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Abstract

Background: Women with breast cancer experience a significantly higher prevalence of sleep disturbance and
insomnia than the general population. The experience of persistent sleep disturbance places these women at a
higher risk of psychological and physical morbidity and a reduced quality of life. Treatment for sleep in this
population is not part of routine care and is often managed inadequately. This randomised controlled trial will
examine the combined effects of cognitive behavioural therapy (CBT) and bright light therapy (BLT) on the
symptoms of insomnia, fatigue and mental health.

Method/design: Women diagnosed with breast cancer who receive intravenous chemotherapy treatment at a
quaternary referral metropolitan cancer centre in Melbourne, Australia, will be recruited. Recruitment will occur after
diagnosis and prior to completion of chemotherapy. Eligible women will be randomised to the combined CBT and
BLT intervention (CBT+) or relaxation audio-enhanced treatment as usual (TAU+). The CBT+ group will receive one
face-to-face session on sleep strategies, one subsequent telephone call, and seven email packages containing CBT-
based information and strategies. CBT+ participants will also wear Luminette® light glasses for 20 min each morning
for the 6-week duration of the intervention. Women in TAU+ will receive two relaxation audio tracks via email.
Outcomes will be measured at multiple points throughout the 6 weeks. Primary outcomes will be symptoms of
insomnia and sleep efficiency, measured using the Insomnia Severity Index and a self-reported sleep diary.
Secondary outcomes include objective measures of sleep assessed using the ActiGraph wGT3X-BT, and sleep-
related complaints, fatigue and mental health, all assessed using the Patient-Reported Outcomes Measurement
Information System (PROMIS). Data will also be collected on potential treatment moderators and mechanisms and
adherence to treatment. There will be 3-month follow-up measurements of insomnia symptoms, fatigue, sleep-
related impairment, sleep disturbance, depression and anxiety.
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Discussion: This is the first randomised controlled trial to combine CBT and BLT for the treatment of sleep
disturbance in women with breast cancer. This novel design addresses the multiple causal factors for sleep
complaints in this population. Results from this trial will advance knowledge in this field and may have important
clinical implications for how best to treat sleep disturbance and insomnia in this population. If effective, the largely
email-based format of the intervention would allow for relatively easy translation.

Trial Registration: Australian New Zealand Clinical Trials Registry (ANZCTR), ACTRN12618001255279. Retrospectively
registered on 25 July 2018.

Keywords: Light therapy, Cognitive behavioural therapy, Sleep, Insomnia, Fatigue, Randomised controlled trial,
Chemotherapy, Breast cancer

Background
Breast cancer (BC) is the most common cancer in
women, with an estimated 19,371 new diagnoses in 2019
in Australia [1]. Among women with BC, a high preva-
lence of sleep disturbance and insomnia are reported
before, during and after treatment for BC in both early-
stage and metastatic cancer [2]. Prevalence estimates for
insomnia in individuals with BC range from 30% to 60%
[3], 3–6 times the prevalence in the general population
[4]. Furthermore, up to 87% of women with BC report
sleep disturbances that may not meet the clinical criteria
for insomnia [5], yet still yield negative consequences in-
cluding a higher risk of psychological and physical mor-
bidity and a reduced quality of life [6, 7]. Sleep
disturbance in women with BC is linked with poor phys-
ical recovery, an increased likelihood of BC recurrence,
impaired cognitive functioning, decreased work producti-
vity, medication misuse and abuse, and poorer interper-
sonal relationships [8, 9]. The increased risk of recurrence
is of particular concern to both individuals and their loved
ones, and places additional costs on the health care
system. Despite most women who are treated for BC ex-
periencing significant sleep disturbance and elevated rates
of insomnia, sleep treatment is not standard and sleep
disturbance or insomnia are commonly managed in-
adequately, in part due to standard treatments being time
and resource intensive.

Causes of sleep disturbance among women with BC
The high prevalence of insomnia and sleep disturbance
experienced by people with cancer has been attributed
to cancer treatments and their side effects, psychosocial
factors such as anxiety, stress and depression, and circa-
dian disruption. These are discussed in the following
sections.

BC treatments and sleep disturbance
The most common treatments for BC include surgery,
radiotherapy, chemotherapy and hormonal therapy.
Physical symptoms caused by treatment (for example,
nausea, hot flushes, night sweats, urinary frequency,

pain, changes in body image and skin reactions) are
recognised as the main treatment-related factors per-
petuating sleep disturbance [5]. Many of these symptoms
are side effects of anticancer or supportive care medica-
tions. Thus, it is not surprising that a recent systematic
review investigating the impact of treatment for BC on
sleep found that women undergoing chemotherapy and
radiotherapy showed the greatest sleep impairments in
comparison to other BC treatment regimens [10]. Pre-
viously, Palesh and colleagues [5] found the prevalence
of sleep disturbance among cancer patients to be highest
during chemotherapy treatment, with up to two-thirds
of patients undergoing chemotherapy reporting impaired
sleep. Corticosteroids, such as dexamethasone, are com-
monly used in the days surrounding a chemotherapy
cycle and acutely increase alertness and insomnia [11],
representing one reason why sleep often is disrupted
during this time. Surgical treatments also impair sleep
due to disruption during hospitalisation, as well as post-
operative pain and inflammatory responses. However,
sleep disturbance following surgery is less severe than
the disturbance associated with chemotherapy, hormonal
therapy and radiotherapy [10].

Psychosocial factors and sleep disturbance
BC diagnosis and treatment are associated with psycho-
logical challenges [12], including elevated levels of life
stress, depression and anxiety [13], which negatively
impact sleep [3]. Common experiences include intrusive
thoughts, worry and rumination surrounding diagnosis,
treatment and prognosis [14]. Anxiety and stress are
linked with sleep disturbance among people with cancer
during both active treatment [15, 16] and survivorship
[2]. Depression is common, with research showing that
over 16% of women with BC meet criteria for major
depressive disorder and nearly 40% have persistently
elevated depression symptoms in the year after diagnosis
[17]. Sleep disturbance is a recognised symptom of
depression [18] and depression predicts sleep disturbance
among women with metastatic BC [13].
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Circadian disruption and sleep disturbance
Sleep, wake and other behavioural and physiological pro-
cesses are typically entrained to zeitgebers (environmen-
tal time cues), with the most prominent being the 24-h
cycle of light and dark. Compared to healthy controls,
people with BC display evidence of more disrupted
circadian rhythms, including decreased amplitude of rest
activity rhythms [19–22]. Chemotherapy has been impli-
cated as a key contributor to these disruptions [23, 24].
In women with BC, 24-h sleep–wake rhythms worsens
during chemotherapy [25]. Despite some brief recovery
after each chemotherapy cycle, sleep–wake rhythms
appear to become increasingly worse over multiple
cycles [25]. Therefore, ongoing chemotherapy may be
partly responsible for the deterioration of circadian
rhythms among women with BC.
Disruptions to circadian rhythms are implicated in

cancer-related sleep disturbance [26, 27], depressive
symptoms and worse overall quality of life [3]. Research
also demonstrates associations between circadian dis-
ruption and cancer incidence and progression [26].
Mormont and colleagues [28] found that people with
cancer exhibiting dysregulated circadian rhythms were
five times more likely to die within 2 years compared to
those with more distinguishable circadian rhythms. Core
circadian genes may be important in tissue homeostasis
and tumorigenesis such that the disruption of circadian
rhythms accelerates tumour progression. It has been
argued that restoring circadian rhythms through sleep
interventions could improve prognosis [27].

Treating sleep in cancer
Cognitive behavioural therapy
Cognitive behavioural therapy (CBT) for insomnia is well
established as an effective treatment for insomnia, with
efficacy comparable to sleep medication in the short term
and superior in the long term [29]. Individuals with
insomnia—whether or not it is comorbid with a medical
condition such as cancer—typically exhibit cognitive and
physiological hyperarousal, demonstrate attentional biases,
and endorse problematic, sleep-related beliefs [3]. Typic-
ally, CBT is delivered as a multi-component intervention
to address these inter-related aspects of insomnia and may
include sleep restriction, stimulus control, sleep hygiene,
cognitive restructuring and relaxation training. A system-
atic review of CBT in people with cancer found that CBT
has larger effects on treating both insomnia and sleep
disturbance than pharmacotherapy, medication placebo,
relaxation therapy, sleep hygiene education and ‘treatment
as usual’. Critically, CBT has durable effects long after
treatment completion [3]. Even when factors outside of an
individual’s control (for example, medications and physical
symptoms) interfere with sleep, CBT-based strategies can
improve sleep. This is because CBT increases sleep drive,

extinguishes conditioned arousal, and focuses on altering
maladaptive behaviours and cognitions that individuals
with insomnia adopt. Growing evidence demonstrates that
the insomnia and sleep disturbances that present comor-
bid with psychiatric or medical disorders are responsive to
CBT [30]. Importantly, CBT improves subjective sleep
outcomes in people with cancer [3].
Traditionally, CBT for insomnia (CBT-I) is delivered

in one hour face-to-face sessions with a trained clinician.
Despite the evidence for its efficacy, the demanding re-
quirements of CBT for both individuals and clinicians
limit its accessibility, particularly given the medical and
symptom burden people with cancer already face. Con-
sequently, a small number of studies have trialled con-
densed versions of CBT in this population. The efficacy
of a 9-week internet-based CBT programme was exam-
ined in a sample of cancer survivors. The study reported
that those receiving the intervention demonstrated sig-
nificantly greater improvements in insomnia severity,
sleep efficiency, and sleep quality when compared to a
control group [31]. In people with BC, Savard and col-
leagues [32] compared video-based CBT, professionally
administered CBT-I, and a no-treatment group. Profes-
sionally administered CBT resulted in the greatest sleep
improvements, but video CBT showed significant sleep
improvements compared to the no-treatment group.
These studies provide evidence for the efficacy of CBT
in people with cancer, even when delivered in a reduced
but more accessible format.

Light therapy
Bright light is one of the strongest cues for circadian
timing; in addition, it has an alerting effect and can
reduce fatigue [33], a common symptom particularly
following chemotherapy [34]. Bright light therapy (BLT)
is a simple form of treatment with relatively low costs,
and its efficacy in treating circadian disruption has been
well documented [33, 35–37]. Although BLT is effective
in a range of populations presenting with insomnia,
disturbed sleep or fatigue, there are no guidelines to date
for the use of BLT for specific sleep complaints or cli-
nical populations. There is consensus in research regard-
ing the timing of BLT treatment [33]. Exposure to BLT
around habitual waking time may shift the circadian
rhythm earlier, whereas BLT in the biological evening
could shift the circadian rhythm later. BLT has its great-
est effect on circadian rhythms immediately before or
after the temperature nadir (the lowest point the core
body temperature falls to overnight, typically between 4
and 6 a.m.) [33]. Thus, BLT in the morning should
ideally occur early, without forcing individuals to wake
too early resulting in daytime sleepiness.
Despite the evidence for circadian disruption among

women with BC and the efficacy of BLT, few studies
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have investigated BLT in this population. Ancoli-Israel
and colleagues [38] tested BLT to prevent fatigue in
women undergoing chemotherapy. In their study, the
BLT protocol consisted of placing a 10,000 lux light box
approximately 45 cm from the participant’s head within
a 45° angle from the midline of the visual field. The light
box was used for 30 min each morning on awakening
throughout the first four cycles of chemotherapy. This
intervention was effective in preventing women from
experiencing fatigue during chemotherapy [38]. In the
same study, BLT also protected women from circadian
disruption during chemotherapy [26]. Redd and col-
leagues [39] utilised the same BLT protocol for 4 weeks
in a sample of BC survivors, and found that BLT signifi-
cantly improved cancer-related fatigue. Similar findings
were previously reported by Liu and colleagues [40].
However, despite the promising evidence, there is little
evidence on whether BLT improves sleep, not just
fatigue, during chemotherapy for BC.

Moderators
Although CBT and BLT are effective interventions, not
all people respond to treatment, highlighting the need to
identify moderators of treatment response. The current
study focuses on two categories of moderators: 1) factors
that influence treatment engagement such as patient ex-
pectations; and 2) factors around the cause of sleep dis-
ruption, such as cancer and supportive care treatments
and physical symptoms. Perceived treatment credibility
and expectations of therapeutic outcomes may act
together to influence treatment engagement and ad-
herence. Research shows that positive expectancies are
associated with greater adherence and better treatment
outcomes to CBT [41].
Pain is a frequently identified contributor to insomnia,

with prevalence rates between 33% and 52% for women
with non-metastatic BC, with rates increasing to 56–68%
among women with metastatic BC [13]. Although relax-
ation components of CBT may reduce pain in people
with cancer [42], neither CBT nor BLT target pain dir-
ectly and thus may be less effective in people with severe
or persistent pain. An individual’s sleep chronotype also
may moderate the efficacy of sleep intervention. Sleep
chronotype refers to the timing of the sleep–wake cycle
that is influenced by endogenous (circadian) and ex-
ogenous (work/social schedule) factors. It is the propen-
sity for morningness (waking and sleeping earlier in the
24-h cycle) or eveningness (waking and sleeping later).
Individuals with evening chronotypes tend to experience
increased sleep problems in addition to a greater degree
of irregularity in their sleep–wake cycle and greater
psychiatric distress [43]. Although CBT improves sleep
regardless of chronotype [44], BLT is more effective in
individuals with good sleep hygiene and regular sleep

timing, both traits of people with morning chronotypes
[33]. Conversely, people with morning chronotypes may
already be exposed to BLT naturally, so that BLT may
be more effective for people with an evening chronotype.
Chronotype may therefore moderate the therapeutic
effects of light therapy among women with BC.

Mechanisms
The CBT+ intervention is based on CBT-I and includes
the fundamental components of stimulus control, sleep re-
striction, cognitive restructuring and sleep hygiene. These
components are intended to target specific mechanisms of
insomnia. As this is a reduced version of traditional CBT
and in an understudied population, it is important to
examine whether it acts on the same expected mecha-
nisms. Understanding the mechanisms through which the
CBT+ programme impacts primary and secondary out-
comes also may provide important clinical implications for
how best to treat poor sleep in this population.
Individuals with insomnia experience increased worry

and rumination and often develop distorted or unhelpful
beliefs about sleep [45]. Among women with BC, experi-
ences of anxiety, rumination and intrusive thoughts are
particularly common [14]. The cognitive restructuring and
psychoeducation components of the CBT+ programme
aim to help participants manage night-time worry and
shift unhelpful beliefs and attitudes toward sleep. Measur-
ing change in participant’s dysfunctional beliefs and atti-
tudes toward sleep, and their rumination and intrusive
thoughts before bed, will provide insight into how changes
in these variables may be associated with sleep outcomes.
Hyperarousal also is recognised as a central factor that

perpetuates insomnia [46]. When there are repeated
associations between poor sleep and the bedroom environ-
ment, conditioned arousal occurs, and the bed can become
a stimulus for heightened arousal. Cognitive patterns of
rumination and anxiety in bed can also contribute to pre-
sleep arousal. Stimulus control, relaxation, and cognitive
restructuring components of the CBT+ programme can all
lead to a reduction in pre-sleep arousal.
Stress has been identified as a common precipitating

factor in the development of insomnia. However, the de-
gree to which individuals experience sleep disturbance
when exposed to stressors can vary depending on one’s
vulnerability to stress-related insomnia [47]. BC diagno-
sis and treatment are major stressors and those women
with a greater vulnerability to insomnia under stress
may be at a higher risk of future insomnia. Measuring
women’s vulnerability to insomnia under stress through-
out the intervention may provide useful information on
whether women at greater risk of insomnia development
are more or less responsive to the CBT+ programme.
Given the multi-faceted nature and causes of sleep dis-

turbance in women with BC, sleep treatment should target
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a range of common causes yet be brief and low cost as
most people with cancer experience sleep disturbance and
urgently need better symptom management.
To address these needs, we designed an innovative,

low-cost intervention combining condensed CBT and
BLT (CBT+). Together, these therapies address common
behavioural, psychological and physiological causes of
sleep disturbance. Furthermore, CBT+ addresses the
night-time sleep disturbance and the daytime fatigue
that are both prevalent in women with BC. In this
randomised controlled trial, we evaluate the efficacy of
CBT+ versus treatment as usual enhanced with relax-
ation audio (TAU+) in women being treated with
chemotherapy for BC.

Aims and hypotheses
Aim 1
Aim 1 is to test the efficacy of CBT+ compared to
TAU+ for improving symptoms of sleep disturbance. It
is hypothesised that participants receiving CBT+ will
show improvements on measures of sleep disturbance
compared to participants receiving TAU+.

Aim 2
Aim 2 is to test the efficacy of CBT+ versus TAU+ on
psychological outcomes. It is hypothesised that parti-
cipants receiving CBT+ will experience a decrease in
symptoms of depression and anxiety compared to parti-
cipants receiving TAU+.

Aim 3
Aim 3 is to explore potential mechanisms of CBT+ and
moderators of the intervention efficacy. Multiple factors
may moderate the efficacy of CBT+ including pain,
chronotype, perceived credibility and expectations of the
intervention, and adherence to the intervention protocol.
Given the lack of knowledge surrounding the impact of
these potential moderators in the BC population, this
study aims to explore whether any of these moderators
has a significant effect on intervention outcomes.
Furthermore, this study aims to provide insight into the
mechanisms through which CBT+ may improve sleep in
women with BC. Based on the factors contributing to
sleep disturbance that are targeted by CBT+, the follow-
ing potential mechanisms will be investigated: pre-sleep
arousal, beliefs and attitudes about sleep, vulnerability to
insomnia under stress, and rumination and intrusive
thoughts before bed.

Method
Study design
This is a randomised, two-group, parallel, non-blinded,
controlled, single-centre, superiority trial. One group will
receive combined CBT plus BLT (CBT+). The other

group will receive treatment as usual enhanced with a
relaxation audio programme serving as an active control
(TAU+). All participants will be involved in the trial for
the 6-week duration. Measures will be taken at baseline,
at the mid-point of the intervention (3 weeks) and post-
treatment (6 weeks). A follow-up assessment will occur
at 3 months to evaluate any sustained effects of the
intervention on primary and secondary outcomes. This
trial and protocol adhere to SPIRIT [48] and TIDieR
[49] recommendations.

Recruitment and consent
Women diagnosed with BC who receive intravenous
chemotherapy treatment at the Peter MacCallum Cancer
Centre (PMCC) in Melbourne, Australia, will be re-
cruited after diagnosis and prior to the completion of
chemotherapy. We have taken several steps to ensure we
achieve adequate recruitment and enrolment. The
PMCC pharmacy department will generate a report of
potentially eligible women identified through their
chemotherapy chart. The research team will attend the
Chemotherapy Day Unit when each eligible woman has
a scheduled appointment and approach women in per-
son, which encourages higher enrolment. Due to the
stress associated with BC treatment and the commence-
ment of chemotherapy, women will not be approached
during their chemotherapy education session or at their
first chemotherapy appointment. Potentially eligible
women who show an interest in participating will be
provided with information about the study. Should they
choose to participate, written informed consent will be
obtained. After consenting, women will complete further
screening assessments to determine whether they are eli-
gible to participate. We have taken steps to help reten-
tion and completion of follow-up. The CBT+ condition
was carefully designed to minimise burden (see section
below on CBT+ intervention). In the TAU+ condition,
we include a mid-point telephone call and emails to
maintain engagement.

Screening
Further eligibility will be assessed via structured inter-
views designed to detect sleep disorders or severe psy-
chiatric disorders. Sections of the Mini International
Neuropsychiatric Interview (MINI) [50] will be adminis-
tered, including those relating to major depressive dis-
order (module A), generalised anxiety disorder (module
N), manic and hypomanic episodes (module C), alcohol
dependence and abuse (module I), substance depend-
ence and abuse (module J), current post-traumatic stress
disorder not related to cancer experiences (module H),
and psychotic disorders (module K). The Duke Struc-
tured Interview for Sleep Disorders [51] will be adminis-
tered in its entirety. A detailed risk management
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protocol was used to ensure that if previously unidenti-
fied disorders were found, women were referred to
psychology, psychiatry or sleep clinics, as appropriate.
Inclusion criteria are: women diagnosed with any stage

of primary BC; over 18 years of age; receiving intraven-
ous chemotherapy, with or without radiotherapy, during
the study period; able to provide informed consent; able
to understand and speak English; able to regularly
receive and access emails; able and willing to wear light
therapy glasses.
Exclusion criteria are: male; receiving neo-adjuvant

chemotherapy; diagnosed with a severe psychiatric dis-
order or severe substance use disorder as identified
through the MINI; having a history of migraines. Indi-
viduals with very advanced sleep timing, defined as a ha-
bitual bedtime before 8 p.m. and rise time before 4 a.m.
or delayed sleep timing defined as habitual bedtime after
3 a.m. and rise time after 11 a.m., or irregular or non-24
sleep and wake pattern will be excluded, based on the
Duke structured sleep interview.
It is possible that eligible participants will be receiving

additional treatment for sleep complaints (for example,
psychological treatment, prescribed sleep medication,
herbal remedies, and so forth). These participants will
not be excluded; however, this information will be ob-
tained via self-reports and medical record extraction and
will be adjusted for in sensitivity analyses. Involvement
is voluntary, and participants may withdraw from the
study at any time. Involvement will not impact partici-
pants’ care and their medical treatment will continue as
usual.

Randomisation
Eligible participants will be randomised into the CBT+
or TAU+ group using a complete randomisation scheme
generated in advance. Specifically, block sizes of variable
size (4, 6 or 8) will be used. Random seeds will be gener-
ated to ensure allocation concealment and prevent pre-
guessing of the allocation sequence at the end of each
block. Randomisation will be stratified by baseline In-
somnia Severity Index (ISI) scores (≤7, ≥8) and cancer
stage (≤2, ≥3). The randomisation scheme was generated
and setup in REDCap (Research Electronic Data
Capture) by a member of the research staff (BB) who is
not involved in recruitment or delivery of intervention
and is not the principal investigator. All participants will
receive a random identification number, which will be
used to link data from the different assessments. All
direct identifiers (for example, name, address and
telephone numbers) will be stored separately.

CBT+ intervention
The CBT+ intervention involves seven time points when
materials are delivered across 6 weeks. The intervention

will be delivered via: one face-to-face session of up to 75
min, to be conducted at the PMCC in the Chemotherapy
Day Unit; one telephone call lasting approximately 20
min; seven emails (one per week that take approximately
15–20min to read); and one brief telephone call (2–5
min) at the end of the intervention to ask about adverse
events.
Intervention components delivered via email use the

online software Mailchimp, which provides professional
email templates and automates the timing of interven-
tion delivery.

Cognitive behavioural therapy for insomnia The
intervention materials for the CBT component were
adapted from the Cognitive behavioural treatment of
insomnia: a session by session guide [52]. Core compo-
nents of the intervention content include:

� General information and skills for better sleep (for
example, sleep hygiene, relaxation and mindfulness
exercises, dealing with night-time worries)

� Fostering healthy attitudes and expectations about
sleep following cancer diagnosis and during
treatment

� Managing sleep challenges specific to cancer
patients (for example, physical discomfort, pain,
daytime consequences of poor sleep)

� Identifying and managing symptoms of insomnia
(for example, self-monitoring, stimulus control, sleep
scheduling, bed restriction)

The CBT face-to-face session will be delivered by
HRB, a provisional psychologist and doctoral graduate
student who has completed >450 h of clinical client con-
tact and an additional 40 h of specific CBT-I training.
HRB will be supervised by senior clinical psychologists
JD and BB.

Light therapy individualised protocol The light ther-
apy component will consist of daily use of light glasses
for the 6-week duration of the intervention. Participants
will receive a pair of Luminette® glasses with light inten-
sity locked at 1500 lux and will be instructed to wear
them for 20–30 min after awakening each morning. The
specific timing of use will be established with each
participant during the face-to-face session, and will be
based on their individual sleep–wake timing and chrono-
type, accounting for early awakenings. A written light
therapy manual covers the key components to be
discussed in the face-to-face session.

Minimising participant burden The intervention was
designed to deliver effective results while being of min-
imal burden. Given that women with BC already have an
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intensive treatment regimen, the design of the interven-
tion was carefully considered, weighing the physical and
psychological benefits with the effort and time associated
with each intervention component. The face-to-face
session will be scheduled around participants’ existing
appointments to reduce the burden of travel. All other
aspects of the intervention can be completed in the
comfort of the participants’ own homes. The light
glasses are comfortable, easy to wear, and can be worn
over prescription eyeglasses. Outside of morning
showers, vigorous exercise, or driving, the light glasses
are not likely to disrupt participants’ usual morning rou-
tines. Wearing the light glasses will not impair partici-
pants’ ability to move around and undertake any
domestic or work-related responsibilities (such as pre-
paring and consuming food, household cleaning, read-
ing, writing or typing). Furthermore, the intervention is
economical from the perspective of the health care sys-
tem as it is relatively simple for clinicians to deliver and
entails minimal financial expense and burden of time.
These are important considerations when evaluating
whether the intervention, if effective, could be imple-
mented into routine care.

TAU+ intervention
The control group will receive two emails containing
web links to relaxation audio tracks. These emails will
be received during the first and third weeks of the inter-
vention. The first relaxation audio consists of abdominal
breathing strategies that may assist in calming the mind
and relaxing the body. The second audio consists of a
progressive muscle relaxation. Both audio tracks are ap-
proximately 15 min long and participants are instructed
to listen to these audio tracks whenever they feel it could
be beneficial. These relaxation tracks were developed by
the Australian Cancer Council to assist people in coping
with a cancer diagnosis. The audio tracks do not contain
any sleep-specific information; instead, they include gen-
eral relaxation strategies that can be used by participants
at any time during the day or night. The control group
will also receive a brief telephone call (15 min) during
the fourth week of their study to check in with partici-
pants and respond to any queries or complaints. After
the 3-month follow-up assessment, women in TAU+ will
be offered the seven CBT+ email packages. Women are
informed during consent that they will be randomised
and, if randomised to TAU+, will receive the CBT+ ma-
terials after their final follow-up assessment.
Relaxation audio was chosen as a control so that the

efficacy of the intervention can be compared to a general
relaxation paradigm that may offer benefits for wellbeing
and stress reduction but does not specifically target
sleep. Furthermore, an active control will reduce the in-
fluence of placebo or expectancy effects and ensure that

all women who participate in the study receive some ef-
fective support. The number of times TAU+ participants
open relaxation emails and click on relaxation audio
links will be monitored to evaluate participant engage-
ment with the programme. Notably, both groups
continue treatment as usual, including any standard
management of sleep symptoms from their oncology
team or other health care providers.

Assessments and outcomes
Table 1 displays the measurements used in this study
and the time points at which they will be administered.
Screening interviews will be conducted in person during
recruitment prior to randomisation. Baseline (week 0),
mid-treatment (week 3), post-treatment (week 6), and 3-
month follow-up (week 12) questionnaires with self-
report measures will be completed online by emailing
women a link to a survey on Qualtrics, or via telephone
for women who prefer not to complete questionnaires
online. Questionnaires completed via Qualtrics will be
considered valid if they are completed within ±1 week of
the planned time.
During the intervention phase, sleep will be assessed

continuously via daily sleep diaries and actigraphy. Sleep
diaries will be provided to all women in a paper and
pencil format only. The actigraphy watch (ActiGraph
wGT3X-BT) is of similar size to a regular wristwatch
and will be worn by women continuously during the 6-
week intervention. For women in the CBT+ group, the
sleep diary also will assess daily light therapy adherence.
Prior to commencing the intervention, women will be
supplied with six diaries, one for each week of the inter-
vention, and six pre-paid addressed envelopes so that at
the end of each week women can post that week’s diary
to the research team. Outcome assessment is not
blinded as all outcomes (except for sleep based on
actigraphy) are patient-reported outcomes.

Audio recording
All face-to-face and telephone contacts will be recorded
via dictaphone for quality control. Audio recordings will
be stored securely with password protection. Written
informed consent from participants will be sought before
obtaining audio recordings.

Primary outcome measures
There are two primary outcomes: changes from baseline
to post-intervention in the ISI [53], the gold standard for
assessing insomnia symptoms, and self-reported sleep
efficiency (SEs). SEs will be obtained from the daily sleep
diary based on the consensus sleep diary [54]. SEs is
calculated using the ratio of self-reported total sleep
time divided by the total time spent in bed for sleep.
Outcomes will be measured by observing the change in
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participants’ average SEs between the first week and
the last week of the intervention. SEs is commonly
used as an indicator of progress in insomnia treatment
as high sleep efficiency scores indicate consolidated
sleep [55–57].

Secondary outcome measures
Secondary outcomes will include additional dimensions
of sleep behaviours assessed via self-reported sleep diar-
ies and actigraphy, and symptoms of fatigue, depression

and anxiety. Sleep-onset latency, wake after sleep onset
and total sleep time will be derived from the sleep
diaries and the ActiGraph. The ActiGraph wGT3X-BT
records continuous activity information using a three-
axis accelerometer along with ambient light. Using the
activity data, the wGT3X-BT provides estimates for sleep
timing (bed time and rise time), sleep duration (time in
bed and total sleep time), and sleep quality (sleep
efficiency, sleep-onset latency, wake after sleep onset).
Actigraphy data scoring will follow standard protocol,

Table 1 Assessment measures used in the CBT+ study

X indicates measure administered at that time point; N items indicates the number of items in each scale; a continuous line indicates
measured/undertaken continuously
CBT+ combined cognitive behavioural therapy and bright light therapy, PROMIS Patient-Reported Outcomes Measurement Information System, TAU+ treatment as
usual plus relaxation audios
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integrating estimates from the automated scoring algo-
rithm along with ambient light, and sleep diary reports
of bed and rise time. Actigraphy sleep assessments are
time and date stamped so that they can be matched with
the self-report sleep diary measures. In sleep studies it is
common to evaluate the impact of interventions on
multiple behavioural dimensions of sleep as not all di-
mensions may change. Furthermore, it is helpful to sup-
plement self-reported sleep with an objective measure
(actigraphy). Evidence suggests that, often, there is only
modest agreement between sleep diary and actigraphy,
suggesting that these two measures capture unique
information and are not redundant [58].
The Patient-Reported Outcomes Measurement Infor-

mation System (PROMIS) scales will be used to assess
other secondary outcomes including sleep-related im-
pairment and sleep disturbance [59], fatigue [60], and
mental health measures of depression and anxiety [61].

Treatment moderator and mechanism measures
Potential treatment moderators will be measured as fol-
lows. The PROMIS pain intensity short-form scale will
be used to assess pain [62]. The six-item Credibility Ex-
pectancy Questionnaire [63, 64] will be used to assess
participants’ perceived credibility and expectancy of
treatment. Chronotype will be assessed using five self-
rated items in the reduced Morningness and Evening-
ness Questionnaire. Treatment adherence for the CBT+
and TAU+ control relaxation components will be mea-
sured via self-report questions at the mid-point and end
of treatment, assessing the frequency of use and useful-
ness of strategies. The number of times that participants
in the CBT+ and TAU+ groups open emails and click
on email links will also be monitored. For the CBT+
group, adherence to light glasses use will be monitored
daily and documented as part of participants’ sleep
diaries.
The following potential mechanisms of treatment effi-

cacy will also be measured. Beliefs and attitudes about
sleep will be measured using the average of 16 self-rated
items from the Dysfunctional Beliefs and Attitudes about
Sleep Scale and Pre-sleep Arousal Scale [65]. Vulnerabil-
ity to insomnia under stress will be assessed using the
nine-item Ford Insomnia Response to Stress Test [66].
Pre-sleep arousal will be assessed with the Pre-Sleep
Arousal Scale [67]. Intrusive thoughts will be measured
via the eight-item Intrusive Thoughts subscale of the
Impact of Events Scale [68].

Sample size and power
Based on previous studies of CBT for insomnia and
sleep in people with cancer and BLT [69–74] we expect
a moderate to large effect size for both primary out-
comes. Given that our combined CBT+ targets multiple

and different mechanisms of change, we expect larger ef-
fects than shown in previous studies utilising only CBT
or BLT. Specifically, we expect a standardised mean dif-
ference of d = 0.70, corresponding to a medium-to-large
between-group effect at the post-treatment assessment.
Power analyses based on an independent samples t test

showed that a total of 70 women will provide >80%
power to detect a standardised mean difference of 0.70
at post-treatment, assuming α = 0.05 and equal variance
between groups. Power analyses are not readily available
for latent growth models (LGMs) and require complex
simulations. Therefore, we chose power analysis based
off a t test as a conservative estimate as, due to random-
isation, no baseline differences between conditions are
expected so the difference in the slopes from LGMs be-
tween treatment and control will be based on post-
treatment mean differences but should have lower vari-
ability because of removing variability due to individual
differences at baseline. Thus, we anticipate the LGMs
will have more power than a t test based on post-
treatment scores and that our power estimates are
conservative, although final power will depend on the
difference, variability, and correlations in data over time,
which are unknown. We will continue recruitment until
we reach 70 completers. Progress to date is shown in
Fig. 1.

Statistical analyses
Primary analyses will be conducted on an intention-to-
treat basis. Thus, results for all randomised women will
be analysed in the group to which they were assigned,
regardless of protocol violations. The only exception to
this will occur if participants withhold or withdraw con-
sent to use their data in the analysis. Statistical analyses
will be conducted in R (data management, graphs, pre-
liminary analyses) and MPlus using MplusAutomation
[75]. As a preliminary step, data will be assessed for out-
liers and skew and, where appropriate, transformed or
winsorised. Prior to primary analyses, we will produce a
thorough descriptive profile of the sample, characterising
both the dropout and missing data. There are no interim
analyses planned. Statisticians will not be blinded.

Baseline comparisons
Participant characteristics at baseline will be presented
by treatment group, and statistical tests will be con-
ducted to verify that randomisation was successful.
Discrete variables will be summarised by frequencies
and percentages, and baseline group differences tested
using chi-square tests. Continuous variables will be
summarised using mean (standard deviation) or median
(interquartile range) and baseline group differences,
tested using independent t tests or Wilcoxon signed-
rank tests for variables that evidence non-normal
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distributions. If there are significant differences in any
participant characteristics at baseline, the variable(s) will
be included as covariates in the final analyses.

Aim 1
Aim 1 is to test the efficacy of CBT+ compared to
TAU+ for improving symptoms of sleep disturbance.
Aim 1 will be tested using LGMs. LGMs will be esti-
mated with an intercept and two linear slopes, repre-
senting a piecewise model. Slope 1 will have loadings
constrained to 0, 0.5, 1.0 and 1.0 for weeks 0, 3, 6 and
12, respectively, capturing the linear change from base-
line (week 0) to post-intervention (week 6). Slope 2 will
have loadings constrained to 0, 0, 0 and 1.0 for weeks 0,
3, 6 and 12, respectively, allowing a different slope from
post-intervention (week 6) to follow-up (week 12) com-
pared to from baseline (week 0) to post-intervention
(week 6). The means and variances of the intercept and
slope factors will be freely estimated (corresponding to
random effects in linear mixed models) and the intercept
and slope covariances will be estimated. The residual
variance will be constrained to equality across time and

residuals assumed uncorrelated, corresponding to an in-
dependent, homogenous residual structure. Intercepts of
indicators will be constrained to 0 to allow estimation of
the latent random intercept mean.
There are two stratification factors: screening ISI (≤7,

≥8) and cancer stage (≤2, ≥3). These factors will be
crossed, creating four groups: early-stage, low ISI;
advanced-stage, low ISI; early-stage, high ISI; and
advanced-stage, high ISI. Dummy codes will be created
for each strata, with early-stage, low ISI treated as the
reference group. These dummy codes will be included as
covariates to adjust for their effect on the random
intercept following recommendations that stratification
factors be adjusted for in analyses of randomised
controlled trials [76, 77].
Treatment effects will be evaluated by creating a

dummy code (0 = TAU+, 1 = CBT+). This dummy code
will be entered as a predictor of the intercept, slope 1
and slope 2. However, treatment factors will be con-
strained to 0 for the intercept, to implement so-called
constrained longitudinal data analysis, which studies
show provides a more accurate estimate of treatment

Fig. 1 CONSORT participant flow chart of recruitment. CBT+ combined cognitive behavioural therapy and bright light therapy, TAU+ treatment as
usual plus relaxation audios
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effects from randomised controlled trials with repeated
measures [78, 79].
The primary trial results will be the effect of treatment

on slope 1 (i.e. from week 0 to week 6). This interaction
directly tests whether the change in primary outcomes
over time is different in the control and intervention
arm. Effect sizes of the group difference at each time
point also will be calculated.
A similar process will be followed for sleep efficiency;

however, a continuous time, linear model will be esti-
mated using a mixed effects model in Mplus because up
to 42 days of sleep efficiency are collected. A piecewise
model is not needed as sleep diary data are not collected
at follow-up due to burden. Sleep efficiency may not
follow a normal distribution. If the assumption of normal-
ity is violated, significance tests and confidence intervals
will be based on non-parametric bootstrapping.

Aim 2
Aim 2 is to test the efficacy of CBT+ versus TAU+ for
psychological outcomes. Aim 2 will be tested identically
to aim 1, but using psychological outcomes in place of
the sleep and fatigue outcomes.

Aim 3
Aim 3 is to explore potential mechanisms of CBT+ and
moderators of the intervention efficacy. Mechanisms (i.e.
pre-sleep arousal, beliefs and attitudes about sleep,
vulnerability to insomnia under stress and intrusive
thoughts before bed) will be tested using mediation con-
ducted in path analyses. Specifically, we will examine the
effect of condition on change in mechanisms (for ex-
ample, pre-sleep arousal) from baseline to treatment
mid-point, and test whether the change in mechanisms
from baseline to treatment mid-point accounts for the
condition effects on change in outcomes (for example,
ISI) from baseline to post-treatment and follow-up.
Statistical mediation will be determined by evaluating
the indirect effects, calculated as the product of the
paths from condition to change in mechanisms and from
change in mechanisms to change in outcomes. Boot-
strapping will be used to estimate the confidence interval
for indirect effects and their statistical significance.
Given the modest sample size, analyses will be con-
ducted for each mechanism and outcome individually.
Treatment moderators (i.e. pain, chronotype, perceived

credibility and expectations of the intervention, and ad-
herence to the intervention protocol) will be evaluated
by modifying the primary linear mixed effects analyses
from aims 1 and 2 to include a condition × moderator
interaction, along with all lower order effects predicting
slope 1 and slope 2 of the piecewise model. Individual
moderators will be tested in separate models.

Data storage and confidentiality
All participants will receive a random identification
number which will be used to link data from the differ-
ent assessments. Coding all participant data with a
unique identification number will minimise the risk of
loss of confidentiality. The only dataset with participant
identifier information will be the participant tracking
system used to follow-up and contact women. All other
datasets will label participant records with a unique
study number and be stripped of other identifying infor-
mation; specifically, clinical data will not reside with
identifying data. Survey data will be kept in locked files
or password-protected data files. All results will be de-
scribed in aggregate without identification of individual
women. Study investigators will have access to the final
dataset.

Ethics approval and safety monitoring
The study has received ethics approval from the PMCC
Human Research ethics committee, protocol number
17/159. Governance and oversight of the trial will be
monitored by two committees, the Steering Committee
and the Data and Safety Monitoring Board (DSMB). The
Steering Committee comprises the study investigators
and a consumer representative. The DSMB comprises
two independent researchers, a consumer representative,
and two members of the study investigator team. The
DSMB will be responsible for monitoring participant
safety, data quality, and implementation of the protocol.
If any women report severe symptoms of sleep disturb-
ance, depression, or anxiety, we will inform their clinical
team and recommend that they seek a referral to a sleep
specialist or clinical psychologist. Any women with
previously undiagnosed severe psychiatric conditions
identified during screening will also be informed and
recommended to seek a referral to psychiatry or clinical
psychology. A description of all undesirable and un-
anticipated events during the intervention phase (adverse
events) will be recorded on Qualtrics. As this trial is
minimally funded, there is no independent audit. Any
protocol modifications will be communicated to the
Human Research ethics committee and participants by
the study team. No serious harm is expected as a result
of the trial. However, if harm does occur, the primary
sponsor and Monash University insurance will cover
care for research participants.

Dissemination plan
The results of this study will be disseminated through
peer-reviewed scientific publications and presentation at
conferences. Three publications are anticipated: one
paper reporting primary and secondary outcomes, a
second paper focusing on mechanisms of treatment effi-
cacy, and a third on moderators of treatment efficacy.
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Members of the study team who provide substantive
contributions to the design, conduct and reporting of
the study will be authors on these and any other
unplanned publications based on the study data.
The full protocol and statistical code for data manage-

ment and all primary analyses will be publicly available
through Monash Figshare. A DOI has been reserved and
the full study protocol including consent forms will be
made available at https://doi.org/10.26180/5ccba90aae301
once the protocol paper is published. A DOI also has been
reserved for statistical code for data management and
primary analyses, which will become available once
completed at https://doi.org/10.26180/5ccbaafb5262e.

Discussion
This paper outlines the protocol for the development
and evaluation of a novel intervention designed to im-
prove the sleep of women sleep during chemotherapy
treatment for BC. The results from this trial will advance
the knowledge in this field and may have important clin-
ical implications for how best to treat sleep disturbance
and insomnia in this population.
The present trial is one of the first to target sleep com-

plaints among women with BC currently undergoing
chemotherapy treatment. Despite rates of sleep disturb-
ance in this population being highest around the time of
diagnosis and during treatment [80], most previous
intervention studies have been carried out in women
who have completed primary treatment for BC. The
earlier treatment of sleep complaints is advantageous as
it 1) may assist women by improving sleep during cancer
treatment, and 2) provides women with evidence-based
strategies earlier on in their treatment trajectory which
they can continue to use after cancer treatment and into
survivorship.
The intervention design is unique and was carefully

considered to address the multiple causal factors for
sleep disturbance in this population, while also being
easily accessible and of minimal burden to participants.
Furthermore, the largely email-based format of the
CBT+ intervention allows for relatively easy dissemin-
ation of the programme should it be found to be effect-
ive. Clinical trials typically have low participation rates.
One large randomised controlled trial that systematically
approached women for a sleep intervention during treat-
ment for BC had a 22% rate of consent to the rando-
mised controlled trial following screening [32]. Another
randomised controlled trial of people who had finished
primary cancer treatment contacted 2531 people, of
whom 327 (12.9%) expressed interest and 250 were
eligible. Of eligible people who expressed interest in that
study, 52.8% agreed to screening and random assign-
ment [81]. In the current trial, 47.2% of women who
were eligible and approached consented. This relatively

high consent rate, particularly considering that women
were undergoing chemotherapy and none had expressed
prior interest nor been referred by their physicians, pro-
vides evidence supporting the intervention design and
the feasibility for treating sleep disturbance during rather
than after chemotherapy treatment. Furthermore, rea-
sons for declining to participate have predominantly
been due to women not being interested in being
involved in research studies in general, or women
already being involved in other studies and not wishing
to participate in this one as well, rather than it being too
burdensome an experience. Rates of recruitment and
consent also have confirmed the prevalence of sleep
disturbance in this population, with only 33 women of
the 219 approached reporting no sleep complaints.
BLT and CBT impact on sleep through different

mechanisms. Therefore, the combination of these inter-
vention components should theoretically increase the
magnitude of positive outcomes for participants com-
pared to previous studies that have only evaluated CBT
or BLT. If this preliminary study shows positive effects
for women in the CBT+ group, a further study would be
warranted with a larger sample size to evaluate the
efficacy of the combined intervention in comparison to
individual components (CBT or BLT). Analyses of
potential mechanisms and moderators of treatment out-
comes also will inform future research and allow for
subsequent refinement and tailoring of the CBT+ inter-
vention programme. A future goal for research in this
field is to incorporate the treatment of sleep complaints
into routine medical care for cancer patients.

Trial status
Recruitment commenced in July 2018 and was com-
pleted in October 2019. One hundred and one women
have been recruited and randomised to date (see Fig. 1).
It is anticipated that all 3-month follow-up data will be
collected by January 2020. This is protocol version
number 7, 18 November 2019.

Acknowledgements
The authors thank the women participating in this research, consumer
representative Kate Smith for her valuable advice during the development of
the intervention, and the PMCC staff members who have supported this
project, particularly Patriece Shelly, the chemotherapy day unit nursing staff,
and Jo Phipps-Nelson. The authors are grateful for Tracey Sletten and
Shantha Rajaratnam for providing advice on the measurement of light and
input to the light therapy protocol.

Authors’ contributions
Conceptualised the current study: HRB, JD, MF, LS, BB, JFW. Wrote the
manuscript: HRB, LS, RL, JFW. Revised, read and approved the manuscript: All
authors.

Funding
This study is supported by $10,000 seed funding from Monash University
with light glasses provided by LUCIMED S.A. The trial sponsor was the PMCC.
The funders had no role in the study design, data collection, analysis,
interpretation, or presentation of results.

Bean et al. Trials          (2020) 21:295 Page 12 of 14

https://doi.org/10.26180/5ccba90aae301
https://doi.org/10.26180/5ccbaafb5262e


Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated
or analysed during the current study. However, once the trial is complete,
data for the overall trial will be available from the study team by contacting
the corresponding author on reasonable request.

Competing interests
The authors declare that they have no competing interests.

Author details
1School of Psychological Sciences and Turner Institute for Brain and Mental
Health, Monash University, 18 Innovation Walk, Melbourne, VIC 3800,
Australia. 2Centre for Women’s Mental Health, Royal Women’s Hospital,
Melbourne, Australia. 3Melbourne School of Psychological Sciences,
University of Melbourne, Melbourne, Australia. 4Peter MacCallum Cancer
Centre, Melbourne, Australia. 5Melbourne School of Population and Global
Health, University of Melbourne, Melbourne, Australia. 6Pharmacy
Department, Peter MacCallum Cancer Centre, Melbourne, Australia. 7Sir Peter
MacCallum Department of Oncology, University of Melbourne, Parkville,
Australia.

Received: 22 May 2019 Accepted: 20 February 2020

References
1. Australian Institute of Health and Welfare. Cancer in Australia 2019. Cancer

series 119. Cat. No. CAN 123. Canberra: AIHW; 2019.
2. Bower JE. Behavioral symptoms in patients with breast cancer and survivors.

J Clin Oncol. 2008;26(5):768–77.
3. Garland SN, Johnson JA, Savard J, Gehrman P, Perlis M, Carlson L, et al.

Sleeping well with cancer: a systematic review of cognitive behavioral
therapy for insomnia in cancer patients. Neuropsychiatr Dis Treat. 2014;10:
1113–24.

4. Howell D, Oliver TK, Keller-Olaman S, Davidson JR, Garland S, Samuels C,
et al. Sleep disturbance in adults with cancer: a systematic review of
evidence for best practices in assessment and management for clinical
practice. Ann Oncol. 2014;25(4):791–800.

5. Palesh O, Peppone L, Innominato PF, Janelsins M, Jeong M, Sprod L, et al.
Prevalence, putative mechanisms, and current management of sleep
problems during chemotherapy for cancer. Nat Sci Sleep. 2012;4:151–62.

6. Fortner BV, Stepanski EJ, Wang SC, Kasprowicz S, Durrence HH. Sleep and
quality of life in breast cancer patients. J Pain Symptom Manag. 2002;24(5):
471–80.

7. Otte JL, Carpenter JS, Manchanda S, Rand KL, Skaar TC, Weaver M, et al.
Systematic review of sleep disorders in cancer patients: can the prevalence
of sleep disorders be ascertained? Cancer Med. 2015;4(2):183–200.

8. Thomas KS, Bower J, Hoyt MA, Sepah S. Disrupted sleep in breast and
prostate cancer patients undergoing radiation therapy: the role of coping
processes. Psycho-oncology. 2010;19(7):767–76.

9. Caplette-Gingras A, Savard J, Savard M-H, Ivers H. Is insomnia associated
with cognitive impairments in breast cancer patients? Behav Sleep Med.
2013;11(4):239–57.

10. Costa AR, Fontes F, Pereira S, Goncalves M, Azevedo A, Lunet N. Impact of
breast cancer treatments on sleep disturbances—a systematic review. Breast
(Edinburgh, Scotland). 2014;23(6):697–709.

11. Van Gastel A. Drug-induced insomnia and excessive sleepiness. Sleep Med
Clin. 2018;13(2):147–59.

12. Campbell-Enns HJ, Woodgate RL. The psychosocial experiences of women
with breast cancer across the lifespan: a systematic review. Psycho-
oncology. 2017;26(11):1711–21.

13. Palesh OG, Collie K, Batiuchok D, Tilston J, Koopman C, Perlis ML, et al. A
longitudinal study of depression, pain, and stress as predictors of sleep
disturbance among women with metastatic breast cancer. Biol Psychol.
2007;75(1):37–44.

14. Burgess C, Cornelius V, Love S, Graham J, Richards M, Ramirez A. Depression
and anxiety in women with early breast cancer: five year observational
cohort study. BMJ (Clinical research ed). 2005;330(7493):702.

15. Fleming L, Randell K, Harvey CJ, Espie CA. Does cognitive behaviour therapy
for insomnia reduce clinical levels of fatigue, anxiety and depression in
cancer patients? Psycho-oncology. 2014;23(6):679–84.

16. Savard J, Simard S, Ivers H, Morin CM. Randomized study on the efficacy of
cognitive-behavioral therapy for insomnia secondary to breast cancer, part I:
sleep and psychological effects. J Clin Oncol. 2005;23(25):6083–96.

17. Stanton AL, Wiley JF, Krull JL, Crespi CM, Hammen C, Allen JJ, et al.
Depressive episodes, symptoms, and trajectories in women recently
diagnosed with breast cancer. Breast Cancer Res Treat. 2015;154(1):105–15.

18. American Psychiatric Association. Diagnostic and statistical manual of mental
disorders (5th ed.). Arlington, VA: American Psychiatric Publishing; 2013.

19. Chevalier V, Mormont MC, Cure H, Chollet P. Assessment of circadian
rhythms by actimetry in healthy subjects and patients with advanced
colorectal cancer. Oncol Rep. 2003;10(3):733–7.

20. Fernandes R, Stone P, Andrews P, Morgan R, Sharma S. Comparison
between fatigue, sleep disturbance, and circadian rhythm in cancer
inpatients and healthy volunteers: evaluation of diagnostic criteria for
cancer-related fatigue. J Pain Symptom Manag. 2006;32(3):245–54.

21. Levin RD, Daehler MA, Grutsch JF, Quiton J, Lis CG, Peterson C, et al.
Circadian function in patients with advanced non-small-cell lung cancer. Br
J Cancer. 2005;93(11):1202–8.

22. Pati AK, Parganiha A, Kar A, Soni R, Roy S, Choudhary V. Alterations of the
characteristics of the circadian rest-activity rhythm of cancer in-patients.
Chronobiol Int. 2007;24(6):1179–97.

23. Ancoli-Israel S, Liu L, Marler MR, Parker BA, Jones V, Sadler GR, et al. Fatigue,
sleep, and circadian rhythms prior to chemotherapy for breast cancer.
Support Care Cancer. 2006;14(3):201–9.

24. Berger AM, Farr LA, Kuhn BR, Fischer P, Agrawal S. Values of sleep/wake,
activity/rest, circadian rhythms, and fatigue prior to adjuvant breast cancer
chemotherapy. J Pain Symptom Manag. 2007;33(4):398–409.

25. Savard J, Liu L, Natarajan L, Rissling MB, Neikrug AB, He F, et al. Breast
cancer patients have progressively impaired sleep-wake activity rhythms
during chemotherapy. Sleep. 2009;32(9):1155–60.

26. Neikrug AB, Rissling M, Trofimenko V, Liu L, Natarajan L, Lawton S, et al.
Bright light therapy protects women from circadian rhythm
desynchronization during chemotherapy for breast cancer. Behav Sleep
Med. 2012;10(3):202–16.

27. Savvidis C, Koutsilieris M. Circadian rhythm disruption in cancer biology. Mol
Med (Cambridge, Mass). 2012;18:1249–60.

28. Mormont MC, Waterhouse J, Bleuzen P, Giacchetti S, Jami A, Bogdan A, et al.
Marked 24-h rest/activity rhythms are associated with better quality of life,
better response, and longer survival in patients with metastatic colorectal
cancer and good performance status. Clin Cancer Res. 2000;6(8):3038–45.

29. Morin CM, Vallieres A, Guay B, Ivers H, Savard J, Merette C, et al. Cognitive
behavioral therapy, singly and combined with medication, for persistent
insomnia: a randomized controlled trial. JAMA. 2009;301(19):2005–15.

30. Wu JQ, Appleman ER, Salazar RD, Ong JC. Cognitive behavioral therapy for
insomnia comorbid with psychiatric and medical conditions: a meta-
analysis. JAMA Intern Med. 2015;175(9):1461–72.

31. Ritterband LM, Bailey ET, Thorndike FP, Lord HR, Farrell-Carnahan L, Baum
LD. Initial evaluation of an internet intervention to improve the sleep of
cancer survivors with insomnia. Psycho-oncology. 2012;21(7):695–705.

32. Savard J, Ivers H, Savard MH, Morin CM. Is a video-based cognitive
behavioral therapy for insomnia as efficacious as a professionally
administered treatment in breast cancer? Results of a randomized
controlled trial. Sleep. 2014;37(8):1305–14.

33. van Maanen A, Meijer AM, van der Heijden KB, Oort FJ. The effects of light
therapy on sleep problems: a systematic review and meta-analysis. Sleep
Med Rev. 2016;29:52–62.

34. Bower JE, Wiley J, Petersen L, Irwin MR, Cole SW, Ganz PA. Fatigue after
breast cancer treatment: biobehavioral predictors of fatigue trajectories.
Health Psychol. 2018;37(11):1025.

35. Lee KA. Alterations in sleep during pregnancy and postpartum: a review of
30 years of research. Sleep Med Rev. 1998;2(4):231–42.

36. Thompson C. Evidence-based treatment. In: Magnusson A, editor. Seasonal
affective disorder, practice and research. Oxford: Oxford University Press;
2001. p. 151–8.

37. Ancoli-Israel S, Gehrman P, Martin JL, Shochat T, Marler M, Corey-Bloom J,
et al. Increased light exposure consolidates sleep and strengthens circadian
rhythms in severe Alzheimer's disease patients. Behav Sleep Med.
2003;1(1):22–36.

38. Ancoli-Israel S, Rissling M, Neikrug A, Trofimenko V, Natarajan L, Parker BA,
et al. Light treatment prevents fatigue in women undergoing
chemotherapy for breast cancer. Support Care Cancer. 2012;20(6):1211–9.

Bean et al. Trials          (2020) 21:295 Page 13 of 14



39. Redd WH, Valdimarsdottir H, Wu LM, Winkel G, Byrne EE, Beltre MA, et al.
Systematic light exposure in the treatment of cancer-related fatigue: a
preliminary study. Psycho-oncology. 2014;23(12):1431–4.

40. Liu L, Marler MR, Parker BA, Jones V, Johnson S, Cohen-Zion M, et al. The
relationship between fatigue and light exposure during chemotherapy.
Support Care Cancer. 2005;13(12):1010–7.

41. El Alaoui S, Ljotsson B, Hedman E, Kaldo V, Andersson E, Ruck C, et al.
Predictors of symptomatic change and adherence in internet-based
cognitive behaviour therapy for social anxiety disorder in routine psychiatric
care. PLoS One. 2015;10(4):e0124258.

42. Kwekkeboom KL, Cherwin CH, Lee JW, Wanta B. Mind-body treatments for
the pain-fatigue-sleep disturbance symptom cluster in persons with cancer.
J Pain Symptom Manag. 2010;39(1):126–38.

43. Ong JC, Huang JS, Kuo TF, Manber R. Characteristics of insomniacs with self-
reported morning and evening chronotypes. J Clin Sleep Med. 2007;3(3):
289–94.

44. Bei B, Ong JC, Rajaratnam SM, Manber R. Chronotype and improved sleep
efficiency independently predict depressive symptom reduction after group
cognitive behavioral therapy for insomnia. J Clin Sleep Med. 2015;11(9):1021–7.

45. Harvey AG. A cognitive model of insomnia. Behav Res Ther. 2002;40(8):
869–93.

46. Schwartz DR, Carney CE. Mediators of cognitive-behavioral therapy for
insomnia: a review of randomized controlled trials and secondary analysis
studies. Clin Psychol Rev. 2012;32(7):664–75.

47. Kalmbach DA, Cuamatzi-Castelan AS, Tonnu CV, Tran KM, Anderson JR, Roth
T, et al. Hyperarousal and sleep reactivity in insomnia: current insights. Nat
Sci Sleep. 2018;10:193–201.

48. Calvert M, Kyte D, Mercieca-Bebber R, Slade A, Chan A-W, King MT, et al.
Guidelines for inclusion of patient-reported outcomes in clinical trial
protocols: the SPIRIT-PRO extension. JAMA. 2018;319(5):483–94.

49. Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher D, et al.
Better reporting of interventions: template for intervention description and
replication (TIDieR) checklist and guide. BMJ. 2014;348:g1687.

50. Sheehan DV, Lecrubier Y, Sheehan KH, Janavs J, Weiller E, Keskiner A,
Schinka J, Knapp E, Sheehan MF, Dunbar GC. The validity of the Mini
International Neuropsychiatric Interview (MINI) according to the SCID-P and
its reliability. Eur Psychiatry. 1997;12(5):232–41.

51. Edinger JD, Wyatt JK, Olsen MK, Stechuchak KM, Carney CE, Chiang A,
Krystal AD, Lineberger MD, Means MK, Radtke RA. Reliability and validity of
the Duke Structured Interview for sleep disorders for insomnia screening.
Sleep. 2009;32:A265–A.

52. Perlis ML, Benson-Jungquist C, Smith MT, Posner DA. Cognitive behavioral
treatment of insomnia: a session-by-session guide. New York: Springer; 2005.

53. Bastien CH, Vallieres A, Morin CM. Validation of the Insomnia Severity Index as
an outcome measure for insomnia research. Sleep Med. 2001;2(4):297–307.

54. Carney CE, Buysse DJ, Ancoli-Israel S, Edinger JD, Krystal AD, Lichstein KL,
et al. The consensus sleep diary: standardizing prospective sleep self-
monitoring. Sleep. 2012;35(2):287–302.

55. Schutte-Rodin S, Broch L, Buysse D, Dorsey C, Sateia M. Clinical guideline for
the evaluation and management of chronic insomnia in adults. J Clin Sleep
Med. 2008;4(5):487–504.

56. Reed DL, Sacco WP. Measuring sleep efficiency: what should the
denominator be? J Clin Sleep Med. 2016;12(2):263–6.

57. Marino M, Li Y, Rueschman MN, Winkelman JW, Ellenbogen JM, Solet JM,
et al. Measuring sleep: accuracy, sensitivity, and specificity of wrist
actigraphy compared to polysomnography. Sleep. 2013;36(11):1747–55.

58. Zhang L, Zhao ZX. Objective and subjective measures for sleep disorders.
Neurosci Bull. 2007;23(4):236–40.

59. Yu L, Buysse DJ, Germain A, Moul DE, Stover A, Dodds NE, et al.
Development of short forms from the PROMIS™ sleep disturbance and
sleep-related impairment item banks. Behav Sleep Med. 2011;10(1):6–24.

60. Cella D, Lai JS, Jensen SE, Christodoulou C, Junghaenel DU, Reeve BB, et al.
PROMIS fatigue item bank had clinical validity across diverse chronic
conditions. J Clin Epidemiol. 2016;73:128–34.

61. Pilkonis PA, Choi SW, Reise SP, Stover AM, Riley WT, Cella D. Item banks for
measuring emotional distress from the Patient-Reported Outcomes
Measurement Information System (PROMIS®): depression, anxiety, and
anger. Assessment. 2011;18(3):263–83.

62. Amtmann D, Cook KF, Jensen MP, Chen WH, Choi S, Revicki D, et al.
Development of a PROMIS item bank to measure pain interference. Pain.
2010;150(1):173–82.

63. Devilly GJ, Borkovec TD. Psychometric properties of the credibility/
expectancy questionnaire. J Behav Ther Exp Psychiatry. 2000;31(2):73–86.

64. Adan A, Almirall H. Horne and Östberg morningness-eveningness
questionnaire: a reduced scale. Personal Individ Differ. 1991;12(3):241–53.

65. Morin CM, Vallieres A, Ivers H. Dysfunctional beliefs and attitudes about sleep
(DBAS): validation of a brief version (DBAS-16). Sleep. 2007;30(11):1547–54.

66. Drake C, Richardson G, Roehrs T, Scofield H, Roth T. Vulnerability to stress-
related sleep disturbance and hyperarousal. Sleep. 2004;27(2):285–91.

67. Nicassio PM, Mendlowitz DR, Fussell JJ, Petras L. The phenomenology of the
pre-sleep state: the development of the pre-sleep arousal scale. Behav Res
Ther. 1985;23(3):263–71.

68. Horowitz M, Wilner N, Alvarez W. Impact of Event Scale: a measure of
subjective stress. Psychosom Med. 1979;41(3):209–18.

69. Johnson JA, Rash JA, Campbell TS, Savard J, Gehrman PR, Perlis M, et al. A
systematic review and meta-analysis of randomized controlled trials of
cognitive behavior therapy for insomnia (CBT-I) in cancer survivors. Sleep
Med Rev. 2016;27:20–8.

70. Dozeman E, Verdonck-de Leeuw IM, Savard J, van Straten A. Guided web-
based intervention for insomnia targeting breast cancer patients: feasibility
and effect. Internet Interv. 2017;9:1–6.

71. Zachariae R, Amidi A, Damholdt MF, Clausen CDR, Dahlgaard J, Lord H, et al.
Internet-delivered cognitive-behavioral therapy for insomnia in breast cancer
survivors: a randomized controlled trial. J Natl Cancer Inst. 2018;110(8):880–7.

72. Espie CA, Fleming L, Cassidy J, Samuel L, Taylor LM, White CA, et al.
Randomized controlled clinical effectiveness trial of cognitive behavior
therapy compared with treatment as usual for persistent insomnia in
patients with cancer. J Clin Oncol. 2008;26(28):4651–8.

73. Wu LM, Amidi A, Valdimarsdottir H, Ancoli-Israel S, Liu L, Winkel G, et al. The
effect of systematic light exposure on sleep in a mixed group of fatigued
cancer survivors. J Clin Sleep Med. 2018;14(1):31–9.

74. Johnson JA, Garland SN, Carlson LE, Savard J, Simpson JSA, Ancoli-Israel S,
et al. Bright light therapy improves cancer-related fatigue in cancer
survivors: a randomized controlled trial. J Cancer Surviv. 2018;12(2):206–15.

75. Hallquist MN, Wiley JF. MplusAutomation: an R package for facilitating large-
scale latent variable analyses in M plus. Struct Equ Model Multidiscip J.
2018;25(4):621–38.

76. Kahan BC, Morris TP. Improper analysis of trials randomised using stratified
blocks or minimisation. Stat Med. 2012;31(4):328–40.

77. Kahan BC, Morris TP. Reporting and analysis of trials using stratified randomisation
in leading medical journals: review and reanalysis. BMJ. 2012;345:e5840.

78. Coffman CJ, Edelman D, Woolson RF. To condition or not condition? Analysing
‘change’ in longitudinal randomised controlled trials. BMJ Open. 2016;6(12):e013096.

79. Twisk J, Bosman L, Hoekstra T, Rijnhart J, Welten M, Heymans M. Different
ways to estimate treatment effects in randomised controlled trials.
Contemp Clin Trials Commun. 2018;10:80–5.

80. Casault L, Savard J, Ivers H, Savard MH. A randomized-controlled trial of an
early minimal cognitive-behavioural therapy for insomnia comorbid with
cancer. Behav Res Ther. 2015;67:45–54.

81. Garland SN, Carlson LE, Stephens AJ, Antle MC, Samuels C, Campbell TS.
Mindfulness-based stress reduction compared with cognitive behavioral
therapy for the treatment of insomnia comorbid with cancer: a randomized,
partially blinded noninferiority trial. J Clin Oncol. 2014;32(5):449–57.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Bean et al. Trials          (2020) 21:295 Page 14 of 14


	Abstract
	Background
	Method/design
	Discussion
	Trial Registration

	Background
	Causes of sleep disturbance among women with BC
	BC treatments and sleep disturbance
	Psychosocial factors and sleep disturbance
	Circadian disruption and sleep disturbance

	Treating sleep in cancer
	Cognitive behavioural therapy
	Light therapy

	Moderators
	Mechanisms
	Aims and hypotheses
	Aim 1
	Aim 2
	Aim 3


	Method
	Study design
	Recruitment and consent
	Screening
	Randomisation
	CBT+ intervention
	TAU+ intervention

	Assessments and outcomes
	Audio recording
	Primary outcome measures
	Secondary outcome measures
	Treatment moderator and mechanism measures

	Sample size and power
	Statistical analyses
	Baseline comparisons
	Aim 1
	Aim 2
	Aim 3

	Data storage and confidentiality
	Ethics approval and safety monitoring
	Dissemination plan


	Discussion
	Trial status
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Competing interests
	Author details
	References
	Publisher’s Note

