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Abstract
Purpose Cancer-related fatigue (CRF) is a prevalent and
distressing side effect of cancer and its treatment that remains
inadequately understood and poorly managed. A better under-
standing of the factors contributing to CRF could result in
more effective strategies for the prevention and treatment of
CRF. The objectives of this study were to examine the prev-
alence, severity, and potential predictors for the early onset of
CRF after chemotherapy cycle 1 in breast cancer patients.
Methods We report on a secondary data analysis of 548 fe-
male breast cancer patients from a phase III multi-center ran-
domized controlled trial examining antiemetic efficacy. CRF
was assessed by the Brief Fatigue Inventory at pre- and post-
chemotherapy cycle 1 as well as by the four-day diary.
Results The prevalence of clinically relevant post-CRF was
75%. Linear regression showed that pre-treatment CRF, great-
er nausea, disturbed sleep, and younger age were significant
risk factors for post-CRF (adjusted R2 = 0.39; P < 0.0001).
Path modeling showed that nausea severity influenced post-
CRF both directly and indirectly by influencing disturbed

sleep. Similarly, pre-treatment CRF influenced post-CRF di-
rectly as well as indirectly through both nausea severity and
disturbed sleep. Pearson correlations showed that changes in
CRF over time were significantly correlated with concurrent
changes in nausea severity (r = 0.41; P < 0.0001) and in
disturbed sleep (r = 0.20; P < 0.0001).
Conclusion This study showed a high prevalence (75%) of
clinically relevant CRF in breast cancer patients following
their initial chemotherapy, and that nausea severity, disturbed
sleep, pre-treatment CRF, and age were significant predictors
of symptom.
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Introduction

Breast cancer is the most frequently diagnosed cancer among
females, withmore than 3million new cases of invasive and in
situ breast cancer in the United States estimated for 2016 [1].
Cancer-related fatigue (CRF) is one of the most common and
debilitating side effects experienced by breast cancer patients,
even more so than pain, nausea, or vomiting [2]. The National
Comprehensive Cancer Network (NCCN) practice guidelines
attribute CRF to both cancer and its treatment [3]. It is defined
as a Bdistressing, persistent, subjective sense of physical, emo-
tional, and/or cognitive tiredness or exhaustion that is related
to cancer and its treatment and interferes with functioning^
and is not proportional to recent activity or the amount of rest
or sleep [3, 4]. The prevalence and severity of CRF is much
higher for breast cancer patients receiving chemotherapy than
other therapies [5]. Fifty-eight to 94% of breast cancer patients
report some level of CRF during chemotherapy [6, 7], with
moderate-severe fatigue levels occurring in 26 to 60% of
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patients [8, 9]. Despite the high prevalence and severity of
CRF, it often goes unassessed, undiagnosed, and unmanaged
[10].

CRF during cancer treatment can impact the patient’s abil-
ity to tolerate treatment and may result in treatment discontin-
uation [11]. CRF also interferes with activities of daily life and
has a considerable impact on physical, mental, and social
well-being, thereby disrupting vocational and social activities
as well as interpersonal relationships [5]. This results in di-
minished quality of life (QOL) [12] and possibly reduced
survival [13]. CRF also has a profound effect on employment
and financial status, with decreased working hours, more sick
leaves, increased disability, and even inability to return to
work [14]. These issues affect not just cancer patients but also
their family members and caregivers [14]. The etiology of
CRF involves a variety of physiological, biochemical, behav-
ioral, and psychological factors [15, 16]. However, the overall
knowledge about the predictors of and risk factors for CRF is
still limited and inconclusive, and currently, there is no well-
established and effective treatment for CRF [16].

A better understanding of the predictors of CRF is impor-
tant for developing preventive strategies, identifying patients
at risk, and providing tailored and individualized interventions
to reduce the burden of CRF and improve QOL in breast
cancer patients. The main objectives of the present study were
to examine the prevalence, severity, and potential predictors
for the early onset of CRF in breast cancer patients undergoing
initial chemotherapy. We also correlated changes over time in
nausea severity and disturbed sleep with concurrent changes
in CRF in our study population.

Methods

Study design and patients

This study is a secondary analysis of a subset of participants
from a previously completed trial [17]. The original study was
a multicenter, randomized, double-blind, placebo-controlled
phase III clinical trial examining antiemetic efficacy for the
prevention of delayed nausea in cancer patients during the first
cycle of chemotherapy [17]. The University of Rochester
Cancer Center (URCC) NCI’s Community Oncology
Research Program (NCORP) Research Base (previously
called URCCCCOP) recruited patients from 15 geographical-
ly unique private-practice oncology groups in the USA from
May 2007 to September 2010. Eligible participants were
chemotherapy-naive outpatients at least 18 years of age with
any cancer diagnosis who were scheduled to receive their first
treatment with a chemotherapy regimen containing any of the
five following highly emetogenic chemotherapy agents: doxo-
rubicin, epirubicin, cisplatin, carboplatin, or oxaliplatin.

Participants were randomized to one of the four antiemetic
arms.

The institutional review boards of the University of
Rochester and of each participating site approved the protocol
for the original study, and participants provided written in-
formed consent. This trial is registered with ClinicalTrials.
gov, number NCT00475085.

Assessments

Participants completed on-study questionnaires on enroll-
ment, providing demographic and clinical information.

Brief fatigue inventory (BFI) CRF was assessed by the re-
vised BFI, which is a uni-dimensional, nine-item, patient-
report instrument with the first three items measuring current,
usual, and worst fatigue severity levels while the remaining
six items measuring interference caused by fatigue on differ-
ent aspects of the patient’s life, namely activity, mood, walk-
ing, work, relationships, and enjoyment of life. Each item
ranges from 0 (no fatigue/does not interfere) to 10 (fatigue
as bad as you can imagine/completely interferes) [18]. The
global BFI score is the average of all nine items. The single-
item Bfatigue at its worst^ is used to represent fatigue severity
levels [18]. Scores of 1–3, 4–6, and 7–10 are categorized as
mild, moderate, and severe fatigue, respectively [18], while
clinically relevant CRF is considered to be ≥4 on the single-
item Bfatigue at its worst^ [3]. Its reliability and validity with
internal consistency coefficient (α = 0.96) have been demon-
strated in cancer patients [18]. The BFI also correlates well
with other well-established instruments such as the Functional
Assessment of Cancer Therapy-Fatigue and the Profile of
Mood States Fatigue subscale [18]. The participants complet-
ed the BFI questionnaire prior to the start of chemotherapy
(i.e., pre-treatment CRF) and on the third day after the com-
pletion of chemotherapy cycle 1 (i.e., post-CRF).

Cancer-related fatigue diary measure CRF was also
assessed by a secondary measure: a self-report four-day diary
[19, 20] that was completed after chemotherapy cycle 1 on the
day of chemotherapy and on the three following days.
Participants reported Bfatigue at its worst^ once a day on an
11-point scale from 0 (no fatigue) to 10 (as bad as you can
imagine). Change scores of CRF from day 1 to day 4 were
calculated.

Nausea Nausea was assessed by a self-report four-day diary
[19, 20] that was completed by the participants over a four-day
period. Each day was divided into four segments (morning,
afternoon, evening, night), and participants reported the sever-
ity of nausea for each period on the day of chemotherapy cycle
1 and on the three following days. Nausea was rated on a 7-
point scale from 1 (no nausea) to 7 (extremely nauseated).
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Post-chemotherapy cycle 1 mean nausea scores were obtained
from the latter three reporting periods (afternoon, evening,
night) on day 1 (since the chemotherapy was given during
the day) and from the 12 reporting periods from days 2, 3,
and 4. In addition, change scores of mean nausea from day 1
to day 4 were calculated.

Any occurrence of vomitingWhether or not the participants
vomited after the completion of the chemotherapy cycle 1 was
assessed by the same self-report four-day diary with the vari-
able Bany occurrence of vomiting (yes/no)^ being created
from the latter three reporting periods (afternoon, evening,
night) on day 1 and from the 12 reporting periods from days
2, 3, and 4.

Disturbed sleep Disturbed sleep was assessed daily using the
self-report four-day diary. Participants reported any Bdisturbed
sleep the night before^ on an 11-point scale from 0 (none) to
10 (as bad as you can imagine). Post-chemotherapy cycle 1
mean disturbed sleep was calculated from the latter three days.
In addition, change scores of disturbed sleep from day 2 to day
4 were calculated.

Statistical analyses

The original trial had 944 cancer patients with evaluable data.
For the present analysis, we included the 548 cancer patients
who had a diagnosis of breast cancer, were female, and had no
missing data for the variables of interest. Descriptive statistics
were used to describe baseline characteristics and to examine
the prevalence and severity of post-CRF after the completion
of chemotherapy cycle 1. For identifying potential predictors of
post-CRF as well as mediation effects of predictors (i.e., direct
and indirect effects), we performed (i) Pearson and Spearman
rank correlations for continuous and categorical variables, re-
spectively; (ii) linear regression models; and (iii) path modeling
with Maximum likelihood estimation. The assumptions of nor-
mality, linearity, and homoscedasticity were investigated by the
residual scatterplots. Independent variables such as pre-treatment
CRF, disturbed sleep, nausea severity, any occurrence of
vomiting, age, ethnicity, and previous radiation therapy were
included in the linear regression analysis only if their correlations
with post-CRFwere significant, and the correlations between the
independent variables were ≤0.7. For the path model, we includ-
ed direct paths from age, pre-treatment CRF, disturbed sleep,
nausea severity, and any occurrence of vomiting on post-CRF.
We also included the following direct paths from: any occurrence
of vomiting on disturbed sleep; nausea severity on both any
occurrence of vomiting and disturbed sleep; and age and
pre-treatment CRF on disturbed sleep, nausea severity, and any
occurrence of vomiting. We also used Pearson correlations to
examine the associations of changes in CRF over four days
with concurrent changes in nausea severity and disturbed

sleep. Assumptions underlying all analyses were checked and
no outliers were found; therefore, analyses included all evaluable
patients. All statistical analyses were performed at a two-tailed
5% level of significance. We used SPSS version 22 and STATA
IC version 14 for analyses as appropriate.

Results

Demographic and clinical characteristics

Table 1 shows the baseline characteristics of the 548 female
breast cancer participants included in the analyses. Mean (SD)
age was 54 (10) years, 91% were white, 97% were non-
Hispanic or Latino, 66% were married, 63% had at least a
partial or complete college degree or higher, and 84% had
received previous surgery. Ninety-three percent of women re-
ceived anthracycline treatment (i.e., doxorubicin or
epirubicin), while the remaining 7% received a non-
anthracycline regimen (i.e., carboplatin or oxaliplatin).
Clinically relevant CRF (i.e., moderate-severe levels) was re-
ported by 290 patients (53%) as assessed by Bfatigue at its
worst^ question on the BFI. Prior to the start of chemotherapy,
mean fatigue severity level (i.e., score ≥ 1) and pre-treatment
CRF (i.e., global BFI score) were 4.09 (SD = 2.90) and 2.33
(SD = 2.06), respectively.

Prevalence and severity of cancer-related fatigue

Post-CRF, i.e. the global BFI score, was 3.76 (SD = 2.40).
Mean fatigue severity level (score ≥ 1) at post-chemotherapy
cycle 1, as evaluated using the single-item Bfatigue at its
worst^, was 5.79 (SD = 2.90) with 95% of patients experienc-
ing some level of fatigue. Seventy-five percent of participants
reported clinically relevant CRF (i.e., score ≥ 4), and the num-
ber of patients experiencing mild, moderate, and severe CRF
were 113 (21%), 156 (28%), and 254 (46%), respectively.

Correlates of cancer-related fatigue

Post-CRF was moderately correlated with physical factors,
namely pre-treatment CRF (r = 0.44; P < 0.0001), disturbed
sleep (r = 0.47; P < 0.0001), and nausea severity (r = 0.43;
P < 0.0001). A weak correlation with any occurrence of
vomiting (r = 0.23; P < 0.0001) was also observed. Post-
CRF also showed weak negative correlations with age
(r = −0.21; P < 0.0001) and ethnicity (r = −0.10; P = 0.020)
while weak positive correlation with previous radiation thera-
py (r = 0.10; P = 0.014). There were no significant correla-
tions of post-CRF with anthracycline treatment or with other
variables (Table 2).
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Predictors of cancer-related fatigue

Regression analyses showed that younger age, greater pre-
treatment CRF, more disturbed sleep, and greater nausea se-
verity were significant risk factors for post-CRF, as measured
by the global BFI score, while any occurrence of vomiting
was not a predictor (Table 3). Taken together, age, pre-
treatment CRF, disturbed sleep, and nausea severity accounted
for 39% of the variance in post-CRF (adjusted R2 = 0.39;
F = 51.42; P < 0.0001).

The path model for post-CRF fit the data very well with
root mean square error of approximation (RMSEA) <0.0001
and comparative fit index (CFI) =1.000. We note that a
RMSEA <0.1 is considered ideal and that CFI is interpreted
similar to R2 in a regression with CFI >0.95 is ideal. For post-
CRF, the only statistically significant direct positive effects
(path coefficient, coef) were from pre-treatment CRF
(coef = 0.38; P < 0.0001), disturbed sleep (coef = 0.26;
P < 0.0001), and nausea severity (coef = 0.45; P < 0.0001)
and direct negative effects were from age (coef = −0.02;
P = 0.007) (Fig. 1). The statistically significant indirect effects
on post-CRF were from nausea severity via disturbed sleep
(coef = 0.20; P < 0.0001), pre-treatment CRF via both dis-
turbed sleep (coef = 0.07; P < 0.0001) and nausea severity

Table 1 Baseline characteristics of participants

Characteristics Total
sample
(N = 548)

Age Mean (SD) 54.3
(10.5)

Range 22–80

Gender Female 548

Race White 91.2%

Black/African American 7.8%

Asian 0.5%

American Indian/Native
Alaskan

0.4%

Ethnicity Non-Hispanic/Latino 97.4%

Hispanic/Latino 2%

Unknown 0.5%

Marital status Married 66.1%

Divorced/widowed/separated 21.8%

Single 12.2%

Education High school or less 36.8%

Some college 33.4%

Bachelor’s degree 21.2%

Graduate degree 8.8%

Previous treatments Previous Surgery 84.5%

Previous chemotherapy 0.9%

Previous radiation therapy 1.3%

Other 0.7%

Anthracycline Yes—doxorubicin 91.2%

Yes—epirubicin 1.8%

No—carboplatin 6.8%

No—oxaliplatin 0.2%

Clinically relevant CRFa Moderate-severe level
(score ≥ 4)

52.9%

Fatigue severity level
(score ≥ 1)a

Mean (SD) 4.09
(2.90)

Pre-treatment CRFb Mean (SD) 2.33
(2.06)

NOTE: data might not add to 100% because of rounding

SD standard deviation, CRF cancer-related fatigue
a By single-item Bfatigue at its worst^ from the Brief Fatigue Inventory
b By global Brief Fatigue Inventory score

Table 2 Correlates of cancer-related fatigue at post-chemotherapy
cycle 1

Characteristic post-CRFa P value

Agec −0.21 <0.0001

Pre-treatment CRFa,c 0.44 <0.0001

Disturbed sleepb,c 0.47 <0.0001

Nausea severityb,c 0.43 <0.0001

Any occurrence of vomiting (Yes/No)b,d 0.23 <0.0001

Previous radiation therapy (Yes/No)d 0.10 0.014

Ethnicityd −0.10 0.020

Raced 0.06 0.140

Anthracycline (Yes/No)d −0.003 0.939

Antiemetic intervention armd −0.06 0.141

CRF cancer-related fatigue
a By global Brief Fatigue Inventory score
b By self-report four-day diary
c Using Pearson correlations
d Using Spearman rank correlations

Table 3 Predictors of cancer-related fatigue at post-chemotherapy
cycle 1 using linear regression model

Characteristic β Standardized
β

SE t P value

Age −0.02 −0.09 0.01 −2.58 0.010

Pre-treatment CRFa 0.37 0.32 0.04 9.17 <0.0001

Disturbed sleepb 0.26 0.28 0.04 7.38 <0.0001

Nausea severityb 0.43 0.20 0.09 4.97 <0.0001

Any occurrence of
vomiting (yes/no)b

0.37 0.07 0.20 1.80 0.073

Ethnicity −0.08 −0.02 0.15 −0.53 0.597

Previous radiation
therapy

1.31 0.06 0.72 1.82 0.069

CRF cancer-related fatigue, β coefficient, SE standard error
a By global Brief Fatigue Inventory score
b By self-report four-day diary
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(coef = 0.04; P = 0.003), and age via nausea severity
(coef = −0.01; P < 0.0001). Disturbed sleep did not have a
significant indirect effect on post-CRF. In addition, there were
no significant direct or indirect effects of any occurrence of
vomiting on post-CRF.

The CRF change score over four days after chemotherapy
cycle 1 as measured by the four-day diary was significantly
correlated with both concurrent changes in nausea severity
(r = 0.41; P < 0.0001) and disturbed sleep (r = 0.20;
P < 0.0001). This implies that an improvement in nausea
severity is moderately associated with an improvement in
CRF, while improvement in disturbed sleep is weakly associ-
ated with improvement in CRF.

Discussion

To the best of our knowledge, the present secondary analysis
is the first report using a large sample size to describe the
prevalence and the direct and indirect effects of predictors
for the early onset of CRF after the first cycle of chemotherapy
in a uniform cohort of female breast cancer patients undergo-
ing treatment.

Our findings show that a high proportion (75%) of
female breast cancer patients experience clinically rele-
vant CRF (i.e., moderate-severe levels) following the
completion of cycle 1 of mostly anthracycline-containing
chemotherapy regimens, with 46% experiencing severe
CRF. This observation is consistent with previous studies
that have shown that 26–60% of breast cancer patients
experience moderate-severe fatigue during adjuvant che-
motherapy [8, 9]. A study by Jacobsen et al. examined
fatigue prior to each of the first four chemotherapy cycles
and showed that the prevalence and severity of any level
of fat igue signif icant ly increased af ter s tar t ing

chemotherapy but showed a stable pattern later [6]. The
major i ty of our pat ients (93%) were rece iv ing
anthracycline-based regimens, which are known to be as-
s o c i a t e d w i t h mu l t i p l e a dv e r s e e f f e c t s [ 21 ] .
Anthracyclines are commonly used for neo/adjuvant che-
motherapy for breast cancer [22] and can adversely affect
normal tissues, such as muscles, which can result in fa-
tigue [21]. The presence of non-trivial CRF in 75% of our
patients undergoing initial treatment indicates that fatigue
management is needed for a majority of patients, especial-
ly those undergoing anthracycline-based treatments.
Otherwise, unmanaged fatigue might affect their ability
to tolerate chemotherapy as well as result in reduced
QOL.

We identified four predictors of CRF following the first
cycle of chemotherapy. Among treatment-related behavioral/
physical symptoms, we found greater nausea severity, dis-
turbed sleep, and pre-treatment CRF to be significant predic-
tors of post-CRF. While nausea is not typically reported as a
predictor of CRF [23, 24], some studies have found a relation-
ship between these two symptoms [25–27]. Our finding on
nausea could be because of the fatiguing effects of nausea
itself. The NCCN guidelines suggest that the amount of food
consumed or nutritional intake may be affected by nausea and
may lead to increased fatigue [3]. Consistent with some of the
previous studies [23, 24, 28], our results did not show
vomiting to be a potential predictor of CRF, although there
was a trend toward significance. However, some studies have
shown an association of vomiting with CRF possibly due to
malnutrition or anemia [25, 27].

Similar to our results, other studies have also shown
CRF to be significantly associated with various sleep pa-
rameters such as decreased sleep quality and insomnia
[29–31]. One study in 78 breast cancer patients showed
that fatigue, measured at the second and fourth chemo-
therapy cycles, was greater in patients with less stable

Fig. 1 Diagram for the path
model. Statistically significant
direct paths to post-CRF from
nausea severity, disturbed sleep,
pre-treatment CRF, and age are
colored in red, while dotted blue
lines show the statistically
significant indirect paths (i.e., via
other variables) to post-CRF, with
selected path coefficients marked
(P ≤ 0.05). Direct paths to
post-CRF that are not statistically
significant are in black
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sleep-wake patterns who often napped [32]. This is not
surprising given that CRF and sleep disorders are usually
reported as part of a symptom cluster, suggesting that
CRF and disturbed sleep may have a common underlying
etiology [33]. Further, pre-treatment CRF is known to be
one of the strongest and persistent predictors of post-
treatment fatigue, indicating that some of the risk factors
of CRF may be present before the initiation of cancer
treatments [30]. Cancer itself, medical comorbidities,
physical inactivity, muscle weakness, physiological fac-
tors such as pain, psychological factors such as depression
and stress, and other physical symptoms such as impaired
sleep are some of the probable contributing factors for
pre-treatment CRF [6, 34, 35].

Our data also showed that higher levels of nausea severity
not only directly influenced post-CRF but also indirectly
through its effect on disturbed sleep. This indirect effect of
nausea severity suggests that an improvement in nausea may
improve sleep which in turnmay improve CRF. Similarly, pre-
treatment CRF also indirectly influenced post-CRF via its
effects on both disturbed sleep and nausea severity besides
having a direct effect on post-CRF. Further, our study showed
that improvement in CRF over time was significantly corre-
lated with concurrent improvements in nausea severity and
disturbed sleep.

Among the demographic variables, only age was a signif-
icant predictor of CRF. Younger patients experienced greater
CRF than did older patients, although the contribution from
age was small for our study. This finding is consistent with
prior studies which showed that younger age was associated
with higher levels of CRF in breast cancer patients [36] and
survivors [31], most likely due to more aggressive treatments
given to younger patients [37, 38]. However, several studies
have also shown mixed results regarding the relationship be-
tween age and CRF with some even reporting higher levels of
CRF in older patients [39, 40].

The symptom of CRF undoubtedly reflects multiple
etiologies that contribute to its development and are likely
to vary over the course of treatment and with type of
treatment as well as with time. CRF has been compared
to chronic pain, for which behavioral factors play a prom-
inent role in its development and maintenance [8].
Similarly, behavioral factors may play an analogous role
in the development of CRF, suggesting that it can be con-
sidered as a symptom that arises in response to other
symptoms. Since our results indicate that nausea severity
and disturbed sleep may contribute to the early-onset of
CRF especially for breast cancer patients undergoing
anthracycline-based regimens and given the prevalence
of nausea and disturbed sleep to be as high as 70 and
60%, respectively, in breast cancer patients [41–43], inter-
ventions targeting nausea and disturbed sleep could be
promising treatments for CRF particularly in this patient

population. In fact, a recent study by Heckler et al.
showed that cognitive behavioral therapy for insomnia
(CBT-I) resulted in a significant reduction of fatigue in
cancer survivors with chronic insomnia [44]. It would be
equally interesting to study changes in CRF in a trial in
cancer patients designed for treating nausea or both nau-
sea and sleep disorder.

The findings of this study are useful for hypothesis
generation and designing future studies. However, the in-
terpretation of these results is limited as the present study
is a secondary data analysis of a large multi-center clinical
trial that examined antiemetic efficacy in cancer patients
but was not designed to identify mediators of CRF.
Second, the four-day diary measures have limitations, as
they are uni-dimensional in nature assessing only the oc-
currence and severity of the symptoms and may be less
sensitive than multi-question assessments to detect chang-
es in symptoms with disease progression. However, the
four-day diary has been used in other large multi-center
trials [45]. Third, since post-CRF, nausea severity, and
disturbed sleep were measured at the same time point
(i.e., after chemotherapy cycle 1), the path analyses are
only suggestive of possible relationships. Lastly, our anal-
yses were done only with female breast cancer patients, as
a method of controlling for cancer type, and mostly for
anthracycline-based chemotherapy regimens; therefore,
our findings may not be generalizable to men or to indi-
viduals with other cancers or undergoing other cancer
treatments. Although these limitations affect generaliz-
ability, the current study addresses a critical gap in CRF
literature by providing initial insight into the potential
predictors and mediators of CRF during the first cycle
of mostly anthracycline-containing chemotherapy for
breast cancer patients.

Conclusion

This study showed a high prevalence (75%) of early-onset
clinically relevant CRF in breast cancer patients undergoing
mostly anthracycline-based chemotherapy treatment, indicat-
ing the need for effective management of initial fatigue espe-
cially in this group. Nausea severity, disturbed sleep, pre-
treatment CRF, and younger age were significant predictors
of CRF after the completion of chemotherapy cycle 1. Nausea
severity had direct as well as indirect influence via disturbed
sleep on CRF. Additionally, improvement in CRF was signif-
icantly associated with improvements in nausea severity and
disturbed sleep. Further research is needed to determine
whether early management of CRF, nausea severity, and dis-
turbed sleep during adjuvant therapy might reduce risk for
CRF later in the disease trajectory.
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