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Abstract

Context. Symptoms are reported to co-occur during treatment for breast cancer. We previously identified three patterns of
fatigue and two patterns of disturbed sleep, depressed mood, and anxiety in women undergoing chemotherapy for breast
cancer using a Latent Growth Mixture Model.

Objectives. The purpose of this study was to explore whether membership in symptom classes of fatigue, disturbed sleep,
depressed mood, and anxiety is associated with other symptoms at moderate-to-severe levels.

Methods. Using data from three longitudinal studies, Wilcoxon rank-sum tests and Jonckheere-Terpstra tests for trend
were used to distinguish between classes of women on co-occurring symptoms. Summative scores were calculated, including
the number of days subjects reported moderate-to-severe levels (4 or higher on a 0—10 scale) of seven symptoms during two
cycles of chemotherapy and compared to class membership.

Results. Participants (n = 166) in the higher fatigue severity class reported more days with moderate-to-severe disturbed
sleep, depressed mood, anxiety, nausea, and trouble thinking. Women in the higher severity disturbed sleep class reported
more days with moderate-to-severe fatigue, depressed mood, anxiety, and trouble thinking. Women in the higher depressed
mood severity class reported more days with moderate-to-severe fatigue, disturbed sleep, anxiety, and nausea. Women in the
higher anxiety severity class reported more days with moderate-to-severe fatigue, disturbed sleep, and depressed mood.

Conclusion. Moderate-to-severe symptoms co-occur during cancer treatment for breast cancer. The dynamic process of
multiple symptoms may be altered by future identification of a shared etiology. ] Pain Symptom Manage 2019;57:183—189.
© 2018 American Academy of Hospice and Palliative Medicine. Published by Elsevier Inc. All rights reserved.
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may result in increased impairment when compared
to the consequence of a single symptom.””* Multiple
symptoms are the norm and risk for mechanisms,

Introduction

Cancer symptoms are dynamic and may change over
the course of treatment for breast cancer. Not only are . . .
. . . and trajectories need to be understood to effectively
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K - . h treat co-occurring symptoms. The study of multiple
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cost of treatment, and patient distress,”” The collec- . . . . .
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relationships found between fatigue and disturbed
sleep,”'9"22 depressed mood,>”10-13:15:1920:22-26 ;.
ety, 227 pain, 1320220 naysea and vomiting,'2* and
trouble thinking. In addition to the relation to
fatigue described earlier, depressed mood,7‘m"8‘20’22‘?'0
anxiety,7‘20’22‘m pain,7’2“‘gl and trouble thinkingm“
are reported to co-occur with disturbed sleep. The
symptoms of mood disturbance (depressed mood
and anxiety) are reported to co-occur.”””* The co-
occurrence of depressed mood and anxiety with fa-
tigue and disturbed sleep are previously described.
Depressed mood is also reported to co-occur with
pain”?”* and trouble thinking.”*"* In addition,
anxiety is reported to co-occur with pain,”’ nausea
and vomiting,”® and trouble thinking.”"*’

Advances in longitudinal statistical modeling
techniques have allowed for newer methodological
approaches to studying classes of symptom trajec-
tories, identifying homogeneous classes of persons
who share common symptom trajectories.m‘?’?'7?'7
This methodological approach can capture the
unique symptom experience of the individual while
describing the synergistic relationship among symp-
toms within class membership. The Dynamic Symp-
toms Model incorporates statistical approaches for
studying patterns of multiple symptoms over time
while acknowledging that symptoms co-occur.” Us-
ing data across Cycles 2 and 3 for 166 women initi-
ating chemotherapy treatment for newly diagnosed
breast cancer, we previously identified three patterns
of fatigue and two patterns of disturbed sleep,
depressed mood, and anxiety described by a Latent
Growth Mixture Model.***" For fatigue, mild
decreasing, low moderate decreasing, and high mod-
erate decreasing classes were found during both cy-
cles.”” For disturbed sleep, a mild decreasing class
was found during both cycles and a moderate
increasing class was found during Cycle 2 and mild
increasing class was found during Cycle 3." For
depressed mood, a consistently mild class was found
during both cycles and a consistently moderate class
was found during Cycle 2 and a moderate improving
class was found during Cycle 3. For anxiety, a
consistently mild class was found during both cycles
and a consistently moderate class was found during
Cycle 2 and a low moderate improving class was
found during Cycle 8. The purpose of this study
was to explore whether membership in these distinct
symptom classes is also associated with the presence
of moderate or greater severity of other symptoms.
This study reports on the co-occurrence of moderate
to severe level symptoms within subgroups of women
experiencing similar symptom trajectories of fatigue,
disturbed sleep, depressed mood, and anxiety using
daily symptom reports during chemotherapy for
breast cancer.

7,13,20,29

Methods

Participants

This was a secondary analysis of data collected as
part of three longitudinal studies that used an auto-
mated telephone system for monitoring symptoms
during chemotherapy. Studies 1 and 2 tested the effi-
cacy of an automated telephone symptom monitoring
system and Study 3 was an observational study utilizing
the same automated system for data collection. The
sampling procedures and the automated system are
previously ~ described.'""” Data collection sites
included five ambulatory clinics from three states.
Although both Studies 1 and 2 included a control
and experimental group, only those in Study 2 were
found to have differences in reported symptoms be-
tween the control and intervention groups. Eligibility
criteria for this secondary analysis included being a
woman diagnosed with breast cancer at initial treat-
ment with chemotherapy, completion of study mea-
sures through Cycles 2 and 3, and reported data for
at least three days during each cycle. From the parent
studies, 259 women were identified as eligible. Women
from both the control and experimental groups in
Study 1 were eligible for inclusion. Ninety-three
women were excluded because they either were ran-
domized to the intervention group in Study 2 or did
not complete study measures through Cycles 2 and
3. The total sample for this study was 166 women,
165 who completed three days of measures during Cy-
cle 2 and 155 of women who completed three days of
measures during Cycle 3.

Measures

Demographic and clinical data were collected at the
baseline and included age, gender, race/ethnicity,
employment status, education, diagnosis, extent of dis-
ease, and chemotherapy protocol. The automated sys-
tem is further described elsewhere."” During a daily
automated phone call, beginning with the first day
of chemotherapy and continuing through the cycle,
participants were asked “During the past 24 hours,
did you experience (symptoms)?” Conditional
branching was used so that a no response was scored
as zero and a yes response prompted the system to
ask the participant to rate the severity of the symptom
on a Likert scale of 1 to 10. The use of single-item
measures for studying symptoms is considered to
have acceptable reliability and validity.*”~** Symptoms
assessed included fatigue, disturbed sleep, depressed
mood, anxiety, pain, and nausea/vomiting across the
parent studies. In addition, trouble thinking was as-
sessed in Studies 2 and 3, and a subsample was used
in analyses that included trouble thinking. For consis-
tency in cycle lengths and to model the symptom tra-
jectories for a time period consistent across
participants, only data from the first 14 days of each
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cycle were included in the analyses. This secondary
analysis was reviewed by the institutional review board
at the University of Utah. All participants signed a writ-
ten, informed consent upon initiation of participation
in the original studies.

Analytic Approach

The Software Statistical Package for the Social Sci-
ences (version 23.0) was used for data management
and data analysis. P values less than 0.05 were consid-
ered statistically significant, and there was no adjust-
ment for multiple comparisons as this was a
hypothesis-generating study. After determining the
best model fit for the data, including classes as previ-
ously reported, the model-predicted class membership
for each individual was obtained using posterior prob-
abilities. Summative scores for each symptom were
calculated and included the number of days subjects
scored 4 or higher on severity of fatigue, disturbed
sleep, depressed mood, anxiety, pain, nausea/vomit-
ing, and trouble thinking individually within the first
14 days of each cycle. The summative number of
days with each symptom at moderate or greater (a
score of 4 or higher) severity was compared to class
membership for disturbed sleep, depressed mood,
and anxiety using a Wilcoxon rank-sum test and across
ordered categories for fatigue using a Jonckheere-
Terpstra test for trend."’

Results

Women in the sample (n = 166) had a mean age of
53 years (SD =+ 10.8); 52.4% had early-stage breast can-
cer. The largest proportion of women were white
(91.4%), married (75%), and not working (62.8%).

As shown in Fig. 1, there was a trend toward a
greater number of days with moderate-to-severe
disturbed sleep (Cycle 2: P < 0.001; Cycle 3:
P < 0.001), depressed mood (Cycle 2: P < 0.001; Cycle
3: P = 0.01), anxiety (Cycle 2: P = 0.02; Cycle 3:
P < 0.01), nausea/vomiting (Cycle 2: P < 0.001; Cycle
3: P<0.001), and trouble thinking (Cycle 2: P < 0.01)
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as fatigue severity class increased. Women in the high-
er severity class for disturbed sleep reported greater
number of days with moderate-to-severe fatigue (Cycle
2: P=0.01), depressed mood (Cycle 2: P= 0.01; Cycle
3: P=0.01), anxiety (Cycle 3: P = 0.01), and trouble
thinking (Cycle 3: P = 0.02) (see Fig. 2). Women in
the higher severity class for depressed mood reported
greater number of days with moderate-to-severe fa-
tigue (Cycle 2: P = 0.01; Cycle 3: P = 0.02), disturbed
sleep (Cycle 3: P= 0.001), anxiety (Cycle 2: P < 0.001;
Cycle 3: P < 0.001), and nausea/vomiting (Cycle 3:
P = 0.04) (see Fig. 3). Women in the higher severity
class anxiety reported greater number of days with
moderate-to-severe fatigue (Cycle 2: P < 0.001; Cycle
3: P < 0.001), disturbed sleep (Cycle 3: P < 0.001),
and depressed mood (Cycle 2: P < 0.001; Cycle 3:
P < 0.001) (see Fig. 4).

Discussion

Severity class membership for fatigue, disturbed
sleep, depressed mood, and anxiety was related to
the presence of other symptoms at moderate to severe
levels. In both cycles, the number of days of moderate
to severe levels of disturbed sleep increased as fatigue
severity class increased. In addition, the number of
days with moderate-to-severe fatigue was increased in
the more severe disturbed sleep class. Several studies
have reported a similar relationship.''™'*#"#**7 Lju
et al. (2012) found that fatigue was significantly
related to sleep problems and also that women with
poor sleep during chemotherapy were already experi-
encing disturbed sleep at the baseline and that sleep
disturbance did not increase during chemotherapy
while fatigue did. This is consistent with findings in
our sample. The relationship between fatigue and
sleep disturbance suggests a synergistic effect that war-
rants further study.

There was a trend for increasing number of days with
moderate-to-severe depressed mood as fatigue severity
class increased in both cycle. The mean days of
moderate-to-severe depressed mood was particularly
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Fig. 1. Associations between fatigue class and co-occurring symptoms. *P < 0.05, **P < 0.01, ***P < 0.001, Jonckheere-

Terpstra test for trend.
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Fig. 2. Associations between disturbed sleep class and co-occurring symptoms. *P < 0.05, Wilcoxon rank-sum test.

high during Cycle 2 in the highest severity fatigue class
(mean = 4.11 days, SD = 3.77) when compared to both
the mild fatigue class (mean = 0.74 days, SD = 1.66) and
the low moderate fatigue class (mean = 1.54 days,
SD = 2.38). The mean days for depressed mood at mod-
erate to severe levels in the highest fatigue class
(mean = 1.02 days, SD = 3.11) was significantly
decreased when compared to the low moderate fatigue
class (mean = 1.28 days, SD = 2.87) in Cycle 3, although
with a smaller mean difference. It is unknown whether
individuals were provided treatment that may have alle-
viated depressed mood during Cycle 3 and thus
reduced the number of days with moderate-to-severe
depressed mood. In addition, membership in the mod-
erate latent class for depressed mood was related to a
greater number of days with moderate-to-severe fatigue
during both cycles. This is not surprising, as fatigue has
been associated with symptoms of mood disturbance in
both cross-sectional correlation and symptom cluster
studies,>7+10:18.19.20,22-27,29,48,49

There was also a positive relationship between the
number of days with moderate-to-severe depressed
mood and moderate disturbed sleep class member-
ship during both cycles, suggesting women experi-
enced both depressive symptom and sleep symptoms
concurrently. Not surprisingly, sleep disturbance was
also increased for women in the moderate depressed
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mood class during Cycle 3. Others have found depres-
sive symptoms predict or are positively related to diffi-
culty with sleeping.”'"'%*%**% Colagiuri et al. (2011)
suggest that there may be a reciprocal relationship be-
tween sleep difficulty and depressive symptoms, where
sleep difficulty may result from increased depressive
symptoms and/or sleep difficulty may lead to
increasing depressive symptoms. Disturbed sleep and
depression have been identified in a symptom cluster,
along with fatigue and pain, in women undergoing
treatment for breast cancer.””””

The number of days with moderate to severe levels
of anxiety increased as fatigue severity class increased
during both cycles, and membership in the moderate
anxiety latent class was associated with a greater num-
ber of days with moderate-to-severe fatigue. This is
consistent with others’ findings that fatigue and anxi-
ety are reported to co-occur in women with breast can-
cer.”*"?7 A similar relationship was seen between
disturbed sleep class and anxiety during Cycle 3 and
disturbed sleep and anxiety class during Cycle 3, which
is a relationship that has been reported in other
samples. 2’

In our study, as within other studies, we found a
close relationship between the symptoms of mood
disturbance. The relationship between both symptoms
of mood disturbance is well studied.””"*°*"" Gold
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Fig. 3. Associations between depressed mood class and co-occurring symptoms. *P < 0.05, **P < 0.01, ***P < 0.001, Wilcoxon

rank-sum test.
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Fig. 4. Associations between anxiety class and co-occurring symptoms. ***P < 0.001, Wilcoxon rank-sum test.

et al. (2016) report on a collective of combined anxi-
ety and depression syndrome, suggesting that these
symptoms often occur together and that elucidating
etiology for one symptom may explain the other and
developing interventions aimed at managing one
may assist in management of the other.

In both cycles, the number of days with moderate-
to-severe nausea/vomiting was increased in the high-
est severity fatigue class when compared to the mild
fatigue class. While those in the mild fatigue class
experienced less than one day, those in the high fa-
tigue class experienced three to four days of nausea/
vomiting at moderate to severe levels. There are re-
ports of an association between fatigue and nausea/
vomiting during treatment for cancer,'””*”’ suggest-
ing a synergistic relationship where unrelieved
nausea/vomiting may contribute to prolonged or
persistent fatigue.

While nausea and vomiting have been associated
with anxiety, that relationship was not found in our
sample.”” One explanation may be that the relation-
ship between anxiety and nausea reported by Poon
et al. (2013) was specific to anticipatory anxiety
measured before receiving chemotherapy, not a trajec-
tory of anxiety over the course of chemotherapy. Inter-
estingly, nausea/vomiting was increased for those in
the moderate depressed mood class during Cycle 3.
To our knowledge, this finding has not been reported
in women with breast cancer but suggests that mood
disturbance may be associated with physical symptoms,
such as nausea/vomiting.

Trouble thinking was significantly related to fa-
tigue during Cycle 2 and disturbed sleep class
during Cycle 3. This is consistent with others’ find-
ings that cognitive function is related to fatigue
and disturbed sleep during treatment with chemo-
therapy.7’l?"2“‘29 The lack of association among these
symptoms during both cycles may relate to the small-
er, subsample of data used in this analysis, as not all
women in our sample reported on severity of trouble
thinking.

There were some limitations to this study, including
a fairly homogenous sample. Caution should be used
in interpreting our results with regards to the ex-
tracted predicted class memberships. Predicted class
memberships are based on probabilities and, while
treated as observed variables, are unobserved vari-
ables. While considered reliable and valid, single-
item measure for symptom severity has limitations,
including the risk for increased measurement
error.”” " In addition, the present study was a second-
ary analysis, where the analysis was limited to the vari-
ables measured in the parent studies. Only data from
the first 14 days of each cycle were used in this analysis.
The results may not be generalizable to the entire cy-
cle for 21- or 28-day cycles, and research is needed to
describe the trajectory classes for the full cycle of
chemotherapy and co-occurring symptoms within
those classes.

Class membership for fatigue, disturbed sleep,
depressed mood, and anxiety was associated with co-
occurring symptoms at moderate or greater levels in
our sample. Those in the higher severity fatigue classes
experienced a greater severity of disturbed sleep,
depressed mood, anxiety, nausea/vomiting, and
trouble thinking. Only trouble thinking was not
related to class membership during both cycles, sug-
gesting some consistency of co-occurring symptoms
with fatigue across cycles. Those in the higher severity
disturbed sleep class experienced a greater severity of
fatigue, depressed mood, anxiety, and trouble
thinking. Women in the higher severity depressed
mood class experienced greater fatigue, sleep distur-
bance, anxiety, and nausea/vomiting. Women in the
higher severity class for anxiety experienced greater
fatigue, sleep disturbance, and depressed mood. A
unique contribution of the present study is the
description of co-occurring moderate-to-severe symp-
toms within unique symptom subgroups of women
receiving multiple cycles of chemotherapy for breast
cancer. Identification of a symptom trajectory of fa-
tigue, disturbed sleep, depressed mood, or anxiety
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similar to those of our described symptom classes and
knowledge of the potential for co-occurring moderate-
to-severe symptoms within those classes may allow
clinicians to target those at risk for co-occurring symp-
toms. Clinicians may then target those individuals for
intervention, potentially avoiding poor outcomes that
may be associated with moderate-to-severe symptoms,
including decreased functional status, decreased voca-
tional functioning, problems with adherence, and
increased health care utilization. Given the co-
occurrence of symptoms described in the literature
and the co-occurrence of moderate-to-severe symp-
toms within subgroups of women experiencing higher
severity of fatigue, disturbed sleep, depressed mood,
and anxiety in our sample, the potential for a shared
etiology exists. Future work may focus on identifying
classes of women with similar symptom trajectories
and co-occurring symptoms in larger samples across
varying cycle lengths and locating a gateway symptom
or shared etiology for moderate-to-severe co-occurring
symptoms to inform risk evaluation for symptom
severity. Further study is needed to examine associa-
tions between interindividual variability in co-
occurring symptoms and molecular or genomic
factors.
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