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Objective: The purpose of this study was to explore sleep quality
and to determine whether chemotherapy-induced peripheral
neurotoxicity is a risk factor for poor sleep quality in breast cancer
survivors who receive docetaxel treatment. Methods: Secondary
data analysis from a cross-sectional study. Sample characteristics
were collected using an information sheet. Independent variables
included the Hospital Anxiety and Depression Scale (HADS), the
Patient Neurotoxicity Questionnaire (PNQ), and the Identification
Pain Questionnaire (ID pain). Sleep quality was assessed using the
Pittsburgh Sleep Quality Index (PSQI). We performed descriptive
analyses and simple logistic regression. Results: A total of 98
participants were included. More than 60% of them reported poor
sleep quality, with their average PSQI score being 7.54 * 4.45.
Poor subjective sleep quality (1.37 * 0.88) and short sleep
duration (1.37 * 1.08) were their main problems. In addition,

significant risk factors for poor sleep quality were chronic
iliness (odds ratio [OR] = 2.753, P = 0.041), anxiety (OR = 7.714,
P = 0.009), neuropathic pain (OR = 11.261, P = 0.022), sensory
neuropathy (OR =2.529, P = 0.032), motor neuropathy (OR =3.781,
P =0.002), and undergoing chemotherapy (OR = 2.593, P = 0.027).
Targeted therapy that some survivors received served as a
protective factor (OR = 0.351, P = 0.015). Conclusions: We
found a high prevalence of poor sleep quality in breast cancer
survivors treated with docetaxel. The results indicated that, in
addition to clinical characteristics and psychological discomfort,
chemotherapy-induced peripheral neurotoxicity is a significant
risk factor for poor sleep quality.
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Introduction

Poor sleep quality impacts individuals’ psychological
well-being and cognitive function and diminishes quality
of life.! Healthy adults with poor sleep quality may be at
increased risk for cardiovascular disease, metabolic disease,
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and cancer.'! Compared with the general population, cancer
survivors have a higher prevalence of sleep problems.
Specifically, more than 40% of cancer survivors have been
reported in some studies to suffer from sleep problems.?!
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Breast cancer is the most commonly diagnosed cancer
among women worldwide,® and survivors of the disease
often experience poor sleep,? with estimates ranging from
14% to 93% of them.!”! Sleep problems have been reported
during various phases of survivorship, including during
cancer treatment, after the completion of treatment,® and
during long-term follow-up.”’ In one meta-analyses, breast
cancer survivors who were non-Caucasian were found to be
more likely to develop sleep problems than those who were
Caucasian; additional risk factors for poor sleep included
postmenopausal status, pain, emotional distress, fatigue, and
hot flashes.”! A prior systematic review found that breast
cancer survivors who received chemotherapy tended to
have a poor sleep quality and that sleep problems were more
common among breast cancer survivors who did not receive
taxane-based chemotherapy than among those who did.['”

Taxanes, such as docetaxel or paclitaxel, are among
the standard antineoplastic agents used in breast cancer
chemotherapy. However, a common and challenging
adverse effect of these drugs is peripheral neurotoxicity
caused by the inhibition of microtubule disassembly.!'!!
This neurotoxicity, also known as chemotherapy-induced
peripheral neuropathy (CIPN), produces such sensory and
motor symptoms as tingling, numbness, pain, reduced deep
tendon reflex, and muscle cramps and weakness.[''! CIPN
occurs in survivors during chemotherapy!? and continues to
present after chemotherapy has been completed.'>!4 Cancer
survivors with CIPN experience difficulties performing
such routine activities as walking, sewing, and opening
containers.!”

Prior studies have also found the severity of CIPN
to correlate negatively with the sleep quality of cancer
survivors.['*181 However, these studies focused on survivors
with colorectal cancer, cervical cancer, and mixed
cancer diagnoses and on the severity of CIPN and did
not separately report sensory and motor neuropathy.
Therefore, the separate effects of sensory neuropathy, motor
neuropathy, and neuropathic pain on sleep remain poorly
understood. Furthermore, to the best of our knowledge,
limited studies have tested whether CIPN is associated with
poor sleep quality in breast cancer survivors treated with
docetaxel. Accordingly, the aim of the current study was to
investigate (1) the sleep quality of breast cancer survivors
who have received docetaxel treatment and (2) whether
sensory CIPN, motor CIPN, and/or neuropathic pain are
potential risk factors for poor sleep quality.

Methods

Design and sample

This study was a secondary analysis of data from an
earlier cross-sectional study. The parent study focused

on the prevalence and symptoms of CIPN and its effects
on function and quality of life among breast cancer
survivors receiving chemotherapy; it was conducted in a
medical center in Northern Taiwan from April 2015 to
June 2016.1" The study was approved by the Institutional
Review Board (IRB) of Taipei Veterans General
Hospital (Approval No. 2015-01-003CC). The participants
in the parent study who had been diagnosed with breast
cancer within the past 5 years, had received as least one
cycle of docetaxel, and had never been treated with
platinum-based antineoplastic drugs or paclitaxel were
included in the present study, a total of 98 individuals.

Measures

The demographic information collected from participants
in the parent study included age, education level, employment,
income, and levels of smoking, drinking, and regular exercise.
The clinical information collected included the presence of
chronic illness, menopausal status, cancer stage, recurrence,
lymph node involvement, surgical history, any chemotherapy
regimen, targeted therapy, radiation therapy, or hormone
therapy, anxiety, depression, CIPN, and neuropathic pain.

The Hospital Anxiety and Depression Scale (HADS)?%
was used to screen for anxiety and depression. This scale
consists of 14 items, each of which is scored on a scale
from 0 to 3. A total score ranging from 0 to 7 is considered
normal, a score of 8-11 is considered borderline abnormal,
and a score above 11 is considered abnormal.?% The
concurrent validities of anxiety and depression between the
Chinese version of the HADS and the mental component
summary of the Twelve-Item Short Form Health Survey
were —0.53 and —0.52, respectively, in cancer survivors.?"
In the current study, the internal consistency of the HADS
depression subscale and anxiety subscale were acceptable
to high (Cronbach’s oo = 0.66 and 0.83, respectively).

The Patient Neurotoxicity Questionnaire (PNQ)
includes separate items for self-reporting sensory and motor
neuropathy, each of which is ranked from “no symptoms”
to “severe symptoms.”?? The concurrent validities of
sensory neuropathy and motor neuropathy between the
PNQ and the Functional Assessment of Cancer Therapy/
Gynecologic Oncology Group-Neurotoxicity subscale were
0.66 and 0.51, respectively, among breast cancer survivors
who received taxane treatment.!

The Identification Pain (ID Pain) is a six-item
questionnaire used to identify neuropathic pain with total
scores ranging from —1 to 5.%4 The Chinese version of the
ID Pain had 81% sensitivity and 65% specificity, with a
cut-off score of 3; thus, patients with a score of 3 or greater
were considered to suffer from neuropathic pain.?! The
internal consistency of the ID Pain in the current study was
found to be acceptable (KR reliability = 0.35).
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The Pittsburgh Sleep Quality Index (PSQI) was used to
assess sleep quality. This 19-item index consists of seven
components, including general sleep quality, sleep latency,
sleep duration, habitual sleep efficiency, sleep disturbance,
use of sleeping medication, and daytime dysfunction.”® The
index scores ranged from 0 to 21, with a cut-off point of 5,
resulting in an 89.6% sensitivity and an 86.5% specificity;
thus, a score >5 indicated poor sleep quality.?! In the
current study, the internal consistency of the PSQI was
found to be acceptable (Cronbach’s oo = 0.78).

Statistical analysis

Data were analyzed using IBM SPSS Statistics
version 20.0 (IBM Corp, Armonk, New York, USA). We
performed descriptive analyses to assess the characteristics
of the sample and the distribution of sleep quality. The
scores from the HADS, the ID Pain, and the PSQI were
further categorized based on the suggested cut-off score.
The PNQ was categorized as with and without symptoms
based on the responses to the items. We performed a simple
logistic regression to test the association between various
characteristics of the sample and sleep quality.

Results

Characteristics of the sample

Among the 98 participants who were included in the
present study, the mean age was 51.4 years with a standard
deviation of 10. Most were under the age of 55 (62.3%),
had received at least a high-school education (78.6%),
were unemployed (53.1%), earned less than the average
income (76.6%), did not drink alcohol (80.7%), did not
smoke (99.0%), and engaged in regular exercise (75.5%).
Among these individuals, nearly all (99.0%) were newly
diagnosed with breast cancer, and most were in the early
stages of the disease (i.e., Stages I and II; 70.4%), had
lymph nodes involvement (55.1%), were undergoing
chemotherapy (61.3%), and had received a docetaxel
and CEF regimen (cyclophosphamide, epirubicin,
and 5-fluorouracil; 70.4%). Around one-third (30.6%)
had one or more chronic illness [Table 1], such
as hepatitis B (n = 7), diabetes mellites (n = 4),
hypertension (n = 7), heart disease (n = 4),
hyperlipidemia (n = 4), or thyroid disease (n = 1).
Furthermore, around three-quarters of the individuals
in the sample (76.5%) suffered from sensory or motor
CIPN to some degree [Table 2].

Distribution of sleep quality

A majority of theindividuals included in the sample (61.2%)
reported poor sleep quality. The mean + standard deviation
of the PSQI score was 7.54 *+ 4.45. Among the seven

Characteristics PSQI <5 (n=38), n (%) PSQI >5 (n1=60), n (%)

Employment

Unemployed 20 (20.4) 32(32.7)

Employed 18 (18.4 28 (28.6)
Income

Below average 28 (28.6) 47 (48.0)

Above average 10 (10.2 13 (13.3)
Regular exercise

No 10 (10.2) 14 (14.3)

Yes 28 (28.6) 46 (46.9)
Chronic illness

No 31(31.6) 37 (37.8)

Yes 7(7.1) 23(23.5)
Menopausal status

Pre 26 (26.5) 37 (37.8)

Post 12 (12.2) 23(23.5)
Cancer stage

Early 24 (24.5) 45 (45.9)

Advanced 14 (143 15 (15.3)
Surgery

No 2(2.0) 6(6.1)

Yes 36 (36.8) 54 (55.1)
Undergoing chemotherapy

No 20 (20.4) 18 (18.4)

Yes 18 (18.4) 42 (42.9)
Targeted therapy

No 15(15.3) 39(39.8)

Yes 23 (23.5) 21(21.4)
Radiation therapy

No 23(23.5) 45 (45.9)

Yes 15(15.3) 15 (15.3)
Hormone therapy

No 21(21.4) 41 (41.8)

Yes 17 (17.3) 19 (19.4)

PSQI: Pittsburgh Sleep Quality Index

subscales of the PSQI, poor subjective quality (1.37 £ 0.88),
long latency (1.34 * 1.11), short duration (1.37 = 1.08),
and sleep disturbance (1.34 + 0.56) were the most
severe [Figure 1]. In fact, nearly all (99.0%) reported some
form of sleep disturbance, with waking during the night or
early in the morning (1.65 + 1.22; 73.5%) and having to use
the bathroom (2.19 % 1.03; 90.8%) being the most common.

Potential risk factors for poor sleep quality

No significant relationships were found between any
of the demographic characteristics of the individuals who
made up the sample and their sleep quality. However,
some of their clinical characteristics were associated
with poor sleep quality, including chronic illness, anxiety,
neuropathic pain, sensory or motor CIPN, undergoing
chemotherapy, and received nontargeted therapy [Table 3].
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Table 2: Distribution of emotional distress, chemotherapy-

induced peripheral neurotoxicity and sleep quality (1=98)

Variable PSQI <5 (n=38), nn (%) PSQI >5 (n=60), n (%)
Anxiety

No 36 (36.7) 42 (42.9)

Borderline/yes 2(2.0) 18 (18.4)
Depression

No 31(31.6) 48 (49.0)

Borderline/yes 7(7.1) 12 (12.2)
Neuropathic pain

No 37 (37.8) 46 (46.9)

Yes 1(1.0) 14 (14.3)
Sensory neuropathy

No 19 (19.4) 17 (17.3)

Yes 19 (19.4) 43 (43.9)
Motor neuropathy

No 22 (22.4) 16 (16.3)

Yes 16 (16.3) 44 (44.9)

PSQI: Pittsburgh Sleep Quality Index

Table 3: Relationship between sample characteristics and sleep

quality

Characteristics OR 95% confidence interval r
Chronic illness

No 1

Yes 2.75 1.04-7.27 0.041
Undergoing chemotherapy

No 1

Yes 2.59 1.12-6.02 0.027
Targeted therapy

No 1

Yes 0.35 0.15-0.81 0.015
Anxiety

No 1

Yes 7.71 1.68-35.53 0.009
Neuropathic pain

No 1

Yes 11.26 1.42-89.63 0.022
CIPN-sensory neuropathy

No 1

Yes 2.53 1.08-5.91 0.032
CIPN-motor neuropathy

No 1

Yes 3.78 1.60-8.95 0.002

CIPN: Chemotherapy-induced peripheral neuropathy; OR: Odds ratio

Discussion

The present study yielded two main findings. First, more
than 60% of the individuals included in the sample reported
poor sleep quality, with their main problems relating to
latency, duration, and disturbances. Second, CIPN and
neuropathic pain were identified as potential risk factors for
poor sleep quality, along with chronic illness, undergoing
chemotherapy, receiving nontargeted therapy, and anxiety.
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30% —+—mean
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problem. The line graph indicated the mean score of every subscale. The bar chart indicated
le with a total lative per 100%.

the percentage of each score on every sub.

Figure 1: Distribution of sleep quality of participants

The primary aim of this study was to assess the
sleep quality of breast cancer survivors who received
docetaxel treatment. A prior systematic review found sleep
disturbances to be more prevalent among survivors who
did not receive taxane chemotherapy than among those
who did.'"? Since only survivors who received docetaxel
treatment were included in our analysis, we were unable to
compare the sleep quality of survivors who received taxane
treatment with those who did not. However, the 61.2%
of the individuals included in our sample who had sleep
problems represented a greater proportion than the average
of 40% of breast cancer survivors found to experience
such problems by Leysen ez al.!! In addition, general sleep
quality, sleep latency, and sleep disturbance were the
main problems reported by the survivors among the seven
components in the PSQI. A longitudinal study of sleep
quality before, during, and after chemotherapy found much
the same.¥ Around 60% of the survivors in our sample
reported <6 hours of sleep daily. Our findings reinforce
the impression that sleep is a significant concern in cancer
population, for short sleep duration predicts correlates with
increased mortality in advanced cancer survivors.?

Our second aim was to determine whether CIPN is a
potential risk factor for poor sleep quality. Our findings were
consistent with those of Tofthagen et al.!'' and Hong et al.,!
who reported that CIPN correlated significantly with sleep
quality in cancer survivors. However, while we categorized
survivors as being either with or without CIPN, the analysis
in those studies was based on the severity of CIPN and
showed, again, that CIPN was associated not only with
poorer sleep quality!'®!7 but also with the prevalence of
poor sleep quality.'” We found that motor neuropathy had
a greater impact on sleep quality than sensory neuropathy.
Since these earlier studies did not separately report sensory
and motor neuropathy, we were unable to compare our
results with theirs in this respect. Therefore, further study
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is needed of the separate effects of sensory and motor
neuropathy on sleep quality. Pain has been found to be an
important risk factor for sleep disturbance in breast cancer
survivors.l”! An earlier study also reported that neuropathic
pain could diminish sleep quality.?” Similarly, the survivors
in our study who suffered from neuropathic pain were more
likely than those who did not to develop poor sleep quality.
This result highlights the importance of attention to and
management of neuropathic pain in cancer survivors.

We also tested various demographic and clinical
characteristics of the individuals included in our sample.
Participants with comorbidity or anxiety reported poor
sleep quality, a result consistent with Phillips er al.?®) and
Desai et al.,?” respectively. However, unlike Leysen ez al.,”
Palesh ez al.,! and Phillips ez al.,?® we found no significant
relationships between menopausal status, smoking,
exercise, radiation therapy or depression and sleep quality.
These inconsistencies may at least in part be attributable
to differing sleep measures, follow-up time points after
diagnosis, and/or cut-off criteria for poor sleep quality.

In terms of treatment, survivors who were currently
undergoing chemotherapy tended to have poorer sleep
quality than those who were not. These findings are
consistent with those of prior studies in which cancer
survivors reported the highest prevalence of sleep problems
during chemotherapy.'*3" The systematic review conducted
by Costa et al.ll'% reported of more sleep disturbances by
survivors who received hormone therapy than by those
who did not. Similarly, survivors who received radiation
therapy reported higher sleep disturbance than those who
did not.'" However, no significant differences in this regard
were found in the current study. Moreover, the survivors in
our study who received targeted therapy were more likely to
report good sleep quality than those who did not. Targeted
therapy has been found to improve outcomes for breast
cancer survivors with positive human epidermal growth
factor receptor 2 (HER-2). Conversely, survivors with
negative hormone and HER-2 (those with triple-negative
breast cancer) may have relatively poor prognoses; thus, a
study of survivors of triple-negative breast cancer found that
they experienced significantly greater emotional distress and
worry about their cancer than those who were diagnosed
with a non-triple-negative breast cancer.B! This finding, we
suggest, may help to explain why, in this study, the survivors
who received targeted therapy reported better sleep quality
than those who received nontargeted therapy.

Limitations

The sample for this study consisted of breast cancer
survivors who had received docetaxel chemotherapy. By
assessing sensory CIPN, motor CIPN, and neuropathic
pain separately, we were able to distinguish their effects

on sleep quality. Our findings shed light on the impact of
chemotherapy-induced peripheral neurotoxicity on sleep.
This study was subject to some limitations. First, since the
data indicated the type of chemotherapy that the survivors
received but not whether they were concurrently undergoing
hormone therapy, radiation therapy, or targeted therapy,
we were unable to capture the exact influence of treatment
status on sleep quality. Second, because sleep quality was
assessed using a questionnaire that asked the participants
to recall their sleep problems over the previous month,
there was a possibility of misreporting. For these reasons,
future study is needed to use longitudinal study design
with a sufficiently large sample size and an objective sleep
assessment tool. By doing so, we will be able to clarify the
nature of the causal relationship between CIPN and sleep
quality.

Conclusions

The findings presented here provide fresh insight into
sleep quality and in particular the impact of CIPN on
sleep among breast cancer survivors who receive docetaxel
treatment. More than 60% of the survivors who made up
the sample for this study reported poor sleep quality and
sleeping <6 hours per night. Health care providers should,
accordingly, be aware of and seek to ameliorate sleep
problems in patients treated with docetaxel. In addition,
chronic illness, undergoing chemotherapy, treatment
with nontargeted therapy, and psychological discomfort
were identified as risk factors for poor sleep quality. More
specifically, the peripheral neurotoxicity associated with
docetaxel treatment can cause the CIPN and neuropathic
pain that contribute to poor sleep quality. By remaining
attentive to these risk factors, healthcare providers can
identify survivors who may suffer from sleep disturbances
early in treatment and provide interventions to prevent poor
sleep quality from diminishing their quality of life.
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