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Abstract
Introduction/background Sleep disturbance may influence
the development of cancer and responses to treatment. It is
also closely tied to recovery and quality of life in cancer
patients, survivors, and caregivers, and recent studies have
begun to show beneficial effects of sleep-promoting interven-
tions. Despite the importance of sleep to cancer and its treat-
ment and the availability of numerous tools for measuring
sleep quality and quantity, sleep measurements are
underutilized in cancer studies.

Methods This review, written for cancer researchers interested
in incorporating sleep measures into their studies, is designed
to raise awareness about the importance of sleep and suggests
strategies for including sleep evaluation in cancer studies.
Conclusions Inclusion of readily available sleep measures
may ultimately improve cancer care by facilitating studies that
lead to a greater understanding of how sleep and sleep distur-
bance influence all aspects of cancer care and the patient
experience.

Keywords Sleep quality . Sleep-wake cycle .

Sleepmeasurementmethods . Insomnia .Cancer .Sleepapnea

Introduction

Sleep disturbance is a common component of the cancer
experience in adult and child cancer patients, survivors, and
caregivers. There is beginning evidence that some aspects of
sleep disturbance may contribute to the development of cancer
and substantial evidence that sleep disturbance is associated
with many aspects of cancer treatment, cancer symptoms,
morbidity and mortality, and quality of life. Although there
is growth in understanding of the importance of sleep and its
relevance to cancer care, there is a continued need to improve
scientific knowledge about the relationships among sleep
disturbance, cancer biology, and the experience of cancer.
Better knowledge of these relationships may contribute to
the development and uptake of interventions to promote sleep
and improve sleep-related outcomes in this large group of
patients, survivors, and their caregivers [1]. However, barriers
to achieving this goal include the lack of discussion between
health care providers and patients about sleep [2], lack of sleep
treatments with documented efficacy [1], lack of familiarity
regarding the impact of sleep on cancer, and limited knowl-
edge among oncology clinicians and oncology scientists about
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the importance of sleep and the tools available for measuring
its attributes. Therefore, the purposes of this paper are to
provide clinical and behavioral cancer researchers who are
nonsleep specialists with an understanding of the importance
of sleep in cancer the most commonly used and validated
sleep measures and their properties and suggest strategies for
incorporating these measures into cancer studies. The ultimate
goal is to facilitate research that will lead to improved identi-
fication and more aggressive treatment of sleep disturbances
among patients with cancer.

Background

Sleep is a recurrent multidimensional phenomenon with dis-
tinct and measurable biological, behavioral, perceptual, and
temporal attributes (see Table 1). Sleep attributes reflect un-
derlying behavioral and physiological processes that are the
mechanisms through which sleep disturbance influences can-
cer biology, recovery, quality of life, and morbidity and mor-
tality. Cancer therapies, cancer symptoms, and psychological
and behavioral stressors associated with cancer and its treat-
ment contribute to sleep disturbance that, in turn, may con-
tribute to morbidity, mortality, and decrements in function and
quality of life. While the importance of sleep is becoming
more widely recognized, efficacious interventions are needed
[1]. Examples of the importance of sleep to cancer, including
the potential contributions of sleep disturbance to the devel-
opment of cancer, the role of sleep disturbance during the
course of cancer treatment and recovery, and the associations
of sleep disturbance with other common and distressing
cancer-related symptoms (e.g., fatigue and pain) and quality
of life outcomes, are outlined below to emphasize the impor-
tance of this problem. Evident in this literature is the multidi-
mensional nature of sleep disturbance that requires measures
that capture its complexity.

Growing evidence suggests that excessively long or short
sleep duration [3] may increase the risk for developing cancer
and sleep-wake alterations may contribute to cancer mortality
[4]. However, the mechanisms are not well-known.

Obstructive sleep apnea (OSA) may also increase the
risk of cancer through its influence on intermittent hyp-
oxia and angiogenesis [5–7], although conflicting data
are available [8, 9]. OSA is also associated with short
sleep duration and fragmentation that may contribute to
cancer. Although the mechanisms are not completely
understood, sleep disruption leads to increases in in-
flammatory mediators [10] that may contribute to excess
morbidity and mortality among people with cancer. Un-
known is the extent to which treatment of these aspects
of sleep disturbance may prevent cancer or its negative
consequences.

There are growing efforts to understand the relationships
between the epigenetics of sleep, circadian rhythms, and
cancer biology [11]. Altered timing in the sleep-wake cycle
contributes to cancer risk [12, 13]. Circadian processes
influence most physiological processes, such as hormone
secretion, metabolism, and patterns of alertness. For exam-
ple, the protein products of the Per1 and Per2 genes [14]
regulate the cell cycle and play a fundamental role in
circadian control. These genes have been linked with re-
sponse to DNA damage [15], a step in the genesis of some
cancers.

Melatonin, a hormone secreted by the pineal gland, is a key
component of the circadian system. Studies have linked mel-
atonin with reduction in the development and growth of
tumors (for good reviews, see [16, 17]). Mechanisms
explaining this relationship may include the following: (1)
scavenging of free radicals [18] and stimulation of antioxidant
enzymes [19], (2) stimulation of apoptosis in cancer cells [16],
and (3) inhibition of angiogenesis and proliferation of malig-
nant endothelial cells [17, 20]. The oncostatic properties of
melatonin have been demonstrated in a wide range of cancer
cell types including reproductive tumors, lymphomas, leuke-
mias, and neural cell tumors [16]. Other data suggest that
melatonin may influence the regulation of clock genes [21]
and that it can correct circadian disruption in cancer cells [22,
23]. The relationships between key components of the circa-
dian system and oncostasis suggest possible mechanisms to
explain increased cancer in shift workers who have disrupted
circadian cycles [24] and why response to cancer treatment
appears to be influenced by the time of day at which the
therapy is administered [25, 26]. These promising findings
have important implications for clinical cancer care and sug-
gest the importance of measurement of circadian timing of
sleep and wake among cancer patients or those at risk for
cancer.

Insomnia, a disorder of initiating and maintaining sleep,
accompanied by daytime dysfunction, is detected by self-
report and often wrist actigraphy. Insomnia is common across
the course of cancer diagnosis, treatment, and survivorship in
adults [1, 3, 27–34]. Insomnia is also an important concern in
palliative care patients [35], children with cancer, adult survi-
vors of childhood cancer [33], and among caregivers of cancer
patients [36, 37]. Although prevalence rates vary widely based
on criteria used, time frame relative to treatment, and popula-
tions studied, review of a large database revealed that 33–
50 % of patients undergoing chemotherapy for a variety of
cancers reported clinically significant insomnia, with the
highest rates in lung cancer patients [34]. These rates were
approximately three times as high as those in the general
population.

Emotional distress, uncertainty, and cancer symptoms
themselves (e.g., pain) contribute to poor sleep quality, includ-
ing insomnia symptoms during the diagnostic process.
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Likewise, side effects of common cancer treatments including
chemotherapy [38] radiotherapy, surgery, hormone-blocking
drugs [39], and cancer symptoms often contribute to including
insomnia symptoms. Sleep disturbance is also usually a com-
ponent of cancer symptom clusters [36, 40, 41], for which the
biological underpinnings and consequences are just beginning
to be understood [42]. Sleep disturbance and sleep-related
symptoms are also well-documented contributors to poor
function [43] and quality of life in cancer patients [44].

Sleep quality is closely tied with the pain response [45, 46].
While it is often assumed that poor sleep quality is a result of
pain, the converse is often also true: Poor sleep, including
sleep fragmentation and decreased rapid eye movement
(REM) and slow-wave sleep, leads to decreased pain thresh-
olds and increased pain perception [45, 47]. Opioids, a main-
stay of cancer pain treatment, have a negative impact on sleep
architecture [48] but may also lead to drowsiness, daytime
fatigue, and napping that in turn may contribute to worsening
sleep disruption [49]. Evidence is emerging that opioids may
also contribute to central sleep apnea, a form of sleep-
disordered breathing [48] that may further contribute to day-
time symptoms and hypoxia. Sleep fragmentation and noctur-
nal hypoxia, common in advanced cancer, may also contribute
to daytime dysfunction [50]. These findings suggest the im-
portance of improved understanding of the interplay among
sleep and pain, as well as the need for pharmacological and
nonpharmacological strategies that reduce pain [47] but do not
have negative effects on sleep. Research is especially needed
on sleep and cancer pain.

Sleep disturbance is a well-documented contributor to day-
time fatigue in cancer [51–55] and daytime sleepiness among
cancer patients. It is important to recognize that fatigue and
sleepiness are distinct constructs; fatigue may contribute to
sleepiness [55] and vice versa [56], but despite the overlap,
distinguishing the two phenomena is necessary to guide clin-
ical care [57]. Sleepiness is usually related to sleep loss and
specific sleep disorders associated with sleep loss, such as
sleep apnea, while fatigue is more often associated with sys-
temic conditions [58] and the presence of insomnia.

Treatment of sleep disturbance may be an important path-
way to fatigue management in cancer patients. While both
pharmacological and nonpharmacological interventions may
be useful in addressing insomnia symptoms in cancer, a num-
ber of studies of nonpharmacological interventions have been
of mixed quality and did not consistently document improve-
ments in sleep or sleep-related outcomes [1, 36]. However,
cognitive behavioral therapy for insomnia (CBT-I) has con-
sistently improved sleep quality manifested in insomnia
symptoms in several studies [59–62]. Although the effects
on fatigue have not been as consistent or as frequently studied
[59, 60], a large trial in the UK demonstrated improvements in
this important outcome [61, 62]. Therefore, CBT-I may be an
important adjunct to fatigue management in cancer patients.T
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On the other hand, few studies have addressed daytime sleep-
iness in cancer populations. Given the high prevalence of
sleep disturbance, including insomnia symptoms, fatigue,
and possibly sleepiness in cancer populations, further studies
of the clinical efficacy of CBT-I and other interventions, as
well as comparative effectiveness and translation into practice,
are of critical importance to the field.

Taken together, these examples selected from the growing
body of evidence of the role of sleep in cancer suggest several
directions for future research and underscore the multidimen-
sional nature of sleep disturbance. Understanding the concep-
tual and practical underpinning of sleep measurement
methods is critical to this body of science.

Sleep measurement methods

Sleep is a recurrent multidimensional phenomenon with dis-
tinct and measurable biological, behavioral, perceptual, and
temporal (circadian, infradian, ultradian) attributes. A list of
sleep terminology as it pertains to cancer patients has been
published [36], and Table 1 includes a list of the primary
measurable attributes of sleep.

Choice of sleep measurement methods should be guided by
understanding of the sleep attributes of relevance to the study
(e.g., duration, continuity, temporal patterns, and associated
physiological events), the physical and psychometric proper-
ties of available measures, scoring methods, optimal frequen-
cy and duration of monitoring, characteristics of the patient
population (e.g., acuity of illness, ability to cooperate, and
developmental stage), ecological validity, and the nature of the
setting (e.g., hospital, home, and community) in which the
study takes place. For example, hospitals are well-known
causes of sleep disturbance due to unfamiliar surroundings,
excessive and poorly timed lighting, and frequent awakenings
for patient care activities and noise and, therefore, may have a
particular impact on the sleep of adults, children, and care-
givers with cancer for whom sleep is already compromised
[37, 53, 63].

Additional concerns regarding sleep measurement include
subject burden/intrusiveness and feasibility relative to avail-
able human and financial resources. The measures described
here and in Table 1 elicit biological (polysomnography), be-
havioral (actigraphy, self-report), perceptual (self-report), and
temporal (multiple measures) aspects of sleep.

Polysomnography Polysomnography (PSG), the “gold stan-
dard” of sleep measurement, can be conducted in the sleep
laboratory or in ambulatory settings with electronic devices.
The key elements of PSG include electrophysiological (EEG)
monitoring obtained in multiple leads and electromyography
obtained with sensors placed on the chin to evaluate changes
in muscle tension associated with sleep stage changes.

Electro-oculography (EOG) is used to evaluate eye move-
ments, in conjunction with EEG and EMG in order to score
sleep stages [64].

Additional measures of cardiac (electrocardiography),
respiratory (oxygen saturation, respiratory effort, airflow
obstruction), and neurological events (periodic limb move-
ments) are often obtained to evaluate the association of
sleep with cardiorespiratory events and to diagnose sleep-
related breathing disorders and periodic limb movements
during sleep. In addition to PSG obtained while attended
by a sleep technician or unattended PSG studies, cardio-
respiratory measures of sleep relevant to the diagnosis of
sleep-disordered breathing may be obtained with ambulatory
devices that are used unattended in home and institutional
settings [65]. These devices present a more cost-effective
alternative to full PSG but do not include direct EEGmeasures
of sleep. However, some incorporate accelerometers to
approximate the sleep period.

The primary advantage of PSG is the ability to measure the
physiological properties of sleep and sleep architecture as well
as accompanying physiological and pathophysiological pa-
rameters. Recent advances in ambulatory monitoring that
enable sleep studies to be conducted in home and hospital
bedside environments have increased the ecological validity
of PSG monitoring, and computerized scoring algorithms
have simplified data analysis, although there continues to be
a need for human interaction with these algorithms. Intra- and
inter-scorer reliability within and between trained sleep per-
sonnel is critical to obtaining high-quality sleep data.

Disadvantages of PSG include the need for special training
and skills to apply the sensors and score the sleep studies; the
intrusive nature of sleep recordings, given the need for at-
tached sensors; and the high cost of the equipment, sensors,
and personnel needed to obtain and score the sleep studies.
Recent examples of the use of PSG in the human cancer
literature include studies of women undergoing lumpectomy
for breast cancer [66], chemotherapy for multiple myeloma
[38], and the relationship between hot flashes and sleep dis-
turbance in women with breast cancer [39]. PSG is especially
useful in studies where sleep architecture and/or cardiorespi-
ratory events (e.g., apneas and ECG changes) are of major
interest. However, PSG is not a diagnostic tool for insomnia,
except to rule out other sleep disorders.

Wrist actigraphy Wrist actigraphy, obtained with the use of
miniaturized accelerometers, is a reliable and valid measure of
activity-rest in adults [67] and adolescents [68] and has fre-
quently been used to measure sleep of children with cancer
and others, despite concerns about sensitivity to wake and
measurement of naps [69]. Sleep is estimated from the pat-
terns of activity-rest using commercially available computer
algorithms in specialized software. Sleep duration and sleep
efficiency measured with wrist actigraphs and scored with
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commercial algorithms are reliable and valid relative to PSG,
but these associations are generally higher in people who have
good sleep continuity and those without insomnia.

Several types of wrist actigraphs are currently available
from a number of vendors for research and clinical purposes.
Accelerometers designed to measure physical activity and
sleep are also available to the public for personal use, although
there is a need to establish the reliability and validity of these
devices prior to widespread use for research and clinical
purposes. Actigraphs must be programmed and downloaded
using commercially available software, and sleep characteris-
tics can be estimated from these data.

For interpretation of actigraph data, it is helpful to have the
patient depress the event marker to determine lights out time
in order to evaluate sleep latency, and instruction is needed to
obtain high-quality data. Advanced devices have light sensors
that record changes in lighting, such as those occurring at
bedtime. Sleep diaries are usually used concurrently to assist
in interpreting actigraph data to guide understanding of the
behaviors occurring relative to changes in activity.

Recent advances in wrist actigraphy include reductions in
size and larger data storage capacity, inclusion of light sensors,
and event markers. Advantages of wrist actigraphy include
their nonintrusive nature and the capability of obtaining sev-
eral weeks or longer of data. The ability of actigraphs to
acquire 24-h activity-rest data enables evaluation of temporal
characteristics of sleep and activity-rest, as well as day-day
changes, with the duration of monitoring dependent upon
epoch length, battery life, and storage capacity.

There are several challenges to the use of actigraphy in
research [70]. Disadvantages of actigraphy include the inabil-
ity to evaluate sleep architecture and the potential for missing
data if the patient fails to wear the device. Actigraphs also
overestimate sleep time in individuals who lie awake for long
periods of time without moving, such as those who have
insomnia. Actigraphs are more expensive than self-report
measures, but considerably less expensive than PSG. Al-
though there are a number of accelerometer-based actigraphs
on the market, it is important to note that they each have
different physical properties, use different software, and are
not interchangeable due to these characteristics.

Wrist actigraphy has frequently been used to evaluate the
sleep and circadian patterning of activity-rest among cancer
patients, including adults [59, 71–73], adolescents, [68, 74],
children [75], and family caregivers [76]. Given the ability to
monitor activity-rest and sleep over many days depending on
storage capacity and epoch length, actigraphs are especially
useful in monitoring changes over the trajectory of cancer
treatment and recovery. As noted in the examples above,
actigraphs are also frequently used measures of the rhythmic-
ity of activity-rest, an important measure in studies of shift
work and other studies where chronobiologic attributes are
important to cancer.

Self-report sleep measures Self-report sleep measures include
questionnaires and diaries that elicit perceptions of quantita-
tive (e.g., duration) and qualitative aspects of sleep (e.g.,
perceived sleep quality and satisfaction with sleep). Self-
report measures may also be used to elicit the presence of
insomnia symptoms, risk factors for specific sleep disorders
(e.g., sleep-disordered breathing and restless legs syndrome),
sleep habits, and perceptions about sleep-related behaviors.
Self-report measures utilize various time frames (e.g., past
month and past week) and must be carefully selected to
represent the time period of interest. Some frequently used
self-report measures are summarized in Table 1.

Critical considerations when selecting self-report measures
include the conceptual consistency between the sleep charac-
teristics of interest (e.g., global sleep quality vs. specific sleep
disorder symptoms) and the measure, psychometric character-
istics, reading level, language, length, and the time frame of
interest (e.g., chronic sleep disturbance vs. sleep disturbance
occurring in real time or over the short term). Use of standard-
ized instruments where possible allows for comparability
between studies. The Patient Reported Outcomes Measure-
ment Information System (PROMIS) initiative (http://www.
nihpromis.org/) has produced standardized measures of sleep
quality and sleep-related impairment [77, 78] that can be
administered over the internet or with pen and paper.

Self-report measures are generally inexpensive and nonin-
trusive, compared with objective sleep measures, but percep-
tions of sleep, like other symptoms, do not always correlate
highly with these objective measures. Examples of reliable
and valid sleep questionnaires used in cancer research include
the General Sleep Disturbance Questionnaire [32, 79], the
Pittsburgh Sleep Quality Index [79–81], and the Insomnia
Severity Index [81]. Additional measures have been reviewed
for use in adult, child, adolescent, and caregiver cancer pop-
ulations [36, 68].

Sleep diaries Sleep diaries are often used in sleep research as
daily measures of sleep completed upon awakening. Sleep
diaries are also used in tandem with wrist actigraphy to assist
in interpreting the data. Although a variety of sleep variables
may be included, diaries typically include time taken to fall
asleep (sleep latency (SL)), minutes of wakefulness after sleep
onset (WASO), number of awakenings (NOA), total sleep
time (TST), and sleep efficiency (SE) percent; the values can
be used as daily measures or can be summed and averaged
over a period of 1 week or more. Diaries may also elicit
additional information about symptoms (e.g., pain and fa-
tigue) and activity occurring on a daily basis, as well as
medications and other variables.

Sleep diaries are reliable and valid measures of sleep. Due
to the variety of sleep diary formats available, however, there
are numerous ways in which stem questions for each of the
common variables can be asked and answers provided. To
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achieve more consistency, a consensus sleep diary has been
developed and proposed for use in insomnia research [82]. It
contains the standard core elements above (e.g., time to fall
asleep) as well as the capacity to individualize noncore
elements.

Self-report measures of sleep and sleep-related outcomes
have traditionally been administered in paper and pencil for-
mat but are increasingly administered with electronic methods
(e.g., web-based and smart phone). Advantages of electronic
methods include the ability capture of data in real time, rather
than retrospective completion of forms and the ability to
electronically capture the data in a database without the need
for data entry.

Advantages of self-report measures of sleep are their
nonintrusiveness and low cost. However, these measures rare-
ly correspond well with objective measures, such as PSG or
actigraphy, due to the need for recall and the subjective nature
of perception. This may be especially true for patients with
insomnia who may perceive their sleep quality to be poorer
than when measured objectively. Although this discrepancy
may be viewed as a disadvantage, patient perceptions about
sleep are key components of the diagnosis of insomnia and
important determinants of quality of life. Thus, perception of
sleep is important to assess, in addition to objective measures.

Measures of excessive daytime sleepiness and fatigue Many
outcomes relevant to the cancer experience are sensitive to the
effects of sleep loss (e.g., fatigue, depression, and cognitive
dysfunction). However, the primary sleep-specific neurobio-
logical outcome is thought to be excessive daytime sleepiness
(tendency to fall asleep). The circadian tendency for sleepi-
ness occurs in the mid-afternoon and in the early morning
hours, but sleepiness also occurs as sleep debt increases (ho-
meostatic process).

Excessive daytime sleepiness can be measured with self-
report (e.g., Epworth Sleepiness Scale [83, 84] and the
Stanford Sleepiness Scale [85]) and objective measures, in-
cluding the multiple sleep latency test (MSLT) [86], the Main-
tenance of Wakefulness Test (MWT) [87], and the Psycho-
motor Vigilance Task (PVT) [88].

The MSLT is a daytime polysomnographic procedure that
measures sleep propensity in a bedroom environment that is
conducive to sleep. The test consists of a series of five “nap”
opportunities provided every 2 h beginning at 10:00 a.m. The
measured outcome is the average latency to sleep onset across
all naps (with a maximum of 20 min to attain sleep before the
test ends). Conversely, the MWT is a measure of the ability to
remain awake while resisting the pressure to fall asleep while
seated quietly in a darkened room. Like the MSLT, the MWT
consists of a series of five 20-min tests every 2 h beginning at
10:00 a.m. Both the MSLT and the MWT are administered
during the day but require a PSG study on the previous night,
making them somewhat burdensome.

The PVT is a sustained-attention, reaction-timed task that
measures the speed with which subjects respond to a visual
stimulus; sleep deficit is associated with poorer performance
on these tasks. Despite their potential usefulness as objective
measures of the effects of sleep loss, these objective measures
have rarely been used to study sleepiness in cancer patients
[89].

Fatigue, a frequent outcome of sleep loss, is common in
cancer patients and often studied by cancer researchers.
A number of well-validated fatigue instruments are
available, including several constructed specifically for
cancer populations (e.g., Brief Fatigue Inventory [90],
Cancer Fatigue Scale [91], and the Functional Assess-
ment of Chronic Illness Therapy—Fatigue [92]). PROMIS
measures are also available to measure fatigue (http://www.
nihpromis.org/). Interestingly, there is no consensus on a gold
standard cancer-related fatigue instrument, but the selection of
a fatigue instrument should be tailored to the goals of the
research [93].

Because sleepiness and fatigue are overlapping, but distinct
constructs, both fatigue and sleepiness should be measured as
consequences of sleep loss, sleep disorders, and/or systemic
disturbance, rather than using one as a proxy for the other [57].
However, some have suggested that using separate sleepiness
and fatigue scales may not be adequate to measure change in
each construct over time as changes in one may not parallel
changes of similar magnitude in the other [94]. To address this
problem, the FACES checklist [95] is a scale that measures
both states concomitantly (see Table 1).

Ready availability of standard sleepmeasurement methods,
such as those described in this paper, may improve opportu-
nities to design and conduct studies to address important
questions regarding sleep disturbance and cancer. Collabora-
tion between the community of oncology providers and sci-
entists and sleep specialists to conduct sleep-related studies is
essential. In addition to the conduct of studies with the prima-
ry aim of addressing sleep in cancer patients, judicious inclu-
sion of sleep measures in ongoing and emerging cancer trials
designed for broader purposes may be a cost-effective way to
improve knowledge of sleep. Inclusion of common data ele-
ments to measure sleep across studies may facilitate compar-
ison across populations and settings. These studies may add to
the growing science regarding the biological and behavioral
importance of sleep, sleep loss, and circadian rhythms
to the development of cancer; the impact of treatments;
and quality of life for cancer patients, survivors, and
their families. Better understanding of the role of sleep
in cancer development, progression, and quality of life,
as well as clinical trials to test interventions to improve
sleep and sleep-related outcomes, is needed in the diverse
populations of people who are cancer patients, survivors,
and caregivers, as well as those who are at particular risk for
cancer (e.g., shift workers).
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