL) scores, among the latent classes for morning and evening fatigue; and evaluate
for an overlap in class membership between the morning and evening fatigue latent classes.
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Methods
Participants and settings

This longitudinal study evaluated multiple symptoms in patients who underwent primary or
adjuvant RT and their FCs (Aouizerat et al., 2009; Carney et al., 2011; Dhrupad et al., 2012;
Dunn et al., 2012; Miaskowski et al., 2010, 2011). Participants were recruited from two RT
departments located in a Comprehensive Cancer Center and a community-based oncology
program at the time of the patient’s simulation visit.

Patients were eligible to participate if they: were ≥18 years of age; were scheduled to receive
primary or adjuvant RT for one of four cancer diagnoses (i.e., breast, prostate, lung, and
brain); were able to read, write, and understand English; gave written informed consent; and
had a Karnofsky Performance Status (KPS) score of ≥60. Patients were excluded if they had:
metastatic disease; more than one cancer diagnosis; or a diagnosed sleep disorder. FCs were
eligible to participate if they were ≥18 years of age; were able to read, write, and understand
English; gave written informed consent; had a KPS score of ≥60; were living with the
patient; and did not have a diagnosed sleep disorder.

Instruments
The demographic questionnaire obtained information on age, gender, marital status,
education, ethnicity, employment status, and comorbidities. Medical records were reviewed
for disease and treatment information.

The Lee Fatigue Scale (LFS) consists of 13 items designed to assess physical fatigue (Lee et
al., 1991). Each item was rated on a 0 to 10 numeric rating scale (NRS). A total fatigue
score was calculated as the mean of the 13 items with higher scores indicating greater
fatigue severity. Participants were asked to rate each item based on how they felt “right
now” within 30 min of awakening (morning fatigue) and prior to going to bed (evening
fatigue). The LFS has been used with healthy individuals (Gay et al., 2004) and in patients
with cancer and HIV disease (Miaskowski et al., 2006; Miaskowski and Lee, 1999;
Miaskowski et al., 2008). Cut-off scores of ≥3.2 and ≥5.6 indicate high levels of morning
and evening fatigue, respectively (Fletcher et al., 2008). The LFS was chosen for this study
because it is relatively short, easy to administer, and has well established validity and
reliability. In addition, the LFS is not a disease specific measure of cancer-related fatigue. It
is a scale that can be used to measure fatigue in both patients and their FCs. In this study,
Cronbach’s alphas for evening and morning fatigue at enrollment were 0.96 and 0.95 for
patients and 0.95 and 0.96 for FCs, respectively.

The Center for Epidemiological Studies–Depression scale 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
(Radloff, 1977; Sheehan et al., 1995). In the current study, the Cronbach’s alpha for the
CES-D was 0.88 for patients and 0.84 for FCs.

The Spielberger State-Trait Anxiety Inventories (STAI-S, STAI-T) each consist of 20 items
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
personality-related predisposition to anxiety. 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. Cutoff scores of ≥31.8 and ≥32.2 indicate high levels of
trait and state anxiety, respectively. The STAIS and STAI-T inventories have well
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established criterion and construct validity and internal consistency reliability coefficients
(Spielberger et al.,1983). In the current study, the Cronbach’s alphas for the STAI-T and
STAI-S were 0.92 and 0.95 for patients and 0.89 and 0.93 for FCs, respectively.

The General Sleep Disturbance Scale (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 (everyday) NRS.
The GSDS total score can range from 0 (no disturbance) to 147 (extreme sleep disturbance).
A higher total score indicates higher levels of sleep disturbance. A GSDS total score of ≥43
indicates a significant level of sleep disturbance (Fletcher et al., 2008). The GSDS has well-
established validity and reliability in shift workers, pregnant women, and patients with
cancer and HIV (Lee, 1992; Lee and DeJoseph, 1992; Miaskowski and Lee, 1999). In the
current study, the Cronbach’s alpha for the GSDS total score was 0.84 for patients and 0.79
for FCs.

Occurrence of pain was evaluated using the Brief Pain Inventory (Daut et al., 1983).
Participants who responded yes to the question of having pain were asked to indicate the
cause of their pain and to rate its intensity (i.e., now, least, average, and worst) using 0 (no
pain) to 10 (worst pain imaginable) NRS.

The Attentional Function Index (AFI) is a commonly used self-report measure of attentional
function (Cimprich et al., 2011). It consists of 16-items that are rated on a 0 to 10 NRS. A
higher mean score indicates greater capacity to direct attention (Cimprich, 1992; Cimprich et
al., 2011). Scores are grouped into categories of attentional function (i.e., <5.0 low function,
5.0 to 7.5 moderate function, >7.5 high function) (Cimprich et al., 2005). The AFI has
established reliability and validity (Cimprich, 1992; Jansen et al., 2008). In the current
study, Cronbach’s alpha for the AFI was 0.95 for both patients and FCs.

QOL was measured using the QOL Scale-Patient version (QOL-PV) and the QOL Scale-
Family version (QOL-FV) (Padilla et al., 1990, 1983). The QOL-PV is a 41-item instrument
that measures four domains of QOL (i.e., physical well-being, psychological well-being,
spiritual well-being, social well-being) as well as a total QOL score. Each item is rated on a
0 to 10 NRS with higher scores indicating better QOL. The QOL-PV has established validity
and reliability (Ferrell et al., 1995a). In this study, the Cronbach’s alpha for the QOL-PV
total score was 0.94. The QOL-FV is a 37-item instrument that measures the same four
domains of QOL. Each item is rated on a 0 to 10 NRS with higher scores indicating better
QOL. The QOL-FV has established validity and reliability (Ferrell, 1995; Ferrell et al.,
1995b). In this study, the Cronbach’s alpha for the QOL-FV total score was 0.95. The total
QOL (which is a mean of the 41 and 37 items) was used in subsequent analyses.

Study procedures
The study was approved by the Committee on Human Research at the University of
California, San Francisco and at the second site. Approximately one week prior to the start
of RT (i.e., simulation visit), patients were invited to participate in the study. If the FC was
present, a research nurse explained the study protocol to both the patient and FC, determined
eligibility, and obtained written informed consent. FCs who were not present were contacted
by phone to determine their interest in participation. These FCs completed the enrollment
procedures at home.

At enrollment, participants completed the self-report questionnaires. After the initiation of
RT, participants completed the LFS at 4 weeks, at the end of RT, and at 4, 8, 12, and 16
weeks after the completion of RT (i.e., 7 assessments over 6 months). At each of these
assessments, participants completed the LFS (Lee et al., 1991) before going to bed each
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night (i.e., evening fatigue) and upon arising each morning (i.e., morning fatigue) for 2
consecutive days. Mean morning and evening fatigue scores were calculated.

Data analysis
Data were analyzed using SPSS Version 19 (SPSS, 2010) and Mplus Version 6.11 (Muthen
and Muthen, 1998–2010). Descriptive statistics and frequency distributions were generated
on sample characteristics and fatigue severity scores. Analyses of variance and Chi-square
analyses were done to evaluate for differences among the fatigue classes identified using
GMM.

GMM with robust maximum likelihood estimation was used to identify latent classes (i.e.,
subgroups of participants) with distinct morning and evening fatigue trajectories over the 6
months of the study (Muthen, 2004). Because 65% of the participants were in patient-
caregiver dyads, models were estimated with “dyad” as a clustering variable to ensure that
any dependency between the morning and evening fatigue scores for patients and FCs in the
same dyad were “controlled for” in the GMM analysis. After taking any dependency within
dyads into account, no significant differences were found, between patients and FCs, in the
parameter estimates for the various morning and evening fatigue GMM trajectories that
were identified in the initial analysis.

The GMM methods are described in detail elsewhere (Dunn et al., 2012). In brief, a single
growth curve that represented the “average” change trajectory was estimated for the total
sample. Then the number of latent growth classes that best fit the data were identified using
published guidelines (Jung and Wickrama, 2008; Nylund et al., 2007; Tofighi and Enders,
2008). Separate GMM analyses were done for morning and evening fatigue.

Adjustments were not made for missing data in comparisons of the classes identified with
the GMM. Therefore, the cohort for each analysis was dependent on the largest set of
available data across groups. A p-value of <.05 was considered statistically significant. Post
hoc contrasts were done using the Bonferroni procedure to control the overall family alpha
level of the three possible pairwise contrasts for the three GMM fatigue classes at .05. For
any one of the three pairwise contrasts, a p-value of .017 (.05/3) was considered statistically
significant.

Results
Participant characteristics

The total sample, which was 46.2% male and 53.8% female, consisted of 167 oncology
outpatients and 85 FCs. The majority of the participants were well-educated (i.e., at least
two years of college) and Caucasian with a mean age of 61.5 years. Mean KPS score was 92
and the average participant had greater than four co-morbid conditions. No differences were
found between the patients and FCs in their KPS scores (91.1 ± 11.9 versus 93.7 ± 10.6,
respectively) or number of co-morbid conditions (4.8 ± 2.6 versus 4.2 ± 2.9, respectively).
Approximately 49% of the patients had prostate, 38% had breast, 7% had brain, and 6% had
lung cancer. At enrollment, no significant differences were found between patients’ and
FCs’ ratings of morning (2.3 ± 2.0 versus 2.3 ± 1.9) and evening (4.2 ± 2.0 versus 4.5 ± 2.0)
fatigue.

Identification of latent classes using GMM
For both morning (Fig. 1A) and evening (Fig. 1B) fatigue, a three class solution provided
the best model fit because the Bayesian Information Criterion was smaller than for the two-
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class and four-class models (Table 1) and each class had a reasonable size and
interpretability (Jung and Wickrama, 2008).

Parameter estimates for the three classes for morning and evening fatigue are provided in
Table 2. The largest percentages of participants were classified in the High Morning Fatigue
(47.2%) and High Evening Fatigue (60.7%) classes. At enrollment, High Morning and High
Evening Fatigue class participants had a mean LFS score of 3.6 and 5.3, respectively. Both
of these scores increased slightly during RT and then decreased slightly after the completion
of RT.

Differences in demographic and clinical characteristics among the morning and evening
fatigue classes

Participants in the High Morning Fatigue class were significantly younger than the Low and
Very Low Morning Fatigue classes and had a significantly lower KPS score than the Very
Low Morning Fatigue class (Table 3).

Participants in the High Evening Fatigue class were significantly younger than those in the
Low Evening Fatigue class. Compared to the Low and Moderate Evening Fatigue classes,
participants in the High Evening Fatigue class were more likely to be female and more likely
to have children at home. Compared to the Moderate Evening Fatigue class, participants in
the High Evening Fatigue class were more likely to be a FC (Table 3).

Differences in symptom and QOL scores among the morning and evening fatigue classes
As shown in Table 4, significant differences were found among both the morning and
evening fatigue classes for all of the symptom and QOL scores. However, differences in the
percentages of participants who reported pain at enrollment were found only among the
morning fatigue classes.

Overlap in membership between morning and evening fatigue latent classes
Fig. 2 illustrates the overlap in membership between the morning and evening fatigue latent
classes. Of the 252 participants enrolled in this study, 41.3% were classified in both the
High Morning and High Evening Fatigue latent classes. In addition, 10.3% of the
participants were classified in both the Very Low Morning and Low Evening Fatigue latent
classes.

Discussion
This study is the first to use GMM to identify distinct subgroups of participants based on
their self-report ratings of morning and evening fatigue. While three distinct latent classes
were identified for both morning and evening fatigue, different demographic and clinical
characteristics predicted latent class membership. In addition, some differences in symptom
severity and QOL scores were found between the morning and evening fatigue latent
classes. Finally, only about 50% of the participants were classified in both the Very Low
Morning and Low Evening or High Morning and High Evening Fatigue latent classes. These
findings support our hypothesis that morning and evening fatigue may be distinct but related
symptoms.

While some researchers might disagree with the approach of combining data from patients
and FCs, in this study, using a generic rather than a disease-specific fatigue measure, no
differences were found in patients’ and FCs’ ratings of the severity of morning or evening
fatigue. In addition, compared to the Moderate Evening Fatigue class, participants in the
High Evening Fatigue class were more likely to be an FC. This finding is consistent with
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previous reports from our research group (Carney et al., 2011; Fletcher et al., 2008) and
others (Given et al., 1993) that demonstrate that FCs report symptoms of similar or greater
severity than the patient. While some of the etiologies for fatigue may be different for
patients and FCs, additional research is warranted to elucidate the common biological
mechanisms and final common pathways that underlie morning and evening fatigue in both
oncology patients and their FCs.

Findings from the GMM analysis for morning fatigue suggest that over 50% of the patients
and FCs awoke from sleep, with low levels of morning fatigue and that this trajectory
persisted for the entire 6 months of the study. In contrast, 47.2% of the participants reported
morning fatigue scores that were above the cutpoint for clinically meaningful levels of
fatigue (i.e., ≥3.2). Consistent with previous reports of mean fatigue severity scores (Hickok
et al., 2005; Irvine et al., 1998; Jereczek-Fossa et al., 2002; Wratten et al., 2004), this fatigue
trajectory was quadratic with a slight increase during RT followed by a slight decrease after
RT. Of note, clinically meaningful levels of fatigue persisted in patients and FCs, in this
study, for four months after the completion of RT. Younger age and poorer functional status
were the only characteristics that distinguished between the High and Very Low Morning
Fatigue classes. These same characteristics were found to be associated with higher mean
fatigue severity scores in several studies (Curt et al., 2000; Dhrupad et al., 2010; Fletcher et
al., 2008; Jereczek-Fossa et al., 2007; Miaskowski et al., 2008).

Findings from the GMM analysis for evening fatigue suggest that 60.7% of participants
reported evening fatigue scores that were above the clinically meaningful cutpoint of ≥5.6
for most of the study. Like the High Morning Fatigue class, the trajectory for the High
Evening Fatigue class was quadratic with a slight increase during RT followed by a slight
decrease after RT. The trajectories for the other two evening fatigue classes were relatively
flat over the six months of the study.

Younger age was the only demographic characteristic that was associated with membership
in both the highest morning and evening fatigue classes. This association is seen consistently
not only with fatigue (Janz et al., 2007; Jereczek-Fossa et al., 2007) but with other common
symptoms in patients and FCs (Dunn et al., 2012; Miaskowski et al., 2012a, 2012b). While
findings regarding gender differences in symptom severity are inconsistent (Baldwin et al.,
2009; Cheung et al., 2011; Hickok et al., 2005), in our study, a higher percentage of female
participants were classified into the High Evening Fatigue class. This risk factor may be
related to two other characteristics that were associated with membership in the High
Evening Fatigue class, namely caring for children at home and being a FC. In the total
sample, while equal numbers of males and females were caring for children at home
(17.0%), a significantly higher percentage of the FCs were female (i.e., 71.8%). These
findings suggest that the added responsibilities associated with the provision of care increase
the severity and duration of evening fatigue. Fatigue severity might decrease if education
and resources were available to assist patients and FCs to modify caregiving routines and
responsibilities.

Previous studies have demonstrated associations between fatigue and other common
symptoms (Clevenger et al., 2012; Garrett et al., 2011; Liu et al., 2012), as well as QOL
outcomes (Cheng and Lee, 2011; Fletcher et al., 2008), in oncology patients and their FCs.
As shown in Table 4, for the morning fatigue GMM analysis, for all of the symptoms except
state anxiety and pain, symptom severity scores differed significantly among all three latent
classes. Post hoc contrasts demonstrated that the High Morning Fatigue class had
significantly higher symptom severity scores than the Low Morning Fatigue class. In
addition, the Low Morning Fatigue Class had significantly higher symptom severity scores
than the Very Low Morning Fatigue class. In contrast, the findings from the evening fatigue
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GMM analysis found that depression, trait anxiety, state anxiety, and sleep disturbance
scores were similar for the Low and Moderate Evening fatigue classes but significantly
lower than for the High Evening Fatigue class. These findings suggest that the associations
between common symptoms and morning fatigue differ from evening fatigue and may be
related to differences in the underlying mechanisms for morning and evening fatigue (e.g.,
diurnal variations in the release of cytokines (Bower et al., 2011; Collado-Hidalgo et al.,
2006)).

In order to further support our hypothesis that morning and evening fatigue may be distinct
but related symptoms, we evaluated the percentages of participants who reported low and
high levels of both symptoms. If these two symptoms had identical etiologies and/or
underlying mechanisms, one would hypothesize that participants would self-report either
high or low levels of both symptoms. As illustrated in Fig. 2, only 10.3% of participants
were classified as having low levels of both morning and evening fatigue and 41.3% of
participants were classified as having high levels of both symptoms. However, 48.4% of the
participants were classified into distinct morning and evening fatigue classes. Along with
differences in phenotypic characteristics between the morning and evening fatigue classes,
this lack of clear overlap in membership in morning and evening fatigue classes with similar
severity ratings lends additional support to our working hypothesis. Additional research is
warranted to determine the specific phenotypic and genotypic characteristics that underlie
the development and maintenance of higher levels of morning and evening fatigue.

Several limitations need to be acknowledged. While the sample size for GMM analysis was
adequate (Tofighi and Enders, 2008), larger samples may identify additional latent classes.
In addition, the predictors associated with latent class membership for both morning and
evening fatigue must be interpreted with caution until they are replicated in future studies.
Ideally future studies should be done with sample sizes that allow for better differentiation
of morning and evening fatigue in terms of both phenotypic predictors and underlying
molecular mechanisms. Finally, participants were assessed for only six months. Future
studies need to evaluate for phenotypic and molecular characteristics that contribute to the
maintenance of persistent fatigue in oncology patients and their FCs.

Findings from this study suggest that morning and evening fatigue are distinct but related
symptoms that warrant confirmation in future studies. The lack of attention to the unique
features of morning and evening fatigue may explain why fatigue remains a refractory and
challenging symptom for both oncology patients and their FCs. Future studies need to
evaluate for phenotypic and molecular characteristics that distinguish between individuals
who report low levels of both morning and evening fatigue and high levels of both
symptoms. If distinguishing characteristics are identified they may guide the development
and testing of different interventions for morning and evening fatigue.
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Fig. 1.
(A) – Observed and estimated morning Lee Fatigue Scale (LFS) trajectories for participants
in each of the latent classes and the mean morning LFS scores for the total sample. (B) –
Observed and estimated evening Lee Fatigue Scale (LFS) trajectories for participants in
each of the latent classes and the mean evening LFS scores for the total sample.
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Fig. 2.
Bubble plot of the overlap in latent class membership between the morning and evening
fatigue latent classes.
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