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Abstract
Introduction
This thesis examined a possible relationship between sleep and breast cancer. Only a
small number of previous studies have investigated sleep and breast cancer and the
results have been inconclusive with increased risks, decreased risks and no associations
reported. The previous studies have had a number of limitations, most notably, the lack
of reliable and valid sleep measurement tools and the small number of aspects of sleep
being investigated. This thesis aimed to investigate ways to improve the measurement
of sleep in epidemiological studies, and then apply these measurements to investigate
the relationship between a number of aspects of sleep and breast cancer risk.

Methods
This thesis undertook to improve the measurement of sleep by:


Undertaking a reliability study of the ‘usual’ sleep questions that are commonly
used in epidemiological studies.



Undertaking a validation study to examine whether the ‘usual’ sleep questions
commonly used correspond to objective measures of sleep as assessed using
actigraphy.



Investigating the development of novel ‘sleep-exposure’ metrics to overcome
some of the limitations of ‘usual’ sleep questions, using occupational exposure
assessment theory.

This thesis undertook empirical investigation of the relationship between sleep and
breast cancer by:
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Examining the relationship between sleep duration, sleep quality, sleep
disturbance metrics and domestic exposure to light at night and risk of breast
cancer in a population-based case-control study.

Results
Methodological results
The results of the reliability and validity studies suggest that although the ‘usual’ sleep
questions typically used in epidemiological studies are reliable, they do not show close
correspondence with objective measures of current sleep as assessed using actigraphy.
In investigating metrics of ‘sleep-exposure’, the metric ‘average hours of sleep
disturbance with a harmful effect of longer sleep’ was found to be the best predictor of
the data, relative to the other models.

Empirical results
No associations were found between sleep duration, sleep quality, metrics of sleep
disturbance or domestic exposure to light at night and risk of breast cancer. Analysis to
investigate the potential impact of selection / misclassification bias did not indicate a
strong influence of bias on the results.

Conclusions
The results from methodological aspects of this thesis have highlighted the problems
associated with reliance on self-report measures of ‘usual’ sleep, and the caution that
may be required in interpreting studies that have used these types of questions. The
novel sleep disturbance metrics developed in this thesis have provided an alternative
way of conceptualising sleep that may serve as a useful reference for others looking to
expand their scope of sleep measurement.

v

The results of the empirical investigations in this thesis do not support any association
between a number of different aspects of sleep, or exposure to light at night, and breast
cancer risk. Analysis to quantify possible selection / misclassification bias did not
indicate that the results were affected by bias.

The results of this thesis may give reassurance to women experiencing short, poor
quality or frequently disturbed sleep, that they do not appear to be at increased risk of
breast cancer.
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Chapter 1. Introduction
This introductory chapter provides a brief background to this thesis and describes its
aims. In addition, this chapter describes the content and structure of this thesis in order
to orientate the reader.

Breast cancer is the most commonly diagnosed invasive cancer (excluding nonmelanoma skin cancer) and the leading cause of cancer death among women, both in
Australia and globally (1-3).

While some risk factors, such as primary genetic

mutations, reproductive history, weight gain and alcohol consumption, are well
established, they may account for less than half of breast cancer cases (2).

Defining sleep for the purposes of epidemiological studies is not straight forward.
Sleep is a complex mix of a number of attributes, otherwise known as domains, that can
be difficult to define and measure objectively (4, 5). For the purpose of epidemiologic
studies, sleep presents a mixture of quantitative domains such as: the duration of sleep;
time taken to get to sleep (sleep onset latency); times woken during sleep (arousals); as
well as more subjective domains such as ‘quality’ ‘depth’, ‘restfulness’ and
‘refreshment’ (4, 5).

Both International and Australian studies have reported changes in the domains of sleep
duration and quality over time. Some studies have suggested a reduction in sleep
duration of between 13 mins and 36 mins since the 1980s (6-12) although reductions in
sleep duration have not been consistently found (12, 13). Studies of sleep quality have
reported increases in the prevalence of subjective poor quality sleep ranging from 5% to
almost 40% (6, 7, 14, 15).

1

Three plausible biological models have been proposed that would explain how poor
quality or short duration sleep can influence the development of cancer. The first model
proposes an increased cancer risk as a result of impaired immune function (16). The
second model suggests breast cancer risk might be increased via metabolic pathways
that lead to obesity (2, 18). The third model proposes an increased risk of breast cancer
as a consequence of altered melatonin release (16).

Seven published studies (six cohorts and one case-control) have investigated the
relationship between one or more domains of sleep and breast cancer risk (19-25). Five
of these studies investigated sleep duration and breast cancer, but reported mixed
results. Three studies found no relationship (22-24), while one reported a statistically
significant trend of decreasing risk (20) and the other (21) a statistically significant
trend of increasing risk, with increasing sleep duration. One study investigated sleep
quality with breast cancer risk but found no association (23). One study investigated
diagnosis with a sleep disorder and found a marginally increased risk of breast cancer in
women with a sleep disorder, compared with women without a sleep disorder (19).
Cairns et al (25) investigated breast cancer risk associated with daytime napping and
found a small increased risk of breast cancer associated with more frequent daytime
napping at baseline but this was attenuated as follow-up time increased.

Differing results in these studies may be explained by methodological limitations, most
notably the lack of reliable and valid data collection tools to measure sleep duration and
quality. Furthermore, the limited number of domains of sleep investigated in these
studies may not have been adequate to identify potentially important distinctions
between sufficient and insufficient sleep duration, or people who experience good and
bad quality sleep.
2

Based on the biological and epidemiological evidence available (and described in detail
in chapter two), I hypothesised that sleep was a potential risk factor for breast cancer. I
made two observations about the nature of the relationship. First, that sleep was a
complex exposure, with many different domains that might be relevant for disease
processes; and second, that this complexity had not been fully explored in the existing
epidemiological literature on sleep and breast cancer. To clearly elucidate the role of
sleep in breast cancer risk, the measurement of sleep requires improvement, and the
complexity of different domains of sleep should be further explored. In this thesis I
undertook to address some of those issues.

1.1

Aims

The aim of this thesis was to investigate the role of sleep in breast cancer risk by:
investigating ways to improve the measurement of sleep in epidemiological studies; and
then by applying these measurements to investigate the relationship between different
domains of sleep and breast cancer risk.
I undertook to improve the measurement of sleep in epidemiological studies by:


Undertaking a reliability study of sleep questions that are commonly used in
epidemiological studies.



Undertaking a validation study to examine whether the sleep questions
commonly used in epidemiological studies correspond to objective measures of
sleep as assessed using actigraphy.



Exploring the development of novel ‘sleep-exposure’ metrics to investigate
other aspects of sleep which may be important for health outcomes.

The relationship between sleep and breast cancer was investigated by:

3



Examining the relationship between sleep duration, sleep quality, sleep
disturbance metrics and domestic exposure to light at night and risk of breast
cancer in a population-based case-control study.

1.2

Structure of thesis

This thesis is structured as a thesis by publications.

In chapter two some background information about sleep and breast cancer is provided
and this is followed by a review of the current biological and epidemiological literature
investigating the relationship between sleep and breast cancer.

In chapter three I describe the Breast Cancer Environment and Employment Study
(BCEES). Data for parts of this thesis were provided by the BCEES however, due to
the space constraints of papers for publication, the methods for the BCEES are only
presented in brief in the papers. As such, chapter three describes the methods for the
BCEES in detail.

In chapter four I provide a brief introduction to the five investigative chapters to follow.
In chapters five to nine I present six manuscripts that investigate the aims of this thesis.

In chapter 10 I present a general conclusion by summarising the findings of this thesis
and the original contribution they make to new knowledge. In this chapter I also
discuss the strengths and weaknesses of the work and the public health implications of
the results. This chapter concludes with some recommendations for further research.

References are found at the end of each chapter. Appendices include: ethical approvals;
copies of the data collection tools; additional tables and analysis not included in
4

chapters five to nine; the first page of published manuscripts and associated editorials;
and a list of conference presentations.
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Chapter 2. Literature Review
This chapter presents an overview of breast cancer, sleep and light at night, and
summarises the biological and epidemiological evidence to link sleep and light at night
as possible risk factors for breast cancer.

2.1

Breast Cancer

Breast cancer is a malignant tumour that occurs in the cells of the breast. Almost
exclusively, these tumours occur in the functional units of the breast, the ducts and
lobules, which make and transport milk during lactation (1). Breast cancers can be
invasive cancers or in situ (non-invasive) cancers. The two types are morphologically
similar, the difference being defined by the degree to which the tumour invades into
surrounding tissue. In situ cancers remain confined to the duct or lobule while invasive
cancers show evidence of infiltrating the surrounding tissue. Up to 80% of invasive
cancers originate in ducts while only 5-10% originate in lobules (1). Other types of
invasive breast cancer make only a small proportion of cases (1). Although breast
cancer occurs in both men and women, male breast cancer is rare, generally accounting
for <1% of cases (1). The focus of this thesis is invasive breast cancer in women.

Breast cancer is the most commonly diagnosed invasive cancer (excluding nonmelanoma skin cancer) and the leading cause of cancer death in Australian women (2).
Globally, breast cancer ranks second in incidence and fifth in mortality among all
cancers, with an estimated 1.38 million new cases and 458 000 deaths occurring in 2008
(3). In general, breast cancer incidence rates are higher in developed nations compared
with developing nations. However, the available data suggest that incidence rates are
increasing in developing nations. Based on current trends, 60% of the 2.7 million cases
predicted for 2030 will be diagnosed in developing nations (4).
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While some risk factors for breast cancer, such as increasing age, primary genetic
mutations, reproductive history, weight gain and alcohol consumption, are well
established, they may account for less than half of the breast cancer cases diagnosed (1,
5). In addition, few of these known risk factors are modifiable (5). In order to reduce
the global burden of breast cancer it is necessary to identify other, as yet unrecognised,
risk factors that have the potential for prevention.

2.2

Sleep

Sleep is an essential characteristic present in all mammals.

However, there is

significant inter-species variation in the types and patterns of mammalian sleep
including: duration of sleep (elephant 4 hours, bat 19 hours); timing of sleep (nocturnal,
diurnal, crepuscular); posture and mobility while sleeping (hanging, standing, laying,
curled, eyes open or closed); sleep cycle length and sleep stage length (6).

This

complexity in mammalian sleep habits has made sleep difficult to define, the simplest
behavioural definition being: “a reversible, behavioural state of perceptual
disengagement from and unresponsiveness to the environment” (7 p.16).

More commonly, mammalian sleep is characterised in contrast to wakefulness, as being
a state of reduced awareness and responsiveness to external stimuli, with a marked
reduction in movement.

2.3

The purpose of sleep

Although we spend roughly one third of our lives asleep, remarkably little is known
about its purpose.

While it is widely acknowledged that sleep fulfils important

biological functions, what these specific biological functions are, is still unclear. A
number of theories have emerged as to why we sleep, including sleep as a restorative
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process, sleep as a detoxification process, sleep as an energy conservation process and
sleep as a brain development process (8, 9). However, the evidence for all of these
theories has so far been inconclusive (8, 9).

The high inter-species variation in

mammalian sleep patterns has meant that most theories on the purpose of sleep can be
both supported and refuted, depending on the species studied. For example, the energy
conservation theory proposed that sleep served to lower metabolic rate and conserve
energy, and that this could explain large differences in mammalian sleep duration that
seemed to correlate with differences in surface area (elephant 4 hours sleep duration;
koala 14.5 hours duration) (6). However, dolphins and seals continue to move during
sleep which would appear to refute this theory (6).

A lot of what is known about the importance of sleep has come from short term sleep
deprivation studies, in which humans temporarily deprived of sleep experience a range
of cognitive, psychological and physiological effects including: fatigue; irritability;
paranoia; disturbances in perception and orientation; seizures; psychosis; and alterations
in thermoregulation, glucose metabolism, immune function, metabolic homeostasis and
hormone production (10-12). Experimental studies of long term sleep deprivation in
humans have not been conducted due to the practical and ethical restrictions on
undertaking these studies. However, animal studies have indicated that prolonged sleep
deprivation can result in severe disability and death (9). What is clear from the existing
body of sleep research is that sleep is necessary for human health and inadequate sleep
impacts on physiological processes (13). Some of the physiological changes associated
with inadequate sleep, in particular immune dysfunction and altered hormone
production, have been implicated in increasing cancer risk (14, 15). These are discussed
in more detail in Section 2.7 where the biological models linking sleep and breast
cancer risk are described.
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2.4

The architecture of sleep

Normal healthy adults sleep somewhere between 7.5-8.5 hours per night (16). Sleep
comprises two states, Rapid Eye Movement (REM) sleep and Non-Rapid Eye
Movement sleep (NREM), which can be further classified into four sleep stages (16).
NREM sleep includes the stages N1 (light sleep occurring at sleep onset), N2 (slightly
deeper sleep) and N3 (deep sleep); while REM sleep contains stage R (associated with
rapid eye movements, dreaming and suppression of muscle activity) (16). In normal
healthy adults, a typical night’s sleep consists of 4 to 6 cycles of NREM and REM.
Sleep begins in stage N1 and progresses through N2 and N3 with Stage R sleep
occurring after approximately 80 minutes (16). REM and NREM then alternate for the
remainder of the night in approximately 90 minute cycles (16). This characteristic cycle
of stages is referred to collectively as ‘sleep architecture’.

Although sleep researchers have tried to characterize ‘normal’ sleep in adults, both
intra- and inter- individual variability can be very high. Genetic determinants contribute
to some of the variation between individuals, but humans also have substantial
volitional control over their sleep behaviour, which contributes significantly to this
variability (16).

2.5

Sleep regulation

There are four main influences on the regulation of sleep/wake in mammals: circadian
rhythms, homeostatic and ultradian processes, and exogenous factors (17).

2.5.1 Circadian Rhythms
Circadian rhythms are daily cycles in physiology and behaviour that are internally
generated, the most conspicuous of which is the sleep/wake cycle (18). Circadian
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rhythms drive the timing (but not the occurrence) of sleep and act independently of any
prior sleep or wake periods (17, 19, 20). The circadian system is thought to be more
active in promoting wakefulness, rather than sleep.

It does this via the rhythmic

variation in wake-promoting substances, including the hormone cortisol (19, 20). The
rhythmicity of circadian rhythms is maintained via daily time cues called zeitgebers
(20). Examples of zeitgebers include sunlight, mealtimes and work schedules (20).
Light as a zeitgeber is discussed in more detail in section 2.5.3.

In regulating the timing of sleep/wake cycles in humans, the circadian rhythm has been
described in terms of three characteristics: phase, amplitude and stability (21, 22). The
phase of the rhythm is commonly described in terms of an innate preference for
‘morningness’ or ‘eveningness’. Morning types prefer to go to bed earlier, wake up
earlier and be active in the morning, whereas evening types have a preference for going
to bed later, waking up later and being active in the evening. Intermediate types
(neither morning- nor evening- types) exist between the two extremes. Morningnesseveningness preferences have been found to be correlated with differences in core body
temperature and subjective alertness (23). Circadian phase is the most well characterised
aspect of circadian rhythm and is commonly measured in studies of sleep (24-28). The
proportion of morning-, evening- and intermediate-types varies depending on the
questionnaire used and/or the cut-off values specified (29). While a number of selfreport measures of circadian phase exist, the Horne-Östberg Morningness-Eveningness
Questionnaire remains the most widely used and the most extensively validated (23, 24,
30).

Updated

cut-points

for

the

Horne-Östberg

Morningness-Eveningness

Questionnaire classify approximately 60% of the population as intermediate types, with
approximately 20% each as morning- and evening-types (31).
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The amplitude and stability of circadian rhythm have not been as extensively studied.
Amplitude is reported as languidness or vigorousness (32). Vigorousness represents the
ability to more easily overcome tiredness following reduced sleep, while more languid
types experience lethargy and persistent drowsiness (32, 33).

The stability of the

rhythm is reported as the flexibility or rigidity of sleeping habits. People with rigid
circadian rhythms are reported to be less able to go to bed early, sleep-in or sleep at
unusual times (32, 33). Only two self-report tools are available to assess circadian
amplitude and stability, the Circadian Type Questionnaire and a recent revision known
as the Circadian Type Inventory (33). The Circadian Type Inventory sets the cut-points
for both scales at the 25th and 75th percentiles with the middle 50% of each scale defined
as ‘neither’.

The three characteristics of the circadian rhythm interact to drive innate preferences for
the timing, duration and flexibility of sleep, and differing sleep need and responses to
sleep disturbance have been reported within all three circadian characteristics (33-36).

2.5.2 Homeostatic and Ultradian processes
The homeostatic regulation of sleep/wake is a function of prior periods of sleep/wake.
As the time spent awake increases, the homeostatic drive for sleep increases (17).
Under the most common cited model of sleep regulation, known as the ‘two process’
model, sleep occurs when the homeostatic drive for sleep is high and the circadian drive
for wakefulness is low, and the two processes interact to allow periods of stable
wakefulness and consolidated sleep (12, 17). However, the two process model is a
theoretical bio-mathematical model (17).

Although it can reliably describe the

underlying biological regulation of sleep and is useful for making predictions under
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experimental sleep conditions, it does not account for exogenous factors and is less
useful for understanding sleep regulation in the real world (17, 20).

The ultradian cycle is weaker than the circadian and homeostatic drives in regulating
sleep, and predominantly influences the alternation of the REM and NREM states
during sleep (17).

2.5.3 Exogenous Factors
While the timing and rhythmicity of sleep/wake are generated endogenously via the
circadian, homeostatic and ultradian processes, sleep can be modified by exogenous
factors. Exogenous factors can include both behavioural and reflex influences. The
behavioural influences include: psychological factors such as anxiety, mental
stimulation and attention to the environment; comfort factors such as the familiarity of
the bed and/or bed partner; and social activity factors such as exercising, reading or
working on a computer just before bed which may increase alertness or be part of a presleep routine. Reflex factors are factors that can work to either increase or decrease the
propensity to sleep via a range of different mechanisms. They include: exposure to light,
noise, temperature, physical activity, food consumption, ill health or menopausal
symptoms and sexual activity.

Light and the light/dark cycle are by far the strongest and most important exogenous
factors (37). The human circadian rhythm is actually slightly longer than 24 hours in
most individuals, approximately 24.2 hours, but it synchronises to a 24 hour day in
response to zeitgebers (daily time cues) (18, 37). Light is the most effective zeitgeber
and is the primary synchronising factor for circadian rhythms in most species (18).
Without this synchronising action, circadian rhythms, and the circadian drive for sleep,
would ‘free-run’, that is ‘sleepiness’ would occur slightly later in each passing 24 hours.
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A ‘free-running’ cycle progresses around the clock, and over days and weeks the drive
for sleep moves in and out of phase with the light/dark cycle (38). ‘Free-running’
circadian rhythm disorders are rare in sighted individuals, most commonly occurring in
blind people with no light perception (38).

In individuals with light perception,

exposure to bright light at the ‘wrong’ time, for example in the late evening, can have a
detrimental effect on circadian rhythms and the circadian drive for sleep (18).
Similarly, timed bright light therapy has been shown to be effective in treating some
circadian rhythm sleep disorders (18). The level of light required to regulate/interrupt
the circadian rhythm has not been clearly defined, however the wavelength, intensity,
duration and timing of light exposure are all thought to be important (39-42).

Light is able to synchronise the human circadian rhythm to a 24-hour day by the actions
of the hormone melatonin. Melatonin is produced by the pineal gland and its release is
regulated by the light/dark cycle. Melatonin production begins to increase shortly after
the onset of darkness, reaches peak levels at mid darkness, and is suppressed during the
day by the detection of light by light-sensitive cells in the eye (18, 37). Melatonin
receptors are expressed in most organs, glands, and tissues and as such the rhythmic
variation in melatonin secretion communicates day–night information to most cells in
the body (37).

Of particular relevance to this thesis is the hypothesis that suggests that exposure to
bright light during the habitual hours of darkness may increase the risk of breast cancer,
due to the suppression of normal night-time melatonin release (discussed in more detail
in section 2.7).
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2.6

The epidemiology of sleep

Sleep is a complex mix of attributes, otherwise known as domains, that are difficult to
define and measure objectively (43, 44). For the purpose of epidemiological studies,
sleep presents a mixture of quantitative domains such as the duration of sleep, time
taken to get to sleep (sleep onset latency), times woken during sleep (arousals) as well
as more subjective domains such as ‘quality’ ‘depth’, ‘restfulness’ and ‘refreshment’
(43, 44). Table 2.1 describes the domains of sleep and the technical sleep terms that are
relevant to this thesis.

Both international and Australian studies have reported changes in sleep duration and
quality over time.

Studies of changes in sleep duration over time have reported

conflicting results. A recent systematic review of changes in sleep duration identified
12 studies from 15 countries for inclusion, of which almost as many countries reported
an increase in sleep duration as a decrease (45). No study using Australian data was
included in this review. Reported reductions in sleep duration ranged between 15 mins
and 36 mins per night over the last 20-40 years (45-50) while reported increases ranged
between 10 and 24 mins (45). However, many of the studies included in this systematic
review did not fulfil a number of quality criteria for studies of sleep changes as
identified by Glozier (51). These criteria included: using a representative sampling
frame; undertaking repeat measures using the same methods and assessment procedures;
undertaking repeat measures at the same time of year; and obtaining high, unbiased
response fractions (51). One study which did meet these criteria was an Australian
study by the same authors of the systematic review (52). This study used nationally
representative data from three repeated cross-sectional time-use surveys conducted in
1992, 1997 and 2006 that had response fractions of at least 84% (52). This study
reported no significant change in adult sleep duration (52).
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Table 2.1 A summary of the domains of sleep and the technical sleep terms relevant to
this thesis.
Term
Description
Sleep Duration

The time spent asleep, primarily used in studies using selfreported measurements of sleep.

Total Sleep Time

The time spent asleep excluding any awake time, a technical
term primarily used in studies with objective measurements of
sleep that can reliably measure and exclude Sleep Onset
Latency and Wake After Sleep Onset.

Sleep Onset
Latency (SOL)

Time taken to get to sleep; commonly objectively defined as
the time from lights out to the first consecutive 90 seconds of
stage 1 sleep.

Arousals

Objectively defined as an abrupt change (over 3-14 seconds)
from a ‘deeper’ stage of sleep to a ‘lighter’ stage; this change
may not result in a conscious awareness of being awake.

Wake After Sleep
Onset (WASO)

Amount of time spent awake during the night after sleep has
been initiated and before final awakening.

Sleep Efficiency

The ratio of the amount of time spent asleep (Total Sleep
Time) to the amount of time spent in bed (Total Sleep Time +
SOL + WASO).

Sleep Initiation

The ability to fall asleep.

Sleep Maintenance

The ability to stay asleep and/or to fall asleep again if woken.

Sleep Quality

Subjective feelings around sleep quality, this can include
sleeping ‘well’ or ‘deeply’; experiencing general ‘sleep
problems’; or experiencing specific problems such as
difficulties with initiating or maintaining sleep.

Feelings Upon
Awakening

Subjective feelings
awakening.

Day Time
Sleepiness

Mild, moderate or severe daytime sleepiness resulting in
impairment of social or occupational function due to
sleepiness.

Sleep Disturbance

Significant or sustained difficulties with initiating or
maintaining sleep.

Insomnia

This term can refer to:

of

‘rested’

and

‘refreshed’

upon

1) The presence of insomnia symptoms such as
difficulties with initiating or maintaining sleep or poor
sleep quality; or
2) Insomnia disorder for which there is a formal
diagnostic criteria.
The former use is more common in the epidemiological
literature.
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Studies of changes in sleep quality have reported more consistent results, although
differences in the populations under investigation and the definition of sleep quality
makes direct comparison between studies difficult. Examples of terms used to measure
sleep quality in studies include: ‘sleep problems’; ‘overall sleep quality’; ‘difficulties in
getting to sleep’; ‘waking during the night’; ‘insomnia’; ‘sleeping badly’; and ‘lying
awake most of the night’ (46, 50, 53-55). In general, these studies reported declines in
quality over time, although the magnitude of the decline ranges from 4% to almost 40%,
possibly due to the different measures of sleep quality used (46, 50, 53-55).

The most recent study of sleep quality, and the most methodologically robust, reported
decreases in sleep quality across four different definitions of insomnia (55). This study
was conducted in England, using national psychiatric morbidity surveys from 1993 to
2007. The strengths of this study included: using comparable sampling methods;
collecting information at three time points; using identical insomnia assessments; and
limiting the analysis to data collected at the same time of year to remove seasonal
effects (55). The most noticeable result from this study was the near doubling in the
prevalence of ‘severe insomnia’ from 3.1% to 5.8% (55). These changes occurred
without any corresponding increases in the prevalence of psychological symptoms that
could explain the results as an increase in ‘complaining’ (55).

Given the importance of sleep for humans, the possibility of long term declines in sleep
quality and duration have potentially serious implications for health outcomes. In
particular, while the immediate effects of poor sleep such as tiredness, loss of
concentration, fatigue and injuries are well recognised (56), the chronic effects of long
term poor sleep have not been extensively studied. However, evidence from laboratory
studies has identified a number of plausible biological models by which sleep may
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influence chronic disease (13). The models relevant to breast cancer risk are outlined in
the next section.

2.7

Biological models linking sleep and breast cancer risk

Three mechanisms have been proposed by which sleep might influence cancer risk.

One of the proposed mechanisms for how sleep might increase breast cancer risk is the
immune suppression hypothesis (14).

Researchers have hypothesised that one

important function of sleep is to contribute to the maintenance of the immune system
(11).

A functioning immune system has the capacity to prevent and control the

initiation and progression of malignancies (57, 58). However, direct human data on the
impact of chronic sleep loss on tumour development are not available due to ethical and
practical restrictions (59). In general, human studies are limited to assessing the effect
of short term sleep deprivation on short term outcomes such as changes in parameters
associated with immune function including: natural killer cell activity; antibody
response to vaccination; or susceptibility to infectious challenge.

Recent reviews have highlighted changes in natural killer cell activity, lymphokineactivated killer cell activity, interleukin-6 levels and soluble tumour necrosis factoralpha receptor 1 levels were found to be associated with experimental sleep deprivation
(59-62). However, studies included in these reviews reported changes consistent with
both increases and decreases in immune function as a result of sleep deprivation. The
authors of these reviews highlighted that the lack of standardisation in sleep deprivation
schedules, the difficultly in isolating sleep as an independent variable, the complexity of
immune homeostasis and the lack of data on long term deficits have complicated the
interpretation of results from individual studies (59-62).
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Studies of acute sleep deprivation prior to vaccination have reported poorer antibody
responses in sleep deprived participants, although these differences have not always
been maintained at later time points after participants have returned to their usual sleep
habits (63-65). A study of susceptibility to infection reported that both shorter sleep
duration and lower sleep efficiency were associated with increased infection with a cold
virus (66).

Animal studies more clearly implicate long term sleep deprivation in compromising
immune function. Experimental rodents subjected to sleep deprivation develop necrotic
skin

lesions

and

opportunistic

bacterial

infections

consistent

with

being

immunocompromised (67, 68). Rats subjected to almost total sleep deprivation develop
lethal sepsis within three weeks (68). Despite the complex and sometimes contradictory
results, the consensus on the available evidence from human and animal studies seems
to be that while short-term deprivation may improve immune function, long-term
deprivation leads to functional immune suppression (11). An impaired immune system
may not have the capacity to prevent and control the initiation and progression of
malignancies (57, 58).

The second mechanism suggests that sleep might influence cancer risk via metabolic
pathways that lead to obesity. Excess body weight, and the associated elevated serum
oestrogen levels, is one of the recognised risk factors for post-menopausal breast cancer
(1, 69, 70). Two possible pathways have been identified that might lead from sleep loss
to weight gain. The first pathway is via increased appetite. Appetite is, in part,
regulated by the opposing actions of leptin, an appetite-inhibiting hormone, and ghrelin
an appetite-stimulating hormone (15). Experimental studies in humans have observed
decreased concentrations of leptin, increased ghrelin concentrations, increased
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subjective hunger and increased caloric intake after sleep restriction (71, 72). However,
not all studies have observed these effects and there is some speculation that there may
be a minimum threshold of sleep restriction before appetite is upregulated (71, 72).

The second pathway is via lower energy expenditure (less motivation for activity) in
those who are sleep deprived (15).

Experimental evidence for this pathway is

conflicting, with some, but not all studies reporting decreases in energy expenditure
after sleep restriction (71, 72).

These pathways suggest that those who have poor sleep are more likely to become
overweight or obese, the excess fat tissue contributes to elevated serum oestrogen
levels, and it is the elevated serum oestrogen that contributes to breast cancer risk.
Three recent review articles have summarised the epidemiological evidence for the
relationship between sleep and body mass index and have concluded that the evidence is
inconsistent, with some studies showing no association, some showing a U-shaped
association and some showing a negative linear trend (15, 72, 73). The three reviews
emphasise that most of the included studies were cross-sectional studies, so the
direction of causality cannot be established, and limited by the poor measurement of
sleep, usually assessed with a single self-report question (15, 72, 73).

The melatonin hypothesis (also known as the light at night hypothesis) is by far the
most widely cited mechanism to link short sleep with increased risk of breast cancer.
As outlined in sections 2.5.1 and 2.5.3, melatonin is a light sensitive hormone with a
key role in communicating information about the light/dark cycle to the body and
regulating the human circadian rhythm (18).
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Melatonin has been shown to have anti-cancer properties in experimental models via
several different mechanisms. These anti-cancer properties include: preventing tumour
initiation via antioxidant actions that reduce free-radical damage to DNA; inhibiting
cancer cell growth and proliferation by delaying the progression of cells through the cell
cycle and inhibiting the uptake of growth factor (linoleic acid) into tumour cells; and
potentiating the immune system by enhancing the production of a variety of cytokines
(14, 74-76).

Additional evidence shows that melatonin also modulates hormone

activity, including the regulation of oestrogen receptor expression, which may be
important for hormone dependant cancers (77). This is supported by results that suggest
that the anti-cancer effects of melatonin are more pronounced in oestrogen hormone
receptor-positive breast cancer tumours than oestrogen receptor-negative tumours (39,
78).

Suppression of nocturnal melatonin secretion has been reliably achieved in laboratory
studies of light exposure during the habitual hours of darkness (79). The melatonin
hypothesis predicts that exposure to light at night suppresses normal nocturnal
melatonin production and increases the risk of cancer (14, 80, 81, 156). An extension of
this hypothesis also proposes that those with ‘less’ light exposure (such as individuals
with no light perception or ‘long’ sleepers) should have a decreased risk of cancer (82).

Evidence to support this hypothesis has come from studies in both animals and humans.
Animal studies have reported a reduction in tumour incidence and growth for a number
of different cancers after the administration of exogenous melatonin (83-85). In humans,
a systematic review of clinical trials in cancer patients reported that the administration
of melatonin was associated with improved response and prolonged survival (86). Most
of the studies included in the review were conducted by the same group of investigators.
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While this is not necessarily a limitation, having these findings confirmed in
independent trials would be useful (86). Indirect evidence for the anti-cancer effects of
melatonin has come from observational studies that have reported a decrease in breast
cancer risk amongst blind women (87-89) and an increase in breast cancer risk amongst
shift workers thought to be exposed to light at night (90, 91).

However, direct

evaluation of melatonin profiles in shift workers has not provided consistent evidence to
support melatonin suppression under ‘real-world’ conditions of light exposure (92, 93).
The wavelength and intensity of light, the direction of gaze, the duration of exposure
and exposure to light during the day are all thought to play a role in the ability of light at
night to suppress melatonin (39, 40). These features of light at night exposure are likely
to be very different between individuals and may account for the inconsistent evidence
to support melatonin suppression under ‘real-world’ light at night conditions.

Few epidemiological studies have directly assessed exposure to light at night, either in
an occupational or a domestic setting. Most of the previous studies proposing to
evaluate exposure to light at night have used sleep duration or shift work as proxies (82,
94). How best to disentangle the roles of ‘sleep’ and ‘dark’ in order to test the light at
night hypothesis is the subject of ongoing debate (95, 96).

In summary, although the evidence for a biological mechanism is not conclusive, there
is sufficient evidence to suggest three plausible biological pathways that would link
sleep as a risk factor for breast cancer: immune suppression; via metabolic pathways
that lead to obesity; and as a result of suppressed melatonin production.
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2.8

Measuring sleep

Polysomnography in a sleep laboratory is the gold standard for the objective
measurement

of

sleep

(97).

Polysomnography

involves

the

placement

of

biophysiological sensors on a subject to record information on: electrical signals from
the brain, eyes, heart and chin muscles; movement of the chest and abdomen; air flow
from the nose and/or mouth; body position; limb movement; snoring; and oxygen
and/or carbon dioxide levels during the subjects sleep (97). While polysomnography
can provide detailed information on sleep states, stages, disorders and the quantitative
domains of sleep, it is also invasive, costly and disruptive to sleep, and is not practical
for population-based studies.

In addition, polysomnography does not capture

information on the subjective domains of sleep, such as sleep quality. This is an
important limitation, as the subjective experience of sleep is a central aspect of
describing normal/disordered sleep and constitutes a cardinal criterion for a diagnosis of
insomnia (98-101). Specifically, the International Classification of Sleep Disorders
defines subjective complaints of non-restorative or poor quality sleep as constituting the
sleep-related symptoms of insomnia (99).

Actigraphy is a less intrusive method for objective sleep monitoring and can be used to
obtain information on total sleep time, number and duration of arousals and sleep onset
latency. Actigraphs are small, wrist-worn biomedical instruments that allow 24-hour
multi-day recording in the home environment. They contain a sensitive accelerometer
that measures gross motor activity, from which sleep/wake can be inferred. Actigraphy
has been extensively evaluated for reliability and validity against polysomnography, and
has had positive results (102-104). However, there are a number of different commercial
actigraphs available and each has its own measurement characteristics and scoring
algorithms which makes comparison between devices difficult (102, 104). Despite this
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limitation, actigraphy has been recommended by the American Association of Sleep
Medicine as an acceptably accurate estimate of sleep patterns in individuals with normal
sleep (104).

While actigraphy is a less costly method of objective sleep monitoring and a useful
alternative to polysomnography for small population-based studies, the cost of
actigraphs still makes it prohibitive for large studies. In addition, actigraphs share a
limitation with polysomnography in not being able to assess the subjective domains of
sleep.

As a result, self-report still remains a common, relatively inexpensive and

important method for measuring sleep in epidemiological studies.

A number of self-report diaries and questionnaires have been developed to assess sleep,
including the Karolinska Sleep Diary, the Pittsburgh Sleep Diary, the Sleep Timing
Questionnaire, The Athens Insomnia Scale and the Pittsburgh Sleep Quality Index (44,
105-107). However, these tools are lengthy, detailed and predominantly focused on
assessing sleep over the short term (1-4 weeks), such as changes in sleep as a result of
an intervention. They are impractical for epidemiological studies that seek to collect
information on sleep over a longer time frame.

In many epidemiological studies the assessment of sleep is limited to one or two
domains of ‘usual’ sleep (108-112), most commonly usual sleep duration (108-111),
and less commonly usual sleep quality (94, 113). Participants in some studies have also
been asked to report ease of getting to sleep (114-116). However, these types of ‘usual’
sleep questions have not been tested for their reliability and only one study of validity
against objective sleep measures has been conducted (157). The minimal investigation
of reliability and validity is a limitation for studies that have used these kinds of
questions, as their results may be of uncertain value. Investigating the reliability and
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validity of the kinds of questions typically used in epidemiological studies is an aim of
this thesis.

The variability of sleep, both day-to-day and over the longer term, creates challenges for
questions on ‘usual’ sleep (13, 117-119). An individual’s ‘usual’ sleep can be altered
for days, months and even years at a time due to a number of factors including work
schedules, caring for children, illness, grief and stress. Questionnaires that focus only
on sleep over the previous 1-4 weeks, or that only ask about ‘usual’ sleep, will not
capture information on potentially important periods of ‘non-usual’ sleep over the
lifetime. While the ‘usual’ sleep questions have advantages for the data collection
process in large epidemiological studies, they have only a limited scope for exploring
the complexity of sleep over time and health outcomes. Better ascertainment of the
complexity of sleep would lead to less misclassification, and more accurate estimates of
risk.

The limitations of the current measures of sleep used in epidemiological studies are
widely acknowledged and recent editorials have identified a number of ways in which
epidemiologists could expand and improve the measurement of sleep.

Dijk (112)

highlighted the need for domains other than sleep duration, such as sleep quality or
sleep disturbance, to be measured, while Erren (120, 121) proposed a ‘sleep-years’
metric to assess cumulative sleep over decades.

A cumulative ‘sleep-years’ measure has not been previously calculated; however, the
concept of ‘exposure-time’ has been used in other areas of epidemiological
investigation, for example, cigarette ‘pack-years’ for assessing cumulative exposure to
tobacco smoke and ‘fibre-years’ for assessing cumulative exposure to asbestos fibres.
‘Exposure-time’ metrics attempt to capture the frequency, duration and level of
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exposure to the agent of interest and are commonly used in occupational epidemiology
(122).

Data to determine ‘exposure-time’ in community-based retrospective occupational
studies is frequently collected using job-history questionnaires (122 p.38). Job-history
questionnaires lead subjects through their complete occupational history, and prompt
them to recall specific details about each job held for more than some minimum amount
of time (e.g. 3 months) (122 p.38). Specific details can include, start and end dates, age
when started and tasks undertaken (122 p.38). This method is feasible for occupational
exposure assessment because self-report of occupational history over the lifetime has
been evaluated and found to be accurately recalled (123).

In seeking to calculate a sleep exposure-time metric, the job-history questionnaire
serves as a useful starting point for considering how to capture information on the
frequency, duration and level of exposure to sleep.

However a ‘sleep-history’

questionnaire of ‘usual’ sleep is impractical and unlikely to be reliable, due to the highly
variable nature of sleep over the lifetime. Significant and /or sustained difficulties with
initiating or maintaining sleep (which I will call sleep disturbances) often co-occur with
major life events such as the birth of children, bereavement, divorce and illness, which
have been shown to be reliably recalled (124). The job-history style of questionnaire
could conceivably be adapted to collect information on the frequency, duration and
severity of sleep disturbances. This information could then be used to calculate metrics
of exposure to sleep disturbance. ‘Exposure-time’ metrics of sleep disturbance may
represent a novel way to explore other domains of sleep and overcome some of the
limitations of the current measures of sleep used in epidemiological studies.
Undertaking the development of sleep disturbance metrics is an aim of this thesis.
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2.9

Previous studies of sleep and breast cancer

Seven published studies (six cohorts and one case-control) have investigated the
relationship between sleep and breast cancer risk (Tables 2.2, 2.3 and 2.4) (94, 110,
125-129).

Five of the studies investigated sleep duration while one of these also

investigated sleep quality (94, 110, 126-128). One study, conducted in Taiwan,
investigated the relationship between diagnosis with a sleep disorder (excluding sleep
apnoea) and cancer risk (125), while Cairns et al investigated breast cancer risk
associated with daytime napping in the Million Women Study (129). No studies were
identified that investigated sleep disturbance as a risk factor for breast cancer.

Liang et al investigated diagnosis with a sleep disorder and found a marginally
increased risk of breast cancer in women with a non-apnoea sleep disorder compared
with women without a sleep disorder; hazard ratio (HR) 1.17 (95% Confidence Intervals
(CI) 0.98-1.39) (125).

This study had a broad definition of sleep disorders that

included: both transient and persistent disorders; disorders that resulted in both
insufficient and excessive sleep; and disorders with both known and unknown origins
(125). In addition, this study did not identify a lag period between exposure and
outcome, and had a short duration of follow-up (maximum 8 years) so it is possible that
the sleep disorder (in particular insomnia) may have been diagnosed only shortly before
the cancer.

As such, the results may in fact reflect reverse causation, in which

underlying pre-clinical breast cancer was causing the sleep disorder.

The potential for the lack of lag time to produce reverse causation is highlighted by the
results of Cairns et al (129). These authors found that a small increased risk of breast
cancer associated with more frequent daytime napping at baseline, was attenuated as
follow-up increased (129). Reverse causation is a likely explanation for the initial
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appearance of an elevated risk, and the subsequent decline in breast cancer risk over
time (129).

Of the five studies that investigated sleep duration and breast cancer, three prospective
cohort studies found no relationship (94, 127, 128, 130), while the two remaining
studies (one case-control and one prospective cohort) had conflicting results (Table 2.3)
(110, 126). Differences in defining sleep duration may in part explain such conflicting
results.

Two studies collected information on ‘current’ duration (94, 127), one

‘habitual’ duration (128), two ‘recent’ duration (during the last year / two years prior to
interview) (110, 126) while McElroy also collected ‘average duration over the lifetime’
(110).

With regard to increasing ‘recent’ sleep duration, Kakizaki et al (126) reported a
statistically significant trend of decreasing risk, while McElroy et al in a case-control
study (110) reported a statistically significant trend of increasing risk. Although the
trend reported by McElroy et al was statistically significant (p for trend <0.01), it may
not be clinically significant, with an odds ratio (OR) of 1.13 (95% CI 0.93-1.37)
reported for the longest duration compared with the reference group of 7-7.9 hours
(110). In addition, in a case-control study, using ‘recent’ duration (1 year prior to
diagnosis in cases and 2 years prior to interview in controls) may bias the results in a
similar manner to a lack of a lag time in cohort studies. That is, pre-clinical disease in
cases may have influenced their recent sleep duration, and the results may reflect this
reverse causation. McElroy et al reported results for the relationship between ‘average
duration over the lifetime’ and breast cancer risk that were weaker than those for ‘two
years prior to interview’ (OR 1.01 (95% CI 0.84-1.23; p for trend 0.03)) for the longest
duration compared to the reference group of 7-7.9 hours).
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Table 2.2 Summary of studies that have investigated the association of breast cancer with sleep disorders or domains of sleep other than sleep
duration.
Study
Country
Cairns et al 2012
United Kingdom
(129)

Study Type

Prospective
Cohort

Exposure

Daytime napping

Results
Category
< 4 years follow-up
No naps
Some Naps
4+ years follow-up
No naps
Some Naps

Liang et al 2012
Taiwan (125)

Retrospective
Cohort

Non-apnoea sleep
disorders

No sleep disorder
Sleep disorder

Verkasalo et al
2005
Finland (94)

Prospective
Cohort

Sleep quality

Good
Fairly good
Fairly poor
Poor
No (<1 hour)
Yes (≥ 1 hour)

Sleep Insufficiency

Effect estimate 95% CI
Risk Ratio
1.00
1.10
1.06-1.15
1.00
1.00
Hazard Ratio
1.00
1.17
Hazard Ratio
1.00
0.84
0.78
1.15
1.00
1.19

0.96-1.05

0.98-1.39

0.63-1.12
0.45-1.35
0.54-2.43
0.84-1.70
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Table 2.3 Summary of studies that have investigated the association of breast cancer with sleep duration, showing the results from the primary
analysis.
Study
Country

Study Type

Definition

Wu et al 2012
Singapore (128)

Prospective
Cohort

Habitual duration

Kakizaki et al 2008
Japan (126)

Prospective
Cohort

Duration during last year

McElroy et al 2006
USA (110)

Case-Control

Table continued on next page

Duration 2 years prior to
interview

Sleep duration,
hours
≤6
7
8
≥9
Trend
≤6
7
8
≥9
Trend
<5
5
6
7
8
≥9
Trend

Results
Risk Ratio
1.00
1.00
1.00
0.89
p = 0.68
Hazard Ratio
1.67
1.00
0.99
0.29
p < 0.01
Odds Ratio
0.90
0.84
0.95
1.00
1.05
1.13
p < 0.01

95% CI
0.84-1.19
0.84-1.21
0.64-1.22
95% CI
1.00-2.78
0.59-1.65
0.09-0.98
95% CI
0.70-1.15
0.70-1.01
0.84-1.07
0.95-1.17
0.93-1.37

Table 2.3 continued.
Study
Country
McElroy et al
continued

Pinheiro et al 2006
USA (127)

Verkasalo et al
2005
Finland (94)

Study Type

Definition

Average duration over
adult life

Prospective
Cohort

Prospective
Cohort

Current duration

Current duration

Sleep duration,
hours
<5
5
6
7
8
≥9
Trend
≤5
6
7
8
≥9
Trend
≤4
5
6
7
8
9
≥10
Trend

Results
Odds Ratio
0.94
0.82
0.89
1.00
1.01
1.01
p = 0.03
Hazard Ratio
0.93
0.98
1.00
1.05
0.95
p = 0.18
Hazard Ratio
0.88
0.91
0.74
0.81
1.00
0.64
0.65
p = 0.88

95% CI
0.62-1.44
0.65-1.05
0.79-1.01
0.91-1.11
0.84-1.23
95% CI
0.79-1.09
0.91-1.06
0.97-1.13
0.82-1.11
95% CI
0.11-6.91
0.36-2.32
0.44-1.26
0.60-1.10
0.40-1.02
0.24-1.75
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The results of these studies were recently summarised in a meta-analysis in which an
aggregate risk ratio (RR) of 0.96 (95% CI 0.86-1.07) for women with a longer sleep
duration compared with those with a shorter sleep duration was found (131 – conference
abstract). When the analysis was restricted to prospective data, the aggregate RR was
0.89 (95% CI 0.78 to 1.01) (131).

Among the five studies described above, three reported stronger results in sub-analyses
(Table 2.4) (94, 110, 127). When the study population was restricted to stable sleepers,
Verkasalo et al (94) reported a statistically significant decreasing trend, while Pinheiro
et al (127) reported a statistically significant increasing trend between current sleep
duration and breast cancer risk.

Pinheiro et al and Kakizaki et al investigated

differential risk by menopausal status but found no association (126, 127). Wu et al,
initially found a statistically significant decreasing trend of breast cancer risk with
increasing sleep duration in post-menopausal women (130) however, in a more recent
publication which included additional years of follow-up, this finding was not
maintained (128).

This updated finding again highlights the importance of adequate

lag time in cohort studies to minimise the potential for reverse causation from preclinical disease affecting the effect estimates. Kakizaki et al conducted additional
analysis stratified by age (<60 versus ≥ 60) but found no associations (126). The small
increasing risk reported by McElroy et al for average duration over the lifetime became
stronger in cases with more advanced disease but the polytomous comparison between
localised and regional/distant cases was not statistically significant (110).

An important limitation of studies of sleep duration is that it is often unclear how a
participant’s sleep duration relates to their sleep need. The existence of people who
have a naturally ‘short’ or ‘long’ sleep duration has long been recognised (132).
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Important distinctions may exist between those who naturally sleep fewer hours and
those who experience a short duration as a result of sleep disturbance due to work
schedules, sleep disorders, illness or lifestyle factors (132, 133). Those whose short
duration is a result of sleep disturbance may be more likely to demonstrate levels of
sleep insufficiency relevant for disease processes (133).

Similarly, there may be

identifiable sub-groups of ‘long sleepers’; those who are naturally ‘long’ sleepers, who
would demonstrate evidence of sleep insufficiency if they slept for fewer hours; and
‘excessive’ long sleepers, who sleep longer than biologically necessary and may
experience negative effects as a result (134). Distinguishing between sufficient (nondisturbed) and insufficient (disturbed) sleep durations may be relevant when assessing
health outcomes (133, 134). Studies that have investigated sleep duration in isolation
from other domains of sleep may fail to identify distinct sub-groups of sufficient and
insufficient sleep duration.

Of the five studies that investigated sleep duration and breast cancer risk, only
Verkasalo et al attempted to relate sleep duration to sleep need (Table 2.2) (94).
Verkasalo et al asked about both sleep duration (how many hours do you usually sleep?)
and sleep need (how many hours of sleep do you usually need during the night to be in
good working condition the next day?), and created a measure of sleep insufficiency as
the difference between the two variables (94). No association between insufficient
sleep and breast cancer risk was found (94).
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Table 2.4 Summary of studies that have investigated the association of breast cancer with sleep duration, showing the results from secondary or subgroup analysis.
Study
Country
Kakizaki et al 2008
Japan (126)

Definition
Duration during
last year

Duration during
last year

Table continued on next page

Secondary
Analysis
Stratified by age

Stratified by
menopausal status

Sleep duration,
hours
<60
≤6
7
8
≥9
Trend
≥60
≤6
7
8
≥9
Trend
Pre≤6
7
8
≥9
Trend
Post≤6
7
8
≥9
Trend

Results
Hazard Ratio
2.01
1.00
1.16
0.43
p = 0.02
1.20
1.00
1.09
0.81
p = 0.46
Hazard Ratio
2.06
1.00
1.48
(no cases)
p = 0.10
1.46
1.00
1.04
0.74
p = 0.11

95% CI
1.12-3.59
0.63-2.13
0.10-1.87

0.61-2.35
0.61-1.97
0.36-1.82
95% CI
0.81-5.23
0.56-3.93

0.86-2.46
0.63-1.70
0.35-1.59

Table 2.4 continued.
Study
Country
Pinheiro et al 2006
USA (127)

Definition
Current duration

Current duration

Table continued on next page

Secondary
Analysis
Stratified by
menopausal status

Limited to stable
sleepers

Sleep duration,
hours
Pre≤5
6
7
8
≥9
Post≤5
6
7
8
≥9
≤5
6
7
8
≥9
Trend

Results
Hazard Ratio
0.74
1.05
1.00
0.93
0.92

95% CI
0.39-1.41
0.82-1.33

0.97
0.97
1.00
1.07
0.96
Hazard Ratio
1.06
1.04
1.00
1.22
0.17
p = 0.05

0.82-1.14
0.89-1.06

0.73-1.19
0.57-1.47

0.99-1.16
0.81-1.13
95% CI
0.77-1.46
0.90-1.20
1.07-1.39
0.85-1.60
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Table 2.4 continued.
Study
Country
Verkasalo et al
2005
Finland (94)

Wu et al 2012
Singapore (128)

Definition
Current duration

Habitual duration

Table continued on next page

Secondary
Analysis
Limited to stable
sleepers in three
categories of
duration
Limited to women
who were postmenopausal at
baseline

Sleep duration,
hours
≤6
7-8
≥9
Trend
≤6
7
8
≥9
Trend

Results
Hazard Ratio
1.10
1.00
0.28
p = 0.03
Risk Ratio
1.00
0.91
0.90
0.81
p = 0.21

95% CI
0.59-2.05
0.09-0.88
95% CI
0.74-1.12
0.72-1.13
0.55-1.18

Table 2.4 continued.
Study
Country
McElroy et al 2006
USA (110)

Definition
Average duration
over adult life

Secondary
Analysis
Extent of Disease

Sleep duration,
hours
Localized
<5
5
6
7
8
≥9
Trend
Distant
<5
5
6
7
8
≥9
Trend

Results
Odds Ratio
0.86
0.89
0.87
1.00
1.00
0.95
p = 0.11
1.09
0.69
0.94
1.00
1.09
1.25
p = 0.01

95% CI
0.51-1.45
0.67-1.18
0.75-1.01
0.90-1.13
0.76-1.20
95% CI
0.57-2.07
0.45-1.06
0.77-1.15
0.93-1.26
0.94-1.65
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An alternative approach to distinguishing between sufficient and insufficient sleep
durations may be to assess sleep duration separately for work and non-work days. Sleep
duration is often reported to be different on work and non-work days. Sleep duration on
non-work days has been shown to be positively correlated with self-reported sleep need
(27). In addition, the difference between sleep duration on work and non-work days has
been proposed as an indicator of insufficient sleep (27, 135). To date, no published
studies of sleep and breast cancer have assessed sleep duration on work and non-work
days separately. Investigating breast cancer risk separately for sleep duration on work
and non-work days is an objective of this thesis.

Sleep quality is the only other domain of sleep that has been measured in
epidemiological studies of sleep and breast cancer risk.

Verkasalo et al asked

participants how well they usually slept but reported that there were no significant
associations between sleep quality and breast cancer risk (94). Verkasalo et al have not
presented results for sleep duration and quality combined in relation to breast cancer
risk (94). Considering sleep duration in conjunction with sleep quality may be an
additional way to distinguishing between sufficient and insufficient sleep duration and
is an objective of this thesis.

An additional limitation of all the studies that have investigated sleep and breast cancer
risk is that they did not investigate the impact of circadian rhythm by conducting
stratified analysis by circadian phase (morningness/eveningness), circadian amplitude
(languidness/vigorousness) or circadian stability (flexibility/rigidity) (32-34). Differing
sleep need and responses to sleep disturbance have been reported within all three
circadian characteristics (33-35), which may be important for breast cancer risk. In
particular, studies suggest that languidness is associated with longer sleep times, more
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sleep inertia and greater impairment following disruption of sleep compared with
vigorousness (32, 33). It could be hypothesised that these impairments may extend to
physiological processes associated with the development of cancer.

Under this

hypothesis we would predict that short duration and/or poor quality sleep would confer
a higher breast cancer risk in women who scored as more languid types compared with
those who scored as more vigorous types.

For circadian stability, although the evidence is limited, flexible types are reported to
have a reduced sleep need compared with rigid types (32, 33). Therefore short sleep
duration may be a stronger risk factor for breast cancer risk in rigid types compared
with flexible types.

Previous studies of sleep and breast cancer have also not investigated whether there is a
differential risk for tumour oestrogen status (positive or negative). Studies of the anticancer effects of melatonin show that melatonin has a more pronounced effect on
oestrogen receptor-positive tumours than oestrogen receptor-negative tumours (39, 78).
If melatonin plays a role in the association between breast cancer and sleep, we might
expect a more pronounced breast cancer risk with increasing exposure to short, poor
quality or frequently disturbed sleep in oestrogen receptor-positive tumours compared
with receptor-negative tumours.

Investigating differential risk of breast cancer associated with sleep by circadian phase,
amplitude and stability, and by oestrogen receptor status will be undertaken in this
thesis.
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2.10 Sleep and other cancers
Six studies have investigated sleep as a risk factor for other types of cancer, three of
which used data from the Women’s Health Initiative Study (Table 2.5).

Kakizaki et al investigated sleep duration in relation to prostate cancer in the Ohsaki
National Health Insurance Cohort (109). They reported a statistically significant inverse
trend between sleep duration and prostate cancer risk (p for trend 0.02) (109). The
hazard ratio of prostate cancer in those sleeping six or less hours per day was 1.34 (95%
CI 0.83–2.17) and for those sleeping nine or more hours per day was 0.48 (95% CI
0.29–0.79) compared with those sleeping 7-8 hours per day (109).

More recently Sturgeon et al investigated the relationship between sleep duration and
endometrial cancer in almost 50 000 post-menopausal women who participated in the
Women’s Health Initiative Study (136). Using a reference category of those sleeping
six hours or less, they reported an inverse association with increasing duration, although
neither the individual categories, nor the overall trend, were statistically significant
(136).

Like breast cancer, prostate cancer and endometrial cancer are hormone sensitive
cancers and, as such, these studies may contribute to our understanding of breast cancer
risk.

Also using data on post-menopausal women from the Women’s Health Initiative Study,
Luo et al investigated sleep and thyroid cancer and Jiao et al investigated sleep and
colorectal cancer (137, 138). Luo et al found no association between sleep duration and
thyroid cancer, but did report a statistically significant increased risk of 44% for thyroid
cancer in women who had the highest insomnia symptom scores compared with those
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with the lowest scores (95% CI 1.01-2.05) (p for trend= 0.03) (137). Jiao et al, using a
reference category of those sleeping seven hours, reported a U-shaped association with
both long (≥9 hours) and short (≤5 hours) duration sleepers at a statistically significant,
but moderate, increased risk of colorectal cancer (138). The hazard ratio of colorectal
cancer in those sleeping five or less hours per day was 1.36 (95% CI 1.06-1.74) and for
those sleeping nine or more hours per day was 1.47 (95% CI 1.10–1.96) compared to
those sleeping 7 hours per day (138).

Another study investigated the role of sleep as a risk factor for colorectal adenomas, a
well-established precursor for colorectal cancer, using a case-control design (139). This
study used the Pittsburgh Sleep Quality Index which collects information on sleep in the
past month only. The Pittsburgh Sleep Quality Index assesses seven domains of sleep,
including: duration; sleep onset latency; efficiency; arousals; quality; medication use;
and daytime sleepiness; which can be analysed individually or combined to give a
global index score (140). No statistically significant associations were found for either
the global score, or six of the individual domains of sleep (139). Only sleep duration
was significantly associated with colorectal adenomas. Using three categories of sleep
duration; less than six hours, six to seven hours and more than seven hours; Thompson
et al showed a statistically significant linear dose-response relation between decreasing
sleep duration and increasing risk of adenoma (139). The adjusted odds ratio for
sleeping less than six hours was OR 1.47 (95% CI 1.05-2.06) compared with individuals
sleeping at least seven hours (139). A weakness of this study is that the measure of
sleep duration was focused on the month prior to the assessment of adenomas and a
causal relationship cannot be established.
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Table 2.5 Summary of studies that have investigated the association of incident cancer other than breast cancer with sleep.
Study
Country

Jiao et al 2013
USA (138)

Luo et al 2012
USA (137)

Sturgeon et al
2012
USA (136)

Study Type

Prospective
Cohort

Prospective
Cohort +
Clinical trial

Prospective
Cohort

Table continued on next page

Outcome

Colorectal Cancer

Thyroid Cancer

Endometrial cancer

Exposure
Sleep duration,
hours
Hazard Ratio
Sleep Duration
≤5
6
7
8
≥9
Hazard Ratio
Insomnia Symptom
0-3
Score
4-6
7-10
≥11
Trend
Sleep duration
≤6
7-8
≥9
Hazard Ratio
Sleep duration
≤6
7
8
≥9

Results
Effect
estimate
1.36
1.08
1.00
1.01
1.47
1.00
1.26
1.39
1.44
p = 0.03
0.79
1.00
0.74
1.00
1.05
0.93
0.87

95% CI

1.06-1.74
0.91-1.28
0.84-1.21
1.10-1.96

0.91-1.75
1.00-1.93
1.01-2.05
0.61-1.02
0.39-1.39

0.83-1.34
0.71-1.23
0.51-1.46

Table 2.5 continued.
Study
Country

Study Type

Outcome

Exposure

Results

Sleep duration,
Effect
95% CI
hours
estimate
Hazard Ratio
Von Ruesten et al Prospective
All cancers (men and
Sleep duration
<6
1.43 1.09-1.87
2012
Cohort
women combined)
6-7
0.99 0.82-1.20
Germany (144)
7-8
1.00
8-9
1.03 0.87-1.22
≥9
0.79 0.60-1.03
Odds Ratio
<6
1.47 1.05-2.06
Thompson et al
Case-control
Colorectal adenoma
Sleep durationa
2011
(men and women
6-7
1.24 0.90-1.70
USA (139)
combined)
>7
1.00
Trend
p = 0.02
Hazard Ratio
Kakizaki et al
Prospective
Prostate cancer
Sleep duration
≤6
1.38 0.77-2.48
2008
Cohort
7-8
1.00
Japan (109)
≥9
0.36 0.18-0.72
Trend
p = 0.3
a
The exposure for Thompson et al also included the six other component scores and the global score from the Pittsburgh Sleep Quality Index, however only sleep
duration showed any association with the outcome.
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Breast cancer and colorectal cancer are currently recognised to share some, but not all,
risk factors and the results of these studies may have some relevance to understanding
breast cancer risk (1, 141-143).

Finally, the Potsdam centre of the European Prospective Investigation into Cancer and
Nutrition has published results on sleep duration and the risk of any first incident cancer
(excluding non-melanoma skin cancer) (144). Approximately 60% of the study sample
was women and therefore we would expect breast cancer to form a large proportion of
cases.

This study reported that those sleeping less than six hours per day had a

statistically significant increased hazard of any cancer compared with those sleeping
between seven and eight hours (HR 1.43 95% CI 1.09-1.87) (144). The three other
sleep duration categories were not significantly different from the reference category
(144).

Overall these six studies provide some evidence of an increased risk of cancer in those
sleeping 6 or fewer hours per night. Taken together with the studies of breast cancer,
they may indicate that short duration of sleep is a risk factor for cancer. However, these
six non-breast cancer studies suffered many of the same limitations as the breast cancer
studies, including: simultaneous assessment of exposure and outcome; only assessing
one domain of sleep (sleep duration); not attempting to distinguish between sufficient
and insufficient sleep duration; and not investigating the impact of circadian rhythm or
oestrogen receptor status on the results.

2.11 Sleep and cancer mortality
In 2009 Gallicchio and Kalesan published a systematic review and meta-analysis of
sleep duration and mortality (145). They included three studies of cancer mortality in
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women, which had similar reference categories and reported sufficient data for metaanalysis (145). Compared with the ‘reference’ category, a random effects risk ratio of
0.98 (95% CI 0.86-1.12) was reported for ‘short’ sleepers, and 1.21 (95% CI 1.10-1.34)
for ‘long’ sleepers (145).

Two other studies not included in the meta-analysis reported no association between
sleep duration and cancer mortality in women (108, 146).

These studies suggest, at worst, a weak association between longer sleep and cancer
mortality risk. However, cancer mortality may reflect factors associated with survival,
such as disease severity or co-morbidities, and so is less relevant when considering
factors thought to influence the development of disease.

2.12 Light at night
As described in sections 2.5.1 and 2.5.3, light, via the hormone melatonin, plays a
significant role in regulating sleep and the circadian rhythms. In addition, suppression
of melatonin via exposure to light at night is one of the hypothesised mechanisms to
link sleep and breast cancer (described in section 2.7).

Furthermore, short sleep

duration has been used as a proxy for light at night in previous studies of sleep and
breast cancer risk, and there has been debate in the literature as to how best to
disentangle the roles of ‘sleep ’ and ‘dark’ in these studies (95, 96). As a result, it is
important to consider the role of light at night as an independent risk factor for breast
cancer in this thesis. Concordance or discordance between breast cancer risk for sleep
and light at night might provide insights into the proposed biological mechanisms, or
assist in disentangling ‘sleep duration’ from ‘dark’.
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Previous studies of light at night and breast cancer have focused on women
hypothesised to have the highest levels of exposure to light at night, night workers (60,
82). A number of studies have reported increased breast cancer risk amongst women
who work shift work that includes night work (90, 91). However, evaluating the risk
associated with occupational light at night is complicated by the range of other
biological models proposed linking shift work with breast cancer risk, independent of
any exposure to light at night. These other biological mechanisms are described in
detail in Fritschi et al (147) and include: phase shift which is a desynchronisation of
central and peripheral circadian rhythms associated with rapidly changing shift
schedules; lifestyle factors, such as poor diet and lack of physical activity; and reduced
levels of vitamin D (147).

In this thesis I evaluate the relationship between breast cancer risk and light at night in
the ‘domestic’ environment, rather than as a result of shift work, as a more direct
assessment of the light at night hypothesis and as a way to disentangle ‘sleep duration’
and ‘dark’.

2.13 Previous studies of domestic light at night and breast cancer
Ecological evidence for an association has come from two studies that have reported
that population-level night-time light levels geographically co-distribute with breast
cancer incidence (148, 149).

However, ecological studies have well recognised

limitations including: ecological bias in which population-level associations may not
reflect individual-level associations; and inadequate control of potential confounding
(150 pp.519-528).
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To my knowledge, four previous studies have directly evaluated domestic exposure to
light at night and breast cancer risk (151-154), although the specific measures of light
exposure differed in each (Table 2.6). Li et al investigated sleeping with the light on
and reported an OR for breast cancer of 1.4 (95% CI 0.7-2.7) in post-menopausal
women who kept the lights on while sleeping, compared with those who did not (154).
O’Leary et al and Davies et al both investigated the frequency of turning on the lights
during the sleeping hours (152, 153). O’Leary et al reported a statistically significant
increased risk of breast cancer in women with the highest exposure compared with those
with the lowest exposure (OR 1.65 95% CI 1.02-2.69), while Davis et al reported no
association (152, 153). Three studies investigated self-reported ambient light levels in
the bedroom. Li et al found no association, while Kloog et al and Davis et al both
reported small increased risks of breast cancer in women sleeping in the brightest
compared to the darkest bedrooms, although only the result from Kloog et al was
statistically significant (151, 152, 154). Kloog et al also investigated the presence of
bedroom shutters and sleeping with the television on but reported no significant
associations (151).

These results provide limited evidence to support of a small

increased risk in women with the highest exposure to light at night (148, 148, 151-154).

Like studies of sleep, none of these studies of light at night investigated differential risk
for oestrogen receptor status. If melatonin is part of the biological pathway, we would
expect a more pronounced breast cancer risk with increasing exposure to light at night
in oestrogen receptor-positive tumours compared with receptor-negative tumours. The
final objective of this thesis was to assess the relationship between exposure to domestic
light at night and breast cancer risk by oestrogen receptor status.
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Table 2.6 Summary of studies that have investigated the association of breast cancer with exposure to domestic light at night.
Study

Study Type

Exposure
Category

Kloog et al 2011
Israel (151)

Case-control

Ambient Bedroom Light
Bedroom shutters open
TV on while sleeping

Li et al 2010a
USA (152)

Case-control

Lights on while sleeping
Sleep during night/day
Pulling a window shade while sleeping
Exterior light outside sleeping area
Ambient bedroom light from clock radio,
TV, hall light

Table continued on next page

None
Some
No
Yes
No
Yes
No
Yes
Night
Day
Yes
No
No
Yes
No
Yes

Results
Effect
95% CI
estimate
Odds Ratio
1.00
1.22 1.12-1.31
1.00
1.22 0.99-1.52
1.00
1.09 0.87-1.39
Odds Ratiob
1.0
1.4
0.7-2.7
1.0
1.4
0.5-4.3
1.0
1.2
0.8-1.9
1.0
1.1
0.8-1.7
1.0
1.1
0.6-1.7

Table 2.6 continued.
Study

O’Leary et al
2006
USA (153)

Study Type

Case-control

Exposure

Frequency of turning on lights during night

Frequency of waking up turning on lights

Davis et al 2002
USA (152)

Case-control

Ambient bedroom light level

Frequency of turning on lights during night
(Quartiles of exposure)

a

Results shown are for post-menopausal women.

b

Results presented to one decimal place.

Results
Category

never
1-3 times per month
1 time per week
2-4 times per week
≥5 times per week
never
≥ 2 times per week /
1 time per night
≥ 2 times per week /
≥ 2 time per night
1
2
3
Unexposed
1
2
3
4

Effect
95% CI
estimate
Odds Ratio
1.00
0.98 0.66-1.44
0.71 0.43-1.16
0.99 0.67-1.48
1.12 0.80-1.57
1.00
0.91 0.67-1.24
1.65
Odds Ratiob
1.0
1.0
1.4
1.0
0.8
1.1
1.1
1.0

1.02-2.69

0.7-1.4
0.8-2.6
0.6-1.2
0.8-1.5
0.8-1.6
0.7-1.4
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2.14 Public Health Implications
Given the necessity for sleep in humans and the potential for exposure to light at night,
even a small association between sleep and/or domestic light at night and breast cancer
risk could have a large public health impact. Both sleep and exposure to domestic light
at night are potentially amenable to public health interventions, unlike many of the
currently recognised risk factors for breast cancer.

For the general population, there may be scope for recommendations to be made
regarding the importance of good sleep hygiene. Good sleep hygiene refers to habits
such as: keeping a regular sleep/wake schedule; avoiding caffeinated beverages after
lunch; avoiding alcohol near bedtime; restricting sleep to amount needed to feel rested;
not going to bed hungry; and ensuring a bedroom environment that is dark, quiet and
conducive to sleep (38).

There may also be implications for the management of people experiencing sleep
disturbances. A link between poor quality or frequently disturbed sleep and risk of
breast cancer may suggest that early and aggressive management of sleep problems is
appropriate. In addition, certain occupational groups, such as night shift workers and
flight attendants, have both high exposure to light at night and are also at high risk of
long term sleep disturbances (38).

A link between either light at night or sleep

disturbances would warrant guidelines on achieving optimal sleep environments and
minimising inappropriate light exposure (such as wearing dark sunglasses while
commuting from work) for women in these high risk occupations. There has also been
a successful trial of

‘goggles’ that blocked low-wavelength light and maintained

normal melatonin secretion during simulated shift work with no adverse effects on
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performance (155).

These ‘goggles’ would warrant further investigation if a

relationship between light at night and breast cancer could be confirmed.

2.15 Conclusion
Breast cancer is a leading global cause of morbidity and mortality amongst women and
sleep has been implicated as a potential risk factor. A number of plausible biological
mechanisms exist to link sleep as a potential risk factor for breast cancer, including: as a
result of impaired immune function; via metabolic pathways that lead to obesity; and as
a consequence of altered melatonin release. The quality and duration of sleep in many
populations seems to be declining over time and if there is a risk associated with sleep,
its impact could be increasing. While a number of studies have investigated sleep as a
risk factor for breast cancer, the evidence to date is inconclusive. The existing studies
all have significant methodological limitations, most notably the lack of reliable and
valid data collection tools to measure sleep, but also the simultaneous assessment of
exposure and outcome in some studies. Furthermore, the limited number of domains of
sleep investigated in these studies does not provide adequate information on other
aspects of sleep, such as sleep disturbance, that may be important for breast cancer risk.
In addition, the lack of information on circadian rhythm types and oestrogen receptor
status of the breast cancer may have failed to identify potentially important sub-groups
in the relationship between sleep and breast cancer. These constitute significant gaps in
our knowledge of the relationship between sleep and breast cancer risk.

There is both ecological and observational evidence to support an association between
exposure to domestic light at night and increased risk of breast cancer. The role of light
in synchronising the circadian rhythm and regulating sleep, and its status as one of the
proposed biological models linking sleep and breast cancer, has made the independent
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effect of light at night of interest to this thesis. The investigation of domestic exposure
to light at night, rather than occupational exposure via shift work, may be a more direct
assessment of the light at night hypothesis. Like studies of sleep, none of the studies of
domestic light at night and breast cancer risk have investigated differential risk by
oestrogen receptor status. Concordance or discordance between breast cancer risk for
the exposures of sleep and light at night might provide insights into the proposed
biological mechanisms.

This thesis aims to investigate ways to improve the measurement of sleep in
epidemiological studies, and then to apply these measurements to investigate the
relationship between a number of domains of sleep and breast cancer risk. This is an
important area of research if we hope to identify potentially preventable causes of breast
cancer, and reduce the global burden of this disease.
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Chapter 3. The Breast Cancer Environment and Employment
Study (BCEES)
Some of the studies presented in this thesis used data from a large population-based
case-control study of breast cancer called the BCEES (https://bcees.org.au/) to address
their aims. BCEES was funded by a National Health and Medical Research Council
project grant (#572530). This chapter gives an overview of the BCEES methods.

3.1

BCEES

The BCEES was a case-control study of occupational and environmental risk factors for
breast cancer conducted in Western Australia between 2009 and 2011. A sample size of
1000 cases and 2000 age-matched controls was calculated a priori based on the
expected number (2070 incident cases) and recruitment rate (a conservative 50%) of
incident breast cancers in Western Australia, the prevalence of exposure to shift work
(the main study hypothesis) (approximately 20% ever having worked shift work) and
the increased risk of breast cancer we expected to detect.

The study was approved by the Human Research Ethics Committees of the Western
Australian Department of Health (#2009/28) and The University of Western Australia
(RA/4/1/2331) (Appendix 1).

3.2

Study Population

3.2.1 Cases
Eligible cases were women aged 18-80 years, resident in Western Australia, with a first
incident invasive breast cancer (International Classification of Diseases (ICD), Tenth
Revision, code C50) diagnosed between 1 May 2009 and 31 January 2011 and reported
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to the Western Australian Cancer Registry before 31 July 2011.

The Western

Australian Cancer Registry is a population-based registry that was established in 1981.
Notification of cancers (excluding skin-primary basal cell and squamous cell
carcinomas) is mandatory for pathologists, haematologists and radiation oncologists.
Cases were excluded if the breast cancer was not invasive (i.e. ductal carcinoma in situ);
if they were resident outside of Western Australia; if the diagnosis had occurred greater
than six months prior to the date the Western Australian Cancer Registry received the
notification; or if they had inadequate comprehension of English to complete the
questionnaire.

Of the 2089 presumably eligible breast cancer cases identified, 1205 (58%) consented to
participate.

Of the presumably eligible cases who did not participate 334 (16%)

refused, 545 (26%) did not respond and 5 had died.

In accordance with the

requirements of ethical approval, cases were not approached until 3 months after their
date of diagnosis, to allow time for treatment regimens to have stabilised. Initial contact
with cases was made by the Western Australia Cancer Registry on behalf of the study
investigators. Information on diagnosis and tumour characteristics was only provided to
investigators after the participant’s written consent had been obtained. De-identified
demographic information on non-consenting and non-responding cases was provided to
the study team at the completion of the study in order to evaluate the potential for
selection bias.

3.2.2 Controls
Eligible control subjects were women aged 18-80 years living in Western Australia
between May 2009 and August 2011. They were identified through the electoral roll.
Being enrolled to vote is compulsory in Australia for citizens aged 18 and over and the
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electoral roll is a good population sampling-frame (1). The randomly selected controls
were cross-checked for death status. Controls were excluded if they had had a previous
diagnosis of invasive breast cancer; if they were resident outside of Western Australia;
or if they did not understand English sufficiently well to complete the questionnaire.
Controls were frequency age-matched in 5-year age groups to the expected distribution
of cases in Western Australia (based on 2002 data). From a total of 4358 presumably
eligible controls 1789 (41%) consented to participate.

Of the presumably eligible

controls who did not participate, 939 (22%) refused, 1628 (37%) did not respond and 2
had died. Age group and location of residence for non-consenting and non-responding
controls was available to evaluate the potential for selection bias.

3.3

Data collection

Over the course of the study, consenting participants were asked to complete two selfadministered questionnaires (a lifestyle questionnaire and a risk perception
questionnaire) and to provide an optional DNA saliva sample. A sub-set of participants
was also asked to complete a telephone interview about their occupational history. Due
to the potentially sensitive nature of collecting DNA, participants were asked to consent
separately to the study and to providing DNA.

Participants were eligible for

participation in the study even if they declined to provide DNA.

As a first step, the invitation letter, consent forms, lifestyle questionnaire and a replypaid envelope were sent to presumably eligible participants. If no response from the
participant had been received, reminders were conducted after 14 days (telephone
reminder) and after 28 days (letter reminder) from the date of invitation. An offer in the
initial approach letter to complete the consent forms and lifestyle questionnaire online
was discontinued after 12 months due to the poor uptake of this method (3 participants)
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and the additional expense in managing it. The lifestyle questionnaire was estimated to
take up to 50 minutes to complete.

The risk perception questionnaire, a DNA collection kit (if applicable), and a reply-paid
envelope were sent to consenting participants after their consent forms and lifestyle
questionnaire had been received. The risk perception questionnaire was estimated to
take 5-10 minutes to complete. Reminders were conducted as for the initial invitation
above.

In order to maximize recruitment of both cases and controls a number of strategies were
implemented, including personalised letters, telephone reminders and an offer of a small
donation to a local cancer organisation (2, 3). The donation was made on behalf of
participants returning their consent form within 30 days (regardless of whether they
consented).

Returned questionnaires were manually checked for missing data and inconsistencies by
project staff using a data-checking proforma, and attempts were made to contact
participants to update incomplete information. If after three attempts, participants were
unable to be contacted, some assumptions were made about missing data and/or data
inconsistencies following pre-defined rules. For example, if a participant had checked
two boxes for the question about sleep duration on work-days (see Appendix 2, question
9), and we were unable to contact her to confirm the correct box, the pre-defined rules
indicated that the box for the longest duration was crossed out. Any changes were
entered directly onto the questionnaire. If no rules were defined, the data were left as
given. Questionnaires were scanned and converted into digital data using the Cardiff
TeleForms® software (Autonomy Cardiff, Executive Ridge, Vista, California, USA).
The accuracy of the digital conversion was manually verified by project staff and
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corrected if necessary. The digital data were then uploaded and stored on a secure
online participant tracking database during data collection. At the completion of data
collection, all data were exported as a .csv file for analysis and archiving.

3.4

Data collection tools

3.4.1 The lifestyle questionnaire
The lifestyle questionnaire (Appendix 2) included seven sections that collected
information on a range of demographic, reproductive, occupational and lifestyle factors
in addition to questions on sleep and exposure to light at night. A brief outline of the
data collected in each section is outlined below.



Section A ‘About you’: date and place of birth; education.



Section B ‘Breast Health’: family history of breast cancer; benign breast
conditions; mammography.



Section C ‘Sleeping’: the 10 item BCEES sleep questionnaire; 11 item Circadian
Type Inventory (4); 19 item Horne-Östberg Morningness/Eveningness
questionnaire (5).



Section D ‘Reproductive Health’: characteristics of menstrual history; number of
pregnancies; age at each pregnancy; duration of breastfeeding; use of
contraceptives; use of hormone replacement therapy.



Section E ‘Occupational history’: for all jobs held for more than six months,
comprising age started, duration, job title, main job tasks, industry, company,
whether part-time or full-time, whether worked shift work and level of physical
activity.



Section F ‘Lifestyle’: Alcohol consumption 10 years ago; smoking history;
height; quantitative weight now, in early teenage years, in early 30s and
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maximum ever; comparative weight compared to others of the same age and
height (a lot less, a little less, about the same, a little more, a lot more), in the
early teenage years and in early 30s; lifetime physical activity, including
recreational, household and transport related activity.
The focus on consumption of alcohol 10 years ago (as opposed to more recent
consumption) was of interest due to the suspected long latency of breast cancer,
and also because recent alcohol consumption patterns were likely to have
changed as a result of diagnosis in cases. Data on type of alcohol consumed,
frequency and usual and maximum amount consumed were collected.
The recreational and household physical activity items were modified versions
of questions from the Chasan Taber-PAQ (CT-PAQ), which has been shown to
have high test-retest reliability (6), and moderate to good convergent validity
with two other lifetime physical activity questionnaires (7).

The transport-

related questions were developed specifically for BCEES, and have also shown
good test-retest reliability (8). Lifetime physical activity was of interested as it
was hypothesised that maintaining a high level of PA throughout the lifetime
might confer a greater risk reduction for breast cancer. For each of the following
age periods, 15-24 years, 25-29 years, and 40 plus, data on activity as well as
age started, duration and frequency of each activity were collected.
The question about current quantitative weight was not considered appropriate
for use in analysis due to the possible effect of treatment on the current weight
of cases. Information about quantitative weight in the early teenage years, in
early 30s, and maximum were not recalled well by participants with >10%
missing data. With the large amount of missing data these quantitative weight
variables were not considered reliable for analysis. The two comparative weight
variables had less than 2% missing data and were both assessed for their
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univariate association with the outcome, comparative weight at age 30 showed
the strongest association with breast cancer and was used in the analysis.


Section G ‘Environment’: Environmental exposure to pesticides; pet ownership.

3.4.2 The BCEES Sleep questionnaire
The BCEES team developed a sleep questionnaire that attempted to address some of the
limitations of previous sleep questionnaires (described in section 2.8). The final 10item questionnaire is included in Appendix 2, questions 9-18. Specifically, the BCEES
sleep questionnaire was made up of 8 individual questions that asked about sleep habits,
including questions on: usual sleep duration on work days; usual sleep duration on nonwork days; sleep quality; use of melatonin as a sleep aid; falling asleep with the lights
on; using an eye mask; and any prior diagnosis of sleep disorders. In addition, the
questionnaire included a table in which participants were asked whether they had ever
experienced periods of sleep disturbance lasting more than two weeks over their adult
life time. Participants were asked to record information on up to seven periods of sleep
disturbance including: the age at which it occurred; the suspected cause; how long it
lasted (in years); and how many hours of sleep per night they were getting during this
time. The questionnaire included examples of significant life events such as the birth of
children, divorce, bereavement and illness as prompts to help participants recall events
in their life that might be associated with periods of sleep disturbance. For each period
of sleep disturbance reported, additional questions asked about the experience of four
commonly occurring symptoms of poor sleep quality (trouble falling asleep, waking up
during the night, trouble getting back to sleep if woken and waking up too early in the
morning), and also about the frequency of turning on lights and using sleep medication.
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All the sleep questions were prefaced with the words “Ignoring the last year…” in order
to avoid identifying recent sleep habits that might be associated with underlying (preclinical) disease in cases.

The BCEES sleep questions were modified versions of questions from:


The Study of Health of Wisconsin (9) questionnaire, available from:
http://www.med.wisc.edu/show/show-survey-questionnaires/37500;



The Jenkins Sleep Problems Scale (10) and;



The Electromagnetic Fields and Breast Cancer on Long Island Study (11) main
questionnaire, available from:
www.epi.grants.cancer.gov/LIBCSP/projects/EMFques.html.

The Jenkins Sleep Problems Scale has previously been shown to be reliable and valid
for short term recall (10, 12).

The questions were modified for BCEES to ask about either the usual occurrence over
the lifetime, or the occurrence of symptoms in relation to specific periods of sleep
disturbance identified by the participants.

The BCEES sleep questionnaire was piloted among 32 women; 13 of these were
recruited from a breast cancer clinic and 19 from female staff at a local secondary
school. Alterations to the wording of the questionnaire items and instructions were
made to accommodate the feedback from participants in the pilot study.

3.4.3 The Risk Perception Questionnaire
The aim of the risk perception questionnaire was to identify whether the perception of
risk differs between cases and controls, given that cases will most likely have given
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more thought to the causes of breast cancer. The risk perception questionnaire included:
two questions that asked participants about the perceived effect of 37 different common
exposures (e.g. alcohol, coffee, being overweight, hormone replacement therapy,
underarm deodorant, mobile phone towers) on increasing or decreasing the risk of
breast cancer; and one free text question asking participants about their beliefs on the
causes of breast cancer. Data from the risk perception questionnaire do not form part of
this thesis.

3.4.4 DNA samples
Participants were asked to provide a sample of their DNA using a commercial
Oragene® saliva collection kit (DNA Genotek, Ontario, Canada). The saliva sample is
given by spitting approximately a teaspoon of saliva into the DNA collection kit (a disc
shaped pot). The lid of the kit contains a small amount of DNA preservative liquid to
keep the DNA intact. Screwing on the lid of the kit releases the preservative liquid to
mix with the saliva. The kits are stable at room temperature and have a shelf life of two
years prior to sample collection, and up to 5 years after collection. Data from the DNA
samples have not been analysed and do not form part of this thesis.

3.4.5 Telephone Interviews
Telephone interviews were used to collect more detailed information on occupational
exposures of interest (shift work, pesticides, solvents and diesel exhaust). Job history
information from the questionnaire was reviewed by project staff to determine whether
it was a job where an exposure of interest was likely. Trained, blinded interviewers
from the Edith Cowan University Survey Research Centre conducted the interviews
using job-specific questionnaires. Participant answers were entered directly into an
online occupational exposure assessment tool called OccIDEAS (13).
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OccIDEAS

provided automatic assessments on the probability of exposure to a range of
occupational exposures, including the probability of occupational exposure to light at
night, which was assessed as a potential confounder in chapter nine.

3.5

Data Management

Participant recruitment, consent and data collection was managed using an online
participant tracking database (Data Scientists Pty Ltd) hosted on a secure server by the
Australian Research Council. The status of participants was monitored by the system
and participants requiring action were automatically identified and the appropriate
documents were cued.

Participants who completed the study were mailed a thank you letter, a certificate of
participation and a study newsletter.

3.6

Sleep Reliability Study

As part of this PhD project, I conducted a reliability study on the BCEES sleep
questionnaire, using a sample of women who had participated as controls in the BCEES.
This reliability study was conducted in the first half of 2011. The reliability study is
described in detail in chapter three.

Chapters five, seven, eight and nine of this thesis use data from the BCEES lifestyle
questionnaire.

Chapter nine also uses information collected from the telephone

interviews.
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Chapter 4. Introduction to investigative chapters
The following five chapters present six manuscripts that investigated the aims of this
thesis.

Chapters five and six describe a reliability study and a validity study,

respectively. Chapter seven presents the analytical analysis of sleep duration on work
days, sleep duration on non-work days and sleep quality as risk factors for breast cancer.
These three chapters have been published as peer-reviewed journal articles and are
presented in this thesis as published (with minor changes to ensure consistency in style
and formatting). Chapter eight contains two related manuscripts. The first manuscript
is a methodological paper and describes the background and development of novel
metrics of sleep-disturbance.

The second paper is analytical and investigates the

relationship between these sleep-disturbance metrics and breast cancer risk.

The

published version of chapter eight combines and considerably shortens the two
manuscripts, but they are presented independently and in-full in this thesis. Chapter
nine investigates the relationship between exposure to domestic light at night and breast
cancer risk and is presented in this thesis as currently submitted.

There are two issues associated with compiling this document as a thesis by
publications that need to be highlighted for the reader. First, there is some unavoidable
repetition in the introductions and methods of each chapter. Second, for chapters five
and seven, some additional results relevant to other chapters in this thesis were not
included in the published manuscripts.

This information has been included as a

supplement to the published paper after the references in the respective chapters.

A logistical limitation of undertaking this PhD associated with the large independently
run BCEES was the lack of temporal control I had over data collection. Data collection
for BCEES commenced 12 months before I embarked on this PhD project. Ideally, the
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reliability and validity studies (chapters five and six) would have been undertaken and
completed in order to inform the questionnaire development, before data collection
commenced. In reality the data collection for all my aims occurred concurrently. The
outcome of this logistical limitation is that chapters seven to nine in this thesis are based
on data from the original BCEES sleep questionnaire. This is a limitation of this thesis
that is discussed in more detail in the discussion chapter.
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Chapter 5. Reliability of a sleep questionnaire for use in
epidemiological studies

This chapter is published as:

Girschik J, Heyworth J, Fritschi L. (2012) Reliability of a sleep quality questionnaire
for use in epidemiological studies Journal of Epidemiology, v.22, no.3 pp244-250.
Submitted September 13, 2011; accepted December 9, 2011; released online February
18, 2012.

The first page of the published manuscript can be found in Appendix 9.
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5.1

Abstract

Introduction
The longer-term health impacts of poor sleep are of increasing interest, as evidence
suggests that there are rising levels of sleep disturbance in the community. Studies have
reported links between sleep quality and increased morbidity and mortality. However,
the results of these studies are constrained by limitations in the measurement of sleep in
epidemiological studies.

The Breast Cancer Environment and Employment Study

(BCEES) has developed a sleep questionnaire that attempts to address some of the
limitations of previous sleep questionnaires. The present study assessed the test-retest
reliability of the sleep questionnaire used in the BCEES.
Methods
Subjects for this reliability study were women who were participating as controls in the
BCEES. Test-retest reliability was evaluated for individual items, using weighted kappa
for categorical variables and intraclass correlation coefficients (ICC) and limits of
agreement for continuous variables.
Results
Most sleep questions showed good agreement, ranging from 0.45 to 0.78. The ICC was
0.45 (95% CI 0.32-0.59) for lifetime sleep loss per year and 0.60 (95% CI 0.49-0.71) for
symptom severity.
Conclusions
The test-retest reliability of the general sleep questions was good, and future
epidemiological studies of sleep could reliably expand the number of assessed domains
of sleep.

However, reliability decreased as increasing detail was required from

participants about specific periods of sleep disturbance, and changes to the
questionnaire are warranted.
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5.2

Introduction

Sleep is a necessary feature of human health. Although the short-term effects of poor
sleep, such as tiredness, fatigue, loss of concentration, and injuries have long been
recognized, the longer-term impacts have not been extensively studied. With evidence
to suggest increasing levels of sleep disturbance in the community (1-3), these longerterm health impacts of poor sleep are of increasing interest.

A small number of

epidemiological studies have investigated sleep and a range of long-term health
outcomes, including obesity, diabetes, and cancer, and some have reported links
between sleep and increased morbidity and mortality (4-10). However, the results of
these studies are constrained by limitations in the measurement of sleep.

Sleep is a complex mix of attributes (otherwise known as domains), including
quantitative aspects such as the duration of sleep, time taken to get to sleep (sleep
latency), and times woken during sleep (arousals), as well as more subjective aspects
such as depth, restfulness, and refreshment (11, 12). The number of domains of sleep
measured in sleep research is influenced by the type and scope of the study being
conducted.

As a rule, instruments that collect information on larger numbers of

domains are limited to assessing short-term and/or recent exposures, which may be
insufficient for epidemiological studies investigating long-term health effects (13).

To collect information on long-term exposures, epidemiological studies have thus far
limited the assessment of sleep to one or two questions. Most commonly, these studies
ask about usual sleep duration (14-17), but some studies have asked about subjective
quality (7, 8), ease of getting to sleep (6, 9, 10), and use of sleep medications (10, 18).
While these questions have advantages for the data collection process, they limit the
scope for exploring the true relationship between sleep and health outcomes.
84

The BCEES has developed a sleep questionnaire that attempts to address some of the
limitations of previous sleep questionnaires by asking questions on a larger number of
domains of sleep as compared with previous studies (including usual sleep duration on
work and non-work days and subjective sleep quality) and by asking participants to
identify and describe (frequency, duration, and symptoms) any periods of sleep
disturbance persisting longer than two weeks over their lifetime.

Given the potential of sleep to impact on a range of health outcomes, and the
complexities of measuring sleep, expanding the scope of sleep measurement is an
important aim for epidemiology research. However, an expanded measure of sleep will
only benefit research if it is also shown to be reliable. Thus, the aim of this study was to
assess the test-retest reliability of the BCEES sleep questionnaire.

5.3

Methods

5.3.1 Study population
Subjects for this reliability study were women who were participating as controls in the
BCEES, which was a three-year population-based case-control study conducted in
Western Australia that investigated the role of environmental and occupational risk
factors in the development of breast cancer. Eligible control subjects were women aged
18 to 80 years living in Western Australia between May 2009 and August 2011, and
were identified through the electoral roll. Voter enrolment is compulsory in Australia,
and the electoral roll is considered a good population sampling frame. BCEES control
subjects had no prior diagnosis of breast cancer and were frequency age-matched to
cases in five-year age groups.
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5.3.2 Study procedures
Consenting BCEES participants completed the BCEES questionnaire, which contained
demographic and sleep questions.

Approximately two weeks after the BCEES

questionnaire was returned, BCEES control participants were invited to take part in the
sleep reliability study. The invitation included an information sheet, consent form and
questionnaire. Participants were asked to sign the consent form, complete the reliability
questionnaire, and return it in the reply-paid envelope provided. Participants who did
not return the consent form or questionnaire were considered to be non-consenters.
This study was approved by the Western Australian Department of Health Human
Research Ethics Committee (Appendix 1).

5.3.3 Reliability questionnaire
The reliability questionnaire consisted of those sleep questions from the original
questionnaire that were most relevant to the main study hypothesis. In addition, the
questionnaire was slightly restructured to prioritize the most important questions and
allow for clear layout and ease of completion. All but one question had categorical
answer categories.

No demographic information was collected on the reliability

questionnaire.

The questionnaire included eight sleep questions (including sub-questions) that asked
about: previous diagnosis of sleep disorders, usual sleep habits (eg, falling asleep with
the light on, wearing a mask while sleeping), and domains of usual sleep, including
sleep duration on work and non-work days and subjective sleep quality (Table 5.1). In
addition, the questionnaire included a table in which participants were asked to record
information on up to seven periods of sleep disturbance during their lifetime (including
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the age at which it occurred, how many years it lasted, and categorical answers
regarding how often they experienced particular symptoms of poor quality sleep).

5.3.4 Statistical analysis
Test-retest reliability was evaluated for individual items, using weighted kappa for
categorical variables (19).

For the sleep table, two variables were calculated for each participant (based on
information provided in the sleep table): lifetime sleep loss per year and symptom
severity. Although a measure of lifetime sleep loss per year has not been previously
calculated, the value of a cumulative sleep variable has been proposed, (20) and the
concept of cumulative exposure-times has been used in other areas of epidemiological
investigation, for example, pack-years and fibre-years for assessing cumulative
exposure to tobacco smoke and asbestos fibres, respectively.

Lifetime sleep loss per year was calculated as a measure of the number of hours of sleep
loss a participant had experienced per person-year. The hours of sleep loss for each
period of reported sleep disturbance was calculated as the usual duration of sleep on
work days minus the hours of sleep reported during the period of disturbance. We used
the midpoint of each category because the usual hours of sleep on work days was a
categorical variable. For the open-ended categories, we used 4.5 and 9.5 for the lowest
and highest categories, respectively. Hours of sleep loss was multiplied by the number
of days the sleep disturbance lasted and summed over each period of sleep disturbance
for each individual. This sum was then divided by the participant’s age (as reported in
the first questionnaire). For example, if a 50-year-old participant who usually slept
eight hours per night on work days experienced one period of sleep disturbance that
lasted two years during which she reported getting six hours per night, she would have a
87

lifetime sleep loss of 29.2 hours per year. To put sleep-loss years into context, a person
sleeping eight hours a night accumulates 2922 hours of sleep per year. A small number
of participants reported a longer than normal duration of sleep during their period of
sleep disturbance (particularly in association with depression). This created a negative
value for their sleep hours, which ultimately reduced the value of their sleep loss per
year. However, because the aim of this study was to assess reliability, rather than
association, these values were included.

Symptom severity was a measure of the severity of symptoms experienced during
periods of sleep disturbance. For each period of sleep disturbance, participants were
asked to report the frequency (never or almost never, sometimes, often, always or
almost always) of four symptoms of sleep disturbance (trouble falling asleep, waking up
during the night, trouble getting back to sleep if woken, and waking up too early in the
morning). Frequency was coded as 0 to 3 (never or almost never to always or almost
always). The frequency of each symptom was summed within, and then across, each
period of disturbance to create a single variable for each participant that ranged from 0
to 84.

A score of 0 symptom severity corresponded to participants who did not

experience any symptom for any period of sleep disturbance, and a score of 84
corresponded to participants who reported always experiencing all symptoms for the
maximum number of periods (7) of sleep disturbance.
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Table 5.1 Overview of the sleep questions included in the Breast Cancer, Environment
and Employment Study, and the frequency of responses from questionnaire one, the
Sleep Reliability Study, Western Australia 2011.
Question
Question
Answer
Frequency
number
Categories
1
Ignoring the last year, in your adult
Less than 5 hours
2
years, how many hours of sleep on
Between 5-6 hours
25
work days did you usually get?
Between 6-7 hours
66
Between 7-8 hours
78
Between 8-9 hours
17
More than 9 hours
4
2
Ignoring the last year, in your adult
Less than 5 hours
3
years, how many hours of sleep on
Between 5-6 hours
15
non-work days did you usually get?
Between 6-7 hours
51
Between 7-8 hours
75
Between 8-9 hours
41
More than 9 hours
7
3
Have you ever been told by a doctor Yes
18
or other health professional that you No
176
have a sleep disorder, for example
insomnia, obstructive sleep apnoea,
restless legs or narcolepsy?
4
Have you ever taken melatonin to
Yes
12
help you sleep?
No
180
5

Ignoring the last year, do you
generally consider yourself to be a
good sleeper? That is, do you fall
asleep easily and sleep soundly?

Very good sleeper
Fairly good sleeper
Fairly bad sleeper
Very bad sleeper

43
102
34
8

6

Ignoring the last year, did you ever
fall asleep with the light on?

Never/Almost never
Sometimes
Often
Always/Almost
always

100
71
14
2

6.1

On those nights when you fell asleep
with the light on, did you usually
leave it on all night?
Ignoring the last year, did you ever
sleep with a mask that covers your
eyes?

Yes
No

7

Never/Almost never
Sometimes
Often
Always/Almost
always

4
62
174
9
3
0

89

To test for mean differences in lifetime sleep loss per year and symptom-severity
between the two time points, we used the Wilcoxon signed-rank test for matched pairs.
To test the level of repeatability we used the one-way intraclass correlation, or ICC [1,
1], and the limits of agreement (repeatability coefficient), or LOA(r), method (19, 21,
22). The repeatability coefficient differs from the standard limits of agreement method
in that it uses the within-subject standard deviation from a one-way analysis of variance
to calculate the limit (rather than the standard deviation of the difference “between” the
two time points) (21). The limits represent the range within which we expect 95% of
the differences between the two measurements by the same method to lie. The width of
the LOA(r) should be judged according to clinical significance (21). The level of bias
(average agreement) was calculated as the mean of the differences between time one
and time two. The dependence of the difference on the magnitude of the estimates was
assessed by linear regression. All analyses were performed using Stata version 11.1
(StataCorp, College Station, Texas, USA).

5.4

Results

Data collection started on 14 January 2011 and finished on 15 June 2011. During this
time, 231 reliability questionnaires were sent and 195 were returned, a response fraction
of 84%.

Table 5.2 shows the demographic features of the study population. The mean age was
60 years (range 30-79 years). Most participants (67%) were born in Australia or New
Zealand, and 40% had completed high school.

Up to nine people had missing data for the sleep questions.

These people were

excluded from the weighted kappa analysis for these questions (Table 5.3). Most sleep
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questions showed good agreement, and the strongest agreement (0.78) occurred for the
sub-question that asked participants who reported falling asleep with the light on
whether they left it on all night. The questions that asked about duration of sleep on
work days and duration of sleep on non-work days showed the same agreement (0.71).
Fair to moderate agreement was found for the questions that asked participants whether
they had ever experienced a period of sleep disturbance in their life (0.60) and how
many periods of sleep disturbance they had experienced (0.59). The poorest agreement
was found for recall of whether participants had ever slept with an eye mask (0.45).

Forty-three participants reported never having experienced a period of disturbed sleep in
their lifetime, and 23 participants had missing data such that sleep loss per year and
symptom severity variables could not be calculated. In addition, for the sleep loss per
year variable, a review of the data revealed an outlier—with a difference in sleep loss
per year of almost twice that of the nearest value—which was excluded from the
analysis. Ultimately, 127 participants with a value for sleep loss per year and 128
participants with a symptom severity score who reported at least one period of sleep
disturbance at either time point were included in the ICC and LOA(r) analysis.
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Table 5.2 Demographic characteristics of participants in the Sleep Reliability Study,
Western Australia 2011 (n=195).
Characteristics
n
%
(60,

10.2)

Australia/New Zealand

130

67

United Kingdom/Ireland

42

21

Europe

9

5

Asia

8

4

Other

6

3

≤year 9 or equivalent

32

16

Year 10 or equivalent

62

32

Year 11 or equivalent

19

10

Year 12 or equivalent

78

40

4

2

Age (mean, SD)
Country of birth

High school education

Don’t know

Table 5.3 Kappa scores for test-retest reliability of sleep questions, the Sleep Reliability
Study, Western Australia 2011.
Usual sleep habits question (n)
Kappa P-value
Duration of sleep on work days (n=192)

0.71

<0.001

Duration of sleep on non-work days (n=192)

0.71

<0.001

Ever been diagnosed with a sleep disorder (n=194)

0.69

<0.001

Ever taken melatonin to help you sleep (n=192)

0.62

<0.001

Do you consider yourself a good sleeper (n=187)

0.74

<0.001

Did you ever fall asleep with the light on (n=187)

0.64

<0.001

Did you usually leave it on all night (n=66)

0.78

<0.001

Did you ever sleep with an eye mask (n=186)

0.45

<0.001

Ever experienced periods of sleep disturbance in lifetime

0.60

<0.001

0.59

<0.001

(n=186)
Number of periods of sleep disturbance in lifetime (n=184)
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The Wilcoxon test showed no systematic difference between mean sleep loss per year at
the two time points (p=0.42). This was supported by the LOA(r) plot (Fig. 5.1), which
showed that the mean difference (bias) between reported sleep loss per year at time one
and time two was not statistically significant (mean difference 8.74; 95% CI −2.96,
20.45). In addition, there was no evidence of dependence of the average bias between
time one and time two as the amount of sleep loss per year increased: the β coefficient
for the regression of the difference on the average sleep loss per year was 0.11 (95% CI
−0.10, 0.33). The 95% LOA(r) ranged from −131.14 to 131.14, which indicates that
even though, on average, the two estimates are the same, the sleep loss per year reported
by an individual could vary from 131 fewer hours of sleep loss to 131 more hours of
sleep loss per year from time one to time two. To put this range into context, for a
person who normally slept eight hours a night (2922 hours of sleep per year), their
reported sleep per year could vary from 2791 hours per year to 3053 hours per year).
The ICC for lifetime sleep loss per year was 0.45 (95% CI 0.32, 0.59), which does not
indicate strong agreement. Although the bias is small, and the dependence is not
significant, the wide LOA(r) and the low ICC indicate modest agreement for the sleep
loss per year variable.

For symptom severity, the median score at time one was 11, with a range from 0 to 46
(out of a possible 84 points). The Wilcoxon test showed no systematic difference
between mean symptom severity at the two time points (p=0.16). This is supported by
the LOA(r) plot (Fig. 5.2), which indicated a small but non-significant level of bias
between reported symptom severity at time one and time two (mean difference = −1.01;
95% CI −2.92, 0.90). That is to say, on average, people reported one less symptom at
time two than at time one. In addition, the ICC was 0.60 (95% CI 0.49, 0.71), which
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indicates moderate agreement. However, there was a very small dependence between
the average bias between time one and time two as the severity score increased. The β
coefficient for the regression of the difference on the average sleep loss per year was
−0.19 (95% CI −0.36, −0.17), indicating that as severity score increased, the number of
symptoms reported decreased slightly between time one and time two.

The 95%

LOA(r) was wide, at −21.4 to 21.4, so although average symptom-severity scores were
the same, the severity reported by individuals could vary from 21 points lower to 21
points higher from time one to time two. Although the ICC was moderate and the bias
was small, the significant dependence and wide LOA(r) indicate less than ideal
agreement.
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Figure 5.1 Limits-of-agreement (repeatability coefficient) plot of difference, by average
sleep loss per year showing 95% LOA(r), the Sleep Reliability Study, Western Australia
2011.

Figure 5.2 Limits-of-agreement (repeatability coefficient) plot of difference on average
symptom severity score showing 95% LOA(r), the Sleep Reliability Study, Western
Australia 2011.
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5.5

Discussion

Overall, the test-retest reliability of the sleep questions was good; however, it decreased
as questions asked participants for increasing detail on specific periods of sleep
disturbance.

Test-retest reliability of sleep questions ranged from 0.45 to 0.78.

The strongest

agreement was found for the sub-question that asked only those who slept with the light
on whether they left it on all night. The poorest agreement was found for recall of
whether participants had ever slept with an eye mask (0.45). However, only a small
number of women reported this habit (n=12). Good agreement was found for subjective
sleep quality, duration of sleep on work and non-work days, diagnosis of sleep
disorders, use of melatonin, and falling asleep with the light on. Moderate agreement
was found for ever having experienced a period of sleep disturbance and number of
such periods experienced.

Overall test-retest reliability of the sleep table was less than ideal. Although on average
sleep loss per year and symptom-severity scores were the same at the two time points,
the wide LOA(r) and the fair to moderate ICC indicate a need for improvement. In
particular, the significant dependence found for symptom severity indicates a complex
relationship between the difference and the mean of symptoms with increasing
magnitude of symptom severity score. However, the β coefficient for dependence was
relatively small (−0.19), and the LOA(r) analysis of skewed data will tend to give limits
that are too far apart rather than too close, so we are not likely to have a falsely
optimistic view of the agreement (22).
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Comparison with test-retest reliability of other sleep questionnaires is difficult.
Although Devine et al (2005) identified 22 sleep questionnaires in their meta-analysis,
only eight were assessed for test-retest reliability.

While none of those eight

questionnaires assessed recall of sleep data from more than one month prior, the Jenkins
sleep problems scale (23) and the Pittsburgh sleep quality index (12) did contain
questions or domains similar to those evaluated on the BCEES questionnaire. Both of
these studies assessed test-retest reliability by using Pearson product-moment
correlations, which are not directly comparable to the ICC and LOA(r) methods used in
this study. Pearson correlations were not used in this study, as they have been shown to
be inadequate for assessing test-retest reliability (19, 22). The Pearson correlation
indicates the strength of a relationship between two variables but not the agreement
between them, and good correlation may be present even when agreement is poor (22).
ICC and LOA(r) have been shown to be better tools for measuring the reliability of
continuous variables (19). Unlike correlation, the LOA(r) method does not provide a
single number representing agreement, but presents a number of statistics that must be
interpreted in light of each other and the wider scope of the clinical consequences.

The present findings indicate that some changes to the questionnaire, specifically to the
questions associated with the sleep table, are warranted. Of the questions on sleep
habits, the small number of people who reported ever using a mask to cover their eyes
while sleeping, and the poor reliability of the question, suggest that it could be modified
to ask about usually using a mask, or even excluded from future versions of the
questionnaire. The sleep table asked participants to identify and describe periods of
sleep disturbance that lasted two weeks or longer. The questionnaire included examples
of significant life events such as the birth of children, divorce, bereavement, and illness
as prompts to help participants recall events in their life that might be associated with
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periods of sleep disturbance. While the two-week minimum timeframe was chosen
based on a conservative definition of insomnia (24), the two-week time frame might
have been too specific for accurate recall in this context.

Future versions of the

questionnaire should consider increasing the minimum period of disturbance when
collecting information on lifetime history of sleep disturbance. Little is known about
the duration of poor sleep that is likely to affect long-term health outcomes; thus, there
is no established minimum threshold appropriate for identifying exposure to sleep
disturbance.

In delineating insomnia into acute and chronic variants, a minimum

duration of six months of sleep disturbance has been used as a threshold for chronic
insomnia (24), which may be a useful value for adjusting the BCEES questionnaire.

Another option for improving the reliability of the sleep table may be to incorporate
fuzzy range estimates rather than point estimates (25). The format of standard sleep
questionnaires requires respondents to provide a single value to represent their
subjective estimate of sleep.

Gehrman and colleagues (2002) suggest allowing

respondents to provide a range estimate, so that participants can communicate
information on their habits and the stability of their estimates. For example, in the sleep
table, instead of asking participants to specify a single number for how many hours of
sleep they were getting during the period of disturbance, a fuzzy response format would
ask them to identify a range, eg, “During the period of disturbance I would get between
__ and __ hours of sleep per night.” Gehrman et al (2002) suggests that the fuzzy
response format may be better suited to the cognitive processes that underlie
quantitative estimates of recalled sleep behavior. A test-retest study of fuzzy and point
estimates for total sleep time and sleep latency found that fuzzy estimates were the same
or better than point estimates (25). However, the potential advantages of fuzzy response
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formats are still speculative and would need to be weighed against the financial and
psychological burden of the additional data collection.

The female study population was a limitation of this study. While survey studies of
sleep quality have shown that women self-report higher rates of insomnia as compared
with men, (24) the reliability studies reviewed by Devine did not report their test-retest
results by sex (13). Replicating the present study in men is important to improve the
generalizability of the questionnaire.

In addition, assessing the validity of the

questionnaire is necessary.

In summary, this study found that the test-retest reliability of general sleep questions
was good and that future epidemiological studies of sleep could reliably expand the
number of domains of sleep they assess to include duration of sleep on work and nonwork days, subjective sleep quality, falling asleep with the light on, and experiencing
periods of sleep disturbance. However, reliability decreased as participants were asked
for increasing detail on specific periods of sleep disturbance, and changes to the sleeptable portion of the questionnaire are warranted.
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5.7

Supplement to published paper

Additional details regarding power calculations were excluded from the published paper
due to words limits but are included in this supplement to the published paper.

A sample of at least 100 consenting BCEES controls was asked to complete the BCEES
sleep questionnaire twice, at least 2 weeks apart. This sample size was calculated using
the Walter method with an alpha of 0.05, a power of 80% and an N (number of
replicates) of 2 (1). Previous studies of test-retest reliability of self reported sleep
duration have found correlations of r = 0.496 (2) and r = 0.58 (3 cited in 2). These
correlations were used to provide an estimate of P0 for calculating sample size using the
Walter method. P1 represents the minimum correlation coefficient expected in this
study. Assuming a P0=0.55 (as a conservative estimate of r based on previous studies)
and a P1 of 0.7 (The minimum r I hope to detect), a sample size of 100.78 has been
calculated.

In discussing the reliability of the sleep-loss per year and symptom-severity scores in
the published paper, I suggested that increasing the minimum timeframe for sleep
disturbance from two weeks to six months may improve the reliability. This analysis
was not undertaken for the published paper. However, as it was relevant for other
papers in this thesis, the analysis was undertaken post-publication and the results are
presented in this supplement. After excluding periods of sleep disturbance that lasted 6
months or less the ICC for lifetime sleep-loss per year was 0.47 (95% CI 0.33- 0.61);
and the ICC for symptom severity was 0.62 (95% CI 0.52-0.73).
represent small improvements to the ICC values.
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6.1

Abstract

Introduction
Self-report remains the most practical and cost-effective method for epidemiological
sleep studies involving large population-based samples.

Several validated

questionnaires have been developed to assess sleep, but these tools are lengthy to
administer and may be impractical for epidemiological studies. We examined whether a
three-item sleep questionnaire, similar to those typically used in epidemiological
studies, closely corresponded with objective measures of sleep as assessed using
actigraphy monitoring.
Methods
Eligible participants were Western Australian women aged 18 to 80 years. Participants
completed a sleep questionnaire, wore a wrist actigraph for seven nights, and completed
a brief daily sleep log. Objective actigraphy measurements for 56 participants were
summarized by mean and mode and compared with the subjective reports, using
weighted kappa and delta.
Results
Data collected from the questionnaire showed poor agreement with objectively
measured sleep, with kappas ranging from −0.19 to 0.14.
Conclusions
Our results indicate that sleep questions typically used in epidemiological studies do not
closely correspond with objective measures of sleep as assessed using actigraphy. The
findings have implications for studies that have used such sleep questions. A means of
appropriately measuring sleep as a risk factor in epidemiological studies remains to be
determined.
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6.2

Introduction

Evidence from laboratory studies has identified a number of plausible biological models
by which sleep may influence long-term health outcomes (1).

A number of

epidemiological studies have investigated self-reported sleep and long term health
outcomes such as obesity, diabetes, and cancer (2-13), and most have reported a link
between poor sleep and increased morbidity and mortality (2, 5-7, 11-13). However,
the results of these studies may not be valid if self-reported sleep does not reflect actual
sleep. Although polysomnography is the gold standard for assessing sleep, self-report
remains the most practical and cost-effective method for epidemiological studies
attempting to collect information on large population-based samples.

Several sleep questionnaires have been validated and show moderate correlations with
objectively measured sleep parameters. These questionnaires include the Karolinska
Sleep Diary, the Pittsburgh Sleep Diary, the Sleep Timing Questionnaire, the Athens
Insomnia Scale, and the Pittsburgh Sleep Quality Index (14-16). However, such tools
are lengthy to administer and may be inappropriate or impractical for epidemiological
studies.

The compromise for many epidemiological studies has been to limit

assessment of self-reported sleep to one or two questions, most commonly those asking
about usual sleep duration (3, 10, 17, 18), and less commonly about usual subjective
quality (12, 13) or ease of getting to sleep (2, 5, 7). However, these types of questions
have not been validated against objective sleep measures, although one study validated
its questionnaire against sleep diary information (18).

In the present study, we

examined whether the assessment of sleep using three questions typically used by
epidemiological studies corresponded to objective measures of sleep as assessed using
actigraphy in a population of Western Australian women. Information derived from the
questionnaire was assessed against data generated by the actigraph, which is a small
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biomedical instrument that provides objective multi-day recordings of sleep–wake
periods. Actigraphy allows 24-hour recording in the home environment under “lived”
conditions and has been recommended by the American Association of Sleep Medicine
as an acceptably accurate estimate of sleep patterns (19). The questions used in this
study were previously shown to be reliable (20).

6.3

Methods

6.3.1 Study population
A minimum sample size of 40 women was calculated using the Walter method (21).
Participants were recruited through newspaper advertisements and from The University
of Western Australia staff e-mail list calling for volunteers for a sleep study. Eligible
participants were women aged 18 to 80 years who spoke adequate English to complete
the questionnaire and had no self-reported history of a diagnosis of a sleep disorder
(excluding transient insomnia).

Men were excluded from this study because the

questionnaire for validation was intended for use with female populations only, as it
was developed for a study of breast cancer.

The study was approved by The University of Western Australia’s Human Research
Ethics Committee and was performed in accordance with the Declaration of Helsinki.

6.3.2 Data collection
Participants gave informed consent before completing a modified version of the Breast
Cancer Environment and Employment Study (BCEES) sleep questionnaire, wearing an
actigraph on their dominant wrist for 24 hours a day for eight days (seven nights) (19),
and completing a brief daily sleep log.
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The BCEES sleep questionnaire was developed for an ongoing case-control study of
environmental and occupational risk factors for breast cancer. The questionnaire was
designed to collect information on demographic characteristics (age, education, and
employment), two domains of sleep (usual sleep duration and subjective sleep quality),
and exposure to white light while sleeping. Information on duration was assessed
separately for work days and non-work days, as people tend to catch-up on sleep on
non-work days. Specifically, the sleep questions were, “How many hours of sleep on
work [non/work] days do you usually get?” and “Do you generally consider yourself to
be a good sleeper, that is, do you fall asleep easily and sleep soundly?”.

Actigraphy uses wrist-worn accelerometers that measure gross motor activity, from
which sleep/wake can be inferred. Actigraphy has been shown to correlate well with
polysomnography in normal sleepers and is a more cost-effective and practical method
of objective sleep monitoring for small population-based studies (19). Seven days of
actigraphy recording has been shown to be sufficient to obtain stable measures of
domains of sleep (22, 23).

The Actiwatch Spectrum (Philips Respironics, Murrysville, PA, USA) used in this study
contains a light sensor that measures white light in lumens/m2 (lux) and an event marker
button to indicate specific times. Consistent with standard procedure in actigraphy
studies, participants were asked to press the event marker button when they turned out
the lights to go to sleep at night, when they got out of bed in the morning, and if they
woke during the night for any reason.

The output of the actigraph was digitally integrated using actigraphy principles. Sleep
parameters were automatically scored using the manufacturer’s software (Actiware
5.59), with an epoch length of 30 seconds and a medium wake threshold value of 40
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seconds. Measures were total sleep time in minutes, sleep onset latency in minutes
(period between bed time and sleep onset), wake after sleep onset in minutes (time spent
awake after initial onset of sleep), and efficiency (percentage of time in bed spent
asleep).

Participants completed a daily sleep log to record details such as sleep and wake times,
whether the day was a workday, whether they took any naps, and whether the watch
was removed for any period. This information was used to cross-validate the actigraphy
data. Coding of work days and non-work days was done manually on the basis of the
sleep logs.

6.3.3 Statistical analysis
To facilitate comparison between categorical questionnaire items and continuous
actigraphy variables, actigraphy output was converted to categorical variables based on
the mean and mode values (24). Below, we describe the calculation of the mean and
mode values. Where there were two or more modes, the smallest mode was chosen for
categorization.

Total sleep time
Mean: Actigraphic total sleep time was averaged separately for work days and nonwork days and converted to six-level categorical variables consistent with the answer
categories for the sleep duration questionnaire item (<5 hours, 5–6 hours, 6–7 hours, 7–
8 hours, 8–9 hours, >9 hours).

Mode: Actigraphic total sleep time for each night was converted to a six-level
categorical variable consistent with the answer categories for the sleep duration
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questionnaire item and the mode duration identified for work days and non-work days
separately.

Because the first two and last two categories included very few participants, they were
condensed into four categories for analysis (<6 hours, 6–7 hours, 7–8 hours, and >8
hours).

Sleep onset latency, sleep efficiency, wake after sleep onset, and quality of sleep
Mean: Sleep onset latency, efficiency, and wake after sleep onset were averaged for the
nights of actigraphic data collection and converted to four-level categorical variables
consistent with the answer categories from the sleep quality questionnaire (ie, very good
sleeper, fairly good sleeper, fairly bad sleeper, very bad sleeper) using the cut-points
shown in Table 6.1, which were derived from the literature on normal and abnormal
sleep habits (25-29). In addition, a composite objective sleep quality variable was
created for comparison with the sleep quality question. The composite objective sleep
quality score was created based on the mean sleep onset latency and either the mean
efficiency or mean wake after sleep onset reaching the minimum (and not exceeding the
maximum) cut-point for inclusion in that category (see Tables 6.1 and 6.2).

For

example, a participant with “fairly good” sleep onset latency and “very good” efficiency
would be classified as having “very good” composite quality, while a person with
”fairly good” sleep onset latency and ”fairly good” efficiency would be classified as
having ”fairly good” composite quality.

Mode: Sleep onset latency, efficiency, and wake after sleep onset for each night were
converted to four-level categorical variables using the cut-points in Table 6.1 and the
mode identified. A composite objective sleep quality score was created using a method
similar to that described for the mean.
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Table 6.1 Cut-points for converting the continuous variables collected by actigraphy to
four level categorical variables consistent with the answer categories for the subjective
sleep quality question, the Sleep Validity Study, Western Australia 2011.
Categorical
Variable

Sleep Onset Latency

Efficiency

Wake After Sleep Onset

minutes

Very good sleeper

minutes

<15

>90%

<5

Fairly good sleeper

15-20

85-90%

5-15

Fairly bad sleeper

21-31

80-84%

16-30

>31

<80%

>31

Very bad sleeper

Table 6.2 Criteria for creating a composite ‘sleep quality’ variable based on participants
meeting a quality threshold for sleep onset latency and either efficiency or wake after
sleep onset as measured by actigraphy, the Sleep Validity Study, Western Australia
2011.
Efficiency or Wake After Sleep Onset
Sleep Onset

Very Good

Fairly Good

Fairly Bad

Very Bad

Very Good

Very Good

Very Good

Fairly Good

Fairly Bad

Fairly Good

Very Good

Fairly Good

Fairly Good

Fairly Bad

Fairly Bad

Fairly Good

Fairly Good

Fairly Bad

Very Bad

Very Bad

Fairly Bad

Fairly Bad

Very Bad

Very Bad

Latency
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Sensitivity analysis for sleep onset latency, efficiency, wake after sleep onset,
and quality of sleep
While the cut-points defined in Table 6.1 were defined using the literature, there is no
formal standard definition of objective sleep quality. To investigate the sensitivity of
the kappa statistic to changes in these cut-points, we created separate four-level
categorical variables for mean sleep onset latency, mean efficiency, and mean wake
after sleep onset based on quartiles, and repeated the analysis. An additional composite
objective sleep quality score was also created using a method similar to that described
for the mean above.

Objective actigraphy measurements were compared to the questionnaire using kappa
with quadratic weights in Stata 11 (StataCorp, College Station, Texas, USA). The
confidence intervals (CIs) for kappa were obtained using the kapci command in Stata,
utilizing bootstrap methods with 2000 replications. People without duration data were
excluded from the duration analysis. Analysis of sleep duration was conducted with
naps both included and excluded, but, because the results were not substantially
different, only the results for sleep duration excluding naps are presented.

A limitation of the kappa statistic is that it is sensitive to the marginal distribution. If
marginal totals are very small or very unbalanced, the resulting kappa can be
paradoxically high or low as compared with the proportion of observed agreement (30,
31). Delta is an alternative chance-corrected measure of validity that is not sensitive to
marginal totals but will be similar to kappa when marginal totals are not excessively
unbalanced (31).

Because of the small numbers in this study, delta values were

calculated in addition to kappa values using the program written by Martin and Femia
(31).
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6.4

Results

Data collection occurred between 21 January and 30 March 2011. A total of 61 women
participated and completed all parts of the study.

However, a faulty watch

compromised the data from five participants, which left 56 participants for analysis. All
participants except two completed seven nights of actigraphy. Eight participants were
unemployed, one was on holiday, and one worked for the duration of the study, leaving
47 and 55 participants for the analysis of duration of sleep on work days and non-work
days, respectively.

Age ranged from 22 to 78 years (mean, 46 years; Table 6.3). Most participants (57%)
were born in Australia or New Zealand, 71% had completed high school, and 86% were
employed either full- or part-time.

Table 6.4 shows the distributions for work day sleep duration and composite quality by
questionnaire response and by the mean and mode of actigraphy data.

The BCEES sleep items showed poor agreement with objectively measured sleep habits
as assessed using actigraphy (Table 6.5). In particular, kappa values were negative for
the agreement between subjective and mean objective measures relating to duration and
efficiency. The agreement between subjective quality and mean actigraphic sleep onset
latency and wake after sleep onset was positive but very weak. A comparison of
subjective sleep quality with the composite measure of objective quality showed slightly
better agreement.

The sensitivity analyses of the subjective and mean objective

measures relating to sleep onset latency, efficiency, wake after sleep onset, and the
composite measure of objective quality did not appreciably alter the results (Appendix 5
Table A5-1).
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Table 6.3 Demographic characteristics of women in the Sleep Validity Study, Western
Australia 2011 (n=56).
Characteristics
n
%
Age (mean, range)

46

(22-78)

Australia/New Zealand

32

57

United Kingdom/Ireland

14

25

Europe

2

4

Asia

1

2

Other

7

12

≤ year 9 or equivalent

1

2

Year 10 or equivalent

7

13

Year 11 or equivalent

8

14

Year 12 or equivalent

40

71

Full-time

28

50

Part-time

20

36

8

14

Country of birth

High school education

Employment

None
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The results did not substantially change when the mode of the sleep variables was used.
However, the agreement for duration on work days and non-work days was slightly
improved.

Participants with the shortest self-reported sleep durations tended to underestimate their
sleep as compared with objective measures. In particular, all participants who selfreported a usual sleep duration of six hours or less recorded an objective mean sleep
duration of greater than six hours. In contrast, participants who self-reported sleeping
eight hours or more tended to overestimate their sleep as compared with objective
measures, although group numbers were small.

Delta values were consistent with kappa values in showing poor agreement (Table 6.5).
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Table 6.4 Distribution of participants for work day duration and composite quality by
questionnaire response, and by the mean and mode of the actigraphy measurements, the
Sleep Validity Study, Western Australia 2011.
Questionnaire
Actigraphy
Items

Items
Mean

Mode

n (%)

n (%)

n (%)

6 or less hours

15 (32)

5 (11)

9 (19)

6-7 hours

16 (34)

13 (28)

10 (21)

7-8 hours

15 (32)

26 (55)

25 (53)

1 (2)

3 (6)

3 (6)

Very good

14 (25)

6 (11)

7 (13)

Fairly good

22 (39)

19 (34)

24 (43)

Fairly bad

16 (29)

19 (34)

19 (34)

4 (7)

12 (21)

6 (10)

Duration Work Days

8 or more hours
Composite Quality

Very bad
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Table 6.5 Weighted (quadratic) kappa scores and delta scores for agreement between subjective self-reports of sleep and objective measures of sleep
as recorded by actigraphy, the Sleep Validity Study, Western Australia 2011.
Usual sleep habits question
Kappa
Delta
Observed
Kappa
95% CI P-value
Delta P-value
Agreement (%)
Mean
Duration of sleep on work days (n=47)
81%
-0.08 -0.32-0.11
0.76
-0.01
0.56
Duration of sleep on non-work days (n=55)
78%
-0.13 -0.34-0.07
0.86
0.00
0.14
Sleep onset latency (n=56)
80%
0.08 -0.16-0.33
0.27
0.09
0.86
Sleep efficiency (n=56)
79%
-0.19 -0.39-0.01
0.93
-0.24
0.64
Wake after sleep onset (n=56)
76%
0.10 -0.02-0.26
0.08
0.05
0.61
Sleep quality (n=56)
82%
0.14 -0.08-0.36
0.12
-0.11
0.92
Mode
Duration of sleep on work days (n=47)
Duration of sleep on non-work days (n=55)
Sleep onset latency (n=56)
Sleep efficiency (n=56)
Wake after sleep onset (n=56)
Sleep quality (n=56)

83%
79%
76%
81%
75%
84%

0.05
0.01
0.02
-0.08
0.07
0.09

-0.19-0.29
-0.28-0.27
-0.16-0.24
-0.31-0.16
-0.08-0.22
-0.17-0.33

0.34
0.47
0.40
0.74
0.17
0.25

0.11
0.09
0.05
0.04
0.09
-0.15

0.60
0.12
0.77
0.67
0.82
0.89
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6.5

Discussion

This study found that self-reported usual sleep duration on work days and non-work
days did not agree with actigraphically recorded actual sleep. Subjective sleep quality
also showed poor agreement with the three individual measures of objective quality:
sleep onset latency, efficiency, and wake after sleep onset. While other studies reported
that an “index” of sleep quality (combining multiple domains) better reflects subjective
overall sleep quality than does a single domain (25, 26), we found that a composite
objective measure did not noticeably improve agreement.

Following the lead of Mullington et al, (24) we also examined modal sleep duration in
addition to mean duration, because participants may estimate their usual sleep by using
a typical night rather than by averaging sleep across nights. Unlike Mullington et al, we
found that the use of modal data improved correlations with estimates of sleep duration,
when compared with mean sleep. However, the overall results still failed to show
strong agreement with actigraphy data (24).

The current results therefore suggest that a three-item questionnaire on usual sleep
duration/quality does not adequately reflect objective measures of sleep as assessed
using actigraphy.

Other studies that have examined agreement between subjective and objective sleep
duration (using the lengthier measures of sleep quality assessment that are not realistic
for epidemiological studies) reported Pearson product-moment correlations ranging
from 0.31 to 0.63 (16, 32-36). However, Pearson correlations may be inadequate for
assessing validity, because a correlation measures the strength of a relationship between
two variables but not agreement between them (37, 38). Good correlation may occur
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even when agreement is poor; thus, the agreement implied in these studies may be
overestimated (37, 38). Furthermore, of the two studies that reported the strongest
correlations, one was conducted in a population with advanced lung cancer and the
other was conducted in a population of legally blind participants, which may limit their
generalizability (32).

To our knowledge, only one study has assessed agreement between subjective and
objective sleep duration with statistics other than Pearson correlation. Van den Berg et
al used measures of the level and direction of disagreement to compare actigraphy with
estimates from sleep diaries in a large elderly population (39). As was the case in the
present study, they found poor agreement, with one-third of participants reporting an
average subjective sleep duration more than one hour different from their average
actigraphically measured duration (39).

Only one study of adults has examined agreement between sleep domains other than
duration. The study of blind participants reported Pearson correlations of r=0.12 for
sleep onset latency and r=0.06 for wake after sleep onset (32). Studies of young
adolescent boys (40) and young children (in which the parents completed the
questionnaire) (41) reported correlations between subjective and objective sleep onset
latency of r=0.49 (40) and r=0.04, (41) respectively.

There are several reasons why actual sleep may not reflect an individual’s report of their
usual sleep.

First, the brief questionnaire format may be unsuited to capture a

multidimensional construct such as sleep and one’s subjective estimate of its
parameters.

In particular, the questionnaire format used in this study required

respondents to provide a single value to represent their subjective estimate of usual
sleep duration. However, the cognitive processes that underlie quantitative estimates of
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recalled sleep behavior are not clear (42).

While questionnaire design, response

formats, and social desirability can all affect responses to questionnaires, it is not known
whether there are other cognitive processes that may affect how participants respond to
sleep questionnaires.

Participants may use mental processes such as rounding or

heuristic strategies (ie, concepts of typical nights rather than average nights, adjusting
for seasonal variation) when they are asked to give a single point estimate of a trait such
as sleep, which has high day-to-day and seasonal variability (1, 22, 23, 42). Such biases
may be particularly strong when there are only one or two questions.

An additional possibility is that subjective sleep questions may not be measuring sleep
habits per se but, rather, other traits that impact on the cognitive processing and
heuristic shortcuts required to produce a quantitative estimate of sleep. A number of
studies have reported positive associations between perceived stress and subjective, but
not objective, measures of sleep quality (23, 43, 44). This study comprised self-selected
participants, some of whom may have volunteered due to higher interest or concern
with their sleep habits, and their self-reports may reflect this heightened concern.

Alternatively, participants may have been estimating their usual sleep after adjustment
for seasonal differences.

We only collected data at one time point, and seasonal

differences in sleep have been noted (1).

This study has several limitations. First, although actigraphy has been shown to be
consistent with polysomnography among normal sleepers, it is not without limitations
(19). Actigraphy assesses sleep by measuring motor activity, and there is the potential
for actigraphy to misinterpret inactivity during wake as sleep and activity during sleep
as wake (19, 45). Anything that exaggerates, suppresses, or alters movement can result
in erroneous assessment of sleep–wake (45).
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In addition, one week of actigraphy may not be sufficient to obtain accurate estimates of
usual sleep habits. However, several studies have reported that five to seven days of
actigraphy was sufficient to obtain stable estimates of sleep (22, 23).

An additional limitation of this study is the relatively small numbers of participants,
particularly in the less than six hours and greater than eight hours sleep duration groups,
despite a priori power calculations. Furthermore, the large age range of the women
studied may have influenced the results, due to the association between increasing age
and decreasing sleep duration and quality (27). The lack of information on parity, body
mass index, and chronotype of participants may also be considered limitations. A
replication of the study using male participants would extend the generalizability of
these findings to the general population.

In summary, we found that a three-item sleep questionnaire of the type typically used in
epidemiological studies showed poor agreement with actigraphically recorded sleep
habits. These results have implications for studies examining sleep as a risk factor for
morbidity and mortality. A method of accurately measuring sleep as a risk factor for
long-term health outcomes remains to be determined.
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6.7

Supplement to published paper

Additional details regarding power calculations and the data cleaning of actigraphy data
were excluded from the published paper due to words limits but are included in this
supplement to the published paper.

The minimum sample size of 40 women was calculated using the Walter method with
an alpha of 0.05, power of 80% (1).

Although the Walter method has been designed

primarily to calculate sample size for test-retest reliability studies, it can be adapted for
use for validity studies by altering the interpretation of the correlation coefficients, P0
and P1. For a validity study, P0 represents the proportion of variation in the scores
explained by variation within individuals. A P0 of 0.5 would be the most conservative
estimate, however with each participant providing seven days of actigraphy data we
expected P0 to be smaller and a P0 of 0.4 should be sufficiently conservative. P1 is the
hypothesized correlation coefficient between the two measures. Table S1 below shows
the samples sizes for various combinations of P0 and P1. By using an estimate of P0
=0.4 and a moderate estimate of P1 = 0.7 we get a sample size of 32.9 which we have
rounded up to 40 to account for possible participant dropout.”

Table S1: Estimates of sample sizes for various values of P0 and P1 based on α = 0.05
and β = 0.20
P0
0.1
0.2
0.3
0.4
0.5

0.6
19.1
27.2
43.5
86.6
300.3

P1
0.7
12
15.5
21.4
32.9
62.6

0.8
7.7
9.2
11.4
15.1
22.0

All actogram recordings were visually inspected for artefacts, malfunctioning and
concordance with the self-reported sleep diary. In the event of a discrepancy greater
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than 30 minutes between the actogram and sleep log/event marker for bed time, wake
time, naps and excluded intervals (when the watch was off-wrist), the actogram data
were edited. If a watch was removed for more than 5 hours during the day or more than
1 hour at night, data for the surrounding 24 hour period was excluded. In addition,
periods of time where people reported illnesses during the study and had significantly
altered rest/activity patterns were also excluded. No data was excluded due to excessive
off-wrist time and only one 24-hour period was excluded due to illness. Independent
verification of the actogram editing was conducted for 68% of participants by second
investigator and agreement on editing was 95%.

1. Walter SD, Eliasziw M, Donner A: Sample size and optimal designs for
reliability studies. Statistics in medicine 1998, 17:101-110.
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7.1

Abstract

Introduction
Breast cancer is one of the most commonly diagnosed invasive cancers. Established
risk factors account for only a small proportion of cases. Previous studies have found
reductions in sleep duration and quality in the general population over time. There is
evidence to suggest a link between poor sleep and an increased risk of breast cancer. In
this study, we investigated the relationship between breast cancer and sleep duration and
quality in Western Australian women.
Methods
Data were obtained from a population-based case-control study conducted from 2009 to
2011. Participants completed a self-administered questionnaire that included questions
on sleep. Odds ratios and 95% confidence intervals were calculated using unconditional
logistic regression. Sensitivity analysis for potential selection and misclassification bias
was also conducted.
Results
We found no association between self-reported sleep duration on work days and risk of
breast cancer (for <6 hours, odds ratio (OR) = 1.05 (95% CI 0.82-1.33); for 6–7 hours,
OR = 0.96 (95% CI 0.80-1.16); and for >8 hours, OR = 1.10 (95% CI 0.87-1.39),
compared with the reference category of 7–8 hours’ sleep). In addition, we found no
association between sleep duration on non-work days, subjective sleep quality, or
combined duration and quality and risk of breast cancer.
Conclusions
This study does not provide evidence to support an association between self-reported
sleep duration or quality and the risk of breast cancer.
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7.2

Introduction

Breast cancer is the most commonly diagnosed invasive cancer and the leading cause of
cancer death among women, both in Australia and globally (1, 2). While some risk
factors, such as primary genetic mutations, reproductive history, weight gain, and
alcohol consumption, are well established, they do not account for a significant
proportion of breast cancer cases (2).

Both international and Australian studies have reported changes in sleep over time in
developed countries.

Some studies have suggested a reduction in habitual sleep

duration of 13–36 minutes over the last 20–30 years (3–7), although reductions in sleep
duration have not been consistently found (8, 9). Studies of sleep quality have reported
increases in the prevalence of subjective poor-quality sleep ranging from 5% to almost
40% (3, 4, 10).

While the immediate effects of poor sleep, such as tiredness, loss of concentration, and
injuries, are well recognised (11), the chronic effects of poor sleep have not been
extensively studied. However, there is some evidence to suggest a link between poor
sleep and a range of long-term health effects, including increased risk of cancer (12–
18).

Two plausible biological models have been proposed which would explain how poor
sleep can directly influence the development of cancer: impaired immune function and
metabolic pathways that lead to obesity (2, 12, 15, 19).

An additional indirect

mechanism has also been proposed that suggests an increased risk of cancer due to
altered melatonin release (20, 21). Melatonin release is regulated by the light/dark cycle
rather than by sleep per se, and previous studies have used sleep as a proxy for
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“exposure to darkness” (22). All three proposed pathways have some evidence to
support them, but the true process by which sleep might influence cancer risk is
unknown.

Five studies have investigated the relationship between sleep duration and breast cancer
and have shown mixed results (22–26). Kakizaki et al (23) reported a statistically
significant trend of decreasing risk with increasing sleep duration, while McElroy et al
(24) reported a statistically significant trend of increasing risk with increasing duration.
The three remaining studies also found significant trends, but only after study
populations were restricted or polytomous analysis was conducted (22, 25, 26). Only
one of those studies also examined subjective sleep quality (22); no association with
breast cancer was found.

Our aim in this study was to investigate the relationship between breast cancer and three
domains of sleep (sleep duration on work days, sleep duration on non-work days and
subjective sleep quality) in a population of Western Australian women.

7.3

Methods

The Breast Cancer Environment and Employment Study (BCEES) was a case-control
study of occupational and environmental risk factors for breast cancer conducted in
Western Australia. A sample size of 1,000 cases and 2,000 age-matched controls was
calculated a priori based on the expected number and recruitment rate of incident breast
cancer patients in Western Australia, the prevalence of exposure to shift work (the main
study hypothesis), and the increased risk of breast cancer we expected to detect. The
study was approved by the human research ethics committees of the Western Australian
Department of Health and The University of Western Australia.
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7.3.1 Cases
Cases were female residents of Western Australia aged 18–80 years with a first incident
invasive breast cancer (ICD-10 C50) that was diagnosed between May 1, 2009, and
January 31, 2011, and reported to the Western Australian Cancer Registry before July
31, 2011. The Western Australian Cancer Registry is a population-based cancer registry
that was established in 1981. Notification of cancer cases (excluding skin-primary basal
cell carcinoma and squamous cell carcinoma) is mandatory for pathologists,
hematologists, and radiation oncologists. Cases were excluded if the breast cancer was
not invasive (i.e., ductal carcinoma in situ); if diagnosis had occurred more than 6
months prior to the date on which the Western Australian Cancer Registry received the
notification; or if the patient had inadequate comprehension of English to complete the
questionnaire. Of the 2,089 eligible breast cancer cases identified, 1,205 women (58%)
consented to participate. Of the eligible cases who did not participate, 334 (16%)
refused, 545 (26%) did not respond, and 5 had died. Compared with participants, those
who refused to participate were older, while those who did not respond were younger.
In addition, women who did not respond were more likely to live in very remote areas
(4% vs. 2%). There were no differences in socioeconomic status between breast cancer
patients who participated and those who refused or did not respond to the study
invitation.

7.3.2 Controls
Controls were women aged 18–80 years living in Western Australia between May 2009
and July 2011 who were randomly selected from the electoral roll.

They were

frequency-matched to the expected distribution of cases by five-year age group. Being
registered to vote is compulsory in Australia, and the electoral roll is considered an
almost complete list of Australian citizens. Controls were ineligible if they had had a
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previous diagnosis of invasive breast cancer or did not speak adequate English to
complete the questionnaire.

From a total of 4,358 eligible controls, 1,789 (41%)

consented to participate. Of the eligible controls who did not participate, 939 (22%)
refused, 1,628 (37%) did not respond, and 2 had died. Compared with participants,
those who refused were older, while those who did not respond were younger. There
were no differences in residential remoteness or socioeconomic status between control
women who participated and those who refused or did not respond to the study
invitation.

7.3.3 Data collection
We asked participants to complete a self-administered postal questionnaire that
contained questions on demographic, reproductive, and lifestyle factors as well as sleep.
The domains of sleep investigated were: usual duration of sleep on work days; usual
duration of sleep on non-work days; and subjective sleep quality. Specifically, the
questions were: “Ignoring the last year, how many hours of sleep on [work/non-work]
days do you usually get?”; “Ignoring the last year, do you generally consider yourself to
be a good sleeper; that is, do you fall asleep easily and sleep soundly?” We prefaced the
questions with the words “Ignoring the last year…” in order to avoid identifying recent
sleep habits that might be associated with underlying disease in cases.

Answer categories for the sleep duration questions were <5 hours, 5–6 hours, 6–7 hours,
7–8 hours, 8–9 hours, and >9 hours.

There is a widely held but scientifically

unsupported view that the normal/optimal sleep duration is eight hours per night (27).
These nonexclusive answer categories were used to try to discourage participants from
reflexively giving a “normative” answer (e.g., eight hours) and to allow participants to
consider the variability in their sleep and the direction in which this variability was
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more likely to trend. Answer categories such as “7–7.9 hours” have recently been
criticised in the context of sleep research for forcing participants into answering with a
level of precision that is inconsistent with a quantitative estimate of a highly variable
trait (28). Answer categories for the sleep quality questions were: very good sleeper;
fairly good sleeper; fairly bad sleeper; and very bad sleeper. In addition, we created a
categorical variable that combined sleep duration on work days with two categories of
sleep quality (good and bad) to investigate any joint effect of sleep length and quality.

7.3.4 Statistical analysis
Odds ratios and 95% confidence intervals were calculated using unconditional logistic
regression, with the frequency-matched variable age included in all models. Variables
thought to be associated with both the outcome and the exposure were considered
“probable confounders” and were included in multivariable models regardless of any
univariate association with the outcome. Variables thought to be associated with either
the outcome or the exposure (but not both) were considered “possible confounders” and
were included in the multivariate models if a 2 test of their univariate association with
the outcome resulted in a P value of 0.25 or less.

The “possible confounders” were: country of birth, education, family history of breast
cancer, previous breast conditions, use of oral contraceptives in the last 5 years, and
circadian amplitude. The possible confounders were then assessed for their contribution
to the fully-adjusted multivariable effect size by means of a user-written Stata program
(StataCorp, College Station, Texas, USA) (29). None of the possible confounders
contributed to a change in the odds ratio of more than 5%, and as such they were
excluded from the final multivariable model. “Probable confounders” included in the
final multivariable model were: age, in 5-year groups; number of children; age at first
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birth; whether children were breastfed; menopausal status; use of physician-prescribed
hormone replacement therapy; duration of use of hormone replacement therapy; usual
alcohol consumption (glasses per week); comparative weight at age 30 years (compared
with others of the same age and height); ever use of melatonin; and total physical
activity in metabolic equivalents per week (quartiles).

Polytomous regression models were used to determine odds ratios according to the
menopausal status (pre- or post-) of cases at the time of diagnosis relative to controls
and for oestrogen receptor–positive / –negative cases relative to controls (30, 31).

Stratified analysis was also conducted for three characteristics of the circadian rhythm
(phase, amplitude, and stability) (32, 33).

The phase of the circadian rhythm is

commonly recognised as a preference for being active in either the morning or the
evening

and

was

measured

using

the

Horne-Östberg

Morningness/Evening

questionnaire (34), with cut-points developed by Taillard et al. (35). The amplitude and
stability of the rhythm are increasingly being recognised as potential factors in
adjustment to shift work (32, 33). The Circadian Type Inventory reports the amplitude
of the rhythm as languidness or vigorousness (languidness/vigorousness scale). Lower
scores on the languidness/vigorousness scale indicate a tendency toward vigorousness,
representing the ability to more easily overcome drowsiness, while higher scores
indicate a tendency toward languidness. The stability of the rhythm is reported as the
flexibility or rigidity of sleeping habits (flexibility/rigidity scale). Lower scores on the
flexibility/rigidity scale are indicative of more rigid habits, conceptualised as an affinity
for routine sleeping and eating times, while higher scores indicate increasing flexibility
(32, 33). The Circadian Type Inventory sets the cut-points for both scales at the 25th
and 75th percentiles, with the middle 50% of each scale defined as “neither.” Differing
136

sleep need and responses to sleep disturbance have been reported within the subtypes of
all three characteristics (33, 36).

7.3.5 Selection bias
Information on age (in five-year groups), socioeconomic status (as defined by the
Australian Bureau of Statistics Socio-Economic Indexes for Areas quintiles of
advantage-disadvantage) (37), and residential remoteness (as defined by the
Accessibility/Remoteness Index of Australia) (38) was available for non-participants.
To investigate selection bias, we recalculated the age-adjusted odds ratios after making
two assumptions about sleep duration and quality in non-participants.

The first

assumption was that non-participants might be more likely to be “better” sleepers than
participants (sleep duration 7–8 hours; sleep quality very good or fairly good). The
second assumption was that people who did not consent might be “worse” sleepers
(sleep duration <6 hours; sleep quality very bad or fairly bad), while those who did not
respond might be “better” sleepers (sleep duration >8 hours or 7–8 hours; sleep quality
very good or fairly good), in comparison with people who participated. This second
assumption was based on the age differences between participants, non-consenters, and
non-responders in this study and the association between increasing age and decreasing
sleep duration and quality (39). Under these two assumptions, seven scenarios for nonparticipant sleep were developed and assessed.

7.3.6 Misclassification bias
Self-reported data are potentially subject to misclassification, and because our exposure
variables were categorical, even random misclassification could have resulted in bias in
any direction (40). Studies of exposure misclassification have found that most of the
error occurs within adjacent categories (41). For sleep quality, we investigated the
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impact of various levels of one-category non-differential misclassification on our
unadjusted odds ratios using the method described by Marshall et al. (42). For the
analysis of misclassification of sleep duration, we used a modified version of the
method described by Marshall et al. (42). A validity study of the sleep questionnaire
used in this study (43) and supported by Patel et al. (44) found that the bias in selfreported duration was pointing away from the median. We recalculated odds ratios
using varying levels of misclassification, where misclassified participants could only
move towards the reference group (7–8 hours).

All statistical analysis was conducted using Stata 12 or Microsoft Excel 2010
(Microsoft, Redmond, Washington), and all statistical tests were two-sided.

7.4

Results

Of the 2,994 participants who completed the study, approximately 5% had missing data,
leaving 2,828 for sleep duration analysis and 2,827 for sleep quality analysis. For the
polytomous model, information on oestrogen receptor status was not available for 169
women with breast cancer, and they were excluded from this analysis.

After the distribution of sleep durations was reviewed, fewer than 5% of participants fell
into the first and last categories, and thus the results were condensed into 4 categories
for analysis: <6 hours, 6–7 hours, 7–8 hours (reference category), and >8 hours. The
prevalences of diagnosed sleep apnoea (2.5%), insomnia (2.9%), restless legs (2.6%),
and other sleep disorders (<1%) in this sample were consistent with those reported in
the general population (19). Compared with controls, cases were slightly younger and
were more likely to have been born outside of Australia/New Zealand, to have obtained
a university degree, to have a family history of breast cancer, to have a later age at first
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birth, to have taken oestrogen and progesterone combination hormone replacement
therapy, and to have weighed less than their peers at age 30 years (Table 7.1). In
addition, cases were less likely than controls to have had one or more children, to have
breastfed their children, and to be postmenopausal.

There was no evidence of any associations between sleep duration (on either work days
or non-work days), sleep quality, or combined duration/quality and risk of breast cancer
in either the age-adjusted models or the fully-adjusted models (Table 7.2). The fullyadjusted odds ratios for the association between sleep duration on work days and breast
cancer were 1.05 (95% confidence interval (CI) 0.82-1.33) for <6 hours, 0.96 (95% CI
0.80-1.16) for 6–7 hours, and 1.10 (95% CI 0.87-1.39) for >8 hours, as compared with
the reference category of 7–8 hours. Retaining the <5 and >9 hours-of-sleep groups in
the logistic regression analysis did not appreciably alter the odds ratios or provide any
evidence of trends (Appendix 6 – Table A6-1).

Polytomous analysis examining differential risks for pre- and post-menopausal cancer
(Table 7.3) and oestrogen receptor–positive and –negative tumours (Table 7.4) also
showed no association with sleep duration, sleep quality, or risk of breast cancer
subtype.

Stratified analysis investigating the impact of circadian rhythm (phase, amplitude, and
stability) on the relationships among duration of sleep on work days (Table 7.5), sleep
quality (Table 7.6) and the risk of breast cancer also showed no relationships. There
was weak evidence to support the appearance of a U-shaped relationship between sleep
duration and breast cancer risk when the analysis was restricted to women who were
scored as vigorous types on the languidness/vigorousness scale. There was also weak
evidence to suggest a trend of increasing risk with decreasing sleep quality when the
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analysis was restricted to women who were scored as languid types on the
languidness/vigorousness scale.

Age-stratified analysis did not provide any evidence of differential risk by age
(Appendix 6 – Tables A6-2 & A6-3).

7.4.1 Sensitivity analyses
Under the sensitivity analyses, three of the seven scenarios produced strong, statistically
significant results. First, if we assumed that all non-participants slept for 7–8 hours per
night, the age-adjusted odds ratio for breast cancer among women who slept less than 6
hours per night was 1.74 (95% CI 1.42-2.12); the odds ratio for those who slept 6–7
hours was 1.55 (95% CI 1.34-1.79); and the odds ratio for those who slept more than 8
hours was 1.78 (95% CI 1.45-2.18), as compared with the reference category of 7–8
hours. Second, if we assumed that all non-participants were very good sleepers, the
age-adjusted odds ratio for fairly good sleepers was 1.76 (95% CI 1.54-1.97); the odds
ratio for fairly bad sleepers was 1.63 (95% CI 1.36-1.96); and the odds ratio for very
bad sleepers was 1.90 (95% CI 1.38-2.62), compared with reference group of very good
sleepers. Third, if we assumed that non-consenters slept for less than 6 hours while
non-responders slept 7–8 hours, the age-adjusted odds ratio for less than 6 hours was
1.03 (95% CI 0.90-1.17); the odds ratio for 6–7 hours was 1.48 (95% CI 1.27-1.72); and
the odds ratio for more than 8 hours was 1.70 (95% CI 1.38-2.09), compared with the
reference category of 7–8 hours.

None of the other sensitivity scenarios were

statistically significant.

Misclassification of sleep duration on work days and sleep quality of 10%, 20%, and
50% of participants was investigated, but the odds ratios for risk of breast cancer were
not appreciably altered (Appendix 6 – Table A6-4).
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7.5

Discussion

This study found no association between self-reported sleep duration on work days,
sleep duration on non-work days, subjective sleep quality, or combined duration and
quality and risk of breast cancer. Polytomous analysis examining differential risks for
breast cancer by menopause and the oestrogen receptor status of cases also showed no
association of sleep duration or quality with risk of breast cancer.

In addition,

stratification by circadian rhythm showed no association between sleep duration and
breast cancer, although there was weak evidence for a possible association between
sleep duration and breast cancer in women scored as more vigorous types on the
languidness/vigorousness scale and between sleep quality and breast cancer in women
scored as more languid types on the scale.

These results are consistent with those of a number of other studies. In a study of
subjective sleep quality and breast cancer risk, Verkasalo et al (22) also found no
association.

Three of five studies that investigated the relationship between sleep

duration and breast cancer (22, 25, 26) found no relationship, while the two remaining
studies produced conflicting results (23, 24). Kakizaki et al (23) reported a statistically
significant trend of decreasing risk, while McElroy et al (24) reported a statistically
significant trend of increasing risk with increasing sleep duration. While the trend
reported by McElroy et al was statistically significant, it may not be clinically
significant; the odds ratio was 1.01 (95% CI: 0.84, 1.23) for the longest duration
compared with the reference group (24).
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Table 7.1 Distribution of demographic and risk factors among women with and without
breast cancer, Breast Cancer Environment and Employment Study, 2009–2011.
Controls
Cases
n
%
n
%
1695
1133
Age group, years
< 45
179
10.6
157
13.9
45-49
201
11.9
171
15.1
50-54
229
13.5
149
13.2
55-59
288
17.0
175
15.5
60-64
303
17.9
180
15.9
65-69
250
14.8
135
11.9
70+
245
14.5
166
14.7
Country of Birth
Australia / New Zealand
1139
67.2
725
64.0
United Kingdom / Ireland
362
21.4
244
21.5
Europe
75
4.4
64
5.7
Asia
62
3.7
56
4.9
Other
57
3.4
44
3.9
Number of Children
0
183
10.8
148
13.1
1
123
7.3
109
9.6
2
663
39.1
437
38.6
3
460
27.1
284
25.1
4
184
10.9
98
8.7
5 or more
82
4.8
57
5.0
a
Age at first child, years
<20
164
10.9
106
10.8
20-24
605
40.0
404
41.0
25-29
498
32.9
274
27.8
30+
245
16.2
201
20.4
a
Breast fed children
No
145
9.6
116
11.8
Yes
1367
90.4
869
88.2
Family History of Breast cancer
No family history
1210
71.4
688
60.7
Unknown family history
4
0.2
4
0.4
Some family history
357
21.1
283
25.0
Increased risk family history
124
7.32
158
14.0
Menopause Status
Pre-menopausal
416
24.5
351
31.0
Post-menopausal
1279
75.5
782
69.0
Table continued on next page
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Table 7.1 continued.
Controls

Cases

n

%

n

%

None

999

58.9

711

62.8

Oestrogen only

254

15.0

118

10.4

Progesterone Only

72

4.3

27

2.4

Oestrogen + Progesterone

62

3.7

68

6.0

150

8.9

110

9.7

32

1.9

33

2.9

126

7.4

66

5.8

Year 9, 10 or 11

592

34.9

401

35.4

Year 12

390

23.0

233

20.6

Trade/Apprenticeship

414

24.4

247

21.8

University

299

17.6

252

22.2

Hormone Replacement Therapy

Mixture of treatments
Non-hormonal treatment
Unknown Treatment
Highest Education

Usual number of alcoholic drinks per week
None

271

16.0

185

16.3

<1

211

12.5

129

11.4

1-3

395

23.3

265

23.4

4-6

227

13.4

142

12.5

7-9

138

8.1

114

10.1

10+

453

26.7

298

26.3

Weight at age 30 (compared to others of the same age and height)
A lot less

80

4.7

82

7.2

A little less

458

27.0

312

27.5

Same

793

46.8

528

46.6

A little more

296

17.5

169

14.9

68

4.0

42

3.7

A lot more
a

Limited to participants who had one or more children.
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Table 7.2 Age-adjusted and multivariate-adjusted odds ratios (OR) and 95% confidence intervals (CI) for the association between sleep and breast
cancer risk, Breast Cancer Environment and Employment Study, 2009–2011.
Controls
Cases
ORa
95% CI
ORb
95% CI
n

%

n

%

Duration on Work Days (n=2828)
<6 hours

238

14.0

163

14.4

1.04

0.83-1.32

1.05

0.82-1.33

6-7 hours

544

32.1

341

30.1

0.95

0.79-1.14

0.96

0.80-1.16

7-8 hours

681

40.2

461

40.7

1.00

>8 hours

232

13.7

168

14.8

1.05

0.83-1.33

1.10

0.87-1.39

1.00

Duration on Non-Work days (n=2828)
<6 hours

166

9.8

118

10.4

1.07

0.82-1.39

1.06

0.80-1.39

6-7 hours

369

21.8

235

20.7

0.96

0.78-1.17

0.96

0.78-1.18

7-8 hours

670

39.5

461

40.7

1.00

>8 hours

490

28.9

319

28.2

0.92

1.00
0.76-1.11

0.94

0.78-1.13

c

Sleep Quality (n=2827)
Very good

420

24.8

281

24.8

1.00

Fairly good

852

50.3

580

51.2

1.03

0.85-1.24

1.06

0.88-1.28

Fairly bad

331

19.6

208

18.3

0.97

0.77-1.22

0.98

0.77-1.24

Very Bad

90

5.3

65

5.7

1.14

0.80-1.63

1.11

0.77-1.61

Table continued on next page
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1.00

Table 7.2 continued.
Controls
n

%

Cases
n

ORa

95% CI

ORb

95% CI

%

Duration Work days / Quality (n=2826)d
<6 hours / good

96

5.7

69

6.1

1.10

0.79-1.55

1.12

0.80-1.58

6-7 hours / good

378

22.3

244

21.5

0.99

0.80-1.21

1.02

0.82-1.26

7-8 hours / good

591

34.9

394

34.8

1.00

>8 hours / good

207

12.2

154

13.6

1.10

0.86-1.40

1.14

0.89-1.47

<6 hours / bad

142

8.4

94

8.3

1.03

0.77-1.38

1.03

0.67-1.39

6-7 hours / bad

164

9.7

97

8.6

0.93

0.70-1.24

0.90

0.67-1.21

7-8 hours / bad

90

5.3

67

5.9

1.13

0.80-1.59

1.15

0.81-1.63

>8 hours / bad

25

1.5

14

1.2

0.82

0.42-1.60

0.93

0.47-1.83

a

1.00

Adjusted for age.

b

Adjusted for age, number of children, age at first birth, breast feeding, menopause status, use of hormone replacement therapy, duration of use of hormone
replacement therapy, alcohol consumption, comparative weight at age 30, ever used melatonin and physical activity.
c

One person was missing data for sleep quality.

d

Two people were missing data to create a combined sleep duration and quality variable.
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Table 7.3 Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the association between sleep duration, subjective sleep quality and the
risks of pre- and post-menopausal breast cancer, Breast Cancer Environment and Employment Study, 2009–2011.
Controls
Pre-menopausal Cases
Post-menopausal Cases
Pa
%
%
OR b
95% CI
% OR b
95% CI
Duration on Work Days (n=2828)
<6 hours
14.0
11.4
1.00 0.62-1.60 15.7
1.07 0.81-1.40 0.73
6-7 hours
32.1
28.2
1.11 0.79-1.57 31.0
0.91 0.74-1.13
7-8 hours
40.2
43.0
1.00
39.6
1.00
>8 hours
13.7
17.4
1.01 0.68-1.51 13.7
1.17 0.88-1.55
Duration on Non-Work days (n=2828)
<6 hours
9.8
7.7
1.02 0.58-1.81 11.6
1.09 0.80-1.48 0.92
6-7 hours
21.8
15.1
0.90 0.59-1.38 23.3
0.99 0.78-1.25
7-8 hours
39.5
42.2
1.00
40.0
1.00
>8 hours
28.9
35.0
0.82 0.60-1.13 25.1
1.00 0.80-1.26
c
Sleep Quality (n=2827)
Very good
24.8
27.1
1.00
23.8
1.00
0.80
Fairly good
50.3
51.3
1.04 0.75-1.44 51.1
1.09 0.87-1.36
Fairly bad
19.6
18.2
1.18 0.77-1.82 18.4
0.91 0.69-1.21
Very Bad
5.3
3.4
1.04 0.46-2.35
6.8
1.12 0.75-1.68
a

P-value for difference between pre- and post- menopausal cancer risk.

b

Adjusted for age, number of children, age at first birth, breast feeding, use of hormone replacement therapy, duration of use of hormone replacement therapy,
alcohol consumption, comparative weight at age 30, ever used melatonin and physical activity.

c

One person was missing data for sleep quality.
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Table 7.4 Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the association between sleep duration, subjective sleep quality and the
risks of oestrogen receptor–positive and oestrogen receptor–negative breast cancer, Breast Cancer Environment and Employment Study, 2009–2011.
Controls
Oestrogen Receptor-Positive
Oestrogen Receptor-Negative
Pb
Casesa
Casesa
%
%
OR c
95% CI
%
OR c
95% CI
Duration on Work Days (n=2659)
<6 hours
14.0
14.0
1.08 0.82-1.41
13.8
0.99 0.59-1.68
0.86
6-7 hours
32.1
32.2
1.08 0.88-1.32
28.3
0.94 0.62-1.41
7-8 hours
40.2
38.8
1.00
40.3
1.00
>8 hours
13.7
15.0
1.17 0.90-1.52
17.6
1.26 0.78-2.04
Duration on Non-Work days (n=2659)
<6 hours
9.8
9.9
1.00 0.73-1.36
12.0
1.30 0.74-2.29
0.73
6-7 hours
21.8
22.2
1.01 0.81-1.27
17.6
0.90 0.56-1.46
7-8 hours
39.5
41.0
1.00
37.7
1.00
>8 hours
28.9
26.8
0.88 0.71-1.09
32.7
1.11 0.74-1.66
Sleep Quality (n=2658)
Very good
24.8
24.0
1.00
28.3
1.00
0.52
Fairly good
50.3
50.9
1.10 0.89-1.37
48.8
0.88 0.59-1.31
Fairly bad
19.6
19.7
1.10 0.84-1.43
15.1
0.73 0.43-1.25
Very Bad
5.3
5.5
1.11 0.73-1.68
8.2
1.49 0.75-2.97
a

169 women with breast cancer did not have oestrogen receptor status recorded on their Western Australian Cancer Registry records.

b

P-value for difference between oestrogen receptor-positive and oestrogen receptor-negative cancer risk.

c

Adjusted for age, number of children, age at first birth, breast feeding, menopause status, use of hormone replacement therapy, duration of use of hormone
replacement therapy, alcohol consumption, comparative weight at age 30, ever used melatonin and physical activity.
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Table 7.5 Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the
association between duration of sleep on work days and breast cancer risk according to
three characteristics of circadian rhythma, Breast Cancer Environment and Employment
Study, 2009–2011.
95% CI
Sleep Duration
Controls
Cases
ORb
n
%
n
%
Phase (morningness / eveningness) (n=2811)c
Neither type
<6 hours
111 12.7
79 14.1
1.26 0.89-1.79
6-7 hours
283 32.3 176 31.4
1.08 0.83-1.40
7-8 hours
373 42.5 233 41.6
1.00
>8 hours
110 12.5
72 12.9
1.15 0.80-1.63
Evening Type
<6 hours
57 16.6
35 15.0
0.66 0.38-1.15
6-7 hours
123 35.9
71 30.3
0.66 0.43-1.02
7-8 hours
125 36.4
98 41.9
1.00
>8 hours
38 11.1
30 12.8
0.87 0.48-1.59
Morning Type
<6 hours
70 15.0
47 14.2
0.99 0.63-1.57
6-7 hours
135 29.0
92 27.8
0.98 0.68-1.42
7-8 hours
180 38.6 127 38.4
1.00
>8 hours
81 17.4
65 19.6
1.16 0.76-1.78
Amplitude (Languidness / Vigorousness) (n=2808)c
Neither Type
<6 hours
121 14.9
76 13.1
0.83 0.58-1.18
6-7 hours
299 36.7 184 31.8
0.82 0.63-1.06
7-8 hours
301 37.0 240 41.5
1.00
>8 hours
93 11.4
79 13.6
1.19 0.83-1.70
Vigorous Type
<6 hours
55 17.2
47 21.6
1.78 1.02-3.09
6-7 hours
108 33.9
72 33.0
1.21 0.76-1.93
7-8 hours
120 37.6
67 30.7
1.00
>8 hours
36 11.3
32 14.7
1.70 0.90-3.21
Languid Type
<6 hours
58 10.6
38 11.6
1.12 0.69-1.83
6-7 hours
133 24.2
82 25.0
1.02 0.71-1.46
7-8 hours
256 46.6 151 46.0
1.00
>8 hours
103 18.7
57 17.4
0.90 0.60-1.35
Table continued on next page
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Table 7.5 continued.
Sleep Duration
Controls
Cases
n
%
n
%
c
Stability (Flexibility / Rigidity) (n=2807)
Neither Type
<6 hours
109 12.1
75 13.0
6-7 hours
292 32.5 155 26.9
7-8 hours
374 41.7 257 44.5
>8 hours
123 13.7
90 15.6
Rigid Type
<6 hours
31
8.6
28 10.6
6-7 hours
87 24.0
80 30.3
7-8 hours
166 45.9 112 42.4
>8 hours
78 21.5
44 16.7
Flexible Type
<6 hours
94 22.2
58 20.6
6-7 hours
162 38.2 104 36.9
7-8 hours
137 32.3
90 31.9
>8 hours
31
7.3
30 10.6

ORb

95% CI

1.04
0.83
1.00
1.07

0.73-1.49
0.64-1.08

1.48
1.31
1.00
0.74

0.79-2.77
0.86-1.99

0.87
0.93
1.00
1.44

0.55-1.38
0.63-1.36

0.77-1.49

0.46-1.20

0.78-2.65

a

Phase (Morningness/Eveningness), Amplitude (Languidness or Vigorousness) and Stability
(the Flexibility or Rigidity of Sleeping Habits).

b

Adjusted for age, number of children, age at first birth, breast feeding, menopause status, use
of hormone replacement therapy, duration of use of hormone replacement therapy, alcohol
consumption, comparative weight at age 30, ever used melatonin and physical activity.
c

Seventeen participants were missing data on circadian phase, 20 were missing data on
amplitude and 21 were missing data on stability.
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Table 7.6 Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the
association between quality of sleep and breast cancer risk according to three
characteristics of circadian rhythma, Breast Cancer Environment and Employment
Study, 2009–2011.
95% CI
Sleep Quality
Controls
Cases
ORb
n
%
n
%
Phase (morningness / eveningness) (n=2810)c
Neither type
Very good
196 22.4 125 22.3
1.00
Fairly good
470 53.7 305 54.5
1.12 0.85-1.49
Fairly bad
163 18.6
97 17.3
1.01 0.71-1.45
Very Bad
46
5.3
33
5.9
1.37 0.81-2.32
Evening type
Very good
73 21.3
54 23.0
1.00
Fairly good
161 46.9 100 42.5
0.89 0.55-1.42
Fairly bad
83 24.2
63 26.8
1.13 0.66-1.92
Very Bad
26
7.6
18
7.7
0.87 0.40-1.88
Morning type
Very good
148 31.8 102 30.8
1.00
Fairly good
218 46.8 168 50.8
1.12 0.80-1.59
Fairly bad
82 17.6
47 14.2
0.83 0.52-1.32
Very Bad
18
3.9
14
4.2
0.98 0.44-2.16
c
Amplitude (Languidness / Vigorousness) (n=2807)
Neither Type
Very good
185 22.8 149 25.7
1.00
Fairly good
418 51.5 306 52.8
0.96 0.73-1.26
Fairly bad
160 19.7
95 16.4
0.75 0.53-1.07
Very Bad
49 6.03
30
5.2
0.78 0.46-1.33
Vigorous Type
Very good
90 28.2
56 25.7
1.00
Fairly good
151 47.3 107 49.1
1.07 0.67-1.70
Fairly bad
60 18.8
36 16.5
1.00 0.55-1.82
Very Bad
18
5.6
19
8.7
1.74 0.73-4.18
Languid Type
Very good
143 26.0
75 22.9
1.00
Fairly good
278 50.6 162 49.4
1.22 0.85-1.75
Fairly bad
107 19.5
75 22.9
1.39 0.90-2.16
Very Bad
22
4.0
16
4.9
1.46 0.67-3.17
Table continued on next page
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Table 7.6 continued.
Sleep Quality
Controls
Cases
n
%
n
%
c
Stability (Flexibility / Rigidity) (n=2806)
Neither Type
Very good
214 23.9 140 24.3
Fairly good
461 51.5 314 54.4
Fairly bad
185 20.7
98 17.0
Very Bad
36
4.0
25
4.3
Rigid Type
Very good
95 26.2
68 25.8
Fairly good
188 51.9 133 50.4
Fairly bad
60 16.6
53 20.1
Very Bad
19
5.3
10
3.8
Flexible Type
Very good
110 25.9
69 24.4
Fairly good
195 46.0 129 45.76
Fairly bad
85 20.1
57 20.1
Very Bad
34
8.0
28
9.9

ORb

95% CI

1.00
1.08
0.84
1.14

0.82-1.41
0.60-1.19
0.64-2.04

1.00
1.08
1.39
1.04

0.72-1.63
0.82-2.33
0.41-2.62

1.00
1.07
1.13
1.37

0.72-1.60
0.69-1.83
0.72-2.59

a

Phase (Morningness/Eveningness), Amplitude (Languidness or Vigorousness ) and Stability
(the Flexibility or Rigidity of Sleeping Habits).

b

Adjusted for age, number of children, age at first birth, breast feeding, menopause status, use
of hormone replacement therapy, duration of use of hormone replacement therapy, alcohol
consumption, comparative weight at age 30, ever used melatonin and physical activity.
c

Seventeen participants were missing data on circadian phase, 20 were missing data on
amplitude and 21 were missing data on stability.
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Among the five studies described above, four found stronger results in sub-analyses (22,
24–26). When analyses were restricted to stable sleepers, Verkasalo et al (22) reported
a statistically significant decreasing trend between sleep duration and breast cancer risk,
while Pinheiro et al (25) reported a statistically significant increasing trend. Wu et al
(26) found a statistically significant trend of decreasing breast cancer risk with
increasing sleep duration in postmenopausal women, but this trend did not differ
significantly from that in premenopausal cases. The very small increasing risk reported
by McElroy et al became stronger in cases with more advanced disease in polytomous
models, but the comparison between localised and regional/distant cases was not
statistically significant (24).

Previous studies have not assessed the role of circadian rhythm in breast cancer risk. If
the associations found in this study are true, they are somewhat contradictory. On the
languidness/vigorousness scale, languidness is associated with higher levels of
impairment following disruption of sleep in comparison with vigorousness (32, 33). It
could be hypothesised that these impairments in languid types of persons may extend to
physiological processes associated with the development of cancer. We saw a weak
association between sleep quality and breast cancer risk in languid types which appears
to support this. However, under this hypothesis, one would not expect our finding of a
(weak) increased risk with duration of sleep for vigorous types.

It is unclear why studies of sleep duration and breast cancer have found such conflicting
results. Differing data collection and analysis methods may go some way toward
explaining this. In particular, the studies differed in terms of the information they
collected (“current” sleep duration as compared with “usual” sleep duration) and
whether the analysis was restricted by participant trait.
152

The strengths of this large population-based case-control study include distinguishing
between sleep durations on work and non-work days and including subjective sleep
quality, which has been investigated in only one other study. In addition, our study is
the first (to our knowledge) to have investigated the role of circadian rhythm in breast
cancer risk.

One weakness of this study was that sleep duration and sleep quality were self-reported,
and misclassification was possible. While the questionnaire we used has been shown to
be reliable (45), it showed only poor validity in comparison with wrist actigraphy in a
small validation study (as described in chapter six) (43). The lack of association
between subjectively and objectively measured sleep has been recognised as a problem
and is an ongoing issue, particularly for epidemiologists, for whom subjectively
measured sleep is the only practical option in large studies. While it is possible that a
true association in this study might have been masked by misclassification, our analyses
of the potential effect of exposure misclassification showed that the odds ratios were not
appreciably altered.

The low response fraction, particularly for controls, had the potential to introduce
selection bias into the study. Selection bias could account for these results if nonparticipants experienced different sleep duration and quality than participants.
Sensitivity analysis found three scenarios under which the results would provide
evidence for an association. The age-adjusted odds ratios under the assumption that all
non-participants slept for 7–8 hours on work days showed a strong U-shaped
distribution. The assumption that non-consenters all slept for less than 6 hours and that
non-responders all slept 7–8 hours on work days, also showed results that were
statistically significant, although the U-shaped distribution was not as strong. The age153

adjusted odds ratios under the assumption that all non-participants were very good
sleepers showed an increasing trend with decreasing quality. However, this relationship
was not present under the assumption that all non-participants were only fairly good
sleepers. While this analysis highlights the potential for selection bias, the assumptions
on which these three scenarios were based were the most conservative.

Recall bias is less likely to have affected the results, since sleep is not widely
recognised by the public as a possible risk factor for cancer, and in order for recall bias
to have produced the results found in this study, cases would have had to be
underreporting and/or controls over-reporting exposure to short/long sleep duration and
poor sleep quality.

In summary, this study does not provide evidence to support an association between
self-reported sleep duration or quality and the risk of breast cancer. The ongoing issue
of how best to measure sleep in epidemiological studies needs to be addressed.
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7.7

Supplement to published paper

The published version of this chapter presented the investigation of differential risks for
pre- and post-menopausal cancer using polytomous models, and showed no association
with sleep duration, sleep quality, or risk of breast cancer subtype. Stratified analysis
for pre- and post-menopausal cancer was also undertaken but the results were not
included in the published version of this chapter.

Those results are presented in

appendix 6 – Table A6-5. Stratified analysis for pre- and post-menopausal cancer for
sleep duration and sleep quality did not provide any additional evidence of differential
breast cancer risk by menopausal status.

Analysis to investigate possible opposing associations of body mass index on breast
cancer risk in pre- and post-menopausal women was also undertaken. A new 6-level
categorical variable was created which included categories of body size (same, less and
more) for pre- and post-menopasual women separately. The fully-adjusted analyses
investigating the associations between sleep duration and quality and breast cancer risk
were then repeated excluding the existing menopausal and weight at age 30 variables
and including this new combined variable. The results were not appreciably changed
(Table S2).
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Table S2 Multivariate-adjusted odds ratios (OR) and 95% confidence intervals (CI) for
the association between sleep and breast cancer risk adjusting for a possible opposing
effect of pre-and post-menopausal weight , Breast Cancer Environment and
Employment Study, 2009–2011.
Controls
Cases
ORa
95% CI
n

%

n

%

Duration on Work Days (n=2828)
<6 hours

238

14.0

163

14.4

1.06

0.83-1.34

6-7 hours

544

32.1

341

30.1

0.97

0.81-1.17

7-8 hours

681

40.2

461

40.7

1.00

>8 hours

232

13.7

168

14.8

1.10

0.86-1.39

Duration on Non-Work days (n=2828)
<6 hours

166

9.8

118

10.4

1.07

0.82-1.41

6-7 hours

369

21.8

235

20.7

0.97

0.79-1.19

7-8 hours

670

39.5

461

40.7

1.00

>8 hours

490

28.9

319

28.2

0.94

0.78-1.13

Sleep Quality (n=2827)c
Very good

420

24.8

281

24.8

1.00

Fairly good

852

50.3

580

51.2

1.07

0.88-1.29

Fairly bad

331

19.6

208

18.3

0.98

0.77-1.25

Very Bad

90

5.3

65

5.7

1.14

0.79-1.64
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Chapter 8. Sleep disturbance and breast cancer risk

This chapter contains two related papers. Paper one describes in detail the development
of the sleep-disturbance metrics.

Paper two uses these metrics to investigate the

association between sleep disturbance and breast cancer.

A condensed version of this chapter is published as:

Girschik J, Fritschi L, Erren T, Heyworth J. (2013) Quantitative exposure metrics for
sleep disturbance and their association with breast cancer risk. Cancer, Causes and
Control. [epub ahead of print] doi: 10.1007/s10552-013-0168-2

Submitted November 2, 2012; accepted February 4, 2013; released online February 13,
2013.

The first page of the published manuscript can be found in Appendix 9.
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Paper 1 ‐ Improving the measurement of sleep in epidemiological
studies: the development of quantitative exposure metrics for
sleep disturbance
8.1

Abstract

Introduction
Large epidemiological studies of the long term effects of sleep have tended to limit their
assessment of sleep to one or two questions focusing on ‘usual’ sleep. While ‘usual’
sleep questions have advantages for the data collection process, they cannot account for
periods of ‘non-usual’ sleep that might have occurred over time. Sleep ‘exposure-time’
has been proposed as a useful metric for analysis that overcomes some of the limitations
of ‘usual’ sleep. The aim of this paper was to investigate the development of novel
‘sleep disturbance’ metrics to expand the scope of sleep measurement approaches.
Methods
Data were obtained from the Breast Cancer Environment and Employment Study
population-based case-control study.

Participants completed a self-administered

questionnaire that included questions on the frequency and duration of periods of sleep
disturbance. Eight metrics of sleep disturbance were developed: cumulative exposure,
average exposure, peak exposure and duration of exposure, each modeled in two ways.
The Akaike Information Criterion (AIC) for each metric was then calculated to compare
metrics.
Results
The ‘Average hours of sleep disturbance’ metric, incorporating a harmful effect of extra
sleep in ‘longer sleepers’ had the best predictive accuracy for the data. However five
other models all showed AIC values less than two which indicates they may also have
good predictive accuracy.
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Conclusion
This study was able to develop and compare eight different metrics of sleep disturbance.
Several metrics showed good predictive accuracy and should be explored further in
studies of sleep and long term health outcomes.
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8.2

Introduction

The limitations of the current measures of sleep used in epidemiological studies are
widely acknowledged and have been summarised in detail in chapter two.

As a

solution, Erren proposed a measure of ‘cumulative time at sleep over the adult lifetime’
as a novel way to expand and improve the measurement of sleep (1, 2).

Erren’s

proposal drew on ‘exposure-time’ metrics used in other areas of epidemiological
investigation, for example ‘working-level months’ for assessing occupational exposure
to radon decay products and cigarette ‘pack-years’ for assessing cumulative exposure to
tobacco smoke. ‘Exposure-time’ metrics attempt to capture the frequency, duration and
level of exposure to the agent of interest and are commonly used in occupational
epidemiology (3).

The feasibility of calculating exposure-time metrics depends on the availability of data
from which to derive the frequency, duration and level of exposure. In communitybased retrospective occupational studies, information to determine ‘exposure-time’ is
frequently collected via job-history questionnaires (3 p.38). Job-history questionnaires
guide participants through their occupational history, prompting them to recall details
about jobs that were held for more than a specified amount of time (e.g. six months) (3
p.38). Details collected often include: start and end dates; age when started; and tasks
undertaken (3 p.38). This method is feasible for occupational exposure assessment
because self-report of occupational history over the lifetime has been evaluated and
found to be reliably recalled (4).

Using a ‘job-history questionnaire’ method to collect information for an exposure-time
metric of usual sleep is likely to be less successful, due to the highly variable nature of
sleep over the lifetime.
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However, significant and /or sustained sleep disturbances

(difficulties with initiating or maintaining sleep) often co-occur with major life events
such as the birth of children, bereavement, divorce and illness, which have been shown
to be reliably recalled (5). The job-history style of questionnaire could conceivably be
adapted to collect information on the frequency, duration and severity of sleep
disturbances. This information could then be used to calculate metrics of exposure to
sleep disturbance. ‘Exposure-time’ metrics of sleep disturbance may represent a novel
way to overcome some of the limitations of the current measures of sleep used in
epidemiological studies and explore other domains of sleep.

8.2.1 Metric development
In occupational epidemiology there are four common metrics for summarizing exposure
in relation to outcome: cumulative exposure; average exposure; peak exposure and
duration of exposure (3 p.297-300). The choice of exposure metric should reflect the
known or proposed mechanisms of action by which the agent causes disease (6). The
remainder of this section gives an overview of how the biological mechanisms linking
sleep and cancer relate to the four summary exposure metrics commonly used in
occupational epidemiology.

Cumulative exposure
Cumulative exposure has been frequently used in occupational epidemiology and is
often considered the most meaningful exposure index for chronic diseases such as
cancer (6, 7). Cumulative exposure reflects a scenario in which the exposure is directly
proportional to biological damage and disease risk (3). That is, cumulative exposure is
relevant where the agent accumulates and produces irreversible effects (3 p.297-300).

Whether periods of sleep disturbance throughout the lifetime have a cumulative effect
on physiological processes, and whether any effects are reversible, are unknown. Van
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Dongen and colleagues compared people who were restricted to only 4 hours sleep per
night for 14 nights with people who were not allowed any sleep for three days (8). In
terms of cumulative sleep disturbance, the people with 4 hours per night had much
greater cumulative sleep disturbance (55 hours compared with 25 hours) and were
expected to have worse cognitive function. However, the study found the two groups
had equivalent results on cognitive functioning (8). These results seem to suggest that
the severity of the sleep loss is more important than the cumulative ‘dose’. It is worth
noting that this study assessed short term cognitive functions only, which may not be
relevant for chronic outcomes like cancer.

Average Exposure
Compared with cumulative exposure, average exposure represents a scenario in which
the exposure is not directly proportional to biological damage and disease risk (3). For
example, there may not be complete uptake or absorption of the exposure by the body,
or there may be clearance of the exposure from the body. As such, average exposure
may better represent a biological mechanism that is slow acting or can be partially
reversed (3 p.297-300).

The effects of sleep disturbance on cancer development are likely to be slow, although
the latency of breast cancer is unknown (9). The physiological impairments that result
from short term sleep deprivation can be reversed with recovery sleep (10), however it
is not known whether any physiological effects of long term sleep disturbance would
also be reversible. Under the melatonin and immune hypotheses (outlined in chapter
two pp 20-25) it may be reasonable to expect that melatonin production and immune
function could at least partially recover when good sleep was restored. Under the
proposed obesity mechanism, if a significant amount of weight has already been gained
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this may then produce its own physiological effects even after good sleep has been
restored. As such, the obesity mechanism may be less likely to fit an average exposure
metric.

Duration of Exposure
Duration of exposure may be subject to similar principles as cumulative exposure where
the agent accumulates and produces irreversible effects (3 p.297-300). Duration may be
relevant where any amount of exposure (or any amount over a threshold) can produce
an effect. As sleep is necessary for humans, any departure from ‘essential’ sleep may
constitute exposure likely to produce physiological effects.

However, the optimal

amount of sleep for a human is unknown and furthermore, optimal sleep is likely to be
different for different individuals, and different across the lifespan for the same
individual (11).

Some evidence exists from studies of other exposures to support duration of sleep
disturbance as the metric of exposure likely to be associated with cancer.

The

importance of duration of smoking on risk of lung cancer has previously been
highlighted by Doll, Peto and others (12-15). These studies have consistently shown
that the duration of smoking has a stronger effect on lung cancer risk than the intensity
or ‘dose’ of smoking (12-15). Peto reported that a three-fold increase in duration might
produce a 100-fold increase in effect, whereas a three-fold increase in the dose may
produce only a three-fold increase in lung cancer risk (13). Similarly, a recent paper
from the Framingham cohort reported a dose-response relationship between duration of
obesity and all-cause and cause specific (including cancer) mortality, independent of
current body mass index (16, 17).
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Peak exposure
Peak exposure is more often associated with acute adverse health outcomes, such as
lower back strain, or an acute toxic response to an irritating chemical, rather than longer
term outcomes such as cancer. However, a scenario under which peak exposures could
be aetiologically significant to long term disease induction has been described (7). First,
the substance should be rapidly eliminated from the body and second, there should be
non-linear rates of biological damage during periods of intense exposure.

Short term sleep loss, and the resulting changes in mood, alertness and performance,
can be ‘rapidly eliminated’ from the body with recovery sleep (18). However, it is not
known whether the physiological changes associated with chronic sleep loss would be
similarly reversible (19). Everson et al investigated whether adaption to chronic sleep
restriction could ameliorate the immediate effects of sleep restriction using a 10 day
sleep restriction and 2 day sleep recovery protocol in rats (20).

Some, but not all,

adaptive changes returned to baseline during the first two (of six) cycles of recovery.
By the third cycle there was evidence of skin lesions and abnormal metabolism in
experimental animals compared with control animals (20). These skin and metabolic
abnormalities became more pronounced over the remaining cycles and two of the 20
experimental animals died as a result in the final cycle of the experiment. Examination
of the surviving animals revealed pronounced changes in the connective tissue and
internal organs of the sleep-deprived rats including a lengthening of the small intestine
and a decrease in the size of adipocytes. These results would seem to suggest that, in
rats, chronic sleep deprivation may not be an exposure that is rapidly eliminated,
although it is not clear if these results would have any relevance to cancer risk in
humans.
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Whether intense sleep disturbance results in non-linear rates of biological damage is not
known. The sleep restriction studies conducted by Van Dongen et al and described in
the section on cumulative exposure (pp. 165-166) provide limited evidence to suggest
that a peak sleep-disturbance variable may be an appropriate way to measure sleep
exposure-time (8). However, the same limitation applies in that Van Dongen et al (8)
were assessing short term cognitive functions which may not be appropriate for longer
term physiological outcomes like cancer.

As the most appropriate summary metric for sleep disturbance is not obvious, the aim of
this study was to investigate the development of a number of ‘sleep-disturbance’
metrics; and to statistically compare the metrics to establish which metric best fits the
data.

8.3

Methods

Data for this study were derived from the Breast Cancer Environment and Employment
Study (BCEES). Methods for the BCEES have previously been described in chapter
three. Specifically, this study used data from the questions on usual duration of sleep on
work days and from the sleep table (Appendix 2, Q9, 13-14). The sleep table asked
participants to identify and describe up to seven periods of sleep disturbance over their
lifetime lasting more than two weeks. However, the results of a reliability study of the
BCEES sleep questionnaire indicated that a time period of two weeks may have been
too sensitive (chapter five) (21).

In delineating acute from chronic insomnia, a

minimum duration of 6 months of sleep disturbance has been used as a diagnostic
criterion for chronic insomnia (10). I used this criterion as a guide and periods of sleep
disturbance lasting six months or less were considered unexposed (10, 21).
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Information was collected on each period of disturbance including: the age at which it
occurred; the cause of the disturbance; the number of hours of sleep per night; and how
long the period of disturbance lasted (in years).

The aim of the data collected in the

sleep disturbance table was to collect a history of deviations from usual sleep over the
lifetime that could be summarised in metrics of sleep-disturbance.

An additional issue for consideration in developing the metrics was the treatment of
periods of disturbance in which the nightly duration of sleep was longer than the
reported ‘usual’ duration of sleep. These periods will be referred to as ‘longer sleep’.
These ‘longer sleep’ periods occurred in less than 5% of participants and were
commonly associated by the participants with depression. The hypothesis for altered
melatonin release (described in chapter two pp.20-25) predicts longer sleepers might
have less light exposure, and therefore more sustained melatonin secretion, which
would result in a reduced risk of cancer, compared with those who sleep fewer hours
(22). However, the available evidence does not provide support for a reduced risk in
longer sleepers, with studies of incident cancer showing no association with longer
sleep and studies of cancer mortality indicating longer sleepers are at increased risk (2330).

To account for periods of longer sleep, the four metrics (average, cumulative, duration
and peak exposure) were modeled in two ways (Table 8.1). In the first model for each
metric, the additional hours of sleep contributed ‘disturbance’ to the metrics, to reflect a
‘harmful’ effect of ‘longer sleep’. In the second model for each metric, the additional
hours of sleep were set to zero and did not contribute ‘disturbance’ to the metrics, to
reflect a ‘neutral’ effect of ‘longer sleep’.
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8.3.1 Statistical Analysis
Metrics were converted into tertiles using the exposure distribution among exposed
controls, with unexposed participants as the reference group.

The Akaike Information Criterion (AIC) method was used to compare metrics. The
AIC method results in a measure of how well a model fits the data relative to other
models, regardless of whether any of the models is actually a ‘good’ approximation of
the data (31, 32). The strength of the AIC method is that it can be used to compare
‘non-nested’ models, that is, separate models with exposure variables that are not subsets of each other.
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Table 8.1 Description of sleep disturbance metrics, Breast Cancer, Environment and Employment Study, 2009-2011.
Name
Metric Description
Calculation
Peak disturbance
P1
Peak disturbance with ‘longer
For each period of sleep disturbance the absolute intensity was calculated as the
a
(harm)
sleep ’ being modeled as
absolute difference between usual hours of sleep and the hours of sleep during the
potentially harmful
period of disturbance. As the usual hours of sleep was a categorical variable, the
midpoint of each category was used. The peak disturbance (harm) for each person
was their highest absolute intensity.
For each period of sleep disturbance the intensity was calculated as the difference
Peak disturbance
P2
Peak disturbance excluding
a
between usual hours of sleep and the hours of sleep during the period of
(neutral)
periods of ‘longer sleep’
disturbance. As the usual hours of sleep was a categorical variable, the midpoint of
each category was used. Periods of disturbance where the intensity was a negative
number (longer sleep) were reset to zero. The peak disturbance (neutral) for each
person was their highest intensity.
Duration all periods
D1
Cumulative duration of all
Calculated by summing the duration of each period of sleep disturbance over all
periods of sleep disturbance
periods.
(including periods of ‘longer
sleep’)
Duration only short
D2
Cumulative duration of periods
Calculated by summing the duration of each period of sleep disturbance over only
sleep periods
excluding periods of ‘longer
those periods where intensity (see peak disturbance (neutral)) was greater than
sleep’
zero.
Table continued on next page
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Table 8.1 continued.
Name
Cumulative hours of
disturbance (harm)

Metric Description
C1
Cumulative hours of sleep
disturbance with ‘longer sleep’
being modeled as potentially
harmful

Calculation
Calculated as the sum of the absolute intensity (see peak disturbance (harm))
multiplied by the duration of the period over all periods of disturbance reported by
the participant.

Cumulative hours of
disturbance (neutral)

C2

Cumulative hours of sleep
disturbance excluding periods of
‘longer sleep’

Calculated as the sum of the intensity (see peak disturbance (neutral)) multiplied by
the duration of the period over all periods of disturbance reported by the
participant.

Average hours of
disturbance (harm)

A1

Average hours of sleep
disturbance with ‘longer sleep’
being modeled as potentially
harmful

Calculated by dividing cumulative sleep disturbance (harm) by duration (all
periods).

Average hours of
disturbance (neutral)

A2

Average hours of sleep
disturbance excluding periods
of ‘longer sleep’

Calculated by dividing cumulative sleep disturbance (neutral) by duration (only
short periods).

a

Less than 5% participants in this study reported at least one period of sleep disturbance that resulted in a nightly duration of sleep that was longer than their
reported ‘usual’ duration of sleep (commonly associated with depression as the cause for sleep disturbance). These periods are referred to as ‘longer sleep’.

173

173

To use the AIC method, we first used logistic regression to calculate the age-adjusted
estimate of the beta coefficient for developing breast cancer for each metric. The AIC
for each model was then calculated using the estat ic command in Stata (StataCorp,
College Station, Texas, USA). To compare models, the AIC difference was calculated
for all candidate models using the standard formula (AIC difference = AICfrom modelAICfrom model with smallest AIC) (32). The preferred model is the one with the smallest AIC
difference (which will have an AIC difference of zero), while the least preferred model
is the one with the largest AIC difference. The models are ranked on their AIC
difference. Burnham and Anderson (31) have suggested that models with an AIC
difference of two or less show good predictive accuracy, while models having an AIC
difference of more than 10 show poor predictive accuracy. An important limitation of
the AIC method is that these guidelines were proposed for nested models (i.e. models in
which the exposure variables are sub-sets of each other), and the authors acknowledge
that the guideline values for non-nested models, such as those used here, may be
somewhat larger, (31 p.71). Burnham and Anderson also suggest that in cases where
two or more models are tied for ‘best’ this should be recognized in further analysis and
inference.

The Akaike weights were calculated for each model (31 p.75). The Akaike weights
represent the weight of the evidence in favour of the model being the best model given
that one of the models must be the best.

All statistical analysis was conducted using Stata 12 (StataCorp, College Station, Texas,
USA).

174

8.4

Results

Nine people were missing data such that no sleep-exposure metrics could be developed
and their data were excluded from further analyses. In addition, there were 88 periods
of sleep disturbance (from 38 participants) for which either sleep years and/or sleep
hours were missing. These periods (not people) were excluded as no sleep-exposure
metrics could be developed for these periods.

Average hours of disturbance (harm) (metric A1) showed the lowest AIC score (Table
8.2), however five other metrics showed AIC differences less than two which indicates
that they also have substantial support in the data, relative to the other models. The
remaining two models (C1 and C2) had an AIC difference greater than two but less than
10 which indicates that they have less support in the data, relative to the other models.
None of the models had an AIC difference greater than 10, which would indicate that
they had virtually no support from the data. The Akaike weights also confirm that there
is relatively weak support for the selected best model and several models could be
considered in further analysis.

Repeating the analysis excluding the 38 participants who had one or more periods for
which either sleep years and/or sleep hours were missing did not substantially alter the
results.
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Table 8.2 Akaike Information Criterion (AIC) values comparing eight sleep
disturbance metrics, Breast Cancer, Environment and Employment Study, 2009-2011.
Metric
A1
P1
A2
P2
D1
D2
C1
C2
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Sleep disturbance metric
Average hours of
disturbance (harm)
Peak disturbance (harm)
Average hours of
disturbance (neutral)
Peak disturbance (neutral)
Duration of disturbance all
periods
Duration of disturbance
only short periods
Cumulative hours of
disturbance (harm)
Cumulative hours of
disturbance (neutral)

AIC

Rank

3983.61

AIC
Difference
0.00

AIC
Weight
1
0.22

3983.96
3984.35

0.35
0.74

2
3

0.19
0.16

3985.10
3985.19

1.49
1.58

4
5

0.11
0.10

3985.29

1.67

6

0.10

3985.99

2.38

7

0.07

3986.32

2.71

8

0.06

8.5

Discussion

This study found that the ‘Average hours of sleep disturbance (harm) (metric A1) had
the best predictive accuracy for the data, given the available models. Using the AIC
guidelines for nested models, five other models, including: average hours (neutral)
(metric A2); peak disturbance (both harmful and neutral extra sleep) (metrics P1 & P2);
and duration of disturbance (both all periods and short periods only) (metrics D1 & D2)
all showed AIC values less than two which indicates they may also have good
predictive accuracy. This finding is consistent with AIC theory in which it is reasonable
to expect that several models would approximate the information in a data set almost
equally well (31).

It is of note that the average hours of sleep disturbance metrics and peak hours of sleep
disturbance metrics constitute the top four metrics. These metrics share a common
feature in representing physiological processes with reversible effects, while cumulative
exposure and duration of exposure represent irreversible processes. This may suggest
that the physiological effects of long term sleep disturbance are potentially reversible.
Furthermore, the metrics that included a harmful effect of longer sleep ranked higher
than those that had a neutral effect of longer sleep. A harmful effect of longer sleep has
been reported in studies of mortality from cancer, cardiovascular and all-cause mortality
(26), but not in studies of incident cancer (27-30).

In this study I have considered the theoretical and practical development of sleep
‘exposure-time’ metrics.

Exposure-time metrics have precedents in other areas of

epidemiological research, primarily occupational epidemiology.

In addition, sleep

exposure-time metrics have recently been called for in the context of epidemiological
sleep studies to expand and improve on the current measurement of sleep (1, 2). These
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metrics seek to expand and improve on current sleep measures by reflecting the
variability of sleep over the lifetime. The current literature on the relationship between
sleep duration and long term health outcomes such as cancer, is conflicting and
inconclusive (27, 28, 33, 34). As such, the use of sleep-disturbance metrics may allow a
more nuanced investigation of the true relationship between sleep and health outcomes.

A weakness of this study was the limited number of models under consideration. AIC
can only select the best model from within the candidate models available, and cannot
identify if a better metric of sleep-disturbance exists. This issue is compounded by the
limited data on long term sleep deprivation and potential biological pathways on which
to base the development of sleep disturbance metrics. It is important to recognize that
each summary metric carries assumptions about the underlying biological mechanism
linking exposure to outcome.

Exposure misclassification will occur if these

assumptions are inconsistent with the underlying biological mechanism (3). The above
limitations will not be overcome easily, as it is unlikely that human experimental data
on the effects of long term sleep deprivation will become available due to practical and
ethical restrictions.

A limitation of the AIC method used in this study is that the guidelines for interpreting
AIC differences are based on nested models. Burnham and Anderson have indicated
that appropriate guideline values for non-nested models, such as those used here, may
be somewhat larger (31 p.71). This is a particular issue in this study because the AIC
differences are so small, and the two ‘worst’ metrics in this study still had AIC values
less than three. Under larger guideline values, these metrics may also be considered to
have good predictive accuracy.
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Furthermore, sleep and periods of sleep disturbance were assessed via self-report, which
may contribute to exposure misclassification.

In conclusion, in this study I was able to compare eight different metrics of sleepdisturbance. While the ‘Average hours of sleep disturbance with a harmful effect of
longer sleep’ metric was found to be the best predictor of the data, using the AIC
guidelines for nested models, five other metrics also showed good predictive accuracy
and should be explored further in studies of sleep and long term health outcomes.
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Paper 2 ‐ Quantitative exposure metrics for sleep disturbance
and their association with breast cancer risk
8.7

Abstract

Introduction
It has been acknowledged by those working in the field of sleep epidemiology that the
current measures of sleep used in many epidemiological studies do not adequately
capture the complexity and variability of sleep. Novel metrics of ‘sleep disturbance’, as
expanded measures of sleep, have previously been developed. This paper aims to assess
the relationship between these sleep disturbance metrics and breast cancer risk.
Methods
Data for this study were derived from a population-based case-control study conducted
in Western Australia. Participants completed a self-administered questionnaire that
included questions about demographic, reproductive and lifestyle factors in addition to
questions on sleep.

Unconditional logistic regression was used to examine the

association between eight metrics of sleep disturbance and breast cancer risk.
Results
There was no evidence to support an association between any of the sleep disturbance
metrics and breast cancer risk. Compared with the reference group of unexposed
women, the fully-adjusted odds ratios (ORs) for average sleep disturbance (harm) were:
1st tertile 1.13 (95% CI 0.91-1.40); 2nd tertile 0.97 (95% CI 0.78-1.20); and 3rd tertile
0.88 (95% CI 0.71-1.10).
Conclusions
This study found no association between several metrics of sleep disturbance and risk of
breast cancer. Our experience with metrics of sleep disturbance may be of use to others
in sleep epidemiology wishing to expand their scope of sleep measurement.
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8.8

Introduction

Although we spend roughly one third of our lives asleep, little is known about the
biological purpose of sleep. With evidence mounting to suggest an increase in levels of
sleep disturbance in the community, the impact of sleep on health outcomes is of
growing interest (1). Epidemiological studies have investigated links between sleep and
a range of long term health effects including breast cancer (2). Previous studies have
assessed usual sleep duration; usual sleep quality; and diagnosis with a non-apnoea
sleep disorder as risk factors for breast cancer, but have found conflicting results (3-9).
Of the six studies that have investigated sleep duration and breast cancer, four studies
found no association, one reported an increasing risk and one reported a decreasing risk
of breast cancer with increasing sleep duration (6-11). Two studies of sleep quality
found no association (8, 11), while the study of sleep disorders found a small increased
risk of breast cancer in those with a non-apnoea sleep disorder (3).

However, a

weakness of these studies was their measurement of sleep.

It is commonly acknowledged by those working in sleep research, that the current
measures of sleep used in many epidemiological studies are limited and do not
adequately capture the complexity and potential variability of sleep (1, 12, 13). In order
to appropriately investigate the relationship between sleep and long-term health
outcomes, there need to be improvements in the way sleep is measured in
epidemiological studies (1, 12, 13). The previous paper outlined the rationale for and
development of eight metrics of sleep disturbance, as a way to explore other domains of
sleep and overcome some of the limitations of the current measures of sleep used in
epidemiological studies. The purpose of this paper was to assess the relationship
between these sleep disturbance metrics and breast cancer risk.
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8.9

Methods

Data for this study were derived from the Breast Cancer Environment and Employment
Study (BCEES). Methods for the BCEES have previously been described in chapter
three. This study used the eight metrics of sleep disturbance that were described in
paper one of this chapter.

8.9.1 Statistical Analysis
The eight metrics of sleep disturbance were converted into tertiles using the exposure
distribution among exposed controls, with unexposed participants as the reference
group.

Odds ratios (ORs) and 95% Confidence Intervals (CIs) were calculated using
unconditional logistic regression, with the frequency matched variable age included in
all models. Variables identified in the literature as potentially being associated with
both the outcome and the exposure were adjusted for in multivariable models and
included: age in 5 year age groups; comparative weight at age 30 (compared with others
of the same age and height); number of children; age at first birth; whether children
were breast fed; menopausal status; use of hormone replacement therapy; duration of
use of physician-prescribed hormone replacement therapy; usual alcohol consumption
(glasses per week); total physical activity in metabolic equivalents per week (quartiles)
and ever used melatonin. Melatonin use was limited to those who had purchased their
melatonin overseas as biologically active melatonin is not available as an over-thecounter product in Australia.

Polytomous regression models were used to calculate ORs for oestrogen receptorpositive and oestrogen receptor-negative cases relative to controls.
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Data were stratified by the menopausal status of participants (pre- or post-) and whether
participants had ever taken sleeping medication during a period of sleep disturbance.
Stratified analysis was also conducted for one characteristic of the circadian rhythm,
that of circadian amplitude. The Circadian Type Inventory reports circadian amplitude
as languidness (75th percentile) or vigorousness (25th percentile) with the middle 50%
defined as ‘neither’. Limited evidence suggests that languid types experience greater
impairment following disruption of sleep compared with vigorous types (14).

Selection bias
The potential for selection bias in observational studies behoves us to try and quantify
the potential impact of non-participation on our results. As previously described in
chapter seven (p. 133), information on age (in 5 year age groups), residential remoteness
(15) and socio-economic status (16) was available for non-participants. Women with
breast cancer who refused were older than those who participated, while those who did
not respond were younger. In addition, cases who did not respond were more likely to
live in very remote areas (4% compared with 2%). There were no differences in socioeconomic status between women with breast cancer who participated and those who
refused or did not respond to the study invitation. Women without breast cancer who
refused were older than those who participated, while those who did not respond were
younger. There were no differences in residential remoteness or socio-economic status
between controls who participated and those who refused or did not respond to the
study invitation.

We investigated potential selection bias by recalculating the age-adjusted effect
estimates under three assumed scenarios of sleep disturbance in non-participants. The
first scenario was that all non-participants were unexposed to sleep disturbance. The
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second scenario was that all non-participants were in the highest tertile of sleep
disturbance.

With limited evidence on the prevalence of sleep disturbance in the

general community to guide our assumptions, these first two scenarios may represent
large assumptions. The third scenario applied an estimate of the prevalence of insomnia
in the general community to the non-participants (17). Specifically, 60% of nonparticipants were randomly assigned to be unexposed with the remaining 40% randomly
assigned to a tertile of exposure.

Misclassification bias
A potential source of misclassification in exposure assessment, related to the critical
period of exposure, has been described by Armstrong (18). For some diseases there
may be a critical time period during which exposure is relevant to disease causation.
Exposure that occurs outside this time period may not contribute to disease causation.
Misclassification can occur by including exposure that occurs outside the critical time
period into the metric, and will result in a reduced likelihood of observing an
association.

For breast cancer the critical time period is not known but it has been

hypothesised that the time around first child might be important (19). We investigated
the potential for misclassification on our fully-adjusted odds ratios by limiting
accumulation of sleep disturbance to disturbance that began at or around the time of first
child. Three periods were investigated – sleep disturbance that began within 1 year
either side; within 2 years either side; and within 5 years either side of the participant’s
age at birth of first child. Participants who had not had children were excluded from this
analysis.

All statistical analysis was conducted using Stata 12 (StataCorp, College Station, Texas,
USA).
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8.10 Results
Of the 2994 women who completed the study, nine women were completely missing
sleep data and approximately 5% had missing data on one or more confounders, leaving
2826 women for analysis (1132 cases; 1694 controls).

Compared with controls, cases were slightly younger, had fewer children and were less
likely to have breast fed their children.

In addition, women with breast cancer were

more likely to have taken oestrogen and progesterone combination hormone
replacement therapy and to have weighed less than their peers at age 30 (Table 8.3).
The prevalence of a self-report of doctor-diagnosed sleep disorder, including sleep
apnoea (2.5%), insomnia (2.9%), restless legs (2.6%) and all other disorders (<1%) in
this sample were consistent with those reported in the general population (2).

Just over 55% of our sample reported ever having at least one period of sleep
disturbance that lasted over 6 months. For those that reported at least one period of
sleep disturbance, the mean lifetime duration of disturbance was 7.9 years (standard
deviation (SD) 7.8), while the mean peak amount of sleep lost was 2 hours per night
(SD 1.2).

There was no evidence to support an association between any of the eight sleep
disturbance metrics and breast cancer risk in either the age-adjusted or fully-adjusted
models (Table 8.4). The fully-adjusted ORs for average disturbance (metric A1)
compared with the reference group of unexposed women were: 1.13 (95% CI 0.91-1.40)
for the 1st tertile; 0.97 (95% CI 0.78-1.20) for the 2nd tertile; and 0.88 (95% CI 0.711.10) for the 3rd tertile. The results did not change substantively when stratified by use
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of medication during periods of disturbance (ever vs never) or menopausal status (prevs post-) (Appendix 7- Tables A7-1 & A7-2).

Stratified

analysis

to

investigate

the

impact

of

circadian

amplitude

(languidness/vigorousness) on the relationship between sleep disturbance and risk of
breast cancer was suggestive of an increasing risk in more languid types (Table 8.5). In
particular, there was evidence in support of increasing dose-response relationships in the
cumulative and duration metrics, however, the odds ratios were not large and not
statistically significant. As the results for the ‘harmful’ and ‘neutral’ versions of each
metric did not differ greatly, only the results for the ‘harmful’ metrics are presented.
The results for the neutral metrics are included in Appendix 7 (Table A7-3).

Polytomous analysis to examine differential risk for oestrogen receptor-positive / negative tumours showed no association with any of the sleep disturbance metrics
(Appendix 7 - Table A7-4).
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Table 8.3 Demographic characteristics of women with and without breast cancer,
Breast Cancer, Environment and Employment Study, 2009-2011.
Controls
Cases
n
%
n
%
1694
1132
Age group, years
< 45
179
10.6
157
13.9
45-49
201
11.9
171
15.1
50-54
228
13.5
149
13.2
55-59
288
17.0
175
15.5
60-64
303
17.9
180
15.9
65-69
250
14.8
135
11.9
70+
245
14.5
165
14.6
Weight at age 30 (compared to others of the same age and height)
A lot less
80
4.7
81
7.2
A little less
458
27.0
312
27.6
Same
793
46.8
527
46.6
A little more
295
17.4
169
14.9
A lot more
68
4.0
43
3.8
Number of Children
0
183
10.8
148
13.1
1
122
7.2
108
9.5
2
663
39.1
437
38.6
3
460
27.2
285
25.2
4
184
10.9
98
8.7
5 or more
82
4.8
56
5.0
Age at first child, yearsa
<20
164
10.9
107
10.9
20-24
605
40.0
402
40.9
25-29
498
33.0
274
27.9
30+
244
16.2
201
20.4
a
Breast fed children
No
145
9.6
116
11.8
Yes
1366
90.4
868
88.2
Menopause Status
Pre-menopausal
416
24.6
351
31.0
Post-menopausal
1278
75.4
781
69.0
Use of any hormone replacement therapy
None
1005
59.3
711
62.8
Oestrogen only
254
15.0
118
10.4
Progesterone Only
72
4.3
27
2.4
Oestrogen + Progesterone
62
3.7
69
6.1
Mixture of treatments
150
8.9
109
9.6
Non-hormonal treatment
31
1.8
33
2.9
Unknown Treatment
120
7.1
65
5.7
Table continued on next page
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Table 8.3 continued.
Controls
Cases
n
%
n
%
Duration of use of physician-prescribed hormone replacement
therapy
Never used
1036
61.2
744
65.7
Less than 2 years
115
6.8
62
5.5
2-4 years
150
8.9
62
5.5
5-9 years
142
8.4
102
9.0
10-14 years
121
7.1
84
7.4
15-19 years
69
4.1
50
4.4
20 years or more
71
4.2
38
3.4
Usual number of alcoholic drinks per week
None
271
16.0
184
16.2
<1
211
12.5
129
11.4
1-3
395
23.3
265
23.4
4-6
227
13.4
142
12.5
7-9
138
8.1
114
10.1
10+
452
26.7
298
26.3
b
Physical activity in METs per week (quartiles)
1st Quartile
413
24.4
279
24.7
nd
2 Quartile
433
25.6
285
25.2
429
25.3
294
26.0
3rd Quartile
4th Quartile
419
24.7
274
24.2
Melatonin Usec
Ever
12
0.7
14
1.2
Never
1682
99.3 1118
98.8

a

Limited to participants who had one or more children.

b

Metabolic equivalents.

c

Limited to melatonin that was purchased outside Australia.
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Table 8.4 Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the
association between breast cancer and eight different metrics of sleep disturbance,
Breast Cancer, Environment and Employment Study, 2009-2011.
Controls
Cases
ORa
95% CI
ORb
95% CI
n
%
n
%
Metric C1 - Cumulative hours of disturbance with a harmful effect of longer
sleepc
unexposed
767 45.3 515 45.5 1.00
1.00
st
1 tertile
299 17.7 186 16.4 0.91 0.73-1.13 0.90 0.72-1.13
317 18.7 231 20.4 1.07 0.87-1.31 1.04 0.84-1.29
2nd tertile
rd
3 tertile
311 18.4 200 17.7 1.00 0.81-1.24 1.02 0.82-1.27
Metric C2 - Cumulative hours of disturbance with a neutral effect of longer sleepc
unexposed
796 47.0 537 47.4 1.00
1.00
1st tertile
297 17.5 186 16.4 0.91 0.74-1.13 0.90 0.72-1.12
295 17.4 208 18.4 1.03 0.83-1.27 1.00 0.81-1.25
2nd tertile
3rd tertile
306 18.1 201 17.8 1.02 0.82-1.25 1.05 0.84-1.31
Metric A1 - Average hours of disturbance with a harmful effect of longer sleep
unexposed
767 45.3 515 45.5 1.00
1.00
1st tertile
298 17.6 225 19.9 1.14 0.93-1.41 1.13 0.91-1.40
2nd tertile
318 18.8 207 18.3 0.97 0.79-1.20 0.97 0.78-1.20
3rd tertile
311 18.4 185 16.3 0.88 0.71-1.09 0.88 0.71-1.10
Metric A2 - Average hours of disturbance with a neutral effect of longer sleep
unexposed
796 47.0 537 47.4 1.00
1.00
st
1 tertile
270 15.9 200 17.7 1.11 0.90-1.38 1.11 0.89-1.38
2nd tertile
325 19.2 214 18.9 0.98 0.80-1.20 0.97 0.79-1.21
3rd tertile
303 17.9 181 16.0 0.88 0.71-1.09 0.88 0.71-1.10
Metric P1 - Peak disturbance with a harmful effect of longer sleep
unexposed
768 45.3 516 45.6 1.00
1.00
st
1 tertile
160
9.5 126 11.1 1.19 0.92-1.55 1.17 0.90-1.53
2nd tertile
313 18.5 213 18.8 1.02 0.83-1.26 1.00 0.81-1.24
3rd tertile
453 26.7 277 24.5 0.91 0.75-1.09 0.92 0.75-1.11
Metric P2 - Peak disturbance with a neutral effect of longer sleep
unexposed
796 47.0 537 47.4 1.00
1.00
1st tertile
141
8.3 108
9.5 1.15 0.87-1.51 1.13 0.85-1.50
2nd tertile
310 18.3 211 18.6 1.02 0.83-1.25 1.00 0.81-1.24
447 26.4 276 24.4 0.91 0.76-1.10 0.93 0.76-1.12
3rd tertile
Metric D1 - Duration all periods
unexposed
754 44.5 509 45.0 1.00
1.00
1st tertile
262 15.5 169 14.9 0.92 0.73-1.15 0.90 0.71-1.14
2nd tertile
348 20.5 222 19.6 0.94 0.76-1.15 0.93 0.76-1.15
3rd tertile
330 19.5 232 20.5 1.10 0.90-1.35 1.09 0.89-1.35
Metric D2 - Duration only short periods
unexposed
780 46.0 530 46.8 1.00
1.00
st
1 tertile
266 15.7 166 14.7 0.88 0.70-1.10 0.86 0.68-1.09
2nd tertile
345 20.4 229 20.2 0.97 0.79-1.19 0.97 0.79-1.20
3rd tertile
303 17.9 207 18.3 1.06 0.86-1.31 1.07 0.86-1.33
a

Adjusted for age.

b

Adjusted for age, number of children, age at first birth, breast feeding, menopause status, use
of hormone replacement therapy, duration of use of hormone replacement therapy, alcohol
consumption, comparative weight at age 30, ever used melatonin and physical activity.
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c

Approximately 5% participants in this study reported at least one period of sleep disturbance
that resulted in a nightly duration of sleep that was longer than their reported ‘usual’ duration of
sleep (commonly associated with depression as the cause for sleep disturbance). These periods
are referred to as ‘longer sleep’.
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Table 8.5 Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the
association between breast cancer and four metrics of sleep disturbance stratified by
amplitude (languidness or vigorousness) of circadian rhythm, Breast Cancer,
Environment and Employment Study, 2009-2011.
95% CI
Duration
Controls
Cases
ORa
n
%
n
%
Metric C1 - Cumulative hours of disturbance with a harmful effect of
longer sleep (n= 2806)b,c
Neither type (n=1392)
unexposed
391 48.0 284 49.1
1.00
st
1 tertile
140 17.2
91 15.7
0.84 0.61-1.15
nd
2 tertile
138 17.0 110 19.0
1.01 0.74-1.37
rd
3 tertile
145 17.8
93 16.1
0.91 0.66-1.25
Vigorous type (n=537)
Unexposed
159 49.8 111 50.9
1.00
st
1 tertile
49 15.4
34 15.6
1.14 0.65-2.02
nd
2 tertile
54 16.9
39 17.9
1.06 0.62-1.79
rd
3 tertile
57 17.9
34 15.6
0.95 0.55-1.65
Languid type (n=877)
unexposed
213 38.8 116 35.4
1.00
st
107 19.5
61 18.6
1.11 0.73-1.69
1 tertile
nd
2 tertile
123 22.4
80 24.4
1.25 0.85-1.85
rd
3 tertile
106 19.3
71 21.7
1.49 0.98-2.26
Metric A1 - Average hours of disturbance with a harmful effect of
longer sleep (n= 2806)
Neither type (n=1392)
unexposed
391 48.0 284 49.1
1.00
st
1 tertile
153 18.8 107 18.5
0.96 0.71-1.30
nd
2 tertile
147 18.1 105 18.2
0.89 0.66-1.22
rd
3 tertile
123 15.1
82 14.2
0.89 0.64-1.24
Vigorous type (n=537)
unexposed
159 49.8 111 50.9
1.00
st
1 tertile
51 16.0
44 20.2
1.46 0.85-2.50
nd
2 tertile
52 16.3
29 13.3
0.97 0.55-1.72
rd
3 tertile
57 17.9
34 15.3
0.79 0.45-1.37
Languid type (n=877)
unexposed
213 38.8 116 35.4
1.00
1st tertile
92 16.8
73 22.3
1.59 1.05-2.42
nd
2 tertile
116 21.1
71 21.7
1.22 0.81-1.84
rd
3 tertile
128 23.3
68 20.7
1.10 0.74-1.64
Table continued on next page
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Table 8.5 continued.
Duration
Controls
Cases
ORa
95% CI
n
%
n
%
Metric P1 - Peak hours of disturbance with a harmful effect of longer
sleep (n= 2806)
Neither type (n=1392)
unexposed
391 48.0 284 49.1
1.00
1st tertile
84 10.3
62 10.7
1.00 0.68-1.46
nd
151 18.6 102 17.7
0.87 0.64-1.18
2 tertile
rd
3 tertile
188 23.1 130 22.5
0.92 0.69-1.22
Vigorous type (n=537)
unexposed
159 49.8 111 50.9
1.00
st
1 tertile
26
8.2
27 12.4
1.80 0.91-3.55
nd
2 tertile
58 18.2
38 17.4
1.11 0.66-1.88
rd
3 tertile
76 23.8
42 19.3
0.77 0.46-1.28
Languid type (n=877)
unexposed
214 39.0 117 35.7
1.00
st
1 tertile
48
8.7
37 11.3
1.59 0.94-2.69
nd
2 tertile
102 18.6
72 22.0
1.38 0.91-2.09
rd
3 tertile
185 33.7 102 31.1
1.13 0.79-1.62
Metric D1 – Duration all periods (n= 2806)
Neither type (n=1392)
unexposed
383 47.1 282 48.8
1.00
st
1 tertile
112 13.8
84 14.5
0.90 0.64-1.26
nd
2 tertile
159 19.5 101 17.5
0.78 0.57-1.07
rd
3 tertile
160 19.7 111 19.2
1.00 0.74-1.36
Vigorous type (n=537)
unexposed
157 49.2 110 50.5
1.00
st
1 tertile
43 13.5
30 13.8
1.08 0.61-1.94
nd
2 tertile
55 17.2
34 15.6
0.87 0.50-1.51
rd
64 20.1
44 20.2
1.12 0.67-1.88
3 tertile
Languid type (n=877)
unexposed
210 38.3 113 34.5
1.00
st
1 tertile
106 19.3
55 16.8
0.99 0.64-1.52
nd
2 tertile
131 23.9
84 25.6
1.32 0.89-1.95
rd
102 18.6
76 23.2
1.59 1.05-2.41
3 tertile
a

Adjusted for age, number of children, age at first birth, breast feeding, menopause status, use
of hormone replacement therapy, duration of use of hormone replacement therapy, alcohol
consumption, comparative weight at age 30, ever used melatonin and physical activity.
b

Twenty participants were missing data on circadian amplitude.

c

Approximately 5% participants in this study reported at least one period of sleep disturbance
that resulted in a nightly duration of sleep that was longer than their reported ‘usual’ duration of
sleep (commonly associated with depression as the cause for sleep disturbance). These periods
are referred to as ‘longer sleep’.
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8.10.1 SensitivityAnalysis
Selection bias analysis
Under the first scenario, that non-participants were unexposed to sleep disturbance, all
metrics showed an association between sleep disturbance and breast cancer risk. The
age-adjusted ORs for average disturbance (metric A1) compared with the reference
group of unexposed women were: 1.80 (95% CI 1.50-2.16) for the 1st tertile; 1.57 (95%
CI 1.31-1.88) for the 2nd tertile; and 1.42 (95% CI 1.17-1.72) for the 3rd tertile.

Under the second scenario, that non-participants were in the highest tertile of sleep
disturbance, the models were weakly suggestive of an inverse association in all metrics.
The age-adjusted ORs for average disturbance (metric A1) compared with the reference
group of unexposed women were: 1.11 (95% CI 0.91-1.37) for the 1st tertile; 0.97 (95%
CI 0.79-1.19) for the 2nd tertile; and 0.54 (95% CI 0.48-0.62) for the 3rd tertile.

The third scenario was that the distribution of sleep disturbance in non-participants was
consistent with a general population estimate. Under this assumption only a weak, nonstatistically significant association was observed. The age-adjusted ORs for average
disturbance (metric A1) compared with the reference group of unexposed women were:
1.14 (95% CI 0.98-1.32) for the 1st tertile; 1.11 (95% CI 0.96-1.29) for the 2nd tertile;
and 0.99 (95% CI 0.85-1.16) for the 3rd tertile.

Misclassification bias analysis
Odds ratios for sleep disturbance that began at or around the time of first child were
slightly larger than those for total sleep disturbance, with the strongest results being
those for sleep disturbance that began within 1 year of the birth of first child and the
weakest for those that began within 5 years of the birth of first child (Table 8.6 for the
196

four harmful metrics; Appendix 7 – Table A7-5 for the four neutral metrics). Again,
while this association was found across all the metrics, the odds ratios were still
relatively small and there was no evidence of a dose-response within tertiles of sleep
disturbance. Results for disturbance that began within 2 years of the birth of first child
fell in between those for ‘within 1 year’ and ‘within 5 years’ (Appendix 7 - Table A76).
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Table 8.6 Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the associations between four metrics of sleep disturbance and breast
cancer risk limited to periods of disturbance that began around the time of first child, Breast Cancer, Environment and Employment Study, Western
Australia, 2009-2011.
Within 1 year of first child
Within 5 years of first child
a
Controls Controls Cases Cases
OR
95% CI Controls Controls Cases Cases
OR a
95% CI
n
%
n
%
n
%
%
n
b
c
Metric C1 - Cumulative hours of disturbance with a harmful effect of longer sleep (n=2495)
unexposed
1091
72.2
669
68.0
1.00
993
65.7
619
62.9
1.00
st
84
5.6
62
6.3
1.23 0.86-1.75
169
11.2
105
10.7
1.01 0.77-1.33
1 tertile
nd
2 tertile
189
12.5
150
15.2
1.33 1.04-1.70
171
11.3
131
13.3
1.21 0.94-1.57
rd
3 tertile
147
9.7
103
10.5
1.09 0.82-1.45
178
11.8
129
13.1
1.16 0.89-1.51
Metric A1 - Average hours of disturbance with a harmful effect of longer sleep (n=2495)
unexposed
1091
72.2
669
68.0
1.00
993
65.7
619
62.9
1.00
st
1 tertile
120
7.9
80
8.1
1.09 0.80-1.48
165
10.9
109
11.1
1.06 0.80-1.39
nd
2 tertile
149
9.9
135
13.7
1.53 1.18-1.99
181
12.0
131
13.3
1.21 0.94-1.56
rd
3 tertile
151
10.0
100
10.2
1.04 0.78-1.39
172
11.4
125
12.7
1.12 0.86-1.46
Metric P1 - Peak disturbance with a harmful effect of longer sleep (n=2495)
unexposed
1091
72.2
672
68.3
1.00
993
65.7
622
63.2
1.00
st
1 tertile
104
6.9
66
6.7
1.02 0.73-1.42
122
8.1
74
7.5
0.95 0.69-1.31
nd
2 tertile
151
10.0
135
13.7
1.52 1.17-1.97
188
12.4
145
14.7
1.27 0.99-1.63
rd
3 tertile
165
10.9
111
11.3
1.05 0.80-1.38
208
13.8
143
14.5
1.06 0.83-1.37
Metric D1 - Duration all periods (n=2495)
unexposed
1087
71.9
668
67.9
1.00
990
65.5
617
62.7
1.00
st
1 tertile
48
3.2
34
3.5
1.18 0.74-1.88
152
10.1
88
8.9
0.93 0.69-1.25
nd
2 tertile
179
11.9
133
13.5
1.20 0.93-1.56
197
13.0
153
15.6
1.21 0.94-1.54
rd
3 tertile
197
13.0
149
15.1
1.23 0.96-1.57
172
11.4
126
12.8
1.21 0.93-1.57
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a

Adjusted for age, number of children, age at first birth, breast feeding, menopause status , use of hormone replacement therapy, duration of use of hormone
replacement therapy, alcohol consumption, comparative weight at age 30, ever used melatonin and physical activity.

b

Approximately 5% participants in this study reported at least one period of sleep disturbance that resulted in a nightly duration of sleep that was longer than their
reported ‘usual’ duration of sleep (commonly associated with depression as the cause for sleep disturbance). These periods are referred to as ‘longer sleep’.
C

331 women without children were excluded from this analysis.
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8.11 Discussion
The application of metrics of sleep disturbance to a case-control study of breast cancer
has indicated that there is no association between sleep disturbance and risk of breast
cancer.

Stratification by use of medication during periods of sleep disturbance

(ever/never) and menopausal status (pre-/post-) found no associations with sleep
metrics. Polytomous models to examine differential risk by oestrogen receptor status of
tumours in cases also found no associations with sleep metrics.

Stratified analysis for circadian amplitude (languidness/vigorousness) found weak
evidence for an association between sleep disturbance and breast cancer risk in women
who scored as more languid types. This relationship was found consistently across all
of the metrics, but in particular, there was evidence of an increasing dose-response
relationship in the cumulative and duration metrics, although the effect sizes were small.
Although evidence is limited, studies suggest that languidness is associated with longer
sleep times, more sleep inertia and greater impairment following disruption of sleep
compared with vigorousness (14, 20). It could be hypothesised that these impairments
may extend to chronic physiological processes associated with the development of
cancer.

If this is a true association, it is potentially amenable to a public health

intervention. It would be possible to identify and educate women who score as more
languid types on good sleep hygiene. This may be particularly important for groups
who are at higher risk of long term sleep disturbance, such as those doing shift work.

A strength of this study is that sleep disturbance was measured relative to each
participant’s usual duration of sleep, and so does not make assumptions about ‘standard’
sleep duration.
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The low response fraction (as outlined in chapter three pp.69-70) is a weakness of this
study and selection bias may have influenced these results. Sensitivity analysis found
an association between sleep disturbance and breast cancer risk under the assumption
that all non-participants were unexposed to sleep disturbance however, this is a strong
assumption. The reported prevalence of ‘insomnia symptoms’ for men and women
combined in the general community varies from 30-48% depending on the definition of
insomnia used (17). The prevalence of sleep disturbance found in this study of 56%
could indicate over-representation of people with sleep disturbances in this study.
However, it may also just reflect the broader definition of ‘sleep disturbances’
compared with ‘insomnia’. The similar prevalence of sleep disorders in this sample
with those reported in the general population adds evidence to support a minimal impact
of selection bias (2).

There is some evidence to support the time around first child being a critical time period
in the relationship between sleep disturbance and risk of breast cancer. Odds ratios for
sleep disturbance that began at or around the time of first child are slightly larger than
those for total sleep disturbance, with the largest results being those for sleep
disturbance that began within one year of the birth of first child. While the relationship
was found consistently across metrics, the odds ratios are still relatively small and there
is no evidence of a dose-response within tertiles of sleep disturbance. Without further
knowledge on the critical period and natural history of breast cancer, it is not possible to
rule out misclassification of exposure masking a true effect in this study. Furthermore,
sleep and periods of sleep disturbance were assessed via self-report, which may also
contribute to exposure misclassification. The questionnaire used has been shown to be
moderately reliable (as described in chapter five) (21).

201

There are several possible conclusions we can draw from the null results of this study.
One conclusion is that sleep disturbances do not play a significant role in the
development of breast cancer. Previous analyses of sleep duration on work days and
sleep quality as collected in the BCEES have shown no association with breast cancer
risk (chapter seven) (11). Other studies investigating sleep duration and quality as risk
factors for breast cancer have reported increased risk, decreased risk and no
associations. These results may suggest the relationship between sleep (more generally)
and breast cancer is not strong (4-9). However, these previous studies assessed ‘usual’
duration of sleep, which may not have captured relevant exposure differences over
decades (12).

Another conclusion might be that the quantitative metrics which we developed are not
sufficiently sensitive to detect a relationship between sleep disturbance and breast
cancer risk. The limited number of sleep disturbance metrics under consideration was a
weakness of this study. This issue is compounded by the limited data on long term
sleep deprivation and potential biological pathways, on which to base the development
of sleep disturbance metrics. Furthermore, sleep disturbance contributed to metrics
irrespective of the cause of the disturbance. It is important to recognize that each
summary metric carries assumptions about the underlying biological mechanism linking
exposure to outcome. Exposure misclassification and/or insensitive metrics will occur
if these assumptions are inconsistent with the underlying biological mechanism (22).
However, these limitations will not be overcome easily, as there are both practical and
ethical barriers to obtaining human experimental data on the effects of long term sleep
deprivation.
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One way to untangle these conclusions may be to test these metrics in studies of
cardiovascular outcomes for which there is currently a larger and more consistent body
of evidence supporting an association with sleep. Additionally, while it was beyond the
scope of the present study, future studies could filter the accumulation of sleep
disturbance to specific causes, for example – sleep disturbance associated with shift
work, to more directly evaluate the possible biological mechanisms.

An additional conclusion for the null findings might be that sleep disturbance influences
breast cancer risk via a complex causal web that includes other domains such as the
timing of sleep. This complex causal web will not have been detected in this analysis.

In summary, this study found no association between eight different metrics of sleep
disturbance and risk of breast cancer. The lack of association is consistent with some
studies of sleep and breast cancer risk, although the use of sleep disturbance metrics in
this study is new and therefore the results may not be directly comparable to prior
studies. The metrics of sleep disturbance developed for this study require further
development but our experiences may be of use to epidemiologists wishing to expand
their scope of sleep measurement.
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8.13 Supplement to published paper
Including periods of sleep disturbance lasting less than 6 months did not appreciable
alter the distribution of lifetime sleep disturbance. When we included periods of sleep
disturbance lasting less than six months, the mean lifetime duration of disturbance was
7.4 years (SD 7.6), while the mean peak amount of sleep lost was 2.2 hours per night
(SD 1.2). This is comparable to the results when we limited the analysis to periods of
disturbance lasting six months or longer, the mean lifetime duration of disturbance was
7.9 years (SD 7.8), while the mean peak amount of sleep lost was 2 hours per night (SD
1.2).
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Chapter 9. Exposure to domestic light at night and risk of breast
cancer
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9.1

Abstract

Introduction
It has recently been suggested that women exposed to light at night may be at increased
risk of breast cancer. This association has a plausible biological rationale via the effects
of light at night on hormone production, most notably melatonin. Studies of the anticancer effects of melatonin show that it has a more pronounced effect on oestrogen
receptor-positive tumours than oestrogen receptor-negative tumours. This study aimed
to assess the relationship between exposure to domestic light at night and breast cancer
risk by oestrogen receptor status.
Methods
Data were obtained from a population-based case-control study conducted in Western
Australia between 2009 and 2011.

Participants completed a self-administered

questionnaire that included questions about exposure to light at night, demographic,
reproductive and lifestyle factors. Odds ratios and 95% confidence intervals were
calculated using unconditional logistic regression, with adjustment for potential
confounders.

Sensitivity analysis for potential misclassification bias was also

conducted.
Results
An elevated odds ratio was observed in the highest category of exposure to light during
periods of sleep disturbance variables in oestrogen receptor-negative cases (OR 1.57;
95% CI 0.92-2.67) but there was no evidence of a dose-response relationship.
Conclusions
This study found no evidence of an association between domestic exposure to light at
night and increasing risk of breast cancer by oestrogen receptor status.
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9.2

Introduction

It has recently been suggested that women exposed to light at night may be at increased
risk of breast cancer (1, 2). This association has a plausible biological rationale via the
effects of light at night on hormone production, most notably melatonin. Melatonin is a
hormone released by the pineal gland, and its release is regulated by the light/dark
cycle. Production is increased at night, in response to darkness, and is suppressed in
response to light. Melatonin has been shown to have both direct and indirect anticancer properties and it is hypothesised that exposure to light at night suppresses normal
melatonin production and increases the risk of cancer (2-4). Experimental evidence to
support this mechanism has come from both animal and human studies in which
administration of melatonin has been shown to reduce tumour incidence and growth,
and prolong survival (5, 6). Other biological pathways linking exposure to light at night
and breast cancer risk have also been proposed including: alterations in clock gene
functioning; and desynchronisation of central sleep/wake rhythms with rhythms in
peripheral tissues (7, 8).

The epidemiological evidence to support the association between light at night and
breast cancer risk has primarily come from studies of blind women, night shift work or
short sleep duration, as proxies for exposure to light at night. The evidence from these
studies has been mixed (9-18). However, the studies of shift work and short sleep in
particular, often had limitations in their definition and measurement of shift work/short
sleep which may impact on their validity as proxies. In addition, a number of other
biological mechanisms have also been proposed to link short sleep and/or night shift
work with breast cancer, independent of any exposure to light at night (8, 19). As such,
reported associations between short sleep and/or night shift work and breast cancer do
not necessarily implicate exposure to light at night as the ‘active’ mechanism.
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Ecological evidence for an association between light at night and breast cancer has
come from two studies that reported that population-level night-time light levels were
co-distributed with breast cancer incidence (20, 21).

Only a few epidemiological studies have asked directly about exposure to light at night,
either in an occupational or a domestic setting. We have identified three studies that
directly evaluated domestic exposure to light at night and breast cancer risk (12, 13, 22).
The results provide limited evidence in support of a small increased risk in women with
the highest exposure (12, 13, 22). Laboratory studies of the anti-cancer effects of
melatonin show that melatonin has a more pronounced effect on oestrogen receptorpositive tumours than receptor-negative tumours (23, 24). If melatonin plays a role in
this association, we would expect an increasing trend in breast cancer risk with
increasing exposure to light at night in oestrogen receptor-positive tumours only.

The Breast Cancer Environment and Employment Study (BCEES) asked a number of
different questions directly concerning exposure to domestic light at night in order to
specifically assess this factor in relation to breast cancer risk.

9.3

Methods

Data for this study were derived from the BCEES case-control study, which has been
described previously (in chapter three) (25, 26). In summary, the BCEES investigated
environmental and occupational risk factors for breast cancer in a sample of Western
Australian women. This sample size was calculated a priori based on the expected
number and recruitment fraction of incident breast cancers in Western Australia, the
prevalence of exposure to shift work (the main study hypothesis) and the increased risk
of breast cancer we expected to detect.
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The study was approved by the Human

Research Ethics Committees of The University of Western Australia and the Western
Australian Department of Health.

9.3.1 Study Population
Cases were women aged 18-80 years resident in Western Australia with a first incident
invasive breast cancer (ICD-10 C50) diagnosed between 1 May 2009 and 31 January
2011 and reported to the Western Australian Cancer Registry before 31 July 2011. The
Western Australian Cancer Registry is a population-based registry that was established
in 1981. Notification of cancers (excluding skin-primary basal cell and squamous cell
carcinomas) is mandatory for pathologists, haematologists, and radiation oncologists
and case ascertainment is thought to be virtually complete. Of the 2089 eligible breast
cancer cases identified, 5 had died, 334 (16%) refused and 545 (26%) did not respond,
leaving 1205 (58%) who consented to participate.

Controls were women aged 18-80 years living in Western Australia who were selected
at random from the electoral roll between May 2009 and July 2011. Being enrolled to
vote is compulsory in Australia for those aged 18 and over, and as such, the electoral
roll is an almost complete list of adult Australian citizens. Controls were ineligible if
they had had a previous diagnosis of invasive breast cancer. Controls were frequency
matched to the expected distribution of cases by five-year age groups. From a total of
4358 eligible controls, two had died, 939 (22%) refused and 1628 (37%) did not
respond, leaving 1789 (41%) who consented to participate.

9.3.2 Data Collection
Participants completed a self-administered postal questionnaire, which contained
questions on exposure to light at night, demographic, reproductive, occupational and
lifestyle factors. The light at night questions collected information on a number of
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different circumstances in which participants could be exposed to light during the
habitual hours of darkness in a domestic environment (Appendix 2, Q15, 17, 17.1).
Participants were asked, “Ignoring the last year, did you ever fall asleep with the light
on?” with answer categories: never or almost never; sometimes; often; and always or
almost always. Participants who reported falling asleep with the light on were asked
whether they left it on all night. The sleep questions were prefaced with the words
“Ignoring the last year...” in order to exclude recent sleep habits that might reflect
underlying disease in cases.

A further two questions were asked on exposure to light at night during periods of sleep
disturbance. As part of the BCEES questionnaire, participants were asked to describe
the frequency, duration (in years) and symptoms for up to seven periods of sleep
disturbance that lasted more than 2 weeks (25).

Included in the description of

symptoms were questions that asked: “If you woke up during your sleep, did you ever
turn the light on?” and “How often was the light on for more than 10 minutes?” with
answer categories: never or almost never; sometimes; often; always or almost always.
The questionnaire included examples of significant life events such as the birth of
children, divorce, bereavement and illness as prompts to help participants recall events
in their life that might be associated with periods of sleep disturbance.

Although the questionnaire asked participants to describe periods of sleep disturbance
that lasted more than 2 weeks, a reliability study of the BCEES sleep questionnaire
suggested that this time period may have been too sensitive (25). As a result, periods of
sleep disturbance lasting 6 months or less were considered unexposed (1100 periods of
disturbance for 583 women) (25, 27).
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Participants who had ever had a job involving shift work also completed a telephone
interview about their occupational history.

Job history information from the

questionnaire was reviewed by project staff to determine whether it was a job likely to
involve shift work. Trained, blinded interviewers then conducted interviews to collect
more detailed information on the shift type and characteristics. The participant answers
were entered directly into an online occupational exposure assessment tool called
OccIDEAS (28). OccIDEAS provided automatic assessments of the probability of
occupational exposure to light at night.

9.3.3 Statistical Analysis
For the analysis of the ‘lights on during periods of disturbance’ variables, we combined
the individual periods of sleep disturbance into a single variable that reflected the
participant’s total exposure over their lifetime. To do this, the answer categories of
never or almost never; sometimes; often; always or almost always were assigned
‘exposure to light’ weights of 0, 0.25, 0.5 and 0.75 respectively.

For each period of

disturbance, the ‘exposure to light’ weight was multiplied by the duration of the
disturbance. These ‘light weighted durations’ were then summed across each period of
disturbance to create a single variable for each participant. A score of zero represents
both those who had no sleep disturbance and those who had periods of disturbance, but
did not turn the lights on. As an example, a participant who experienced two periods of
sleep disturbance that each lasted 2 years where she reported ‘often’ turning on the light
for one period and ‘sometimes’ turning on the light for the second period would have an
‘exposure to light during periods of disturbance’ score of (2*0.5) + (2*0.25) = 1.5.

The two ‘lights on during periods of disturbance’ variables (ever turning the light on;
and turning the light on for more than 10 minutes) were converted into quartiles for
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analysis using the exposure distribution among exposed controls, with unexposed
participants as the reference group.

Odds ratios (OR) and 95% Confidence Intervals (CI) were calculated using
unconditional logistic regression. Variables thought to be potential confounders, based
upon the literature on risk factors for breast cancer, were assessed for their contribution
to the fully-adjusted multivariable effect size using the ‘assessment of confounding
effects in epidemiological studies’ user-written Stata program (29).

The variables

assessed for their contribution to the model were: probable occupational exposure to
light at night; number of children; whether children were breast fed; menopausal status;
use of hormone replacement therapy; duration of use of doctor-prescribed hormone
replacement therapy; usual alcohol consumption (glasses per week); comparative
weight at age 30 (compared with others of the same age and height); total physical
activity in metabolic equivalents per week (quartiles) and whether the women ever used
melatonin. None of the variables assessed contributed to a change in the OR of >5%
and as such the final model included only the frequency-matching variable of age group.

Polytomous regression models were used to investigate the association between light at
night and oestrogen receptor-positive / -negative breast cancers (23, 24).

We investigated the impact of one-category non-differential misclassification on the
unadjusted ORs using the method previously described by Marshall (30). The impact of
misclassification of domestic exposure to light at night of 10%, 20% and 50% for both
case and control participants were investigated. For categorical variables, 50% is the
maximum misclassification proportion possible, as it leads to 100% misclassification of
individuals in the intermediate categories (30).
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All statistical analyses were conducted using Stata 12 (StataCorp, College Station,
Texas, USA)

9.4

Results

Of the 2994 people who completed the study, between 1% and 3% had missing data,
which left data for 2909 women for the analysis of falling asleep with the light on and
data for 2973 women for the analysis of turning on the light during periods of
disturbance. Only 37 people reported always or almost always falling asleep with the
light on, and as such, this category was combined with the next category of often falling
asleep with the light on.
Compared with controls, cases were slightly younger, had fewer children and were less
likely to have breast fed their children (Table 9.1).

In addition, women with breast

cancer were more likely to have taken oestrogen and progesterone combination
hormone replacement therapy and to have reported weighing less than their peers at age
30. Just over 42% of women reported ever having fallen asleep with the light on.
Almost 55% of participants reported experiencing at least one period of sleep
disturbance lasting longer than 6 months, but only 36% of participants reported turning
the light on during periods of disturbance. Almost 20% of participants were assessed
as having probable occupational exposure to light at night.
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Table 9.1 Demographic characteristics of women with and without breast cancer,
Breast Cancer, Environment and Employment Study, 2009- 2011.
Controls
Cases
n
%
n
%
1778
1195
Age group, years
< 45
177
10.0
167
14.0
45-49
203
11.4
175
14.6
50-54
235
13.2
151
12.6
55-59
301
16.9
183
15.3
60-64
322
18.1
191
16.0
65-69
272
15.3
147
12.3
70+
268
15.1
181
15.2
Number of Children
0
186
10.5
157
13.1
1
135
7.6
113
9.5
2
694
39.0
457
38.2
3
485
27.3
300
25.1
4
193
10.9
108
9.0
5 or more
85
4.8
60
5.0
a,b
Breast fed children
No
153
9.8
125
12.2
Yes
1403
90.2
897
87.8
Menopause Status
Pre-menopausal
418
23.5
365
30.5
Post-menopausal
1360
76.5
830
69.5
b
Hormone Replacement Therapy
None
1028
57.9
744
62.3
Oestrogen only
283
15.9
128
10.7
Progesterone Only
74
4.2
29
2.4
Oestrogen + Progesterone
67
3.8
72
6.0
Mixture of treatments
156
8.8
112
9.4
Non-hormonal treatment
32
1.8
33
2.8
Unknown Treatment
137
7.7
77
6.4
b
Usual number of alcoholic drinks per week
None
292
16.5
203
16.7
<1
223
12.6
134
12.0
1-3
415
23.4
277
23.3
4-6
235
13.3
148
12.4
7-9
142
8.0
118
9.9
10+
465
26.2
314
26.3
Table continued on next page

216

Table 9.1 continued.
Controls
Cases
n
%
n
%
Weight at age 30 (compared to others of the same age and height)b
A lot less
83
4.7
83
7.1
A little less
479
27.2
325
27.7
Same
823
46.7
552
47.0
A little more
306
17.4
171
14.6
A lot more
71
4.0
44
3.7
c
Melatonin Use
Ever
13
0.7
16
1.3
Never
1765
99.3 1179
98.7
a

Limited to participants who had one or more children.

b

Up to 52 participants were missing data on breast feeding children, use of hormone
replacement therapy, alcohol consumption and weight at age 30.

c

Limited to melatonin that was purchased outside Australia.
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There was no evidence of an association between any of our measures of domestic
exposure to light at night and risk of breast cancer (Table 9.2). Although an elevated
odds ratio was observed for those who reported falling asleep and leaving the light on
all night compared to those that never fell asleep with the light on, there was no
evidence of a dose-response relationship.

Repeating these analyses adjusting for

probable occupational exposure to light at night did not change the results (Appendix 8
- Table A8-1).
No difference in risk of oestrogen receptor-positive / -negative tumours with exposure
to domestic light at night was observed (Table 9.3). Elevated odds ratios were observed
in the highest category of exposure to light during periods of sleep disturbance variables
in oestrogen receptor-negative cases, but again, there was no evidence of a doseresponse relationship.
Misclassification of domestic exposure to light at night of 10%, 20% and 50% of
participants were investigated for two variables ‘falling asleep and leaving the light on’
and ‘lights on for more than 10 minutes during sleep disturbance’ (Table 9.4). For both
variables, the effect sizes were not appreciably altered.
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Table 9.2 Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the
association between domestic exposure to light at night and risk of breast cancer, Breast
Cancer, Environment and Employment Study, 2009-2011.
Controls
Cases
OR a
95% CI
n
%
n
%
Ever fell asleep with the light on (n= 2909)
Never
993 57.1
686
58.6
1.00
Sometimes
602 34.6
405
34.6
0.97 0.83-1.14
Often or Always
143
8.2
80
6.8
0.81 0.60-1.08
Ever fell asleep and left the light on all night (n=2909)
Did not fall asleep
993 57.1
686
58.6
1.00
with light on
Fell asleep, but did not
694 39.9
433
37.0
0.90 0.77-1.05
leave light on all night
Fell asleep, and left
51
2.9
52
4.4
1.42 0.95-2.12
light on all night
Cumulative measure of turning on the lights during periods of sleep
disturbanceb (n=2973)
unexposed
1129 63.5
763
63.9
1.00
st
1 quartile
144
8.1
86
7.2
0.84 0.63-1.12
2nd quartile
182 10.2
125
10.5
0.99 0.77-1.26
3rd quartile
147
8.3
88
7.4
0.88 0.66-1.16
4th quartile
176
9.9
133
11.1
1.18 0.93-1.51
Cumulative measure of having lights on for more than 10 minutes during
periods of sleep disturbanceb (n=2973)
unexposed
1217 68.5
840
70.3
1.00
1st quartile
134
7.5
73
6.1
0.76 0.56-1.02
2nd quartile
149
8.4
93
7.8
0.88 0.67-1.16
3rd quartile
138
7.8
94
7.9
0.99 0.75-1.30
4th quartile
140
7.9
95
8.0
1.05 0.80-1.39
a

Adjusted for age.

b

For each period of disturbance, the exposure to light was weighted and then multiplied by the
duration of the disturbance. These ‘light weighted durations’ were then summed across each
period of disturbance to create a single variable for each participant.
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Table 9.3 Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the association between domestic exposure to light at night and risk of
oestrogen receptor-positive and oestrogen receptor-negative breast cancer, Breast Cancer, Environment and Employment Study, Western Australia
2009-2011.
Controls
Oestrogen ReceptorOestrogen ReceptorPa
a
Positive Cases
Negative Cases
valueb
%
%
OR c
95% CI
%
OR c
95% CI
Ever fell asleep with the light on (n=2735)
Never
57.1
58.5
1.00
58.5
1.00
0.39
Sometimes
34.6
35.3
0.99 0.83-1.18 32.3
0.91 0.64-1.29
Often or always
8.2
6.2
0.73 0.52-1.02
9.2
1.07 0.60-1.91
Ever fell asleep and left the light on all night (n=2735)
Did not fall asleep
57.1
58.5
1.00
58.5
1.00
0.14
with light on
Fell asleep, but did
39.9
36.7
0.89 0.75-1.06 36.6
0.89 0.64-1.26
not leave light on all
night
Fell asleep, and left
2.9
4.8
1.54 1.00-2.37
4.9
1.50 0.69-3.27
light on all night
Cumulative measure of turning on the lights during periods of sleep disturbanced (n=2796)
unexposed
63.5
64.7
1.00
62.7
1.00
0.62
st
1 quartile
8.1
7.6
0.88 0.64-1.20
6.0
0.68 0.35-1.34
2nd quartile
10.2
10.5
0.97 0.74-1.28 10.8
1.01 0.60-1.72
3rd quartile
8.3
7.2
0.84 0.61-1.15
7.2
0.87 0.47-1.62
4th quartile
9.9
10.1
1.05 0.80-1.39 13.3
1.52 0.93-2.49
Trend
0.99 0.93-1.05
1.06 0.95-1.19
Table continued on next page
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Table 9.3 continued.
Oestrogen ReceptorPOestrogen Receptora
a
Negative Cases
valueb
Positive Cases
%
%
OR c
95% CI
%
OR c
95% CI
Cumulative measure of having lights on for more than 10 minutes during periods of sleep
disturbanced (n=2796)
unexposed
68.5
70.9
1.00
69.3
1.00
0.09
st
1 quartile
7.5
6.6
0.80 0.58-1.12
3.6
0.43 0.19-1.01
nd
2 quartile
8.4
7.6
0.85 0.62-1.16 11.5
1.28 0.76-2.16
rd
3 quartile
7.8
8.2
1.01 0.75-1.38
4.8
0.61 0.29-1.28
th
4 quartile
7.9
6.7
0.87 0.63-1.21 10.8
1.57 0.92-2.67
Trend
0.97 0.91-1.04
1.05 0.93-1.18
Controls

a

177 women with breast cancer did not have oestrogen receptor status recorded on their Western Australian.

b

P-value for difference between oestrogen receptor-positive and oestrogen receptor-negative cancer risk.

c

Adjusted for age.

d

For each period of disturbance, the exposure to light was weighted and then multiplied by the duration of the disturbance. These ‘light weighted durations’ were
then summed across each period of disturbance to create a single variable for each participant.
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Table 9.4 Bias analyses to investigate non-differential one-category misclassification of
10%, 20% and 50% of participants, showing unadjusted odds ratios (OR) and 95%
confidence intervals (CI) for the association between exposure to light at night and
breast cancer risk, Breast Cancer, Environment and Employment Study, 2009-2011.
10% Misclassified
OR
95% CI

20% Misclassified
OR
95% CI

50% Misclassified
OR
95% CI

Fell asleep and left the light on all night
Did not fall asleep with
1.00
1.00
1.00
light on
Fell asleep, but did not
0.93
0.79-1.09 0.96
0.90-1.27
0.81-1.13 1.07
leave light on all night
Fell asleep, and left
1.14
0.84-1.54 1.04
0.81-1.20
0.81-1.35 0.98
light on all night
Cumulative measure of having lights on for more than 10 minutes during
periods of sleep disturbance
1.00
1.00
1.00
unexposed
0.91
0.72-1.14 0.95
0.85-1.20
1st quartile
0.78-1.15 1.01
0.91
0.68-1.21 0.90
0.56-1.03
2nd quartile
0.67-1.20 0.76
0.98
0.74-1.31 0.97
0.71-1.29
3rd quartile
0.73-1.29 0.96
0.74-1.31 0.99
0.75-1.36
4th quartile
0.99
0.74-1.32 1.01
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9.5

Discussion

We found no evidence to support an association between falling asleep with the light on
and increased risk of breast cancer. Previous studies have also reported non-statistically
significant increased risks. Li et al reported an OR of 1.4 (95% CI 0.7-2.7) in postmenopausal women who reported sleeping with the light on while Davis et al reported
an OR of 1.4 (95% CI 0.8-2.6) for the association between self-reported ambient light
levels in the bedroom and breast cancer risk (13, 22).

This study also found no evidence to support an association between exposure to light
during periods of sleep disturbance and breast cancer risk. In previous studies, O’Leary
et al reported an adjusted OR of 1.65 (95% CI 1.02-2.69) for women who frequently
turned the lights on during sleeping hours, while Davis et al reported that turning the
light on during sleep hours showed no association (12, 13).

No difference in risk of oestrogen receptor-positive / -negative breast cancer tumours
was found with increasing exposure to domestic light at night. Studies of the anticancer effects of melatonin show that melatonin has a more pronounced effect on
oestrogen receptor-positive tumours than oestrogen receptor-negative tumours (23, 24).
We did not observe the expected increase in breast cancer risk with increasing light at
night exposure in oestrogen receptor-positive tumours compared with oestrogen
receptor-negative tumours.

Under laboratory experimental conditions, exposure to light at night with the eyes open
has been shown to suppress melatonin (31) however, under real world conditions these
results have not been consistently replicated (32). Evidence from laboratory studies as
to whether light can suppress melatonin through closed eyelids is conflicting (33-37).
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What is becoming clearer is that wavelength and intensity of light, the direction of gaze
and the duration of exposure might all play a role in the ability of light at night to
suppress melatonin (23, 38). In addition, it has been noted that the sensitivity for an
effect of light exposure may be highly variable among individuals (23, 39). These
features of light at night exposure are likely to be very different between individuals and
may account for the weak associations found in studies to-date. Capturing data on these
features of light at night exposure is difficult in ‘real world’ studies of light at night
exposure.

Self-report data are potentially subject to misclassification and in categorical exposure
variables, even random misclassification could result in bias in any direction (40 p.139).
Analysis of potential misclassification in this study indicates that even a large amount of
misclassification would not appreciably alter the results.

The low response fraction is a weakness of this study. If the prevalence of exposure to
light at night is different in those who did not participate, the results of this study may
be biased. To our knowledge there are no estimates of exposure to domestic light at
night in the general community. The prevalence of exposure found in our study of 31 42% is slightly less than the prevalence found in two previous case-control studies of
domestic light at night of between 40-47% (12, 13).

A third study reported the

proportion of light at night exposed participants as 7-10%, however they used different
measures of exposure (22). Light at night is not a well-recognised risk factor for breast
cancer, and the light at night questions were only a small part of a much larger study, as
such, it is unlikely that participation was biased on light at night exposure.

In conclusion, this study found no evidence to support an association between domestic
exposure to light at night and breast cancer risk by oestrogen receptor status.
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Chapter 10. Discussion
The purpose of this chapter is to discuss this thesis including: describing the major
findings; reviewing the strengths and limitations; and outlining the original contribution
the thesis makes to the field. This chapter will also draw some overall conclusions
about the measurement and role of sleep in breast cancer risk and highlight areas of
possible further research.

10.1 Summary of thesis aims and contents
The aim of this thesis was to further knowledge on the association between sleep and
the risk of developing breast cancer. Central to this aim was investigating ways to
improve the measurement of sleep in epidemiological studies, and then applying these
measurements to investigate the relationship between different domains of sleep and
breast cancer risk.

The preceding chapters outlined the methods and results from six papers that sought to
achieve these aims. The chapters are summarised below:

Chapter five assessed the test-retest reliability of the ‘usual’ sleep questions that are
commonly used in epidemiological studies. While these questions are commonly used,
they had not previously been assessed for their reliability. This study found that most of
the sleep questions showed good agreement.

However, as increasing detail was

required from participants about specific periods of sleep disturbance, reliability
decreased.

A validation study that examined whether the ‘usual’ sleep questions commonly used in
epidemiological studies correspond to objective measures of sleep as assessed using
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actigraphy was described in chapter six.

Similarly to the reliability study, these

questions had not previously been assessed for their validity, despite being frequently
used. The results from this study indicated that the questions about usual sleep typically
used in epidemiological studies did not closely correspond with short-term objective
measures of sleep as assessed using actigraphy.

I then investigated the relationship between sleep duration and quality and risk of breast
cancer in a population-based case-control study (chapter seven). This study investigated
the exposures sleep duration on work and non-work days separately, as well as sleep
quality. Breast cancer risk was also analysed by sub-groups of participants, including
by oestrogen receptor status of cases and by aspects of circadian rhythm among all
participants. These sub-groups had not previously been investigated in studies of sleep
and breast cancer risk. This study found no association between sleep duration on work
days, sleep duration on non-work days, subjective sleep quality, or combined sleep
duration and quality and risk of breast cancer. Additional analysis also found no
associations between sleep duration or quality and risk of breast cancer by sub-groups
of participants.

Chapter eight described the development of novel sleep-disturbance metrics to
overcome some of the limitations of ‘usual’ sleep questions. In addition, this chapter
assessed the relationship between these sleep-disturbance metrics and breast cancer risk.
There was no evidence to support associations between any of the eight sleep
disturbance metrics developed and breast cancer risk.

Chapter nine investigated the relationship between domestic exposure to light at night
and breast cancer risk. This study built upon previous studies by comparing the risk by
oestrogen receptor status of tumours in cases. There was no evidence of an association
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between any of the measures of domestic exposure to light at night, and risk of breast
cancer in this study.

10.2 Summary of findings and original contribution of thesis
The results of this thesis give some reassurance that, given our best available evidence,
poor sleep and exposure to light at night do not appear to increase the risk of developing
breast cancer. However, this thesis also highlights that the best available evidence at
present consists of a limited number of studies with weaknesses in their measurement of
sleep. In particular, the results of this thesis have identified that self-reported sleep may
not be a valid reflection of objectively measured sleep. A detailed discussion of the
findings of this thesis and their original contribution to knowledge is presented below.

10.2.1

Contribution to knowledge from investigating ways to improve

the measurement of sleep
The results from chapters five and six of this thesis indicate that although the reliability
of the sleep duration and quality questions used in this study was good, the validity of
similar questions, as compared with wrist actigraphy, was poor. These results highlight
potential problems associated with the use of self-reported measures of sleep for
epidemiological research, and have implications for research based on self-reported
sleep. There may be a number of reasons why the validity was found to be poor in this
thesis, including: the relatively small numbers of participants in some of the sleep
duration/quality categories; the large age range of participants; the time of year; and the
nature of actigraphy from which sleep/wake can only be inferred. Nevertheless, the
results of the validity study highlight the need to exercise caution in interpreting the
results of studies that have used self-reported sleep. This is a timely finding as there has
been a recent upsurge in interest in sleep, accompanied by an increase in the number of
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studies investigating sleep (1). The number of PubMed indexed papers addressing
aspects of sleep epidemiology has reportedly more than tripled over the past decade (1).
In papers published in 2012 alone, associations have been reported between selfreported sleep duration assessed by a single question and obesity, hypertension,
cardiovascular disease, diabetes, stroke, pneumonia and all–cause and cause-specific
mortality (2-11). The concern is, that without specific knowledge of the weaknesses of
self-reported sleep, readers, including public health and clinical decision-makers, may
over-estimate the strength and consistency of the results of these studies. Encouraging
researchers to maintain a conservative interpretation of their results is important in
minimising this risk in the short term. However, ultimately the most effective solution
will be to expand and improve the measures of sleep available for use in
epidemiological studies.

The results of chapter eight indicate that ‘exposure-time’ metrics of sleep disturbance
can be developed to expand the measurement of sleep to explore domains other than
usual duration and quality (1, 12, 13). In addition, the development of these metrics has
allowed a preliminary investigation of sleep disturbance over the lifetime. Given the
presumed long latency of breast cancer, as well as for many other chronic diseases, a
measure of sleep over the lifetime is an important conceptual step forward in seeking to
capture information on exposure during the aetiologically critical time period (14, 15).
While the ‘average hours of sleep disturbance with a harmful effect of longer sleep’
metric was found to be the best predictor of the data, under the Akaike Information
Criterion (AIC) guidelines, at least five other metrics also showed good predictive
accuracy and could be explored further in studies of sleep and long term health
outcomes (16).
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The development of the metrics had a number of limitations including: the moderate
reliability of the sleep disturbance questions; the untested validity of the sleep
disturbance questions (due to their retrospective nature); the retrospective nature of data
collection; the limited knowledge of biological mechanisms on which to base
assumptions about metric development; and the limitations associated with AIC
analysis. Many of these limitations will not be easily overcome in the short term.
Despite these limitations, the development of the sleep-disturbance metrics still
represents an important conceptual step forward in expanding the measurement of sleep
in epidemiological studies, beyond that of sleep duration and quality. By methodically
considering all four of the common summary metrics for exposure assessment, while
accounting for two different types of sleep disturbance (shorter and longer), this thesis
represents a preliminary investigation of how sleep may be conceptualised in future
epidemiological research.

10.2.2

Contribution to knowledge from investigating the association

between sleep, light at night and breast cancer
The results from studies presented in chapters seven, eight and nine of this thesis do not
provide support for sleep duration on work days, sleep duration on non-work days, sleep
quality, sleep disturbance or exposure to light at night as risk factors for breast cancer.
Sub-analyses did not reveal any associations by menopausal status, circadian rhythm or
by the hormone receptor status of tumours in cases. The results from previous studies
of sleep duration (17-21), sleep quality (17) or domestic exposure to light at night (2224) and breast cancer risk have shown neither large effect estimates nor any consistent
direction of association. In this thesis, null findings were consistently found, even after
assessment for the potential impact of selection and misclassification bias. Combined
with the weak associations reported in other studies, these results lend weight to the
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conclusion that there may be no association between sleep, light at night and breast
cancer risk. However, a cautious interpretation of these results is warranted due to the
previously-discussed potential problems with the validity of the sleep questions used.

10.3 Strengths
One of the strengths of this thesis is that data for much of the analysis was drawn from a
population–based sampling frame. Cases were identified from the WA Cancer Registry
which is a population-based registry that was established in 1981.

Pathologists,

haematologists and radiation oncologists are required by law to notify the registry of
new cancers (excluding skin-primary basal cell and squamous cell carcinomas). This
legislative mandate gives the WA Cancer Registry significant scope to review medical
records and follow up with relevant medical personnel to ensure complete and accurate
case ascertainment. Therefore, in addition to case ascertainment for the Breast Cancer
Environment and Employment Study (BCEES) being virtually complete, cases were
histologically confirmed and additional information on grade, tumour size, nodal status
and hormone receptor status was available.

Controls were identified through the electoral roll.

Being enrolled to vote is

compulsory in Australia for citizens aged 18 and over and the electoral roll is an almost
complete list of adult citizens. Drawing potential participants from a population-based
sampling frame reduces the potential for selection bias to influence these results.

Another strength of the BCEES was the rigorous data management and data checking
protocols. Participant recruitment and data collection for the BCEES was managed
using an online database that was developed and managed specifically for the BCEES
by a company whose core business is managing data for research projects (Data
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Scientists Pty Ltd). This online system employed automatic data integrity checking at
several stages of a participant’s progress through the study to ensure accurate data
collection. The use of scannable questionnaires also minimised the possibility of data
collection or data entry errors. In addition, data were manually checked twice and
participants were rigorously followed-up to minimise missing and/or inconsistent data.
The meticulous data management and data checking protocols minimised missing
and/or invalid data and ensured high quality data for analysis.

The large sample size of the BCEES was a strength in that it allowed the investigation
of risk by sub-groups of participants, including by: menopause status (pre-/post-);
circadian

phase

(morningness/eveningness);

circadian

amplitude

(languidness/vigorousness); circadian stability (flexibility/rigidity); as well as tumour
oestrogen receptor status in cases. This enabled a more thorough investigation of the
possible relationship between sleep and light at night with breast cancer risk. While
three previous studies have investigated differential risk by menopausal status (18, 19,
21), none have previously investigated differential risk by circadian rhythm or the
tumour oestrogen receptor status of cases.

The scope of data collection in the BCEES was also a strength of this thesis. Previous
studies of sleep and breast cancer have limited themselves to asking one or two
questions on sleep, most commonly assessing the single domain of sleep duration. This
study investigated both a larger number and also a more diverse range of sleep domains.
This has allowed a more extensive evaluation of the role of sleep as a potential risk
factor for breast cancer. In addition, the BCEES collected information on a wide range
of demographic, reproductive and lifestyle factors which were able to be investigated as
potential confounders.
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Another strength of this thesis was the consideration of the potential for bias to
influence the results. Poor response fractions are becoming an increasingly common
problem in epidemiological studies and have the potential to introduce selection bias
(25). In addition, self-reported data have the potential to introduce misclassification
bias. At the design phase a number of strategies were implemented in BCEES that have
previously been shown in a systematic review to improve response fractions (26). These
strategies included personalised letters, telephone reminders and an offer of a small
donation to a state-wide cancer organisation (26, 27). The donation was made on behalf
of participants returning their consent form within 30 days, regardless of whether they
consented. Despite these strategies, response, particularly amongst the controls, was
low.

At the data analysis phase, I undertook sensitivity analysis to quantify the

potential impact of both selection and misclassification bias on the results (28).
Sensitivity analysis did not reveal a strong influence of bias on the results.

10.4 Limitations
The lack of temporal control over data collection is a significant logistical limitation of
the studies in this thesis. Data collection for the BCEES had already commenced when
the reliability and validity studies (chapters five and six) were undertaken. Ideally,
these studies would have been completed beforehand in order to inform the
questionnaire development. In reality the data collection for all my aims occurred
concurrently, but regardless, it was important to utilise the opportunity to undertake
reliability and validity studies. If the results of the validity study had been available
before data collection commenced, they would have prompted a significant re-design of
the BCEES sleep questionnaire. Changes to the questionnaire would have included
asking about usual sleep and wake times as alternative measures of sleep duration.
Collecting information on upper and lower extremes of sleep and wake times would
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also be valuable in obtaining an estimate of the variability of sleep habits. For example
in addition to asking ‘what time do you usually turn out the lights to go to sleep on a
work night?’ participants would be asked ‘On the nights that you stay up later than
usual, what is the latest time you would turn out the lights to go to sleep on a work
night?’ and ‘On the nights that you go to bed earlier than usual, what is the earliest time
you would turn out the lights to go to sleep on a work night?’

The outcome of the lack of temporal control over data collection was that chapters
seven to nine in this thesis were based on data from the original BCEES sleep
questionnaire. However, I did undertake the analysis of the reliability and validity data
first. This allowed me to consider the results of subsequent analysis in light of the
findings from the reliability and validity studies, with a more conservative interpretation
of the analytical results.

This thesis represents one of the first attempts to collect information on, and analyse,
lifetime sleep disturbance in an epidemiological context.

However, without prior

studies to refer to in developing our questionnaire and analysis parameters, a number of
assumptions were made about lifetime sleep disturbance, which is a limitation of this
thesis. In particular there are several unresolved conceptual issues in sleep disturbance
that I was required to make assumptions about. First, there is the question of the
minimum change in sleep length required to produce long term health effects. Second,
there is the question of whether periods of ‘normal’ sleep are able to reverse any long
term ‘harms’ associated with periods of sleep disturbance. This could include long
periods of normal sleep between periods of disturbance, or short-term improvements in
sleep, such as sleeping more on non-work days, within periods of sleep disturbance.
Third, there is the question of whether sleep disturbance accumulated in a single long
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period of disturbance would result in harm equivalent to disturbance accumulated over a
number of shorter periods.

It is a limitation of the BCEES questionnaire that it did not ask about sleep duration on
work and non-work days separately within the sleep disturbance table. In the reliability
study I investigated two minimum timeframes for exposure, 2 weeks and 6 months,
based on different diagnostic criteria for insomnia.

While setting the minimum

exposure threshold at 6 months improved the reliability test results, the improvement
was small and an alternative threshold may be more appropriate. In developing the
sleep disturbance metrics, I considered the conceptual issue of single period / multiple
period equivalency (within those classified as exposed) by investigating four different
metrics for combining sleep disturbance events over the lifetime; cumulative, average,
duration and peak disturbance. The assumptions I made about the duration and timing
of sleep disturbance in determine exposure status have the potential to introduce
misclassification bias into the study. Because of this I undertook sensitivity analyses in
order to quantify the potential impact of misclassification on my results. A considerable
amount of additional biological and epidemiological research is still needed to untangle
these conceptual issues. As one of the first attempts to collect information on, and
analyse, lifetime sleep disturbance in an epidemiological context, the assumptions made
in this study can serve as a starting point for others.

Another limitation of this study was that the bias analysis was conducted using several
theoretical scenarios of non-participation / misclassification. The data on the population
distribution of sleep duration, sleep quality, sleep disturbance and light at night which
would be needed to inform these scenarios was not available. As such, these theoretical
scenarios may not reflect reality, and therefore bias cannot be ruled out.
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An additional limitation of this thesis is that the power / sample size for the BCEES
study was calculated using the prevalence of exposure to shiftwork (the main study
hypothesis), and not sleep. It is possible some analyses conducted in this thesis were
under-powered, in particular in some of the stratified analysis where there were small
numbers of participants in the extreme sleep duration, quality and sleep disturbance
categories. In the sleep duration analysis, I attempted to address this issue of small
numbers in the extreme categories, by collapsing the six duration categories in the
questionnaire into four categories for analysis (<6, 6-7, 7-8, and >8 hours). However,
this creates an additional limitation in that the actual difference in duration between the
highest and lowest categories and the reference group may be just over 1 hour. This
may not be a sufficient difference to find meaningful associations.

The lack of information on psychological state as a potential confounder in the BCEES
is also a limitation of this thesis. Sleep and psychological state, in particular mood
disorders such as depression, are closely linked. Disturbed sleep is recognised as a core
diagnostic criterion of mood disorders, with reports of up to 90% of depressed patients
describing changes in their sleep (29-32). Depressed patients commonly demonstrate
shorter and more frequently disturbed sleep, although a minority of patients also
reported longer sleep duration (29, 30). There is both biological and epidemiological
evidence to suggest a relationship between depression and the development of breast
cancer, although the epidemiological evidence is limited and the effect estimates are
small (33-35). Given that depression appears to be associated with both sleep and
breast cancer, it could be considered a potential confounder and thus not adjusting for
depression in multivariate models could be a weakness of this thesis (36).
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However, the relationship between depression and sleep is complex. Changes in sleep
often occur prior to, or simultaneously with the onset of mood disorders, and persist
during periods of clinical remission (29, 32). Furthermore, depression and sleep share
immune suppression as one of the hypothesised biological pathways linking them with
breast cancer (33). These factors suggest that depression may not precede sleep in the
causal chain. In this context, depression may not fit the criteria for a confounding
factor, and statistical adjustment may not be appropriate (36 p.129-134). Two of the
seven previous studies of sleep and breast cancer investigated depression/antidepressant use, but reported that including these variables in their multivariate models
did not alter their results (20, 21). While it may not have been necessary to adjust for
psychological state and/or anti-depressant use, having this information would have
allowed an investigation of the role of depression on sleep and breast cancer risk in this
thesis.

The lack of adjustment for shift work as a potential confounder may also be a weakness
of this thesis, although, like psychological state, it is unclear whether shift work fits the
criteria for a potential confounder (36 p.129-134). While shift work has been shown to
impact on a number of domains of sleep (37-39), its relationship with breast cancer is
still unclear. Some, but not all, studies of shift work and breast cancer have reported an
association, and reviews of the literature have highlighted weaknesses with much of the
existing data (40-46).

In the BCEES, information on occupational history was

collected, although the exposure assessment for shift work only recently became
available. Approximately 22% of BCEES participants reported ever having a worked a
shift that included the hours midnight to 5am.

Recent analysis of these data has

revealed no association between shift work and breast cancer in the BCEES (manuscript
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currently under peer-review), so it is unlikely that including shift work in multivariate
models would have significantly changed the effect estimates reported in this thesis.

The lack of data on genetic polymorphisms associated with aspects of sleep is also a
limitation of this thesis. BCEES participants were asked to provide consent and a
sample of their saliva for genetic analysis, but as yet these samples have not been
processed. A number of polymorphic variants have been identified as contributing to
variations of sleep characteristics in humans (47-49).

The vast majority of those

identified so far are genes that contribute to aspects of circadian rhythm and the timing
of sleep, including the genes CLOCK; PER1; PER2; PER3; NPAS2; AANAT; and
COMT (47-51). A genetic origin has also been proposed for sleep duration and sleep
disturbance but some of these results have not been replicated (48, 52-55). The
relationship between circadian genes and breast cancer has also been the subject of
recent research, with results suggesting that polymorphisms of PER1, PER2, PER3 and
NPAS2 may be associated with increased breast cancer risk (56-60). The circadian and
sleep genes identified so far only explain a small proportion of the variation in healthy
human sleep phenotypes (48).

It has been suggested that regulating the multiple

domains of sleep is likely to involve hundreds of low-penetrance genes (61). If the
relationship between sleep and breast cancer is confounded or modified by genotype, it
may not be easy to detect given the current limited knowledge on the genetic regulation
of sleep, and the likely small effect of each gene.

The potential limitations due to bias by indication in this thesis have been discussed in a
published commentary and response on chapter seven (62, 63). In this commentary,
Stevens suggested that, despite the questionnaire asking participants to ‘ignore the last
year’, participants would be unable to do this and their answers would reflect their
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current sleep habits (62).

Under these conditions, the study no longer reflects a

retrospective case-control study but acts as a cross sectional design. Stevens concluded
that as a result of participants reporting their current sleep duration, the results of
chapter seven are likely to be due to reverse causation, that is, the disease is driving
changes in sleep and not vice versa (62).

It is well established that a disease such as breast cancer can change sleep habits. The
evidence strongly suggests that cancer patients experience decreased sleep duration and
quality, as compared with the general population (64-66). Therefore, if participants
were reporting current sleep, we would expect cases to be reporting current sleep that
was shorter/poorer quality than their sleep prior to diagnosis, and also shorter/poorer
quality than the controls. As a result, we would expect an increased odds ratio for the
association between poor sleep and breast cancer risk. However, this study did not find
any associations between sleep duration nor sleep quality and breast cancer risk. To see
the null effects reported in chapter seven would require the “real” effect to be that
longer/better quality sleep is associated with breast cancer. The available evidence does
not support this, with studies of incident cancer generally showing no association
between longer sleep and cancer risk (67-70). Thus bias by indication is an unlikely
explanation for the findings of this thesis.

Finally, sleep is a complex mix of a number of different domains, including: duration,
quality, sleep onset latency and arousals amongst others. Other domains, such as
number of arousals or daytime sleepiness, may prove to be more accurately reflected in
self-report measures and/or have a true association with breast cancer risk, which I was
not able to explore in this thesis.

241

Despite these limitations, the results of the studies in this thesis appear to be internally
consistent, minimally affected by selection or misclassification bias, and comparable to
the results of other published literature. As such, I would argue that poor sleep and
exposure to light at night do not appear to increase the risk of developing breast cancer.

10.5 Further research and public health implications
The results from the methodological aspects of this thesis suggest that the future of
sleep epidemiology should be directed towards developing valid data collection tools
that are practical for use in large population-based samples. Validity studies of selfreported sleep using larger samples; at different times of the year; using ‘fuzzy’
response formats (as described in chapter five, p.98); and including men may shed more
light on the relationship between self-reported and objective measures of sleep. In
particular, additional validation studies could provide estimates of the sensitivity and
specificity of data collection items that may be useful in probabilistic bias modelling
techniques to evaluate the robustness of the results in both past and present studies (28).

The rise of smartphones that contain tri-axial accelerometers (similar technology to that
used in actigraphy) could facilitate large validation studies of current sleep to be
undertaken relatively cheaply and easily. One estimate suggests that almost 40% of
Americans currently own a smartphone (71).

Applications for smartphones have

already been developed that exploit the inbuilt accelerometer to assess sleep state and
the nocturnal periodic limb movements associated with a number of sleep disorders (72,
73).

Whether the currently available sleep state applications are comparable to

commercial actigraphy has not yet been evaluated, but there is potential for researchers
to develop their own applications. Accessing smartphones that participants already own
would minimise study cost. Research has also begun to evaluate the feasibility of
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population-scale, longitudinal data collection via mobile phone technology (74, 75).
The remote administration of studies via mobile phones, without the need for participant
contact, would also assist in reducing both the study cost and the participant burden.
Over the longer-term, the increasing use of smartphones may also facilitate the
collection of data sufficient to produce general population-based estimates of sleep
duration and sleep disturbance and track changes in these over time. Having these data
available could contribute to improving both the design and analysis of epidemiological
studies of sleep in the future.

Validation of retrospective recall of sleep is also an important gap in current research
and studies to achieve this are just now becoming possible. Since 2008, objective
measures of sleep have been obtained from a subset of participants in at least three ongoing cohort studies (76-78).

These participants could now be followed-up and

assessed for their recall of past sleep behaviours. Undertaking this work would provide
valuable data on the validity of retrospective recall of sleep.

Research should also be directed towards expanding the scope of sleep assessment to
include domains other than duration and quality.

The sleep disturbance metrics

developed in this thesis have provided an alternative way of conceptualising sleep that
may serve as a useful starting point for future studies. It is important to note however,
that the sleep disturbance metrics described here represent just one way of
conceptualising sleep-exposure, and others, such as cumulative time spent asleep, have
also been proposed (12). The emphasis needs to remain on measures that are not only
feasible and affordable, but also reliable and valid.

The search for as yet unrecognised, modifiable risk factors for breast cancer should
remain an important area of public health research. In the meantime, health promotion
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messages should continue to emphasise to women the importance of the known
modifiable risk factors for breast cancer, such as maintaining a healthy body weight and
minimising alcohol consumption, and the importance of early detection via
mammography screening (15, 79-81).

10.6 Conclusion
While short, poor quality or frequently disturbed sleep can be distressing, the results of
this, and previous, studies should give some reassurance to women that, given our best
available evidence, poor sleep and exposure to light at night do not appear to increase
the risk of developing breast cancer. The issue of how best to measure sleep in
epidemiological studies is an important and urgent area of future research for other
disease outcomes.
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Appendix 4 ‐ The sleep validity study questionnaire
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Appendix 5 ‐ Additional analysis for chapter six

Table A5-1 Sensitivity analysis: weighted (quadratic) kappa scores for agreement
between subjective self-reports of sleep quality and objective measures of sleep quality
(that were converted to four-level categorical variables based on quartiles) as recorded
by actigraphy, the Sleep Validity Study, Western Australia 2011.
Usual sleep habits question
Kappa
Observed
Kappa
95% CI P-value
Agreement
(%)
Mean
Sleep onset latency (n=56)
85%
0.06 -0.16-0.28
0.30
Sleep efficiency (n=56)
82%
-0.14 -0.32-0.04
0.91
Wake after sleep onset (n=56)
87%
0.17 -0.02-0.36
0.05
Sleep quality (n=56)
76%
0.04 -0.19-0.25
0.37
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Appendix 6 ‐ Additional analysis for chapter seven

Table A6-1 Adjusted odds ratios (OR) and 95% confidence intervals (CI), for the
association between breast cancer and six categories of duration of sleep on work days
and duration of sleep on non-work days, Breast Cancer, Environment and Employment
Study, 2009-2011.
95% CI
Duration
Controls
Cases
ORa
n
%
n
%
Duration on Work Days (n = 2828)
<5 hours
31
1.8
22
1.9
1.01 0.57-1.80
5-6 hours
207 12.2 141 12.4
1.05 0.82-1.35
6-7 hours
544 32.1 341 30.1
0.96 0.80-1.16
7-8 hours
681 40.2 461 40.7
1.00
8-9 hours
211 12.5 154 13.6
1.11 0.87-1.41
>9 hours
21
1.2
14
1.2
1.01 0.50-2.04
Duration on Non-Work days (n = 2828)
<5 hours
26
1.5
16
1.4
0.79 0.41-1.52
5-6 hours
140
8.3 102
9.0
1.11 0.83-1.49
6-7 hours
369 21.8 235 20.7
0.96 0.78-1.18
7-8 hours
670 39.5 461 40.7
1.00
8-9 hours
417 24.6 276 24.4
0.96 0.79-1.18
>9 hours
73
4.3
43
3.8
0.79 0.53-1.19
a

Adjusted for age, number of children, age at first birth, breast feeding, menopause status, use
of hormone replacement therapy, duration of use of hormone replacement therapy, alcohol
consumption, comparative weight at age 30, ever used melatonin and physical activity.
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Table A6-2 Adjusted odds ratios (OR) and 95% confidence intervals (CI), for the
association between breast cancer and duration of sleep on work days stratified by
quartiles of age, Breast Cancer, Environment and Employment Study, 2009-2011.
95% CI
Duration on
Controls
Cases
ORa
Work days
n
%
n
%
st
1 Quartile of Age (n=794)
<6 hours
46 10.7
43 11.8
0.97 0.59-1.61
6-7 hours
120 28.0 100 27.4
0.93 0.65-1.33
7-8 hours
183 42.7 160 43.8
1.00
>8 hours
80 16.7
62 17.0
0.89 0.59-1.35
nd
2 Quartile (n=642)
<6 hours
57 14.2
36 14.9
1.12 0.67-1.90
6-7 hours
132 32.9
76 34.5
0.97 0.65-1.45
7-8 hours
160 39.9
97 40.3
1.00
>8 hours
52 13.0
32 13.3
1.07 0.63-1.82
rd
3 Quartile (n=679)
<6 hours
70 16.6
44 17.2
1.20 0.73-1.97
6-7 hours
141 33.3
82 32.0
1.04 0.70-1.55
7-8 hours
157 37.1
98 38.3
1.00
>8 hours
55 13.0
32 12.5
1.06 0.62-1.83
th
4 Quartile (n=713)
<6 hours
65 14.7
40 14.8
1.04 0.64-1.71
6-7 hours
151 34.2
83 30.6
0.91 0.62-1.34
7-8 hours
181 41.0 106 39.1
1.00
>8 hours
45 10.2
42 15.5
1.60 0.95-2.69
a

Adjusted for number of children, age at first birth, breast feeding, menopause status, use of
hormone replacement therapy, duration of use of hormone replacement therapy, alcohol
consumption, comparative weight at age 30, ever used melatonin and physical activity.
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Table A6-3 Adjusted odds ratios (OR) and 95% confidence intervals (CI), for the
association between breast cancer and sleep quality stratified by quartiles of age, Breast
Cancer, Environment and Employment Study, 2009-2011.
95% CI
Sleep Quality
Controls
Cases
ORa
n
%
n
%
st
1 Quartile (n=794)
Very good
125 29.1
94 25.8
1.00
Fairly good
225 52.5 194 53.2
1.24 0.88-1.74
Fairly bad
64 14.9
65 17.8
1.34 0.85-2.12
Very Bad
15
3.5
12
3.3
0.96 0.41-2.26
nd
2 Quartile (n=643)
Very good
95 23.7
51 21.1
1.00
Fairly good
202 50.4 117 48.4
1.13 0.74-1.74
Fairly bad
79 19.7
57 23.6
1.49 0.90-2.49
Very Bad
25
6.2
17
7.0
1.29 0.60-2.77
rd
3 Quartile (n=678)
Very good
91 21.6
62 24.2
1.00
Fairly good
215 51.0 134 52.3
1.05 0.69-1.60
Fairly bad
89 21.1
39 15.2
0.68 0.40-1.16
Very Bad
27
6.4
21
8.2
1.30 0.64-2.66
th
4 Quartile (n=712)
Very good
109 24.7
74 27.3
1.00
Fairly good
210 47.6 135 49.8
1.02 0.69-1.51
Fairly bad
99 22.5
47 17.3
0.70 0.42-1.14
Very Bad
23
5.2
15
5.5
0.87 0.40-1.88
a

Adjusted for number of children, age at first birth, breast feeding, menopause status, use of
hormone replacement therapy, duration of use of hormone replacement therapy, alcohol
consumption, comparative weight at age 30, ever used melatonin and physical activity.
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Table A6-4 Bias analyses to investigate non-differential one-category misclassification of 10%, 20% and 50% of participants, showing unadjusted
odds ratios (OR) and 95% confidence intervals (CI) for the association between sleep duration, subjective sleep quality and risk of breast cancer, Breast
Cancer, Environment and Employment Study, 2009-2011.
10% Misclassification
Controls

Cases

n

n

OR

20% Misclassification
95% CI

Controls

Cases

n

n

OR

50% Misclassification
95% CI

Controls

Cases

n

n

OR

95% CI

Duration on Work Days (n=2828)
<6 hours

214

147

1.01

0.80-1.30

190

130

1.02

0.79-1.31

119

82

1.02

0.75-1.40

6-7 hours

513

323

0.93

0.78-1.12

483

305

0.94

0.78-1.13

391

252

0.96

0.80-1.16

7-8 hours

759

512

1.00

836

563

1.00

1069

716

1.00

>8 hours

209

151

1.07

186

134

1.08

116

84

1.08

506

341

1.00

636

431

1.00

0.84-1.37

0.83-1.38

0.79-1.47

Sleep Quality (n=2827)
Very good

463

311

1.00

Fairly good

757

513

1.01

0.84-1.22

661

446

1.00

0.83-1.21

376

245

0.96

0.78-1.18

Fairly bad

359

231

0.96

0.76-1.20

387

254

0.97

0.79-1.21

471

323

1.01

0.84-1.23

Very Bad

114

79

1.04

0.74-1.44

138

94

1.01

0.74-1.37

211

137

0.96

0.74-1.24
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Table A6-5 Adjusted odds ratios (OR) and 95% confidence intervals (CI), for the
association between sleep duration, sleep quality and breast cancer risk stratified by
menopause status, Breast Cancer, Environment and Employment Study, 2009-2011.
Duration

Controls
n
%

Duration on Work Days
Pre-menopausal (n=767)
<6 hours
46 11.1
6-7 hours
113 27.2
7-8 hours
179 43.0
>8 hours
78 18.8
Post-menopausal (n=2061)
<6 hours
192 15.0
6-7 hours
431 33.7
7-8 hours
502 39.3
>8 hours
154 12.0
Duration on Non-Work days
Pre-menopausal (n=767)
<6 hours
28
6.7
6-7 hours
67 15.6
7-8 hours
158 38.0
>8 hours
165 39.7
Post-menopausal (n=2061)
<6 hours
138 10.8
6-7 hours
304 23.8
7-8 hours
512 40.0
>8 hours
325 25.4
b
Sleep Quality
Pre-menopausal (n=767)
Very good
125 30.1
Fairly good
214 51.4
Fairly bad
63 15.1
Very Bad
14
3.4
Post-menopausal (n= 2060)
Very good
295 23.1
Fairly good
638 50.0
Fairly bad
268 21.0
Very Bad
76
6.0

Cases
n

ORa

95% CI

%

40
99
151
61

11.4
28.2
43.0
17.4

1.03
1.08
1.00
0.99

0.63-1.71
0.75-1.55

123
242
310
107

15.7
31.0
39.6
13.7

1.05
0.92
1.00
1.17

0.80-1.38
0.74-1.14

27
53
148
123

7.7
15.1
42.2
35.0

0.97
0.92
1.00
0.78

0.53-1.77
0.59-1.43

91
182
313
196

11.6
23.3
40.0
25.1

1.08
0.97
1.00
0.99

0.80-1.47
0.76-1.22

95
180
64
12

27.1
51.3
18.2
3.4

1.00
1.15
1.35
1.06

0.81-1.62
0.85-2.12
0.45-2.49

186
400
144
53

23.8
51.2
18.4
6.8

1.00
1.01
0.84
1.06

0.80-1.26
0.64-1.11
0.71-1.59

a

0.65-1.50

0.88-1.57

0.56-1.10

0.79-1.25

Adjusted for age, number of children, age at first birth, breast feeding, use of hormone
replacement therapy, duration of use of hormone replacement therapy, alcohol consumption,
comparative weight at age 30, ever used melatonin and physical activity.
b

One person was missing data for sleep quality.
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Appendix 7 ‐ Additional analysis for chapter eight
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Table A7-1 Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the
association between breast cancer and eight metrics of sleep disturbance stratified by
self-reported use of sleep medication during periods of disturbance, Breast Cancer,
Environment and Employment Study, 2009-2011.
Duration
Controls
Cases
ORa
95% CI
n
%
n
%
Metric C1 - Cumulative hours of disturbance with a harmful effect of
longer sleepb
Never used sleep medication
unexposed
727 60.2 486 59.2
1.00
1st tertile
186 15.4 121 14.7
0.96 0.74-1.26
nd
2 tertile
174 14.4 123 15.0
1.01 0.77-1.33
3rd tertile
121 10.0
91 11.1
1.14 0.84-1.55
Ever used sleep medication
Unexposed
38 78.0
28
9.1
1.00
1st tertile
113 23.7
64 20.9
0.78 0.42-1.43
nd
2 tertile
138 28.9 108 35.2
1.06 0.59-1.92
3rd tertile
188 39.4 107 34.8
0.88 0.49-1.59
Metric C2 - Cumulative hours of disturbance with a neutral effect of
longer sleepc
Never used sleep medication
unexposed
738 61.1 497 60.5
1.00
st
1 tertile
185 15.3 119 14.5
0.93 0.71-1.22
162 13.4 112 13.6
1.00 0.76-1.32
2nd tertile
rd
3 tertile
123 10.2
93 11.3
1.15 0.84-1.55
Ever used sleep medication
Unexposed
56 11.7
39 12.7
1.00
st
1 tertile
112 23.5
66 21.5
0.86 0.50-1.47
128 26.8
96 31.3
1.10 0.65-1.86
2nd tertile
rd
3 tertile
181 38.0 106 34.5
0.99 0.59-1.66
Metric A1 - Average hours of disturbance with a harmful effect of
longer sleep
Never used sleep medication
unexposed
727 60.2 486 59.2
1.00
1st tertile
152 12.6 132 16.1
1.29 0.98-1.69
2nd tertile
172 14.2 108 13.2
0.94 0.72-1.25
rd
3 tertile
157 13.0
95 11.6
0.86 0.65-1.16
Ever used sleep medication
Unexposed
38
8.0
28
9.1
1.00
145 30.4
92 30.0
0.96 0.53-1.73
1st tertile
nd
2 tertile
145 30.4
98 31.9
0.89 0.49-1.61
3rd tertile
149 31.2
89 29.0
0.86 0.48-1.57
Table continued on next page
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Table A7-1 continued.
Duration
Controls
Cases
ORa
95% CI
n
%
n
%
Metric A2 - Average hours of disturbance with a neutral effect of
longer sleep
Never used sleep medication
unexposed
738 61.1 497 60.5
1.00
1st tertile
142 11.8 120 14.6
1.25 0.95-1.66
nd
2 tertile
176 14.6 110 13.4
0.93 0.70-1.22
3rd tertile
152 12.6
94 11.5
0.88 0.66-1.18
Ever used sleep medication
Unexposed
56 11.7
39 12.7
1.00
st
1 tertile
127 26.6
79 25.7
1.02 0.60-1.73
2nd tertile
148 31.0 103 33.6
1.00 0.59-1.68
146 30.6
86 28.0
0.92 0.54-1.56
3rd tertile
Metric P1 - Peak disturbance with a harmful effect of longer sleep
Never used sleep medication
unexposed
728 60.2 486 59.2 1.00
1st tertile
79
6.5
74 9.01
1.40 0.99-1.99
nd
2 tertile
184 15.2 126 15.4
1.02 0.78-1.34
3rd tertile
217 18.0 135 16.4
0.90 0.70-1.16
Ever used sleep medication
Unexposed
38
8.0
29
9.5
1.00
st
1 tertile
80 16.8
51 16.6
0.92 0.49-1.74
2nd tertile
129 27.0
86 28.0
0.86 0.48-1.57
3rd tertile
230 48.2 141 45.9
0.85 0.48-1.50
Metric P2 - Peak disturbance with a neutral effect of longer sleep
Never used sleep medication
unexposed
738 61.1 497 60.6
1.00
1st tertile
74
6.1
65
7.9
1.29 0.90-1.86
nd
2 tertile
182 15.1 124 15.1
1.01 0.78-1.32
3rd tertile
214 17.7 135 16.4
0.91 0.71-1.17
Ever used sleep medication
Unexposed
56 11.7
39 12.7
1.00
66 13.8
42 13.7
1.03 0.57-1.87
1st tertile
nd
2 tertile
128 26.8
86 28.0
0.98 0.58-1.66
3rd tertile
227 47.6 140 45.6
0.96 0.59-1.59
Table continued on next page
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Table A7-1 continued.
Duration
Controls
Cases
n
%
n
%
Metric D1 - Duration all periods
Never used sleep medication
unexposed
722 59.8 483 58.8
st
1 tertile
165 13.7 106 12.9
2nd tertile
193 16.0 128 15.6
rd
3 tertile
128 10.6 104 12.7
Ever used sleep medication
unexposed
30
6.3
25
8.1
1st tertile
97 20.3
62 20.2
2nd tertile
149 31.2
93 30.3
3rd tertile
201 42.1 127 41.4
Metric D2 - Duration only short periods
Never used sleep medication
unexposed
733 60.7 493 60.1
st
167 13.8 105 12.8
1 tertile
2nd tertile
189 15.7 128 15.6
rd
3 tertile
119
9.9
95 11.6
Ever used sleep medication
Unexposed
45
9.4
36 11.7
99 20.8
60 19.5
1st tertile
nd
2 tertile
150 31.5 100 32.6
3rd tertile
183 38.4 111 36.2
a

ORa

95% CI

1.00
0.92
1.00
1.19

0.69-1.22
0.77-1.30
0.89-1.60

1.00
0.73
0.75
0.86

0.38-1.41
0.40-1.41
0.46-1.60

1.00
0.88
1.01
1.18

0.67-1.17
0.78-1.31
0.87-1.61

1.00
0.73
0.87
0.90

0.40-1.30
0.50-1.52
0.52-1.55

Adjusted for age, number of children, age at first birth, breast feeding, menopause status, use
of hormone replacement therapy, duration of use of hormone replacement therapy, alcohol
consumption, comparative weight at age 30, ever used melatonin and physical activity.
b

Approximately 5% participants in this study reported at least one period of sleep disturbance
that resulted in a nightly duration of sleep that was longer than their reported ‘usual’ duration of
sleep (commonly associated with depression as the cause for sleep disturbance). These periods
are referred to as ‘longer sleep’.
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Table A7-2 Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the
association between breast cancer and eight metrics of sleep disturbance stratified by
menopausal status of participants, Breast Cancer, Environment and Employment Study,
2009-2011.
Duration
Controls
Cases
ORa
95% CI
n
%
n
%
Metric C1 - Cumulative hours of disturbance with a harmful effect of
longer sleepb
Pre-menopausal
unexposed
192 46.2 159 45.3
1.00
1st tertile
87 20.9
70 19.9
1.01 0.68-1.50
nd
2 tertile
97 23.3
79 22.5
1.06 0.72-1.55
3rd tertile
40
9.6
43 12.3
1.43 0.86-2.37
Post-menopausal
Unexposed
575 45.0 356 45.6
1.00
1st tertile
212 16.6 116 14.9
0.88 0.68-1.16
nd
2 tertile
220 17.2 152 19.5
1.11 0.86-1.43
3rd tertile
271 21.2 157 20.1
0.92 0.72-1.18
Metric C2 - Cumulative hours of disturbance with a neutral effect of
longer sleepb
Pre-menopausal
unexposed
197 47.4 168 47.9
1.00
st
1 tertile
87 20.9
70 19.9
0.99 0.67-1.47
90 21.6
68 19.4
0.96 0.64-1.43
2nd tertile
rd
3 tertile
42 10.1
45 12.8
1.40 0.86-2.29
Post-menopausal
Unexposed
599 46.9 369 47.3
1.00
st
1 tertile
210 16.4 116 14.9
0.90 0.69-1.17
205 16.0 140 17.9
1.10 0.85-1.43
2nd tertile
rd
3 tertile
264 20.7 156 20.0
0.94 0.74-1.20
Metric A1 - Average hours of disturbance with a harmful effect of
longer sleep
Pre-menopausal
unexposed
192 46.2 159 45.3
1.00
1st tertile
63 15.1
64 18.2
1.30 0.85-2.00
2nd tertile
76 19.3
67 19.1
1.13 0.75-1.70
rd
3 tertile
85 20.4
61 17.4
0.93 0.62-1.41
Post-menopausal
Unexposed
575 45.0 356 45.6
1.00
235 18.4 161 20.6
1.11 0.86-1.41
1st tertile
nd
2 tertile
242 18.9 140 17.9
0.93 0.72-1.20
3rd tertile
226 17.7 124 15.9
0.87 0.67-1.13
Table continued on next page
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Table A7-2 continued
Duration
Controls
Cases
ORa
95% CI
n
%
n
%
Metric A2 - Average hours of disturbance with a neutral effect of
longer sleep
Pre-menopausal
unexposed
197 47.4 168 47.9
1.00
1st tertile
57 13.7
55 15.7
1.22 0.78-1.91
nd
2 tertile
79 19.0
70 19.9
1.11 0.74-1.65
3rd tertile
83 20.0
58 16.5
0.89 0.59-1.35
Post-menopausal
Unexposed
599 46.9 369 47.3
1.00
st
1 tertile
213 16.7 145 18.6
1.10 0.85-1.41
2nd tertile
246 19.3 144 18.4
0.95 0.74-1.22
220 17.2 123 15.8
0.89 0.68-1.15
3rd tertile
Metric P1 - Peak hours of disturbance with a harmful effect of longer
sleep
Pre-menopausal
unexposed
192 46.2 159 45.3
1.00
st
1 tertile
32
7.7
40 11.4
1.60 0.94-2.73
2nd tertile
75 18.0
61 17.4
1.04 0.69-1.59
rd
3 tertile
117 28.1
91 25.9
1.00 0.69-1.44
Post-menopausal
Unexposed
576 45.1 357 45.7
1.00
128 10.0
86 11.0
1.08 0.79-1.47
1st tertile
2nd tertile
238 18.6 152 19.5
1.03 0.81-1.33
rd
3 tertile
336 26.3 186 23.8
0.88 0.70-1.10
Metric P2 - Peak disturbance with a neutral effect of longer sleep
Pre-menopausal
unexposed
197 47.4 168 47.9
1.00
st
1 tertile
30
7.2
34
9.7
1.46 0.84-2.54
2nd tertile
74 17.8
60 17.1
1.02 0.67-1.55
rd
115 27.6
89 25.4
0.97 0.67-1.40
3 tertile
Post-menopausal
Unexposed
599 46.9 369 47.3
1.00
st
1 tertile
111
8.7
74
9.5
1.07 0.77-1.48
2nd tertile
236 18.5 151 19.3
1.05 0.82-1.34
rd
3 tertile
332 26.0 187 23.9
0.90 0.72-1.13
Table continued on next page
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Table A7-2 continued
Duration
Controls
Cases
n
%
n
%
Metric D1 – Duration all periods
Pre-menopausal
unexposed
191 45.9 157 44.7
st
1 tertile
94 22.6
71 20.2
2nd tertile
91 21.9
76 21.7
rd
3 tertile
40
9.6
47 13.4
Post-menopausal
Unexposed
563 44.1 352 45.1
1st tertile
168 13.2
98 12.6
nd
2 tertile
257 20.1 146 18.7
3rd tertile
290 22.7 185 23.7
Metric D2 - Duration only short periods
Pre-menopausal
unexposed
196 47.1 166 47.3
st
94 22.6
69 19.7
1 tertile
2nd tertile
90 21.6
75 21.4
rd
3 tertile
36
8.7
41 11.7
Post-menopausal
Unexposed
584 45.7 364 46.6
172 13.5
97 12.4
1st tertile
nd
2 tertile
255 20.0 154 19.7
3rd tertile
267 20.9 166 21.3
a

ORa

95% CI

1.00
0.97
1.11
1.52

0.65-1.44
0.75-1.64
0.92-2.50

1.00
0.92
0.91
1.00

0.69-1.22
0.71-1.17
0.80-1.27

1.00
0.91
1.09
1.48

0.61-1.35
0.73-1.61
0.88-2.48

1.00
0.89
0.98
0.98

0.66-1.18
0.76-1.25
0.77-1.24

Adjusted for age, number of children, age at first birth, breast feeding, use of hormone
replacement therapy, duration of use of hormone replacement therapy, alcohol consumption,
comparative weight at age 30, ever used melatonin and physical activity.

b

Approximately 5% participants in this study reported at least one period of sleep disturbance
that resulted in a nightly duration of sleep that was longer than their reported ‘usual’ duration of
sleep (commonly associated with depression as the cause for sleep disturbance). These periods
are referred to as ‘longer sleep’.
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Table A7-3 Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the
association between breast cancer and four neutral metrics of sleep disturbance stratified
by amplitude (languidness or vigorousness) of circadian rhythm, Breast Cancer,
Environment and Employment Study, 2009-2011.
Duration
Controls
Cases
ORa
95% CI
n
%
n
%
Metric C2 - Cumulative hours of disturbance with a neutral effect of
longer sleep (n= 2806)b,c
Neither type
unexposed
403 49.5 292 50.5
1.00
1st tertile
139 17.1
94 16.3
0.87 0.63-1.19
nd
2 tertile
130 16.0 102 17.7
0.97 0.71-1.34
3rd tertile
142 17.4
90 15.6
0.91 0.66-1.26
Vigorous type
Unexposed
162 50.8 117 53.7
1.00
1st tertile
49 15.4
33 15.1
1.10 0.62-1.94
nd
2 tertile
51 16.0
34 15.6
0.96 0.56-1.66
3rd tertile
57 17.9
34 16.6
0.95 0.55-1.65
Languid type
unexposed
225 41.0 124 37.8
1.00
st
1 tertile
108 19.7
59 18.0
1.03 0.68-1.57
2nd tertile
112 20.4
70 21.3
1.19 0.80-1.77
rd
3 tertile
104 18.9
75 22.9
1.55 1.03-2.33
Metric A2 - Average hours of disturbance with a neutral effect of
longer sleep
Neither type
unexposed
403 49.5 292 50.5
1.00
st
1 tertile
140 17.2
98 17.0
0.96 0.70-1.32
151 18.5 109 18.9
0.90 0.67-1.23
2nd tertile
rd
3 tertile
120 14.7
79 13.7
0.88 0.63-1.23
Vigorous type
unexposed
162 50.8 117 53.7
1.00
1st tertile
47 14.7
37 17.0
1.34 0.77-2.35
nd
54 16.9
30 13.8
0.95 0.54-1.68
2 tertile
3rd tertile
56 17.6
34 15.6
0.78 0.45-1.37
Languid type
unexposed
225 41.0 124 37.8
1.00
1st tertile
83 15.1
64 19.5
1.51 0.98-2.30
nd
2 tertile
117 21.3
73 22.3
1.20 0.81-1.80
124 22.6
67 20.4
1.10 0.74-1.63
3rd tertile
Table continued on next page
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Table A7-3 continued
Duration
Controls
Cases
ORa
95% CI
n
%
n
%
Metric P2 - Peak disturbance with a neutral effect of longer sleep
Neither type
unexposed
403 49.5 292 50.5
1.00
st
1 tertile
76
9.3
56
9.7
0.98 0.66-1.46
2nd tertile
149 18.3 101 17.5
0.87 0.64-1.19
rd
3 tertile
186 22.9 129 22.3
0.93 0.70-1.23
Vigorous type
unexposed
162 50.8 117 53.7
1.00
1st tertile
24
7.5
22 10.1
1.60 0.78-3.28
nd
2 tertile
57 17.9
37 17.0
1.11 0.65-1.88
3rd tertile
76 23.8
42 19.3
0.76 0.45-1.26
Languid type
unexposed
225 41.0 124 37.8
1.00
1st tertile
41
7.5
30
9.2
1.41 0.81-2.46
nd
2 tertile
102 18.6
72 22.0
1.37 0.91-2.06
3rd tertile
181 33.0 102 31.1
1.13 0.79-1.61
Metric D2 - Duration only short periods
Neither type
unexposed
394 48.4 290 50.2
1.00
114 14.0
83 14.4
0.87 0.62-1.22
1st tertile
nd
2 tertile
157 19.3 103 17.8
0.82 0.60-1.11
3rd tertile
149 18.3 102 17.7
0.99 0.73-1.36
Vigorous type
unexposed
160 50.2 115 52.8
1.00
44 13.8
30 13.8
1.05 0.59-1.87
1st tertile
nd
2 tertile
54 16.9
36 16.5
0.91 0.53-1.57
3rd tertile
61 19.1
37 17.0
1.02 0.60-1.74
Languid type
unexposed
220 40.1 121 37.9
1.00
st
107 19.5
53 16.2
0.90 0.59-1.39
1 tertile
132 24.0
87 26.5
1.31 0.89-1.92
2nd tertile
3rd tertile
90 16.4
67 20.4
1.56 1.01-2.39
a

Adjusted for age, number of children, age at first birth, breast feeding, menopause status, use
of hormone replacement therapy, duration of use of hormone replacement therapy, alcohol
consumption, comparative weight at age 30, ever used melatonin and physical activity.
b

Twenty participants were missing data on circadian amplitude.

c

Approximately 5% participants in this study reported at least one period of sleep disturbance
that resulted in a nightly duration of sleep that was longer than their reported ‘usual’ duration of
sleep (commonly associated with depression as the cause for sleep disturbance). These periods
are referred to as ‘longer sleep’.
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Table A7-4 Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the association between eight metrics of sleep-disturbance and risk of
oestrogen receptor-positive and oestrogen receptor-negative breast cancer, Breast Cancer, Environment and Employment Study, 2009-2011.
Controls
Oestrogen Receptor-Positive
Oestrogen Receptor-Negative
Pc
Casesb
Casesb
a
%
%
OR
95% CI
%
OR a
(95% CI)
Metric C1 - Cumulative hours of disturbance with a harmful effect of longer sleepd
unexposed
45.3
46.0
1.00
41.5
1.00
0.74
1st tertile
17.7
16.3
0.88 0.69-1.13
19.5
1.11 0.70-1.77
18.7
19.5
0.98 0.77-1.24
23.9
1.36 0.88-2.11
2nd tertile
rd
3 tertile
18.4
18.2
1.02 0.80-1.31
15.1
1.00 0.60-1.66
Metric C2 - Cumulative hours of disturbance with a neutral effect of longer sleepd
unexposed
47.0
48.3
1.00
42.1
1.00
0.74
1st tertile
17.5
16.3
0.87 0.68-1.12
20.1
1.17 0.73-1.85
17.4
17.7
0.94 0.73-1.19
21.4
1.35 0.86-2.12
2nd tertile
3rd tertile
18.1
17.8
1.01 0.79-1.29
16.4
1.15 0.70-1.88
Metric A1 - Average hours of disturbance with a harmful effect of longer sleep
unexposed
45.3
46.0
1.00
41.5
1.00
0.41
17.6
18.9
1.07 0.84-1.36
23.9
1.48 0.96-2.30
1st tertile
2nd tertile
18.8
19.0
0.98 0.77-1.24
16.4
0.96 0.59-1.58
3rd tertile
18.4
16.0
0.84 0.66-1.08
18.2
1.06 0.66-1.71
Metric A2 - Average hours of disturbance with a neutral effect of longer sleep
unexposed
47.0
48.3
1.00
42.1
1.00
0.22
st
15.9
16.5
1.02 0.79-1.31
23.3
1.64 1.05-2.56
1 tertile
2nd tertile
19.2
19.7
0.98 0.77-1.24
16.4
0.96 0.59-1.57
rd
3 tertile
17.9
15.6
0.83 0.65-1.07
18.2
1.12 0.70-1.80
Table continued on next page
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Table A7-4 continued.
Controls

Oestrogen Receptor-Positive Oestrogen Receptor-Negative
Casesb
Casesb
a
%
%
OR
95% CI
%
OR a
(95% CI)
Metric P1 - Peak disturbance with a harmful effect of longer sleep
unexposed
45.3
46.0
1.00
42.5
1.00
9.5
10.8
1.14 0.85-1.54
16.4
1.93 1.17-3.19
1st tertile
nd
2 tertile
18.5
18.9
0.98 0.77-1.25
16.4
0.92 0.56-1.50
3rd tertile
26.7
24.3
0.89 0.71-1.10
25.2
1.02 0.66-1.56
Metric P2 - Peak disturbance with a neutral effect of longer sleep
unexposed
47.0
48.3
1.00
42.1
1.00
8.3
9.1
1.06 0.77-1.45
15.7
2.13 1.27-3.57
1st tertile
nd
2 tertile
18.3
18.7
0.97 0.76-1.23
16.4
0.98 0.60-1.60
3rd tertile
26.4
24.0
0.88 0.71-1.09
25.8
1.10 0.72-1.69
Metric D1 - Duration all periods
unexposed
44.5
45.4
1.00
40.9
1.00
st
1 tertile
15.5
14.8
0.89 0.68-1.15
17.6
1.10 0.68-1.79
2nd tertile
20.5
19.9
0.93 0.73-1.17
21.4
1.14 0.72-1.79
rd
3 tertile
19.5
19.9
1.04 0.82-1.32
20.1
1.23 0.77-1.96
Metric D2 - Duration only short periods
unexposed
46.0
47.5
1.00
41.1
1.00
st
1 tertile
15.7
14.6
0.85 0.65-1.10
17.6
1.09 0.67-1.76
2nd tertile
20.4
20.4
0.95 0.75-1.20
23.3
1.28 0.82-2.00
rd
3 tertile
17.9
17.5
0.99 0.78-1.27
17.6
1.24 0.76-2.00

Pc

0.14

0.10

0.89

0.76

a Adjusted for age, number of children, age at first birth, breast feeding, menopause status, use of hormone replacement therapy, duration of use of hormone
replacement therapy, alcohol consumption, comparative weight at age 30, ever used melatonin and physical activity.
b 169 women with breast cancer did not have oestrogen receptor status recorded on their Western Australian Cancer Registry records.
c P-value for difference between oestrogen receptor-positive and oestrogen receptor-negative cancer risk.
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d Approximately 5% participants in this study reported at least one period of sleep disturbance that resulted in a nightly duration of sleep that was longer than their
reported ‘usual’ duration of sleep (commonly associated with depression as the cause for sleep disturbance). These periods are referred to as ‘longer sleep’.
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Table A7-5 Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the association between four neutral metrics of sleep disturbance and
breast cancer risk limited to periods of disturbance that began around the time of first child, Breast Cancer, Environment and Employment Study,
2009-2011.
Within 1 year of first child
Within 5 years of first child
Controls Cases
ORa
95% CI
Controls Cases
ORa
95% CI
%
%
%
%
Metric C2 - Cumulative hours of disturbance with a neutral effect of longer sleepb (n=2495)c
unexposed
73.0
68.7
1.00
66.8
63.9
1.00
1st tertile
8.8
10.8
1.33 1.01-1.77
10.8
10.5
1.03 0.78-1.35
nd
2 tertile
8.6
10.2
1.30 0.97-1.74
11.1
13.0
1.21 0.93-1.58
3rd tertile
9.6
10.4
1.10 0.82-1.46
11.4
12.6
1.16 0.89-1.52
Metric A2 - Average hours of disturbance with a neutral effect of longer sleep (n=2495)
unexposed
74.3
71.1
1.00
68.2
66.6
1.00
1st tertile
6.2
6.0
1.02 0.72-1.46
8.8
8.1
0.96 0.71-1.30
nd
2 tertile
9.6
13.0
1.47 1.13-1.92
12.5
14.0
1.20 0.94-1.55
3rd tertile
9.9
9.9
1.00 0.75-1.33
10.5
11.3
1.05 0.80-1.39
Metric P2 - Peak disturbance with a neutral effect of longer sleep (n=2495)
unexposed
73.0
68.7
1.00
66.7
63.9
1.00
st
1 tertile
6.1
6.1
1.06 0.75-1.51
7.3
6.7
0.94 0.68-1.31
2nd tertile
10.0
13.6
1.52 1.17-1.97
12.3
14.5
1.28 1.00-1.64
rd
3 tertile
10.9
11.6
1.09 0.83-1.43
13.7
14.8
1.10 0.86-1.41
Metric D2 - Duration only short periods (n=2495)
unexposed
74.1
71.0
1.00
68.1
66.4
1.00
st
1 tertile
2.9
3.4
1.29 0.80-2.09
9.3
8.8
0.99 0.74-1.33
2nd tertile
11.1
12.9
1.21 0.93-1.57
11.2
13.6
1.21 0.94-1.56
rd
3 tertile
12.0
12.7
1.10 0.85-1.43
11.5
11.2
1.03 0.78-1.35
a Adjusted for age, number of children, age at first birth, breast feeding, menopause status , use of hormone replacement therapy, duration of use of hormone
replacement therapy, alcohol consumption, comparative weight at age 30, ever used melatonin and physical activity.
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b Approximately 5% participants in this study reported at least one period of sleep disturbance that resulted in a nightly duration of sleep that was longer than their
reported ‘usual’ duration of sleep (commonly associated with depression as the cause for sleep disturbance). These periods are referred to as ‘longer sleep’.
C 331 women without children were excluded from this analysis.
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Table A7-6 Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the
association between eight metrics of sleep disturbance and breast cancer risk limited to
periods of disturbance that began within 2 years of the birth of the participants first
child, Breast Cancer, Environment and Employment Study, 2009-2011.
Within 2 years of first child
Controls Cases
OR a
95% CI
%
%
Metric C1 - Cumulative hours of disturbance with a
harmful effect of longer sleepb (n=2495)c
unexposed
70.1
66.6
1.00
1st tertile
8.3
9.3
1.20 0.89-1.61
nd
2 tertile
11.7
12.9
1.17 0.90-1.52
3rd tertile
9.9
11.3
1.16 0.88-1.53
Metric C2 - Cumulative hours of disturbance with a
neutral effect of longer sleepb (n=2495)c
unexposed
70.8
67.3
1.00
1st tertile
9.8
10.1
1.12 0.85-1.49
nd
2 tertile
9.7
11.5
1.24 0.95-1.64
3rd tertile
9.7
11.2
1.18 0.89-1.56
Metric A1 - Average hours of disturbance with a
harmful effect of longer sleep (n=2495)
unexposed
70.1
66.6
1.00
st
1 tertile
8.5
8.8
1.09 0.80-1.46
2nd tertile
11.5
14.1
1.34 1.04-1.73
rd
3 tertile
9.9
10.5
1.06 0.80-1.41
Metric A2 - Average hours of disturbance with a
neutral effect of longer sleep (n=2495)
unexposed
72.3
69.7
1.00
6.8
6.6
1.03 0.74-1.45
1st tertile
nd
2 tertile
11.1
13.5
1.31 1.01-1.70
3rd tertile
9.9
10.2
1.02 0.76-1.35
Metric P1 - Peak disturbance with a harmful effect of
longer sleep (n=2495)
unexposed
70.1
66.9
1.00
1st tertile
6.8
6.5
0.99 0.70-1.38
nd
2 tertile
11.1
14.2
1.38 1.07-1.78
12.0
12.4
1.04 0.80-1.36
3rd tertile
Metric P2 - Peak disturbance with a neutral effect of
longer sleep (n=2495)
unexposed
70.8
67.3
1.00
st
1 tertile
6.2
6.0
1.00 0.71-1.43
2nd tertile
11.1
14.0
1.38 1.07-1.79
rd
3 tertile
11.9
12.7
1.08 0.83-1.41
Table continued on next page
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Table A7-6 continued.
Controls Cases
OR a
95% CI
%
%
Metric D1 - Duration all periods (n=2495)
unexposed
69.8
66.5
1.00
1st tertile
9.9
9.8
1.04 0.78-1.39
nd
2 tertile
9.9
11.6
1.21 0.92-1.59
3rd tertile
10.5
12.2
1.22 0.93-1.60
Metric D2 - Duration only short periods (n=2495)
unexposed
72.1
69.6
1.00
st
1 tertile
9.3
9.5
1.29 0.80-2.09
2nd tertile
9.2
10.2
1.21 0.93-1.57
rd
3 tertile
9.5
10.8
1.10 0.85-1.43
a

Adjusted for age, number of children, age at first birth, breast feeding, menopause status , use
of hormone replacement therapy, duration of use of hormone replacement therapy, alcohol
consumption, comparative weight at age 30, ever used melatonin and physical activity.

b

Approximately 5% participants in this study reported at least one period of sleep disturbance
that resulted in a nightly duration of sleep that was longer than their reported ‘usual’ duration of
sleep (commonly associated with depression as the cause for sleep disturbance). These periods
are referred to as ‘longer sleep’.

C

331 women without children were excluded from this analysis.
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Appendix 8 ‐ Additional analysis for chapter nine
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Table A8-1 Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the
association between domestic exposure to light at night and risk of breast cancer,
adjusting for occupational exposure to light at night, Breast Cancer, Environment and
Employment Study, 2009-2011.
Controls
Cases
OR a
95% CI
n
%
n
%
Fell asleep with the light on (n= 2909)
Never
993 57.1 686 58.6 1.00
Sometimes
602 34.6 405 34.6 0.97 0.83-1.14
Often or Always
143
8.2
80
6.8 0.81 0.60-1.08
Fell asleep and left the light on all night(n=2909)
Did not fall asleep with light on
993 57.1 686 58.6 1.00
Fell asleep, but did not leave
694 39.9 433 37.0 0.90 0.77-1.05
light on all night
Fell asleep, and left light on all
51
2.9
52
4.4 1.42 0.95-2.12
night
Turn on the lights during periods of sleep disturbance (n=2973)
unexposed
1129 63.5 763 63.9 1.00
st
144
8.1
86
7.2 0.84 0.63-1.12
1 quartile
2nd quartile
182 10.2 125 10.5 0.99 0.77-1.26
3rd quartile
147
8.3
88
7.4 0.88 0.66-1.16
4th quartile
176
9.9 133 11.1 1.17 0.92-1.50
Have lights on for more than 10 minutes during periods of sleep disturbance
(n=2973)
unexposed
1217 68.5 840 70.3 1.00
1st quartile
134
7.5
73
6.1 0.75 0.56-1.02
2nd quartile
149
8.4
93
7.8 0.89 0.67-1.17
3rd quartile
138
7.8
94
7.9 0.99 0.75-1.30
4th quartile
140
7.9
95
8.0 1.05 0.79-1.38
a

Adjusted for age and probable occupational exposure to light at night
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Appendix 9 ‐ First page of publications arising from material in
this thesis
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Appendix 10 – List of presentations arising from material in this
thesis
Invited presentations
‘Self-reported sleep over the lifetime: its measurement and association with breast
cancer’ Invited talk for the Institute for Epidemiology and Prevention Research,
Bremen, Germany. July 2012.

‘Sleep and the risk of breast cancer’ Invited talk for the Western Australian Sleep
Disorders Research Institute, Perth, Australia Feb 2012.

Conference presentations
Girschik J, Fritschi L, Heyworth J. Breast cancer risk and self-reported sleep in a
population-based case-control study of Western Australian women. Presented at the
WA Cancer Research Symposium, Perth 2012.

Girschik J, Heyworth J, Fritschi L. Assessing the reliability of the Breast Cancer
Environment and Employment Study (BCEES) sleep questionnaire to assess lifetime
sleep quality. Presented at the Australasian Epidemiological Association Annual
Scientific Meeting, Perth 2011.

Girschik J, Heyworth J, Fritschi L. Lifetime sleep quality as a risk factor for developing
breast cancer. Presented at the WA Institute for Medical Research Seminar Series July
2010.
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Girschik J, Heyworth J, Fritschi L. Lifetime sleep quality as a risk factor for developing
breast cancer.

Presented at The University of WA, School of Population Health

Seminar Series July 2010.

Conference posters
Girschik J, Heyworth J, Fritschi L. Sleep as a potential risk factor for breast cancer.
Presented at the Population Health Postgraduate Society Research Symposium, Perth
2012.

Girschik J, Heyworth J, Fritschi L. Assessing the reliability of a questionnaire to assess
lifetime sleep quality in a case-control study of breast cancer. Presented at World Sleep
2011, Kyoto, Japan, 2011.
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