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Abstract

Abstract
In a 9-month prospective study, sleep and daytime functioning were compared
in a community sample of 86 participants aged 25-50 years: 43 meeting DSM
IV criteria for primary insomnia (26 women & 17 men); and 43 controls (32
women & 11 men).

Assessments were conducted at baseline, 4 and 8 months, and included: the
Pittsburgh Sleep Quality Index; Spielberger StatefTrait Anxiety Inventory;
Eysenck Personality Questionnaire, Beck Depression Inventory; Fatigue
Severity Scale; SF-36; Epworth Sleepiness Scale; Dysfunctional Beliefs About
Sleep Scale; Sleep Hygiene and Practices Scale, Sleep Disturbance
Questionnaire and the Psychomotor Vigilance Task PVT. An instrument to
assess the occupational consequences of insomnia (the Occupational Impact of
Sleep Questionnaire; OISQ) was also developed in the course of the study.

PWI versus control group comparisons were made with repeated measures
multivariate ANOVAs. Differences were consistently and significantly
maintained on measures of state (F

=15.85 P <0.001) and trait anxiety

(F = 23.46; P < 0.001), depression (F = 18.37; P < 0.001), fatigue (F = 22.20;
P < 0.001), and neuroticism (F = 11.09; P < 0.001). Among PWI, mental health
(F = 14.04; P < 0.001), pain (F = 6.92; P < 0.001), role-emotion (F = 10.94;
p < 0.001), general health perceptions (F

=4.77; P < 0.05), social functioning

(F = 6.58; P < 0.01) and energy and vitality (F = 32.08; P < 0.001), on the
SF-36, were consistent with inferior health related QoL. In addition, pre-sleep
arousal (F = 14.76; P < 0.001), sleep hygiene (F = 35.26; P < 0.001) and sleep

=72.32; P < 0.001) were significantly worse within PWI.
Subjectively reported TIB (F = 9.38; P < 0.01), SOL (F =11.17; P < 0.01) and

disturbance (F

WASO (F = 21.10; P < 0.001), remained greater within PWI, with SE (F = 15.29;
P < 0.001), TST (F = 9.38; P < 0.01) and subjective sleep quality (F
P < 0.001) greater within controls.

=29.57;

Abstract
Data averaged over the duration of data collection (252 days) found PWI
reported an average SOL >30 minutes, an average WASO of> 30 minutes, SE
< 80%. Analysed in terms of night to night sleep quality, both PWI and controls
showed a pattern of 'good' (sleep efficiency >80%) and 'poor' (sleep efficiency
<80%) nights. However, the probability of individual poor nights remained
consistently and significantly higher for PWI across the 9 months of the study.
Actigraphy data failed to confirm between group differences in sleep, and
correlation with diary measures was low in both groups.

PVf performance showed instability. Significant group differences found at
baseline, were no longer present at subsequent data collection points. Data
support the inconsistency surrounding objective performance among PWI within
the literature. However, the inconsistency can be attributed to greater change
within control participant's performance, rather than within PWI.

Data identified the existence of a stable subgroup of PWI reporting symptoms
of daytime sleepiness. Daytime sleepiness was found to be a temporally stable
feature for this sub-group of PWI, who also Showed a distinctive psychological
profile compared to PWI who did not report daytime sleepiness. No difference,
however, was observed in subjectively reported sleep structure, quality or
daytime performance between these subgroups of PWI. Insomnia subgroup
analyses suggest a trait-like difference between sleepy and non sleepy PWI.

The OISO showed an acceptable level of internal consistency reliability (alpha
0.93); and successfully discriminated between PWI and controls. The OISO
also showed consistent correlations with measures of global sleep quality and
subjective sleep parameters. Expressed in terms of comparative percentage
decrement, PWI showed a consistent 10% decrement in subjective
occupational performance when compared with controls. The OISO shows that
absenteeism and punctuality may not capture the full impact of insomnia on
workplace performance.

Keywords: Insomnia, stability, daytime performance, health related quality of
life, subgroups.
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CHAPTER 1

1. LITERATURE REVIEW

1.1. Prevalence of insomnia symptoms
Sleep problems are the most frequently reported psychological symptom in
Britain, with 24% of men and 34% of women reporting problems getting to sleep
or staying asleep in the past month (Singleton et al., 2003). Over the same
time period (one month) these problems are more prevalent than worry (19%
overall), depressed thoughts (9.5% overall), and anxiety (8.6% overall). While
clearly indicating the prevalence and personal significance of disturbed sleep
quality in the general population, these figures offer only an approximation of
clinically significant insomnia. Reviewing epidemiological studies of insomnia,
Ohayon (2002), found that prevalence (which ranged from 2% to 48%)
depended on the definition of insomnia used and, in particular, on the extent to
which formal diagnostic criteria were employed in diagnosing a sleep disorder.
Using four descriptive categories Ohayon (2002) showed that the highest
reported prevalence rates (typically 30-48%) were for "insomnia symptoms",
while lower rates were reported for "insomnia symptoms + daytime
consequences" (typically 9-15%), "dissatisfaction with sleep quantity or quality"
(typically 8-18%), and "insomnia diagnosis" (with estimates as low as 6.2%).
Ohayon's (2002) classification, while again emphasising the high frequency of
sleep complaints in the community, draws attention to the need to
operationalise the symptoms and the severity of sleep complaints in studies of
insomnia.
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In addition to the survey criteria used, insomnia complaints are also influenced
by demographic factors, with female gender (Leger et al., 2000), lower
education (Kim et al., 2000), and separated, divorced, or widowed marital
status (Leger et al., 2000; Ohayon et al., 1997) all associated with higher
prevalence rates. Many epidemiological studies have also reported insomnia to
be more frequent in older age groups (Newman et al., 1997; Terzano et al.,
2004). Age-related increases in insomnia symptoms may be due, in part, to
such factors as chronic pain (Ancoli-Israel & Roth, 1999), or changing sleep
architecture in later life (Landolt et al., 1996). However, a large international
survey found age differences across 15-100 year range were no longer present
following adjustment for activity levels and social environment (Ohayon, 2002),
suggesting that sleep complaints are more closely associated with pathology
and lifestyle rather than the ageing process. 8tewart et aI., (2006), also
suggests that the association between age and insomnia may be due to agerelated risk factors rather than ageing per se.

1.2. Defining Insomnia
Ohayon's (2002) review of the epidemiological literature suggests that
'insomnia' encompasses a wide variety of complaints, typically reflecting
unsatisfactory duration, efficiency, or quality of sleep. Presenting complaints,
however, can vary according to the time of night when sleep is most disturbed.
Complaints may include difficulty in falling asleep at bedtime, waking up in the
middle of the night (and having difficulty going back to sleep), and waking up
too early in the morning. These difficulties are not mutually exclusive, as a
person may present with each, some or all three problems. In addition to sleep
complaints, patients may also (as indicated in Ohayon's (2002) review) report
daytime sequelae (fatigue, tiredness, mood disturbances, social discomfort, and
performance impairments).
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As a clinical syndrome, insomnia is currently defined in two diagnostic systems:
the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV; American Psychiatric Association APA, (1994»; and the second
edition of the International Classification of Sleep Disorders (ICSD-2; (American
Academy of Sleep Medicine AASM, (2005».

DSM-IV (APA, 1994), defines primary insomnia (code 307.42) using five
criteria:

1. The predominant complaint is difficulty initiating or maintaining sleep
or non-restorative sleep, for at least one month.

2. The sleep disturbance (or associated daytime fatigue) causes
clinically significant distress or impairment in social, occupational, or
other important areas of functioning.

3. The sleep disturbance does not occur exclusively during the course
of narcolepsy, breathing related sleep disorder, circadian rhythm
sleep disorder, or parasomnia.

4. The disturbance does not occur exclusively during the course of
another mental disorder (e.g. major depression disorder, generalised
anxiety disorder, a delirium).

5. The disturbance is not due to the direct physiological effects of a
substance (e.g. a drug of abuse, a medication) or a general medical
condition.

DSM-IV also lists associated waking symptoms of acute insomnia that
commonly accompany sleep disturbance. Symptoms may include anxiety,
worry, ruminative thoughts and sadness or depression. Physical symptoms of
anxiety such as muscle tension, gastrointestinal upset and headaches may also
be seen.
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ICSD-2 (AASM, 2005), the most detailed diagnostic system for sleep disorders,
is informed by current research and guidelines. In this system the DSM-IV
category for 'primary insomnia' is subsumed under 'psychophysiological
insomnia' and described as a complaint of primary insomnia with essential
features of heightened arousal and sleep preventing associations. The full
ICSD-2 diagnostic criteria for psychophysiological insomnia are as follows:

1.

The patient's symptoms meet the criteria for insomnia.

2.

The insomnia is present for at least a month.

3.

The patient has evidence of conditioned sleep difficulty and/or heightened
arousal in bed as indicated by one or more of the following:
i. Excessive focus on and heightened anxiety about sleep

H. Difficulty falling asleep in bed at the desired bedtime or during planned
naps, but no difficulty falling asleep during other monotonous activities
when not intending to sleep.
iii. Ability to sleep better away from home than at home.
iv. Mental arousal in bed characterised by either intrusive thoughts or
perceived inability to volitionally cease sleep-preventing mental activity.
v. Heightened somatic tension in bed reflected by a perceived inability to
relax the body sufficiently to allow the onset of sleep.
4. The sleep disturbance is not better explained by another sleep disorder,
medical, or neurological disorder, mental disorder, medication use, or
substance use disorder.

It is noteworthy that the latest (ICSD-2) criteria explicitly refer to cognitive
activity in the form of intrusive, ruminative pre-sleep cognitions, often related to
the inability to sleep and its consequences. It is also important to note that the
impact of insomnia on daytime functioning is highlighted within the DSM-IV: "the
sleep disturbance (or associated daytime fatigue) causes clinically significant
distress or impairment in social, occupational, or other important areas of
functioning". Despite this, as will be argued later, the impact of primary
insomnia on occupational performance has received little research attention.
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In practice, formal diagnostic criteria (such as DSM-IV and ICSD-2) are rarely
used in epidemiological studies of insomnia, making the 'true' prevalence of
'diagnosed insomnia' difficult to estimate (Ohayon, 2002). Nevertheless, the
evidence suggests that approximately 10% of the adult population would meet
the more stringent criteria for primary/psychophysiologic insomnia (Buscemi et

al.,2005). This figure provides some indication, then, of the underlying demand
for insomnia treatments within the general population which, in many cases,
results in demands on the healthcare system.

1.3. Insomnia treatment
There are several treatment options available for insomnia, including
prescription hypnotic drugs, cognitive behavioural (CST) approaches, and a
variety of over the counter (OTC) medications. While the use of hypnotic drug
therapy and cognitive behavioural therapy for insomnia (CBT-I) is supported by
the research evidence (Buscemi et al., 2005), these approaches differ widely in
their theoretical underpinnings, possible harmful consequences, and in their
implications for health care delivery systems.

1.3.1. Hypnotic Drugs
Since the introduction of Benzodiazepines in the mid 1960's, hypnotics have
remained the treatment of choice for insomnia in NHS primary care settings,
currently accounting for approximately 10 million prescriptions per year in
England and Wales (National Institute for Clinical Excellence, NICE, 2007).
These prescribing trends clearly indicate: (1) a robust demand for insomnia
management among NHS patients; and (2) a commitment to insomnia
management among NHS clinicians. However, while hypnotics have long been
associated with unwanted behavioural side effects, the research increasingly
suggests that untreated insomnia can also significantly impair daytime
functioning (for review, see Table 1.1).
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Due to the risks of tolerance, drug accumulation and dependence associated
with long term use, it is now widely accepted that hypnotic drug therapy beyond
4-6 weeks in duration is undesirable at all ages, with most hypnotics in the UK
licensed for a maximum of 4 weeks continuous use (NICE, 2004). Unfortunately
relapse of sleep problems after medication withdrawal is more often the rule
rather than the exception (Lader, 1994), leading to continuous, long-term (?, 4
years+) nightly hypnotic use (Morgan, et al., 2004). This clear mismatch
between the long-term needs of patients with chronic sleep difficulties and the
short-term value of pharmacological treatments emphasises the need for a
greater understanding of insomnia and insomnia management.

One way to address this mismatch is to extend the duration of hypnotic use,
and pharmacological research has already begun looking at alternative regimes
for the long-term, intermittent use of sleep promoting agents (Hajak et al.,
2003). Such regimes, however, implicitly assume that, among people with
insomnia (PWI), symptoms are characteristically inconsistent and intermittent.
In the absence of longitudinal studies, however, there is little research to
support the assumption that chronic insomnia is 'typically' intermittent. In order,
therefore, for treatment models to be informed by a clear understanding of the
'natural history' of insomnia, there is clearly a need to better understand the
longitudinal course of insomnia symptoms.

1.3.2. Cognitive Behavioural Therapy for Insomnia
In a systematic review of chronic insomnia management, Buscemi et aI., (2002)
concluded that the clinical benefits of benzodiazepine hypnotics were almost
certainly inflated by reporting bias, and needed to be offset against the
evidence that these drugs pose a significant risk of harm.
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On the other hand, reviews and meta-analyses show that an average of 5 hours
cognitive behavioural therapy for insomnia (CBT-I) (combining stimulus control,
progressive relaxation and cognitive approaches) produces reliable and lasting
improvement in both sleep structure (as indexed by sleep latency, continuity
and duration) and subjective sleep satisfaction among 70-80% of treated adult
patients (Morin et al., 1999).

In 2004 the National Institute for Clinical Excellence (NICE, 2004) issued
guidance to the National Health Service (NHS) in England and Wales on the
use of hypnotic drugs and the management of chronic insomnia. This guidance
recommended that doctors should consider non-pharmacological treatments,
such as CBT-I and relaxation techniques, before prescribing hypnotic drugs for
the treatment of insomnia. A similar emphasis on non-pharmacological
approaches to sleep management appears in two further NICE guidelines
addressing the treatment and management of both anxiety and depression in
primary care (NICE, 2004a; 2004b).

This shift in emphasis from pharmacological to psychological treatments for
sleep problems increases the need for an improved understanding of the role
played by situational and psychological factors in chronic insomnia. Indeed,
CBT-I has developed directly from learning and cognitive theories, and reflects
a range of underlying psychological assumptions. If sleep is to be better
managed, and if CBT-I is to be developed and better targeted, then an
improved research-based understanding of the causes, consequences and
stability of insomnia is essential (National Institutes of Health, NIH 2005). Such
a longitudinal approach must, however, develop from our existing knowledge of
the psychological characteristics of PWI, and the psychological origins of
insomnia.
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1.4. Characteristics of Insomnia
In a seminal review of the psychological literature addressing sleep and
insomnia, Borkovec (1982) characterised PWI as obsessive, worrisome, hyper
vigilant, and anxiety prone. The current literature continues to support this
view, with research consistently reporting significant trait differences between
good and poor sleepers at all ages. In comparisons of young, middle aged, and
elderly good and poor sleepers, for example, PWI have shown significantly
elevated levels of anxiety and neuroticism (Monroe, 1967; Adam et al., 1986;
Morgan et al., 1989).

With many of these personality assessments reflecting what are presumed to
be enduring traits, it is possible that such characteristics may act as risk factors
for insomnia either directly, by contributing to levels of emotional arousal, or
perhaps indirectly by lowering the threshold at which sleep is perceived a
problem (Morgan et al., 1989).

The role of these characteristics can be understood within Spielman's (1987),
Behavioural Model. According to Spielman (1987), three factors operate in the
natural history of insomnia: predisposing factors; precipitating factors (the
temporal and contextual circumstances surrounding the onset of insomnia; and
perpetuating factors (those variables contributing to the maintenance of
insomnia over time). Spielman (1986) proposed that predisposing conditions
precede the onset of the sleep disturbance and set the stage for its occurrence
by lowering the threshold for insomnia. Spielman's (1987) assessment of
insomnia goes on to suggest that while precipitating circumstances are
temporally contiguous with onset of the insomnia, it is the perpetuating factors
that sustain or support the insomnia. Spielman (1987) highlights that the three
divisions are not mutually exclusive.

8

Ch 1 Literature Review

Among predisposed individuals, then, common life events may leave a lasting
legacy of sleep disturbance. For example, 74% of PWI recalled specific
stressful life experiences (e.g. personal loss, ill health, work overload, marital
conflict) associated with

th~

onset of their insomnia (Healey et al., 1981; Morin,

1993). Importantly, Healey et al (1981) found PWI generally do not experience
stressful events more frequently, but that stressful events have a significantly
greater impact on them compared with controls. Indeed, (Waters et al., 1993),
found PWI to be more emotionally reactive to, and take longer to recover from
stressors during the day, tending also to internalise emotional conflict which
again could lead to emotional, physiological and cognitive arousal (Kales, 1983;
Harvey 2002).

1.5. Cognitive Arousal
Research offers theoretical and empirical support for the central role of
cognitive arousal (intrusive, uncontrollable cognitive activity, negative and
worrying thoughts) in insomnia (Borkovec et al., 1981; Coyle & Watts, 1991;
Fichten & Libman, 1991; Harvey 2000a; Morin, 1993). Cognitive arousal can
be a negative, neutral, or even a positive experience (Morin,1993), however
"having an overactive mind" (Wicklow & Espie, 2000) has been reported most
highly by both PWI and controls when asked what is responsible for preventing
sleep onset. Indeed, most PWI complain of being unable to fall asleep because
they cannot switch off their "racing" mind (Espie et al., 1989; Geer & Katkin,
1966; Harvey, 2000a; 2002; Broman & Hetta, 1994; Lichstein & Rosenthal,
1980). Harvey's (2002b) cognitive model of insomnia offers a conceptual
model of the way in which cognitive processes may perpetuate insomnia. The
central maintaining processes according to the model, are selective attention
and monitoring, distorted perception of sleep and daytime deficits, erroneous
beliefs and counterproductive safety behaviours (cancel appointments for the
next day and stay in bed to catch up on sleep).
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Harvey (2002c) proposes that these processes cause an escalation of
excessive and increasing worry along with associated physiological arousal and
emotional distress. Indeed, PWI are prone to intrusive cognitions at or around
sleep onset (the pre-sleep period (Lichstein & Rosenthal, 1980), with 77% citing
interference from cognitive activity (cognitive arousal) as the experience most
relevant to their delayed sleep onset late_ncy (SOL) (Harvey, 2000a).

Libman (1997) reports the pre-sleep period for PWI is a time often used to try
and solve problems, to think of something that happened that day and to worry
about concerns. Typically PWI report a preoccupation with their inability to fall
asleep and the anticipated impact their poor sleep might have on daytime
performance and mood. Harvey (2002) suggests it is.this increase in
psychological distress that is related to heightened anxiety, which in turn may
increase PWI's tendency to monitor internally and externally for sleep related
threats, such as not getting enough sleep and of not coping or functioning well
during the day.

Such selective attention processes are thought to culminate in the individual
overestimating the extent of the perceived deficit in sleep and daytime
performance, which, in turn, causes momentary lapses in memory, or trouble
concentrating to be interpreted as "signs" of inadequate performance resulting
from a lack of sleep.

In a detailed review, (Espie et al., 2006), developed the proposition that
insomnia is maintained by the acquisition of a cognitive axis which begins with
selective attention to sleep and ends with self-defeating efforts to fall asleep.
As a result of this, the inherent automaticity of sleep onset is inhibited, delaying

SOL and creating a vicious cycle of arousal - wakefulness - and further
arousal. Minimal cognitive information processing, minimal cognitive drive (presleep thoughts that are likely to cause arousal), minimal effort (good sleepers
do not have special "getting to sleep" skills) and minimal affective load
(concern, anxiety) have been highlighted as characteristic of an optimal state
for sleep onset (Espie & Wicklow, 2001).
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While Coren (1988), conceptualises arousability as a relatively stable
predisposition that manifests itself as a permanent behaviour trait, there is little
information available regarding the stability of pre-sleep arousal over time.
Furthermore, the possibility that excessive pre-sleep cognitive activities may be
an epiphenomenon of sleeplessness continues to be debated (Freedman &
Sattler, 1982; Harvey, 2000b). Again, then, longitudinal attention to both
reported arousal levels and sleep disturbance could inform this debate.

1.6. Perpetuating Factors contributing. to Poor Sleep
Two conditioning paradigms have been suggested to explain the operation of
Spielman's (1987) 'perpetuating factors' in the maintenance of chronic
insomnia; the operant 'extinction' paradigm first proposed by Bootzin and
Nicassio (1978), and a classical 'acquisition' paradigm suggested by Buysee
and Perlis (1996). Both are closely connected to the period of time spent
awake in bed.

According to Bootzin and Nicassio's (1978) conceptualisation of sleep
disturbance, the 'normal' pre-sleep state is reinforced by sleep onset itself.
Since this reinforcement is repeatedly associated with specific bedroom
environmental cues, these cues acquire the properties of discriminative stimuli
which make the operant behaviour associated with reinforcement (sleep onset)
more likely. For Bootzin and Nicassio (1978), periods of sleeplessness spent in
bed allow for the degradation/extinction of. these discriminative stimuli, and the
consequent loss of sleep environment 'stimulus control' over sleep onset.
Stimulus control components of CBT-I, therefore, aim to re-establish the
association between the sleep environment and sleep onset by minimising the
amount of time spent awake in bed. Buysee & Perlis (1996), on the other hand,
proposed a further, classical conditioning model of learning where repeated
pairings of the bedroom environment and the experience of sleeplessness
result in arousal becoming a conditioned response, cued by the now
conditioned stimuli of the bedroom environment.
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It has long been assumed that these learning processes which can perpetuate
an acute insomnia episode may be exacerbated by poor sleep hygiene, lifestyle
practices which can inhibit sleep onset and delay the recovery of a preinsomnia sleeping pattern (Lacks, 1986). The evidence supporting a direct link
between insomnia and poor sleep hygiene is, however, equivocal. While some
studies show limite? therapeutic success when sleep hygiene practices alone
are improved among PWI (Brown, et al., 2002), others have failed to find
significant differences between the sleep hygiene practices of PWI and 'good'
sleepers (McCrae et aI., 2003; Stepanski & Wyatt, 2003). All such studies,
however, have been cross sectional. Consequently, the discriminatory power
of sleep hygiene practices to distinguish people with and without insomnia
remains of interest. Indeed, a longitudinal study would give insight into the
stability of general sleep habits, and whether PWI spend more time in bed
awake than controls consistently or only when sleep is poor.

This lack of longitudinal information also extends to sleep quality itself. Indeed,
while DSM-IV recognises that poor sleep can be interspersed with good sleep
(as suggested by the diagnostic criterion that poor sleep should be reported at
least 3 times a week), little is known about the variability in subjectively reported
poor sleep over an extended period of time. Empirical evidence confirm nightto-night variability (Coates & Thoresen, 1981; Edinger et al., 1991; Frankel et
al., 1976; Mullaney et al., 1980; Roth et al., 1976; Hauri and Wisbey, 1992;
Vallieres et al., 2005), however, more recent results show variability within
nights are not present for all individuals, and that some PWI experience similar
consecutive poor nights of sleep (Vallieres et al., 2005). Interestingly, research
evaluating the effectiveness of CBT-I, found night-to-night variability reported at
baseline, decreased at post-treatment (Morin, 1993). Thus, CBT-I appears
efficacious at reducing the variability, hence making sleep more predictable.
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In summary, psychological research has identified fundamental (trait)
differences between 'good' (controls) and 'poor' sleepers (PWI) which has led
to the development of several models that offer insights into the aetiological and
psychological mechanisms underpinning chronic insomnia. The current
literature continues to support personality, psychological and arousal
differences between PWI and Controls. Nevertheless, most studies employ
cross-sectional designs, and relationships between these characteristics and
the longitudinal dynamics of insomnia remain under-researched.

1.7. Consequences of Insomnia
In addition to those stable consequences of insomnia represented in diagnostic
criteria (the experience of delayed sleep onset and continuity, non-restorative
sleep, and impaired social and occupational functioning), insomnia has also
been associated with a range of daytime consequences including short and
long-term effects on mood, and impaired levels of daytime arousal, and
cognitive and psychomotor performance.

1.7.1. Mood
Two meta-analyses have also found insomnia to be a key factor in predicting
the first episode and recurrence of depression (Cole & Dendukuri, 2003;
Riemann & Voderholzer, 2003). Ford & Kamerow (1989), carried out the first
comprehensive study assessing the relationship between mental disorders and
insomnia in the general population, where 7,954 respondents were questioned
at baseline and again 1 year later about sleep complaints and psychiatric
symptoms using the Diagnostic Interview Schedule. Results found the risk of
developing new major depression was greater among PWI. More recently a
younger adult population of 1007 individuals aged between 21 and 30 years
with a history of insomnia were found to be 4 times more likely to develop a
new major depressive disorder in the 3.5 years following the initial interview
(Breslau et al., 1996).
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Even within PWI who do not meet thresholds for psychiatric diagnosis of major
depression or generalised anxiety disorders, symptoms of anxiety and
depression, as well as other mood disturbances, are extremely frequent, with a
high rate of co-morbidity between insomnia and psychopathology, particularly
with affective and anxiety disorders (Morin, 2003). However, while links
between insomnia and subsequent psychiatric morbidity are beginning to
emerge as a consistent feature of the epidemiological literature, patterns of
association between insomnia and more immediate daytime functioning appear
either less consistent, or more difficult to detect.

1.7.2. Daytime functioning
The results from studies which have examined relationships between insomnia
and aspects of daytime functioning are summarised in Table 1.1, with
'functioning' grouped under: 1) objective sleepiness; 2) subjective sleepiness;
3) fatigue; 4) physiological arousal; 5) performance tasks; and 6) general
functioning (after Riedel & Lichstein, 2000).

Objective Daytime Sleepiness. Of the 11 studies assessing levels of objective
sleepiness among PWI, only 4 reported unequivocal evidence of daytime
sleepiness. The remaining studies show a mixed pattern, with some reporting
considerable overlap in groups (Lichstein & Johnson, 1994), while others report
PWI to be no more sleepy than controls (Lichstein et al., 1992; Lichstein &
Johnson, 1994; Mendelson et al., 1984; Seidel et al., 1984; Sugerman et al.,
1985). Overall, then, objective daytime sleepiness can be regarded either as
an inconsistent feature of insomnia, or a feature present only in a minority of
PWI.

Subjective Daytime Sleepiness Table 1.1. shows results from 10 studies which
investigated insomnia-daytime sleepiness associations. Broadly, these studies
indicate that, on average (i.e. when judged on group mean values) PWI do not
consistently report symptoms of excessive daytime sleepiness.
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When data are analysed individually, however, it appears that a minority of PWI
(approximately 22%) do experience elevated levels of excessive daytime
sleepiness (Day et al., 2001). Th3se findings reinforce the conclusion drawn
from the objective studies (above) that a minority of PWI may experience
daytime sleepiness as a feature of their insomnia. Whether such sleepiness is
a stable feature of a single group of PWI (Le. an identifiable sub-group), or
whether sleepiness as a symptom occasionally affects all PWI is not clear from
the present literature.

Fatigue. With the exception of Seidel et al (1984), all the studies which
compared levels of fatigue in PWI and controls found fatigue to be significantly
elevated among those with insomnia. Four of the five studies comparing PWI
and controls reported significantly more fatigue (Hauri & Fisher, 1986; Fichten

et al., 1995; Means et al., 2000; Lichstein et al., 1997). The remaining studies
found a higher fatigue rating in PWI, but the between groups difference was not
statistically significant (Bonnet & Arand, 1995). Fatigue emerges, therefore, as
one of the most robust daytime features of PWI.

Performance. Of the 8 studies comparing performance between PWI and
controls, 6 reported significant differences between the groups. While these 6
studies measured different components of performance, the majority included a
vigilance component and/or a continuous performance and reaction time (RT)
measure, suggestive of a vigilance deficit. PWI commonly report impaired
performance on daytime tasks, particularly those requiring concentration and
sustained attention. However, PWI have not demonstrated consistent
impairment on reaction time (Adam et al., 1986; Hauri, 1979; Broman et al.,
1992), or 'pure' vigilance (Sugerman et al., 1985) tests. One possibility that has
not been explored, however, is that the group performance of PWI (as captured
in the stUdies reported in Table 1.1) may be influenced, and biased by, the
inclusion of that minority of PWI who experience daytime sleepiness (as
indicated by the results of Day et al., 2001).
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PSG found> SOL & < SE for the PWI (a) & normal sleep for the PWI (b) group.
PWI (b) showed decrements commonly seen following sleep loss/sleep
disturbance, whereas PWI (a) did not differ from the ctrls.

()
:::T

r

~

?l
c
CD

::0
CD
<
~.

SUBJECTIVE DAYTIME SLEEPINESS
(Stanford Sleepiness Scale (SSS); Epworth Sleepiness Scale (ESS)

*

Cross
Sectional

PW162.

22% subjectively reported difficulty with excessive sleepiness based on their
experiences for the previous 7 days.

Fichten (1995)

ns

Cross
Sectional

PWI (high distress) 63; PWI
(Iow distress) 84; ctrls.249.
Older adults

PWI reported difficulty sleeping, distress & daytime sleepiness & fatigue,
however between group differences failed to reach significance.

Hauri (1997)

*

PWI 26; ctrls 26.
Middle Aged

PWI subjectively reported greater sleepiness (SSS) compared with controls.

Lichstein &
Johnson (1996)

*

Cross
Sectional
matched
Cross
Sectional

PWI 30; ctrls 30 age 30-50
yr,

Heightened subjective sleepiness discriminated the PWI in only the midday
session.

Lichslein et al
(1994)

ns

Cross
Sectional

PWI 20 ctrls 20
Middle aged

PWI did not exhibit heightened levels of daytime sleepiness.

Means et al
(2000)

*

Cross
Sectional

PWI 57; ctrls 61 (students)

PWI demonslrated sig. grealer sleepiness compared to ctrls, however between
group differences failed to reach significance.

Day (2001)
.
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PW110; ctrls 10
Middle aged. Matched.

Subjective descriptions of sleep differed sig. between PWI & ctrls on a variely of
variables, however between group differences failed to reach significance.

Cross
Sectional

PWI 16, ctrls 16. Middle
aged

Subjective sleep (SSS) discriminated between groups. Subjective sleepiness
was significantly higher.

ns

Cross
Sectional

Obj PWI (verified by PSG)
Subj. PWI (subjective);
compared with ctrls.
Middle aged

Subj PWI showed decrements commonly seen following sleep loss/sleep
disturbance, whereas obj PWI did not differ from the ctrls in terms of waking
function, however SSS between group differences failed to reach significance.

ns

Cross
Sectional

Sleep disturbance 150; ctrls
30 Middle aged

ESS scores failed to distinguish PWI from ctrls.

Mendelson et al
(1984)

ns

ScheiderHelmert (1987)

*

Sugerman et al
(1985)

Johns (1991)

ID

<
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Bonnet & Arand
(1995)

ns

36 hours
lab stay

PW110; ctrls 10 matched
objectively defined

Fichten (1995)

*

Cross
Sectional

Hauri & Fisher
(1986)

*

Cross
Sectional

PWI 22; ctrls 22

PWI felt chronically tired and fatigued during the day & reported greater tensionrelated problems (headaches, cold hand & feet) more than ctrls.

Lichstein et al
(1997)

*

Cross
Sectional

206 patients at a sleep
disorder centre

Means et al
(2000)

*

Cross
Sectional

PWI 57; ctrls 61 (students)

PWI sample averaged 4.8 on the 7-point FSS, which is in the severe fatigue
range. High fatigue was present in a broad range of sleep disorders, but was
particularly high among individuals diagnosed with psychophysiological
insomnia.
PWI demonstrated sig. impairment on all day time functioning including fatigue

634 community residents:
PWI: high distress I minimal
distress

Objectively defined PWI reported increased fatigue, confusion, tension &
depression & decrease vigour on mood scales, however between group
differences for fatigue failed to reach significance.
Highly distressed PWI manifest an anxious, fatigued, depressed, negative
cognitive-affect set. The insomnia complaint comprised 3 elements: difficulty
sleeping, distress & daytime sleepiness & fatigue.

co
PHYSIOLOGICAL AROUSAL
5
consecutiv
e nights; 2
days
36 hours
lab stay

PWI 18; ctrls 18. Matched

PWI had higher temperature by day & night & were more anxious. PWI had
higher cortisol + adrenaline secretion. PWI also had difference Metabolic than
ctrls.

PW110; ctrls 10 matched
objectively defined

PWI had increase MSL T throughout the day. V02 levels were consistently
elevated within PWI & throughout 1 night. Nocturnal metabolic rate remained.

*

Cross
Sectional

PWI 29; ctrls 34 college
students

Four 10 min pupillometry sessions tracking daytime sleepiness from morning
arising to bedtime. Pupil diameter proved to be an able discriminator of these
two groups though substantial overlap of the two distributions was also noted.

Lichstein et al
(1994)

ns

Cross
Sectional

PWI20 ctrls 20 'true' PWI
14; 'normal' PWI 6

Results determined that neither behavioural, biological, nor subjective indices
distinguished between groups.

Lichstein &
Johnson (1996)

*

Cross
Sectional

30 PWI (self-defined); ctrls
30 age 30-50 yr,

PWI persistently had sig. smaller pupil diameters Ihan clrls, however, the size of
effect was judged to be a small magnitude.

Adam etal
(1986)

*

Bonnet & Arand
(1995)

*

Lichstein et al
(1992)

(")
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PERFORMANCE TASKS

*

36 hours
lab stay

PWll0; ctrls 10 matched
objectively defined

PWI had decreased memory ability on short-term memory.

Bonnet (1995)

ns

Cross
Sectional
matched

Chronic insomniacs
ctrls:
Age: 34-86

No association between cognitive function (vigilance and proof reading) &
insomnia was found.

Church &
Johnson (1979)

Ns

10-day
drug period

PWI12 (subjective &
objectively defined)
Ctrls 12.

Placebo baseline mood & performance of the 12 PWI compared with ctrls found
no sig. difference in performance.

Edinger (1997)

*

3 lab nights
13 home
nights

PWI 32; ctrls 32 matched
randomly assigned to
condition

Ctrls showed faster RT on a signal detection task than PWI (home PSG)
subgroup. However among the lab PSG subgroup, RT within PWI was sig.
faster than ctrls.

Bonnet & Arand
(1995)

Hauri (1997)

*

Cross
Sectional
matched

PWI 26; ctrls 26.

PWI performed worse than ctrls on RT (slower & more variable), they swayed
more on the balance test, & they forgot more numbers on the digit span test.
There were no significant differences in digit symbol substitution, divided
attention, & auditory verbal learning tests.

Mendelson et al
(1984)

*

Cross
Sectional

PWI 10; ctrls 10 matched.

On cognitive testing, PWI did well on tests of episodic (recent) memory, but
displayed major deficits in accessing semantic memory (retrieval of material
already known).

Pedrosi et al
(1995)

*

Cross
Sectional

ScheiderHelmert (1987)

*

Cross
Sectional

-"

to

"PWI performed worse than ctrls on choice RT, divided attention, 16 item
memory.
PW116, ctrls 16. Middle
aged

Objective & subjective sleep discriminated between groups. PWI has
psychosomatic personality. Daytime performance was not impaired, however
PWI experience greater difficulty in the morning. Subjective sleepiness was
significantly higher.

-"

GENERAL FUNCTIONING

N

o

Means et al
(2000)

*

Cross
Sectional

PWI 57; ctrls 61 (students)

Dysfunctional Beliefs and Attitudes About Sleep (DBAS), Insomnia ImlJact Scale

Morin et al
(1993)

*

Cross
Sectional

PWI 74; ctrls 71.

Roth & AncoliIsrael (1999)

*

survey

Chronic Ins 90; Occasional
Ins 270; Ctrls 640

Scochat et al
(1999)

*

Cross
Sectional

Chronic Ins 143;
Occasional Ins 54;
Ctrls 89

Zammit etal
(1999)

*

Cross
Sectional

PWI261 (f -157, m=104);
Ctrls 101 (f = 63, m = 38)

PWI endorsed stronger beliefs about the negative consequences of insomnia,
expressed more hopelessness about the fear of losing control of their sleep, and
more helplessness about its unpredictability.
PWI reported impaired concentration, impaired memory, decreased ability to
accomplish daily tasks & decreased enjoyment of interpersonal, relationships.
These variables showed an increasing degree of Impairment with greater
frequency of sleep disturbance. These findings suggest that insomnia negatively
impacts aspects of wakinQ function related to quality of life.
PWI (chronic) had the most severe sleep complaints, as well as the poorest
daytime functioning & exhibited most help-seeking behaviours. 4 predictors of
insomnia were 1) how patients physically felt, number of years of insomnia, age
and Income.
PWI obtained lower scored on SF-36 and the medical outcome cognitive scale.
PWI scored higher for depression & anxiety. PWI missed more days of work per
month, were less optimistic about their future job & career.
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1.8. The impact of insomnia on occupational functioning
The potential for insomnia to impact on occupational performance is widely
recognised in the research and clinical sleep literature. Thus, occupational (or
'vocational') dysfunction is a diagnostic criterion for primary insomnia in DSM-IV
and ICSD-2 and, in workforce studies, has been associated with increased
workplace accidents (Leger et al., 2002), absenteeism (Zammit et al., 1999;
Leger et al., 2006) and compromised macroeconomic performance (Metlaine,
2005). Despite this recognition there currently exists no standardised measure
for quantifying the occupational impact of insomnia at the individual level, a
point emphasized recently by (8uysse et al., 2006 ), in their recommendations
for a Standard Research Assessment for Insomnia.

Nevertheless, the available research data gives clear indications of how
insomnia symptoms may impact occupational performance at the individual
level. PWI, for example, report their symptoms to generally diminish their ability
to cope with daytime demands and minor problems and accomplish important
tasks during the day (Roth & Ancoli-Israel, 1999). Furthermore, data indicate
fatigue experienced by PWI may seriously impair many aspects of daytime
functioning; "almost anything takes greater effort to accomplish; they are
generally serious, listless and grim. Spontaneity is missing, and people feel
washed out, depleted, without reserves" (Coyle & Watts, 1991).

Epidemiological studies find PWI spend only half as much time in productive
activities (e.g. working and studying) (Salter & Uhlenhuth, 1992; Simon &
VonKorff, 1997; Stoller, 1994» as otherwise healthy sleeping adults. Within
occupational settings, research has also found PWI report greater difficulty
handling stressful situations, concentrating on what they're doing, listening to
what others are saying, solving problems, making decisions, and relating to coworkers (Stoller, 1994). Furthermore, on days following sleep disturbance,
workers report being able to accomplish only 76% of their normal capacity, with
a 20% drop in work quality (NSF, 2000).
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1.9. Insomnia and daytime functioning: conclusions
While PWI report a range of daytime symptoms, studies evaluating the daytime
consequences of insomnia present an inconsistent pattern of outcomes. Thus,
the presence of fatigue appears to be the most consistently reported daytime
consequence, while objective and subjective daytime sleepiness appears to be
the least consistently reported consequence. Such inconsistencies could be
attributed to inadequate operationalisation of 'poor sleep', particularly in earlier
studies, where no formal diagnostic criteria were applied. Ensuring PWI fulfil
the formal diagnostic criteria for primary insomnia would allow more accurate
comparisons to be made between findings.

The majority of studies have also treated PWI as a homogeneous group, using
group means to represent PWI as a whole. However, the existence of subgroups (for example, 'sleepy' and 'non-sleepy' PWI) is suggested by the
present literature, and merits attention. Similarly, Fichten et al (1995), reported
PWI to be comprised of at least two distinct groups of individuals, those upset
about their poor sleep and those who were relatively unconcerned about their
poor sleep. While both groups reported similar experiences of disrupted sleep,
and both experienced substantially worse sleep quality than controls, a marked
difference in both state and trait measures of psychological measures was
found within PWI.

More recently Alapin (2000) has suggested highly distressed PWI report
significantly greater sleepiness and fatigue than both controls and minimally
distressed PWI. Both Fichten et al (1995) and Alapin (2000) concluded highly
and minimally distressed PWI were distinguished by psychological rather than
sleep variables. As already mentioned, a subgroup of around 22% of PWI are
found to report daytime sleepiness (Day et al., 2001), however little is know
about the psychological and sleep quality within these groups, and indeed, the
stability of their reported sleepiness.
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At a more general level, however, inconsistencies in experimental and survey
studies may simply reflect underlying temporal inconsistencies in the variables
being measured. Thus, if insomnia-related fatigue, sleepiness, and
performance showed significant intra-individual variations over time, then it
would be reasonable to expect these attributes to be 'more' or 'less' present in
samples of PWI - particularly if those samples were recruited using a range of
inclusion, exclusion and diagnostic criteria. However, since almost all the
studies in Table 1.1 (and most studies in insomnia research generally) employ
cross-sectional designs, the stability of the attributes over time is poorly
understood.

Daytime performance. In general, PWI have weaker expectations of their
performance, evaluate their performance more negatively and report having
performed less well than individuals of similar age and actual capability level
(Broman et al., 1992). Whether the tendency for PWI to evaluate performance
more negatively is stable over time, however, remains unknown. Interestingly,
while research shows PWI underestimate their abilities, Schneider-Helmert
(1987), found PWI also have a tendency to compensate for their deficits by
increasing their efforts. It appears PWI invest greater effort to maintain
performance levels rather than succumb to fatigue after a poor nights sleep
(Broman et al., 1992).

This also could account for the discrepancies between subjective reports of
fatigue and objective measures of performance. Further explanations for such
discrepancies come from Harvey's (2002) cognitive model, which suggests
PWI appear to underestimate how much sleep they get in total and
overestimate the impact of sleep loss the following day (Chambers & Keller,
1993). While several possible explanations for the discrepancies between
subjective and objective reports of daytime deficits have been addressed,
Alapin (2000) suggests attention needs to be given to the methods in which
research has observed daytime functioning.
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While small sample sizes prevent within-measures analysis and may also
contribute to negative findings by reducing power to detect small or moderate
differences between groups. Indeed, with the exception of three investigations
included in Riedel and Lichstein's (2000) review of daytime functioning,
samples for the cognitive/psychomotor studies consisted of 16 or fewer PWI.
Interestingly, the study that found the most daytime deficits in PWI was one with
a larger sample. Larger sample sizes are needed to identify any subtle
differences between PWI and controls (8astien et al., 2003) as well as within
PWI. Again, the majority of psychological studies of insomnia-related
psychomotor performance are cross sectional, with longitudinal studies with
multi-observations rare in this area (Danker-Hopfe et al., 2001; Kraemer et al.,
2000). Constructing a profile of insomnia from mainly cross-sectional findings
increases the risk that temporal generality will falsely be attributed to the data
(Sidman, 1961).

1.10. A need for a Longitudinal Study
In summary, insomnia is a prevalent sleep disorder and a significant burden on
NHS clinical services. Changes in emphasis from short term to longer term
drug treatments, as well as the growing emphasis on psychological treatments,
demand a greater understanding of the longitudinal course and natural history
of this sleep disorder. To date, studies which have aimed to elucidate the
psychological phenomenology and daytime consequences of insomnia (often
comparing PWI or 'poor sleepers' with controls or 'good sleepers') are
characterised by relatively small sample sizes, cross sectional designs, and
non-standardised criteria for defining 'poor sleep' or 'insomnia'. Such designs
often regard PWI as a homogeneous group, do not allow for (or report) subgroup comparisons, and deliver low statistical power. Furthermore, the
literature shows a clear need to further explore the longitudinal course of
insomnia symptoms, and the relationship between sleep and specific daytime
functioning variables (Riedel and Lichstein, 2000; Roth & Drake, 2004).
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In line with literature reviewed here, and the recommendations of Riedel and
Lichstein (2000), and Roth & Drake (2004), the present study was designed to
address these issues by:
i)

using DSM-IV clinical diagnostic criteria for primary insomnia to
recruit PWI;

ii)

conducting longitudinal comparisons of PWI and controls; and

iii)

recruiting sample sizes large enough to accommodate both
longitudinal attrition and sub-group comparisons among PWI.

1.11. Research Aims
The resulting longitudinal study was designed to achieve the following
research objectives.

1.

To replicate, in terms of subjectively reported sleep structure and quality,
personality constructs, mental health symptoms, and quality of life, the
profiles of 'good' and 'poor' sleepers reported in earlier cross-sectional
stUdies.

2.

To assess, using cross-sectional profiles as a baseline, and 'normal
sleepers' as controls, the relative temporal stability of subjectively
reported sleep structure and quality among PWI.

3.

While DSM-IV specifically cites 'impaired occupational performance' as a
criterion for primary insomnia, there currently exists no valid and reliable
instrument for assessing the occupational impact of sleep quality. The
present study will therefore aim to develop and utilise a measure of the
occupational impact of insomnia, and test the hypotheses that:

i)

PWI experience significantly poorer work performance when compared
with controls;
ii)

the experience of poorer work performance is a temporally stable feature
of primary insomnia.
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The existence of a minority of PWI reporting symptoms of daytime

4.

sleepiness has been consistently described in the literature. In relation to
this finding the study will test 2 separate hypotheses, that:

i)

daytime sleepiness is a temporally stable feature of primary insomnia for
a sub-group of PWI

ii)

PWI reporting symptoms of daytime sleepiness will show distinctive
profiles of subjectively reported sleep structure and quality, personality
constructs, mental health symptoms, and quality of life relative to PWI
not reporting daytime sleepiness.

5.

Cross sectional studies have shown an inconsistent pattern of daytime
performance impairment in primary insomnia, with some studies reporting
no impairment, while others show significant decrements. One possible
explanation for this finding is that daytime performance among PWI
fluctuates over time in response to variations in sleep quality. The
present study will therefore:

i)

assess the temporal stability of daytime performance among PWI;

ii)

assess the extent to which symptoms of sleepiness and fatigue
contribute differentially to performance outcomes among PWI.

In addition to these substantive aims and hypotheses, the research will also
address an additional methodological objective.

6.

Since the present study was in a pOSition to adopt the newly introduced
'Recommendations for the Research Assessment of Insomnia' (8uysee et

al., 2006), analyses will assess the criterion validity, intercorrelations
among, and temporal stability of the recommended measures.
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CHAPTER 2

2. METHOD

In order to address the research hypotheses, the present study was designed
as a longitudinal study of two groups. People with Insomnia (PWI) and normal
sleepers (controls) were assessed at baseline, and across two further
measurements over nine months. Loughborough University's ethical advisory
clearance checklist was completed (Appendix 6). Study protocol conformed to
the ethical checkpoints.

2.1. Power calculations
Power calculations were carried out to ensure an n-size sufficiently powered to
analyse main differences between groups (PWI v controls) and median-split (4
cell). For the present study, power calculations were based on two measures,
which are used widely in insomnia research and significantly differentiate
between controls and PWI. The Pittsburgh Sleep Quality Index (PSQI; (8uysse

et al., 1989) and the StatefTrait anxiety inventory (STAI(T); (Spielberger,
.1970)).

The PSQI is an eleven item questionnaire which assessed sleep quality in
relation to a range of subjective estimations. The PSQI generates both a global
(total) score and seven component score.s. These component scores include 1)
sleep quality, 2) sleep latency, 3) the use of medication, 4) daytime dysfunction,
5) sleep duration, 6) sleep efficiency and 7) sleep disturbances.
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PSQI global scores are in the range 0 - 21 with higher scores indicating an
increased dissatisfaction with sleep and a greater severity of sleep disturbance.
Scores::: 5 on the PSQI represent a clinically significant level of sleep disruption
(8uysee 1989).

Nelson & Harvey (2003) report a mean difference between PWI and controls of
6.4

± 2.7 on the PSQI, and 10.5 ± 9.3 on the STAI(T).

Assuming these

minimum mean differences (two-tailed) between PWI and controls, with an
alpha of 5% and beta at 0.9, the study required at least 10 participants for the
PSQI analyses and 13 participants for the STAI(T) analysis. The greater
number of participants was then multiplied by 2 (13x2= n=26) to allow split cell
(median split) analyses of sub-groups. In addition, the target sample size was
increased by 20% (n=30), to allow for attrition over the course of the nine month
study. Having recruited 43 participants for each group our target sample size
. was met.

2.1.1. Recruitment
Advertisements requesting good and poor sleepers were placed in local
newspapers for two months (Appendix 1). The advertisement invited anyone
interested in participating or wanting further information to contact the Sleep
Research Centre (SRC). Contact details included a direct telephone line, an
email address and a postal address. Those contacting the SRC were provided
with a verbal explanation of the study and received an information sheet within
seven days of their contact. A screening questionnaire (Appendix 2) was
posted (along with a stamped addressed return envelope) or emailed to all
those who expressed an interest to take part in the study having read the
information sheet. Dates of all correspondence were entered into a database,
so that if the screening pack had not been returned within two weeks, a
researcher would phone to check the pack had been received and to establish.
if the individual was still interested in participating.
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Screening questionnaires were processed and all applicants were then
informed as to whether or not they were eligible to participate. Participants
were eligible for the experimental (PWI) group if they: (1) met Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV) severity for primary insomnia
[Le. "a persistent

E:. 1 month) complaint of difficulty initiating or maintaining

sleep (or of non-restorative sleep) which causes the individual significant
distress and is associated with impaired social or occupational functioning"]: (2)
were not receiving treatment or taking medication for sleep difficulties; (3) were
not taking medication (including neuroleptic medication) known to affect sleep;
(4) had a BMI within the range (18.5-30); (5) scored < 20 on the BDI (6) scored

< 4 on the restless leg diagnostic questionnaire, and (7), were aged between 25
and 50 years. Participants eligible for the control group met all the above
criteria with the exception of criterion 1.

Of 185 people who requested information and a screening questionnaire, 143
returned their completed forms. Of these, 47 participants were excluded: 32
reported taking medication known to affect sleep; 6 reported Restless Leg
Syndrome symptoms; 1 reported sleep paralysis, and 8 reported symptoms of
possible sleep apnoea. All ineligible participants were thanked for their time
and were informed of why they had not, on this occasion, been suitable to
participate. Seven eligible participants withdrew before the study commenced.

Following the completion and processing of the screening questionnaire, all
eligible participants were invited to Loughborough University Sleep Research
Centre (SRC), where they had the opportunity to meet the researcher and to
ask any questions they had about the study procedure. Those meeting the
inclusion criteria were then provided with a comprehensive information sheet
(Appendix 3), and consent was obtained (Appendix 5).
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During the initial visit to the SRC, a researcher talked through each
questionnaire within the questionnaire battery. Participants were also given the
opportunity to complete the daily sleep diary for their previous night's sleep.
Participants were then shown the performance testing room and were invited to
complete a three minute practice of the Psychomotor Vigilance Task (PVT). At
the end of the visit, participants were provided with the first questionnaire
battery and sleep diary (Appendix 6), and asked to complete these and bring
them with them to their baseline performance test.

Baseline performance testing was scheduled for most participants within two
weeks of their initial visit. Testing was carried out during week days, between
4pm and 6pm. Participants were informed that the time of testing would have
to remain constant for each subsequent testing session.

On arrival, participants were met and escorted to the testing room where they
completed the 20 minute PVT session. Participants were reassured that a
researcher would remain outside the testing room at all times, and could be
called (using a bell located inside the testing room), should they require any
assistance.

Questionnaire responses and sleep diaries were visually scanned by a
researcher while each participant was completing their PVT session. If any
questionnaire items were found to be missing, participants were invited to
complete the relevant items after the PVT was finished.

A date for time 2 data collection was arranged and participants were provided
with a dated appointment card. Participants were informed that they would
receive their next questionnaire battery two weeks prior to their testing date,
along with a reminder for their appointment. Participants were again asked to
bring the completed questionnaire battery with them to the test day.
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Participants were also provided with a sleep diary for the next two months and
were asked to complete these daily and return them to the project office
monthly in the stamped addressed envelope provided. Each month thereafter
participants were posted a new diary for the subsequent month, along with
another envelope. Those participants who expressed a wish to email diaries
were also asked to return them monthly.

Figure 2.1 illustrates the data collection points along a nine month study period.
Questionnaire and PVT data were collected at three points evenly distributed
across nine months, while sleep diaries were maintained daily, and collected
each month. Those participants wearing an actiwatch, wore them daily for the
duration of the study, and were invited back to the SRC for monthly down loads.
In an attempt to limit attrition, several study characteristics were addressed.
Firstly, the target population was recruited from a local geographic area.
Respondents who at baseline fulfilled the criteria were also asked if they could
foresee moving away from the area. This served to minimise the chance that
participants would become unavailable at subsequent cycles. A second
attrition-related study characteristic was the amount of personal attention paid
to the participants. Tennstedt et aI., (1992) suggested data collection by mail or
telephone is less personal than face-to-face interviews, and therefore time was
invested at baseline to go through all questionnaires together with each
participant. Finally, contact was maintained with participants, by sending
updates and greeting cards to all participants. This served not only to involve
participants in the research process, but also helped facilitate the tracing of
respondents, so that fewer respondents are lost to follow-up because they have
moved with unknown destination.
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2.2. Assessment
Recommendations approved by an international panel (Buysse et al., 2006)
provided comprehensive guidelines for a Standard Research Assessment
. for Insomnia. Recommendations included the assessment and
measurement of (1) subjective and objective sleep; (2) global sleep and
insomnia symptoms; and (3) the waking correlates and consequences of
insomnia. Recommended measures used in this study will be designated by
the superscript

p.

2.2.1. Sleep Diaries P
The use of diaries is widely accepted as a useful method of obtaining clinical
information about subjective experience (Espie, 1991). Daily diaries were
used to calculate: (1) Time in Bed (TIB); (2) Sleep Onset Latency (SOL); (3)
total time awake after sleep onset rNASO); (4) Total Sleep Time (TST); (5)
final awakening; (6) the final time a person got out of bed; (7) the time
between the final awakening and the time of getting out of bed (lie in); and
(8) Sleep Efficiency (SE). Also included in the daily diary was a subjective
measure of sleep quality (QoS) and a question related to participant's
daytime performance (Appendix 6).

SOL was defined as the time taken in minutes to get to sleep after settling
down with the intention to sleep. WASO was defined as the total time in
minutes of wakefulness between falling asleep and final awakening. TIB
was defined as the total time spent in bed. Lie in time was defined as the
time spent in bed after waking, but before getting up. TST was the time in
minutes between falling asleep and waking up. ,SE is the percentage of time
in bed spent asleep ((TSTfTlB)x100%).
Participants were asked to rate on a scale of 1-5 (1 = very poor - 5 = very
good) the quality of their previous nights' sleep as well as how well they felt
they performed that day.
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2.2.2. Variability/predictability of sleep: conditional
probabilities
Included within the Recommendations for a Standard Research Assessment
for Insomnia (8uysse, 2006), was the measurement of day to day variability
in sleep quality. Conditional probability, as used by Vallieres et al.. (2005)
was therefore used to capture and explore intra individual variability in
subjective sleep over consecutive nights.

To measure variability across time within participants, sleep diary variables
were used to dichotomise each recorded night's sleep into a "good" or "poor"
night. A poor night (which was re-coded as '1') was defined as SOL and/or
WASO .:': 60 minutes, associated with SE ~80%. Nights that did not match
both criteria were considered as good nights (and coded as '0' (Vallieres et

al., 2005».

Syntax was written using SPSS 15.0 to re-code each consecutive diary
entry for 9 months, and was programmed to consider: (1) missing data; (2)
the number of 2 consecutive "poor" nights; (3) the number of possible poor
night couplets (4) the probability of having 2 consecutive poor nights, and
(5), the probability of having 1 more poor night following a 1st poor night.

For the following examples: 1 = poor night, 0 = good night, and" * " =
missing data.

(a) Firstly taking into consideration missing data, the number of poor night

couplets/ of data points were calculated.

For example:

0110110*10

=2
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(b) The total number of 'possible' data couplets was then calculated.
For example:

nnn

0110110*10=7

yyy

Y

(c) The probability of having 2 consecutive poor nights was then calculated
by dividing (a) the number of poor night couplets/pairs by (b) the total
number of possible data couplets: p(P:P) = n(PP)/n(Px)

For example:

n n n
o1 1 0 1 1 0

yyy

* 1 0 then p(ili) = 2n = 0.29

Y

(d) The number of 'possible' poor night couplets was then found by
calculating how many possible first poor nights could be followed by another
poor night. i.e. how many scores of 1 occurred where there was an
opportunity for the following data point to also be 1 (this could not occur if
the following data point was missing).

For example:
0110110*10

=5

(e) The probability of having 1 poor night followed by another poor night was
calculated by dividing (a) the total number of poor couplets by the number of
possible poor night couplets (d)
For example:

n
n
o 1....1 0 1....1 0
Y

n

* 1 0

= 2/5 = 0.4

Y

The probability of reporting 2 consecutive poor nights was used to
differentiate PWI with more predictable poor sleep, and is developed in
chapter 6.
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(f) The probability of having 1 poor night following 2 poor nights was also
calculated; p(PlPP)

P(PIP)

=

=n(PPP)/n(Px):

n of 1 poor night followed by 1 poor night
n of poor nights followed by good or poor night

(g) Variation in sleep across the week was explored by looking at the
probability of a good or poor night being reported for each day of the week.
The probability of a poor night's sleep for each night was then calculated by
adding the number of poor night's sleep across the 9 month period for each
night and dividing by the number of nights (e.g. if a participant with a full
dataset had 13 poor night's sleep on a Friday night then the probability of a
poor night's sleep on a Friday night for this participant would be 13/40,
(where 40 is the number of Fridays in a 9 month period). The probability of
a poor night's sleep for each night was then averaged across the groups for
PWI and controls.

2.2.3. Actigraphy
In order to measure objective correlates of the subjective sleep diary
assessments, a random sub-sample of both groups (10 PWI; 10 ctrls) were
invited to wear ac!iwatches continuously throughout the 9 month study.

In line with recommendations (Buysee et al., 2006), actigraphy can provide
useful data of sleep variability. Indeed, (Ancoli-Israel et al., 2003), endorses
. actigraphy usefulness in the assessment of sleep variability, as data can be
collected continuously for 24-hours a day, over extended period of time.

2.2.4. Actigraphy Software
Cambridge Neurotechnology'" developed the 'actiwatch' including the
computer processing software (Cambridge Neurotechnology LTO. Version
5.27) to analyse down loaded data.
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Scoring algorithm
Determination of sleep and wakefulness by the Actiwatch Analysis software
relies on an algorithm using the activity data recorded by the Actiwatch in a
series of linked calculations. Whether a particular epoch is scored as awake
is determined by comparing activity counts for the epoch in question and
those immediately surrounding it. Using the 'medium' sensitivity for 1minute epoch data, a total of 40 activity counts would be enough to
designate the epoch as being 'awake'.

Using the automatic determination of Sleep Start, the software applies an
algorithm that identifies a period of at least 10 minutes of consecutive
recorded immobile data (score < 40), with no more than 1 epoch of
movement within that time, following 'Bed Time'. The start of this defined
the period classified as 'Sleep Start' and the difference in this and 'Bed
Time' was used to determine 'Sleep Onset Latency'. For 'Sleep End' the
algorithm identified a 10 minute consecutive period of activity (score> 40)
around the 'Get Up Time' and then works back to find the last epoch of
immobility before the start of such a sequence and classified that as 'Sleep
End'.

Actigraphy outcome measures of interest included (1) TST, (2) SOL and (3)
SE.

2.3. Questionnaire battery
2.3.1. StatelTrait Anxiety Inventory (STAI)
The STAI (Spielberger et al., 1970) consists of two separate 20-item selfreport scales for measuring trait (T) and state (S) anxiety. It asks individuals
to describe how they feel on a four point Likert-type scale (1 = almost never;
4

=almost always).

Scores range from 20-80. Higher scores indicate

greater anxiety. Norms for working adults are 35.46 :t 10.51 (S) and 34.84 :t
9.21 (T). State: male 35.72:t 10.40 (alpha 0.93); Female 35.20 ±..10.31
(alpha 0.93). Trait: Male 34.89:t 9.19 (alpha 0.91); Female 34.79:t 9.22
(alpha 0.91).
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Critical to the validity of the inventory is the participants' clear understanding
of the "state" instructions, which require them to report how they feel "right
now ... at this moment", and the "trait" instructions, which ask the respondent
to indicate how they "generally" feel. These differences in instructions were
emphasised to each participant by the researcher at the initial visit to the
SRC.

2.3.2. Beck Depression Inventory (BDI)
The BDI-II (Beck et al., 1996), is a 21 self-report instrument for measuring
the severity of depression. This version of the inventory was developed for
the assessment of symptoms corresponding to criteria for diagnosing
depressive disorders listed in the DSM-IV.

Reviews concerning the BDI's applications and psychometric properties
across a broad spectrum of both clinical and non clinical populations have
reported its high reliability, regardless of clinical population (Beck et al.,
1988). A meta analysis of psychometric properties indicate a mean
coefficient a = 0.81. Concurrent validity data indicate mean correlation
between BDI scores and clinical rating was 0.60, and the correlation with the
Hamilton Psychiatric Rating Scale for Depression was 0.74. Data also
suggest the BDI differentiates depression from anxiety (Beck 1988).

The BDI-II requires participants to read each statement and select the one
that best describes the way they have felt during the past 2 weeks. Items
are scored on a four-point scale (0-3); scores are summed and produce a
range from 0 to 63. Higher scores indicate greater depression. The British
adult norm values for BDI are 5.40 .± 5.80. A score >20 is usually
considered indicative of clinical depression, while a score of:=:1 0 is generally
considered non-depressed. The boundary for mild depression is 10; scores
at this level are counted as evidence of daytime functioning complaint.
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2.3.3. Eysenck Personality Questionnaire (EPQ)
The EPQ (Eysenck, 1968) consists of 106 questions and asks participants to
circle the appropriate answer, "yes" or "no". There are 32 items on the
Psychotic scale (EPQ-P), 23 on the Extroversion scale (EPQ-E) and 24
items on the Neuroticism scale (EPQ-N). Higher values indicate a greater
tendency towards that personality type.

2.3.4. Pre-sleep Arousal Scale (PSAS)
The PSAS (Nicassio et al., 1985) is comprised of sixteen 5-point likert type
questions assessing the phenomenology of nocturnal awake time which are
rated on a scale ranging from "not at all" - "extremely". Individuals are
asked to indicate the degree to which they experience listed feelings during
the pre-sleep period. E.g. can't shut off thoughts. Two scores are derived
Somatic Scale (a tight tense feeling in your muscles), and Cognitive Scale

(thoughts keep running through my head). Higher scores indicate greater
arousal. Nicassio et al (1985) report good psychometric properties for this
scale and the subscales were found internally consistent and stable over
time. Cronbach's alpha for subscales ranged from 0.67 to 0.88 and test retest correlations ranged from 0.72 to 0.76 respectively. Laboratory based
test - retest correlations obtained values of r
r

=0.36 for Somatic Arousal and

=0.52 for the Cognition subscale (Nicassio et al., 1985).

2.3.5. Sleep Disturbance Questionnaire (SDQ)
The SDQ (Espie et aI., 1989; Espie et al., 2000), is a self report
questionnaire with 12 items rated on a 5-point likert scale of frequency (end
points Never true - Very often true) that assess an individual's
understanding of what is responsible for a poor night's sleep. The internal
consistency was calculated to be 0.67. Scores are summed and produce a
range from 12 to 60. Higher scores indicate greater sleep disturbance.
Espie (1989) undertook a factor analytic study of the 12-item questionnaire
and found the following factors relate to commonly reported symptoms of
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insomnia: 1) attributions concerning restlessness/agitation (physical
disturbance) 2) attributions concerning mental over activity (mental
disturbance), 3) attributions concerning the consequences of insomnia
(intrusive thoughts disturbance) and, 4) attributions covering the lack of
sleep readiness (circadian disturbance). The maximum subscale score
was 15.

2.3.6. Dysfunctional Beliefs About Sleep (DBAS)
The DBAS-10 items are somewhat of a deeper level of belief, (attitude,
schema) about a poor night's sleep. It is designed to assess sleep related
cognitions and comprises 3 factors: 1) beliefs about the immediate negative
consequences of insomnia; 2) beliefs about the long term negative
consequences of insomnia; and 3) beliefs about the need for control over
insomnia. It includes 10 questions rated on a 5-point likert type scale,
ranging from strongly disagree to strongly agree. Summed scores range
from 10 - 50. Morin (1994), developed the DBAS to provide a systematic
method for assessing these disruptive thoughts. The original contained 28
items (Morin, 1994) comprising 5 factors: 1) misconceptions of the causes of
insomnia, 2) misattributions or amplifications of the consequences of
insomnia; 3) unrealistic sleep expectations; 4) diminished perceptions of
control and predictability of sleep, and 5) faulty beliefs about sleep
promoting behaviour.
Espie et al (2000), more recently identified 10 DBAS items which proved
highly sensitive to PWI and maintained an internal consistency of 0.72
(Espie et al., 2000). The DBAS-10 was found to correlate highly and
significantly with the original DBAS total (r

=0.83), and was therefore

included in this study.

2.3.7. Sleep Hygiene and Practices Survey (SHAPS)
The SHAPS, (Lacks & Rotert, 1986), examines behaviours that promote or
inhibit sleep. Participants were asked to circle the appropriate answer, "yes"
or "no". Scores ranged from 0 to 15. Higher scores indicate worse sleep
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hygiene. At the end of the questionnaire, participants were also asked to
indicate how many hours of sleep they would like at night.

2.4. Daytime functioning
2.4.1. Epworth Sleepiness Scale (ESS)
The ESS (Johns, 1991) is an eight-item questionnaire that has been
proposed as a simple method of measuring daytime sleepiness in adults.
Participants are asked to rate, on a scale of 0-3, the chances that over
"recent times", they would have dozed in eight specific situations that are
commonly met in daily life (0

=would never doze; 3 high chance of dozing).

The ESS score is the sum of the eight item-scores and can range from 0-24.
Test retest found ESS scores were highly correlated (r = 0.82). The
questionnaire was found to have a high level of internal consistency as
measured by Cronbach's alpha (0.88). Factor analysis of item scores
showed the ESS had only one factor.

An ESS score of ~ 10 is considered indicative of excessive daytime
sleepiness (Johns, 1991) and was therefore used to differentiate 'Sleepy'
and 'non-sleepy' PWI in chapter 6.

2.4.2. Short Form 36v2 (SF-36)
The SF-36 Health Related Quality of Life (QoL) questionnaire (Ware, 1993),
is a self administered questionnaire containing 36 items which takes about 5
minutes to complete. It measures health on 8 multi-item dimensions,
covering functional status, well being, and overall evaluation of health. The
questionnaire addresses both physical and emotional health status, and
provides validated scores indicating health variations in the eight,
dimensions: 1) Physical Functioning (PF); 2) Social Functioning (SF); 3)
Physical Role Limitations (PR); 4) Emotional Role Limitations (E); 5) Mental
Health (MH); 6) EnergyNitality (EN); 7) Pain (P);and 8) General Health
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The questionnaire addresses both physical and emotional health status, and
provides validated scores indicating health variations in the eight
dimensions: 1) Physical Functioning (PF); 2) Social Functioning (SF); 3)
Physical Role Limitations (PR); 4) Emotional Role Limitations (E); 5) Mental
Health (MH); 6) EnergyNitality (EN); 7) Pain (P);and 8) General Health
Perception (GHP). For each dimension, item scores are coded, summed,
and transformed on a scale from 0 (worst health) to 100 (best health).

2.4.3. Fatigue Severity Scale (FSS)
The FSS comprises 9 items asserting the intrusion of fatigue in different
aspects of living and has been found to discriminate between controls and
PWI. Participants rate their level of agreement with 9 statements related to
the behavioural consequences offatigue (1 = strongly disagree; 7 = strongly
agree), to indicate greater fatigue and intrusion. The test score is averaged
to provide a score ranging from 1 - 9. The FSS achieved a Chronbach
alpha coefficient of 0.8 with a test-retest correlation coefficient of 0.84.
Lichstein et al., (1997), used the score of 5.5 as an indicator of impaired
daytime functioning.

2.4.4. Occupational Impact of Sleep Questionnaire
In order to accurately measure the impact of sleep quality on occupational
performance, the Occupational Impact of Sleep Questionnaire (OISQ) was
designed (Chapter 5, Appendix 8). Participants were asked to indicate on a
five point likert scale, (al/ of the time, most of the time, some of the time, a
little bit of the time, never/not applicable) the extent to which their sleep

quality made if difficult for them to function at work during the previous
month.

This procedure resulted in a 24 item scale with an overall Cronbach's alpha
of 0.93, and an overall score range of 0 - 96. A higher score indicated
greater impairment at work. The face validity of the questionnaire was
initially assessed by experts.
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2.4.5. Psychomotor Vigilance Task (PVT)
The PVT, originally developed in 1985, was selected as a measure of
sustained attention (Dinges et al., 1985). Since its development, a large
number of studies have demonstrated its sensitivity to sleepiness in clinical,
experimental and operational contexts, making it one of the most widely
used neurobehavioural tests in studies of sleep and circadian rhythm
research.

PVT results are generally interpreted as reflecting levels of arousal and
attention. During the task, participants focus on a blank box in the middle of
a computer screen. At random intervals, a millisecond counter begins to
scroll up from 0, and participants are instructed to press a response button
as quickly as possible to stop it. Following a registered response, the
counter displays the achieved reaction time (RT, in milliseconds) for 1
second, providing participants with feedback on performance. Inter-stimulus
intervals ranged randomly from 2 to 12 seconds, and the task lasted 20
minutes. All participants were given a 3 minute practise prior to
commencement of the 20 minute session.

The following PVT variables were analysed: 1) mean RT; 2) mean of the
fastest 10% RT; 3) mean of the slowest 10%; 4) Standard Deviation (SO) of
RT; and 5) number of lapses (>500 ms). The vigilance measure of interest
was captured by calculating the change in response speed, with increasing
time-on-task.

2.5. Data Analysis
2.5.1. Global sleep and insomnia symptoms analysis'
All data were input manually into SPSS for Windows (version 15.0). Syntax
was written to recode data and calculate the total score for all
questionnaires and sleep measures, to decrease error. Significance levels
were set at 0.05.
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Baseline data were analysed using one-way Analysis of Variance (AN OVA) ,
with group (PWI I control) entered as a between subject factor, and the

.

outcome of interest entered as the dependent variable. To measure within
trial differences, a General Linear Model (GLM) was used. Group (PWI

I

control) was entered as a between subject factor, with each data collection
point (baseline, time 1, time 2, time 3) entered as a within subject factor.
Cases with missing values were dropped from the analysis. SPSS v15.0
automatically removed the entire measure if missing data occurred. Group
sample sizes were reported for each test to detail missing values.

To assess the temporal stability of sleep parameters and daytime
functioning, participants were asked to maintain daily diaries for the duration
of the 9 month study. Outcome measures for SOL, WASO, SE, TIB, lie in
time,. Quality of Sleep (QoS) and TST were compared between and within
groups. Outcome measures were averaged for each month and entered
into the GLM, with group (PWI I Control) entered as the between subjects
factor. To further explore differences between and within the groups over
the 9 month data collection, data were coded and sorted to enable
comparisons to be made across the entire week. Analysis of variability in
outcome measures across the working days, as well as the variability
between weekdays and the weekend was also carried out. Weekend sleep
was operationalised as sleep occurring on a Friday, Saturday or Sunday
night. Wednesday was selected as a random weekday night to allow
comparisons between weekday and weekend sleep.
Data were analysed using repeated measures group (PWl/controls) by time
(Wednesday, Friday, Saturday, Sunday) multivariate ANOVAs, and where
appropriate, followed by post hoc paired t-tests with Bonferroni adjustment.

Where post hoc paired t-tests were run, the 0.05 level of significance
underwent a Bonferroni adjustment to take into account the number of
statistical tests that would be undertaken on each measure to avoid a false
positive result. Therefore, when comparing variables across the working
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week (Mon, Tues, Wed, Thurs, and Fri) the 0.05 level of significance was
divided by 4 and statistical significance was accepted with a p:=: 0.01.

PVT data were analysed firstly using one-way AN OVA. Group was entered
as between factor, while RT was entered as the dependent variable.
Analysis of vigilance compared RT across the 20 minute PVT session.
"Time on task" data were analysed by taking the mean RT time for the 1st,
2nd 3rd and 4th , 5 minute blocks over the 20 minute PVT. These mean
values were then entered into a GLM, where 'group' was entered as the
between factor, and the mean RT for each block was entered as the within
factor. The number of lapses (>500ms) occurring, over the 20 minute
period, as well as with "time on task" were analysed. To measure within trial
differences, a GLM was used, with group (PWI I control) entered as a
between subject factor, and each data collection point (time 1, time 2, time
3) entered as a within subject factor.

To analyse the relationships between sleep measure and questionnaire
data, appropriate 2 tailed Pearson's correlations were carried out. Where
inter-correlations were found, discriminate analysis was also applied to
explore group membership and observed characteristics. Cohen's (1988)
use of 'r', as a measure of effect size was applied to correlations, using
subjective standard (ignoring the sign of the correlation) of r

=0.1 as a weak

effect, r = 0.3 as a moderate effect, and r = 0.5 as a strong effect.

Descriptive analysis was used to measure activity across the range and to
identify subgroups within PWI. Differences and stability within these
subgroups were analysed using repeated measures ANOVA. The new
subgroup (e.g. sleepy I non sleepy) were then entered as the between
group factor.
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CHAPTER 3

3. BASELINE RESULTS

This chapter aims to replicate, in terms of subjectively reported sleep
structure and quality, personality constructs, mental health symptoms, and
quality of life, the profiles of 'good' (controls) and 'poor' (PWI) sleepers
reported in earlier cross-sectional studies. This chapter will test the
hypothesis that PWI display a significantly different profile to those who do
not meet DSM IV criteria.

3.1. Descriptive data
Baseline characteristics of participants are shown separately for PWI and

=37.60
years; median =37 years), with the mean age of men (37.07 years; n =28)
controls in Table 3.1. Overall ages ranged from 25-50 years (mean

matching that of women (37.86 years; n = 58).

Of 185 people who replied to the recruitment advertisement, 86 (43 PWI, 43

ctrls) met the inclusion criteria and agreed to participate. At baseline, global
Pittsburgh Sleep Quality Index (PSQI) scores, were significantly higher for
PWI compared to controls (control group mean = 3.16 ± 1.31 < PWI group
mean = 10.12 ± 2.83; F = 213.89, P < 0.001).
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Table 3:1: Characteristics of participants who met the inclusion criteria and completed
baseline assessments
n-43

n=43

Controls

PWI

Mean ± Standard Deviation

Measure

Age, years

35.86

±

7.44

39.35

±

7.63

3.16

±

1.31

10.12

±

2.83

34.72

±

8.38

44.88

±

12.10

6.93

±

4.15

7.47

±

3.19

Global Pittsburgh Sleep Quality Index
Score
Trait Anxiety
Epworth Sleepiness (ESS)

Controls; n=43
Fatigue (FSS)

3.11

±

1.11

PWI; n=43
4.11

±

1.02

number (percentage)
Gender
Female

N = 32 (74.4%)

N = 26 (60.5%)

Male

N = 11 (25.5%)

N = 17 (39.5%)
24.71

±

n

=

5

Insomnia

n

=

18

Mixed Insomnia

n

=

11

7.08

±

5.54

24.21

BMI

±

3.36

Sleep Onset Insomnia

Insomnia Type

2.99

Sleep Maintenance

Duration of poor sleep (years)

Global PSQI scores averaged 6.64 ± 4.13, ranging from 1 to 19. Those
scoring> 5 represented 50% of the sample (n
'PWI' (n

=43).

=43) and were assigned

Those scoring <5 were assigned to the control group. The

mean age of PWI (39.35 ± 7.63) was slightly greater than controls (35.86 ±
7.44) with both ranging from 25-50 years. BMI remained < 25 for both
groups. The average length of poor sleep reported among PWI was 7.08
years ± 5.54.
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Table 3:2: Participant occupation.
Job Category

Controls (n

=43)

PWI (n

Administration

11

5

Engineering

3

3

Finance

3

2

Higher Education

8

7

Information Technology

2

2

Miscellaneous

4

6

Research

4

3

Sales

2

3

Social Services

2

6

Teaching

4

6

43

43

Total

=43)

Participants were asked to indicate their current employment status and job
description. Job descriptions were broken down into ten job categories
(Table 3.2).

3.2. Subjective sleep structure and quality
At baseline, sleepiness was measured using the Epworth Sleepiness Scale
(ESS), did not differ between PWI and controls (control

=7.47 ± 3.19 mean; F =0.38, P > 0.05).

Fatigue, however, was found to be

significantly elevated within PWI (control mean = 3.11
4.11

=6.93 ± 4.15 < PWI

± 1.11

< PWI mean =

± 1.02; F =18.85, P < 0.001).

While baseline data showed no significant difference between groups for
daytime sleepiness, scores within PWI at baseline showed activity across
the range (mean = 7.47; range = 0-16, median = 8). Indeed, in keeping with
the literature, 25% of PWI scored
sleepy n

=31).

~

10 on the ESS (sleepy n = 12; non

Differences between sleepy and non sleepy PWI are

presented in chapter 6.
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Baseline subjective sleep data were analysed by averaging the first month
of sleep diaries. One-way ANOVA was used to compare sleep measures
between groups. Preliminary tests indicate departures from homogeneity of
variance among sleep onset latency (SOL), and so to improve symmetry in
the score distribution, SOL data were log transformed for analysis.

Table 3:3: Baseline subjective sleep parameters for PWI and control participant values
compared in univariate ANOVA
n-43

n-43

Controls

PWI

Mean

SD

Mean

One -way ANOVA

SD

F

P value

Sig.

Get into bed

23:30

±0:58

23:16

± 1:05

1.18

0.28

ns

Lights out

23:47

±0:55

23:39

± 1:04

0.39

0.53

ns

Wake up

7:34

±0:47

7:05

± 1:05

5.47

0.02

•

Get out of bed

8:01

±0:46

7:43

± 1:00

2.40

0.13

ns

Time In Bed (min)

504.29

±46.00

497.79

±65.86

0.28

0.60

ns

TST

447.15

± 31.35

393.97

±52.96

32.11

<0.001

SOL

9.33

±5.26

21.37

± 17.06

19.56

<0.001

WASO

10.01

±9.86

33.12

±23.28

35.94

<0.001

•••
•••
•••

Sleep efficiency %

87.87

±4.29

77.20

±8.53

53.79

<0.001

•••

4.01

±0.53

3.08

±0.51

68.96

<0.001

•••

QoS

Subjective sleep diaries highlighted significant differences between PWI and
controls (Table 3.3). PWI reported longer SOL (control group mean = 9.33 ±
5.26 < PWI group mean
(control group mean

=21.37 ± 17.06; F =19.56; P < 0.001) and WASO

=10.01 ± 9.86 < PWI group mean =33.12 ± 23.28;

F = 35.94; P < 0.001), as well as shorterTST (control group mean = 447.15

± 31.35> PWI group mean =393.97 ± 52.96; F =32.11, P < 0.001).
In relation to this, controls achieved significantly greater SE compared to
PWI (control group mean = 87.87 ±4.29> PWI group mean = 77.20 ± 8.53;
F

=53.79; P < 0.001).

PWI also subjectively rated the quality of their sleep

(OoS) lower than controls (control group mean
mean

=3.08 ± 0.51; F =68.96; P < 0.001).
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There was very little difference found between group's "get into bed" time
(control group mean = 23:30 ± 0:58> PWI group mean = 23:16 ± 1:05;
F

=1.18; P> 0.05) and "get out" of bed time (control group mean =8:01 ±

0:46> PWI group mean = 7:43 ± 1:00; F

=2.40; p> 0.05), however, a

significant difference was found between baseline waking times (control
group mean = 7:34 ± 0:47 > PWI group mean = 7:05 ± 1:05; F = 5.47;

P < 0.05), and the time spent 'lying in' once awake in the morning (control
group mean = 27.48 ± 15.37 < PWI group mean 38.47 ± 15.31, F = 11.03,

P < 0.001). At baseline, PWI subjectively present a profile of disturbed
sleep, with an average SOL >20 minutes, an average WASO of > 30
minutes, SE < 80%, and an average TST < 6.5 hours/night (Table 3.3).

3.3. Subjective sleep measure inter-correlations
To explore the differences between control participants and PWI, the
relationship between baseline sleep measures were analysed for each
group separately (Table 3.4). Analysis showed greater association within
PWl's reported sleep parameters. Within PWI, aos was found to relate to
TST (r

=0.50, P < 0.001), SE (r = 0.46, P < 0.001), WASO (r = -0.44,

P < 0.001) and SOL (r = -0.38, p < 0.01). This can be compared to control
participants, where aos only significantly correlated with WASO (r

=-0.42,

P < 0.001).
TST within PWI correlated with the majority of measures, whereas TST
within controls did not. Among PWI, TST correlated positively with TIB

=0.56, P < 0.001), SE (r =0.79, P < 0.001) and aos (r =0.50, P < 0.001)
and negatively with WASO (r =-0.54, P < 0.001), and SOL (r =-0.40,
(r

P < 0.01). Control participant's TST correlated significantly with only TIB
(r

=0.75, P < 0.001).

However, control participant's report of TIB, also

correlated with SE (r = 0.41, P < 0.01) and WASO (r = 0.46, P < 0.001),
whereas TIB within PWI only correlated with TST (Table 3.4).
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Table 3:4: Baseline Pearson's correlations between subjective sleep measures for PWI &
control participants
PWI
TIB
TST
SE
WASO
r 0.20 "". 0.50 ••• 0.46 """''''' -0.44 """,*
Qos
43
43
43
43
n
0.56
•••
-0.03
0.19
TIB
r
n
43
43
43
TST
r
0.80 """"* -0.54
n
43
43
-0.79 "'••
SE
r
43
n
WASO r
n
SOL

.*.

Clrls
TIB
TST
SE
WASO
0.42 ."".
r -0.21 -0.08
0.21n
43
43
43
43
0.75
...
-0.41
r
0.46 *""""
43
n
43
43
0.29
0.07
r
n
43
43
-0.64 •••
-0.58 It• •
r
43
43
n
0.45 ••'"
r
43
n

SOL
·0.38 ••
43
0.21
43
-0.40 ••
43

• Correlation is significant at the 0.05 level (2-tailed) .
•• Correlation is significant at the 0.01 level (2-tailed) .
••. Correlation is significant at the 0.001 level (2-tailed).

3.4. Characteristic Constructs
At baseline, PWI scored significantly higher on the BDI (control group mean

= 5.19 ± 4.53 < PWI group mean = 11.28 ± 9.15; F = 15.32, P < 0.001), as
well as both state (control group mean

=28.93 ± 7.95 < PWI group mean =

38.35 ± 11.45; F = 19.62, P < 0.001), and trait anxiety (control group mean =
34.72 ± 8.38 < PWI group mean

=44.88 ± 12.10; F =20.50, P < 0.001)

compared to controls (Table 3.5). With a total score of 0-13 indicative of
minimal depression, 14-19 with mild depression, 20-28 with moderate
depression, and 29-63 with severe depression, PWI's mean reported BDI
score fell at the upper end of minimal depression. However, standard
deviations and range indicate variability within the group (mean

9.15, median

=9, range 0-34).

=11.28 ±

In addition, fatigue severity was found to be

significantly elevated within PWI (control group mean = 3.11

± 1.11

< PWI

± 1.02; F = 18.85; P < 0.001). Norm mean values for
state (35.46 ± 10.51) andtrait anxiety (34.84 ± 9.21) indicate that PWI report

group mean = 4.11

elevated values in comparison, while control participants closely match
normative values.
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Table 3:5: Baseline mood data for PWI and control participants: values compared in
univariate ANOVA

Variable

n =43

N =43

Controls

PWI

Mean (SO)

Range

One-way ANOVA

Mean (SO)

F

P

5ig.

Range

5.19 ± 4.53

0-14

11.28 ± 9.15

0-34

15.32

<0.001

•••

State Anxiety

28.93 ± 7.95

20-62

38.35 ± 11.45

23-69

19.62

<0.001

•••

Trait Anxiety

34.72 ± 8.38

21-54

44.88± 12.10

24-75

20.50

<0.001

•••

3.11 ± 1.11

1.44-6.67

4.11 ± 1.02

2.33-6.33

18,85

<0.001

•••

BOI

FSS

PWI scored significantly higher on EPQ-N measured by the EPQ (control
group mean = 9.70.± 5.52 < PWI group mean = 13.77.± 5.35; F = 12.05,
P < 0.001), however, no difference was found between measures EPQ-E or
EPQ-P (Table 3.6).

Table 3:6 Baseline personality data for PWI and control participants: values compared in
univariate ANOVA

Personality
(EPO)

n - 43

n - 43

Controls

PWI

Mean (SO)

Range

Mean (SO)

One-way ANOVA

F

P

5ig.

Range

EPO-E

14.56 ± 4.33

03-22

13.16 ± 5,99

0-23

1.53

0.22

ns

EPO-N

9.70 ± 5.52

01-22

13.79 ± 5.35

01-22

12,05

<0.001

•••

EPO-P

4.72 ± 2.93

0-12

5,60 ± 5,13

0-31

0.96

0.33

ns

3.5. Health Related Quality Of Life
Figure 3.1 and Table 3.7., present the Short Form-36 (SF-36) health-related
quality of life (HrQoL) scores for controls and PWI. Both groups expressed
similar levels of physical functioning (F = 1.22, P > 0.05) and physical role
limitation (F

=1.70, p> 0.05).

However, emotional role limitation (control

group mean = 92.79 + 12.26 > PWI group mean = 82.48 + 15.19;
F = 10, P < 0.01), social functioning (control group mean = 91.78 + 11.89 >
PWI group mean

=67.70 + 24.22; F =5.97, P < 0.01),

52

Ch. 3: Baseline Results

mental health (control group mean

=62.33 + 9.04 > PWI group mean =

=17.18, P < 0.001), energy and vitality (control group
mean =49.53 + 11.54> PWI group mean =35.93 + 15.52; F =21.29,
52.47 + 12.72; F

P < 0.001), pain (control group mean = 88.11 + 18.69> PWI group mean =

=3.79, P < 0.05) and general health perception (control
group mean =77.95 + 15.97 > PWI group mean =69.84 + 18.17; F =4.84,
80.10 + 19.48; F

P < 0.05) were significantly reduced in PWI compared to controls
(Table 3.7).
(n
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0
0

"

60

E

~

,

I

50

rJ)

u. :5
iii
Q)

40

u

E

!!!

<D

'"
Q)
~
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Figure 3-1: Historgram showing baseline SF-36 health related quality of life scores for PWI
(n=43) and controls (n = 43): values compared in univariate ANOVA.

Further analysis of baseline SF-36 component scores, showed that PWI
perceived their general health as worse compared with control participants.
Indeed, of PWI, 16.28% felt they tended to get ill more easily than others,
compared with 4.65% of control participants; 18.6% of PWI felt their health
would get worse, compared to 13.9% of control participants; 72% of PWI felt
they were as healthy as anyone else compared to 83.7% of control
participants, and 65% of PWI rated their health as excellent compared to
86% of controls (p < 0.05).
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Table 3:7: Baseline SF-36 component scores for PWI and controls: values compared in
univariate ANOVA
Baseline

n =43

n =43

SF-3S

Controls

PWI

Component

Mean (SD)

Range

Mean (SD)

One-way ANOVA
F

P

Sig.

Range

PF

96.40

:!: 7.18

70-100

94.77

:!: 6.45

80-100

1.22

ns

ns

RP

78.55

:!: 16.16

22-89

88.49

:!: 17.81

35-100

1.70

ns

ns

RE

92.79

:!: 12.26

55-100

82.48

:!:15.19

40-100

10.00

<0.01

••

SF

91.78

:!: 11.89

53-100

67.7

:!: 24.22

0-89

5.97

<0.01

••

MH

62.33

:!: 9.04

36-76

52.47

:!: 12.72

28-72

17.18

<0.001

EN

49.53

:!:11.54

25-65

35.93

:!: 15.52

0-60

21.29

<0.001

P

88.11

:!: 18.69

33-100

80.10

:!:19.48

33-100

3.79

<0.05

GHP

77.95

:!: 15.97

30-100

69.84

.:!: 18.17

25-100

4.84

<0.05

•••
•••
•
•

HT

96.40

:!: 7.18

70-100

50

:!: 20.41

0-100

0.97

ns

ns

3.S. Sleep measures
At baseline, greater sleep disturbances (SDQ), were reported among PWI
(control group mean = 23.37 .± 5.00 < PWI group mean = 36.49 .± 7.93;
F

=84.23, P < 0.001), along with heightened pre-sleep arousal compared to

control participants (control group mean = 21.51 .± 5.47 < PWI group mean =
27.35.± 9.57; F

=12.05, p <0.001).

As reported in Table 3.8, components

within the SDQ showed PWI reported significantly greater mental (control

=7.33.± 2.15 < PWI group mean =10.79.± 2.92; F =39.39;
P < 0.001) and circadian disturbance (control group mean =5.37.± 1.35 <

group mean

PWI group mean = 8.84.± 2.39; F = 68.64; P < 0.001), along with greater
intrusive thoughts (control group mean = 5.16 .± 1.60 < PWI group mean =
8.60.± 2.53; F

=56.88; P < 0.001) and physical disturbance (control group

mean = 5.51 .± 1.92 < PWI group mean = 8.26 .± 2.23; F = 37.47; P < 0.001).
Such findings are in keeping with previous literature, and are often believed
to identify the casual attributions concerning the perceived sources of the
sleep problem.
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Table 3:8: Baseline sleep questionnaire measures (perpetuating factors) for PWI and
control participants. Values compared in univariate ANOVA
Controls

PWI

N=43

N = 43

One-way ANOVA

Mean ± Standard Deviation

Measures

F

Sig.

Sleep Disturbance (SDQ)
23.37

±

5.00

36.49

±

7.93

84.23

P < 0.001***

7.33

±

2.15

10.79

±

2.92

39.39

P < 0.001***

1.35

8.84

±

2.39

68.64

p < 0.001***

1.60

8.60

±

2.53

56.88

p < 0.001***

8.26

±

2.23

37.47

P < 0.001***

5.40

±

2.99

16.81

p < 0.001***

Mental

Circadian
5.37

±

Intrusive thoughts
5.16

±

Physical disturbance
5.51

±

1.92

Sleep Hygiene (SHAP)
3.07

±

2.21

Pre-sleep arousal (PSAS)
21.51

±

5.47

27.35

±

9.57

12.06

P < 0.001***

9.09

±

1.82

10.37

±

3.27

5.01

p < 0.05*

±

4.28

16.98

±

7.41

12.20

P < 0.001***

Somatic

Cognitive
12.42

Components within the pre-sleep arousal scale (PSAS), indicate significantly
greater somatic (control group mean
10.37 ± 3.27; F

=9.09 ± 1.82 < PWI group mean =

=5.01; P < 0.05) and cognitive arousal (control group mean

= 12.42 ± 4.28 < PWI group mean = 16.98 ± 7.41; F = 12.30; P < 0.001)
within PWI compared to control participants (Table 3.8). At baseline, PWI
scored significantly higher on the DBAS (control group mean = 24.44

± 6.22

< PWI group mean = 32.28 ± 5.89; F = 35.98, P < 0.001). PWI also reported
practising worse sleep hygiene than controls (control group mean
2.21 < PWI group mean

=5.40 ± 2.99; F =16.81, P <0.001).
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Analysis of sub components within the DBAS (Table 3.9), showed PWI have
significantly stronger/elevated 'beliefs about both the immediate (control
group mean

=15.47 ±4.23 < PWI group mean =18.00 ± 3.66;

F = 8.81, P < 0.01), and long term negative consequences of insomnia'
(control group mean

=5.00 ±2.17 < PWI group mean =8.72 ± 3.02;

F =43.06, P < 0.001), as well as stronger/elevated beliefs about the 'need
for control over insomnia' (control group mean
mean = 5.56 ± 1.86; F

=3.98 ± 1.60 < PWI group

=17.95, P < 0.001).

Table 3:9 Baseline DBAS scores for PWI and control participants. Values compared in
univariate ANOVA
Controls; n

=43

PWI; n =43

One-Way ANOVA

Mean:!: Standard Deviation
Dysfunctional beliefs about sleep IDBAS)

F

Sig.

24.44

±

6.22

32.28

±

5.89

35.98

P < 0.001'"

3.98

±

1.60

5.56

±

1.90

17.95

P < 0.001'"

± 3.66

8.81

3.02

43.06

Control

Immediate consequences

±

15.47

4.23

18.00

P < 0.01**

Long term consequences

± 2.17

5.00

8.72

±

P < 0.001'"

3.7. Objective performance (PVT)
PVT datawere analysed firstly using baseline grand Reaction Time (RT)
over the 20 minute period for both groups (Table 3.9). One-way ANOVA
showed a significant group difference in baseline PVT grand RT, with 13.24
ms differentiating between groups (control group mean
PWI group mean

=307.05 ± 31.87; F =5.29; P < 0.05).

=292.72 ± 25.60 <
The number of

lapses (>500ms) occurring over the 20 minute period were also analysed,
and showed PWI accumulated significantly more lapses than controls
(control group mean

=2.67 ± 3.25 < PWI group mean =5.74 ± 7.40;

F = 6.21, P < 0.05).
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Table 3: 10: Baseli ne PVT data fo r PWI and control participants. Values compared in
univariate ANOVA
Controls ; n - 43
Mean
Grand RT
Lapses

SD

PWI; n - 43
Mean

292.72

± 25.60

307.05

2.67

± 3.25

5.74

One-way ANOVA

SD

F

Sig .

P value

± 31 .87

5.29

<0.05

•

± 7.40

62 1

<0.05

•

Baseline 'time on task' showed a significant and uniform increase in RT over
time, resulting in a significant main group (F = 5.39, < 0.05) and time effect
(F = 30.89, P < 0.01). Figure 3.2 illustrates this linear relationship between
time on task and increased RT, with PWI performing uniformly slower across
the 20 minute period when compared to control participants. This also
illustrates how RT within both groups increased at the same rate over the
course of 20 minutes resulting in a non significant interaction
(p > 0.05).
(n = 4 3 control ; 43 PWI)

330
320
310
300

1

~ 290
;:- 280
0::

270
260
250

-+- Ctrls

_ _ PWI

240 +----------r--------~~--------,_--------_,
1 st
2nd
3rd
41h

Time on task (over 20 min)

Ma in time effect F= 30.89 , p < 0 .01 ... ; Ma in group effect F=5.39, p <0.05; Interaction effect = ns

Fig ure 3-2 : PVT baseline data over 20 minutes, for PWI and control partici pants: time on
task reaction time.

Baseline time on task (Figure 3.3) shows the increase in the number of
lapses recorded within both groups. Repeated measures confirmed this,
reporting a main group (F

= 3.24 , P < 0.05) and time effect (F = 14.74 ,

P < 0.001 ), however, no significant group effect was found .
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(n = 43 control ; 43 PWI)
' .5

,I
~

1.5
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'
-+- Clrls ........... PWI

0.5

o

1st

2nd

3rd

4th

Time on task (20 min)
Main time effect F= 14.73; P < 0.001; Main group 3.24 , p < 0.05; Interaction effect = ns

Figure 3-3: Baseline PVT lapses over 20 minutes for PWI and controls: Values compared
in multivariate ANOVA.

3.8. Comment
This study sought to replicate previous findings suggesting that PWI differ
significantly in their psychological makeup compared to controls. While only
PSQI scores were used to allocate participants to study groups, data show
significant differences in subjectively reported sleep measures and confirm a
distinct psychological profile that has been found in previous research when
comparing PWI with control participants.

In keeping with literature, PWI did not report significantly greater sleepiness,
but reported significantly elevated fatigue compared with controls .
Subjective sleep measures averaged over the first month of diary data,
showed PWI subjectively rated their sleep quality lower than controls;
reporting longer SOL, WASO and time spent lying in, with shorter TST and
lower SE compared to controls. Indeed , PWI at baseline presented a profile
of disturbed sleep , with an average SOL >20 minutes, an average WASO of
> 30 minutes, SE < 80%, and an average TST < 6.5 hours/night.

In addition , intercorrelations between sleep parameters show that in both
controls and PWI , WASO plays an important role in the subjective feeling of
sleep quality.
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Psychological measurements support previous findings of significantly
elevated state and trait anxiety, as well as depression and neuroticism within
PWI. Health related QoL was also found to be significantly lower within PWI
in comparison to control participants ; with mental health and energy and
vitality showing the greatest detriment.

In keeping with literature, PWI reported heightened pre-sleep arousal , sleep
disturbance and reported practising worse sleep hygiene compared to
controls . In addition , cognitive arousal was found to be the dominant
component within the pre-sleep arousal period , which again supports current
theory.

Baseline data found a significant group difference in objective daytime
performance . While previous literature has shown discrepancy between self
report of daytime impairment and objective measures within PWI , data
presented here , show PWI perform less well on a 20 minute psychomotor
vigilance task, when compared to controls .
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CHAPTER 4

4. STABILITY OF THE 'INSOMNIA' PROFILE

Having replicated previous cross sectional studies, this chapter will explore
the temporal stability of the significantly different profiles seen at baseline
between PWI and control participants , and address the under-researched
relationship between the characteristics found and the longitudinal dynamics
of insomnia.

4.1. Stability of Mood
4.1.1. Depression
At baseline , PWI were found to score significantly higher on the BDI
compared to control participants (control group mean = 5.19:!: 4 .53 < PWI
group mean = 11 .28:!: 9.15; F = 15.32, P < 0.001) . Repeated measures
(Table 4.1) reported a mean difference of 6.02 between groups over the 3
time points , resulting in a significant main group effect (F = 18.37 ;
P < 0.001) . BDI scores were found to significantly decrease within both
groups uniformly (F = 7.70, P < 0.001 (Figure 4.1)) .
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Table 4: 1: Subjective waking correlates of insomnia. Outcomes of interest used as
dependent variable in a multivariate analysis, with 'group' as between group factor and
'time ' as within factor.
n=41
CONTROLS

n=40
PWI

F value

P-value

[I>
:J

Mean ± Standard Deviation

'"
Cl)

Ql

E
Beck Depression Inventory
4.88 ± 4.37
11 .71
T1
3.83 ± 4.55
9.53
T2
T3
4.00 ± 4.58
9.53
State Anxiety
28.95 ± 8.11
38.35
T1
T2
28.27 ± 6.80
35.80
T3
30.54 ± 11 .06
35.60
Trait Anxiety
34.61 ± 8.47
45.18
T1
T2
32.39 ± 6.55
42.38
32.12 ± 8.84
42.43
T3
Fatigue Severity
T1
3.07 ± 1.13
4.15
2.83 ± 1.11
3.91
T2
2.97 ± 1.02
3.94
T3

Main Group
Interaction
Effect
Effects
(ctrIIPWI)

Main Effect
(T1, T2, T3)

Difference

± 9.54
± 8.91
± 7.61

6.83
5.70
5.53

F = 7.70

p< 0.001"'''

F = 18.37
p< 0.001 ***

F=1 .19
P = 0.34

± 11.48
± 11 .21
± 11 .56

9.40
7.53
5.06

1.63
P = 0.20

15.85

p< 0.001"'''

1.63
P = 0.20

± 12.47
± 12.18
± 11 .84

10.57
9.98
10.30

9.82
p< 0.001 ***

23.46
p< 0.001--

0.12
P = 0.90

± 1.07
± 1.08
± 1.31

1.08
1.09
0.97

3.87
P < 0.05"

22.20
p< 0.001"""

0.20
P = 0.82

(n = 41 control; 40 PWII
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-
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o
u

'"
C

III

8

Clrls _ _ PWI

I
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I
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T3

Data collection point

Main time effect F= 7.70, P <0.001 ; Main group effect F= 18.37, P <0.001 ; Interaction effect = ns

Figure 4 -1: Mean (S E bars) change score with BDI used as dependent variable in a
multivariate analysis, with 'group' as between group factor and 'time' as within factor.
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4.1.2. Anxiety
Baseline state anxiety was also found to be significantly elevated among
PWI (control group mean = 28.93

~

7.95 < PWI group mean = 38 .35

~

11.45; F = 19.62, P < 0.001). Repeated measures analysis (Table 4 .1)
reported a mean difference of 7.33 between groups over the 3 time points ,
resulting in a significant main group effect (F = 15.85; P < 0.001) . No main
time effect or interaction was found suggesting state anxiety remains stable
within both groups (Figure 4.2).

Significant differences found in trait anxiety scores between PWI and
controls at baseline (control group mean
= 44.88

~

=34.72 ~ 8.38 < PWI group mean

12.10; F = 20.50, P < 0.001 ) also remained stable across 3 time

points over 9 months (Figure 4.3). Repeated measures analysis (Table 4.1 )
found a mean difference of 10.28 between groups trait anxiety across these
3 time points, resulting in a significant main group effect (F = 23.46 ;

P < 0.001 ).
(n = 41 control ; 40 PWI)
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Main time effect = ns; Main group effect: F = 15.85, P <0.001 ; Interaction effect = ns

Figure 4-2 : Mean (SE bars) change scores with state anxiety used as dependent variable
in a multivariate analysis, with 'group' as between group factor and 'time' as within factor.
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(n = 41 control 40 PWI )
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Figure 4-3: Mean (SE bars) change scores with trait anxiety used as dependent variable in
a multivariate analysis, with 'group' as between group factor and 'time' as within factor.

4.1.3. Fatigue
Significant baseline differences in fatigue severity scores between groups
(control group mean = 3.11

~

1.11 < PWI group mean = 4.11

~

1.02;

F = 18.85, P < 0.001) remained stable across 3 time points over 9 months
(Figure 4.4) . Multivariate analysis (Table 4 .1) found a mean difference of
1.04 between groups across these 3 time points, which resulted in a
significant main group effect (F = 22.2; P < 0.001) . Again, over the cou rse of
data collection a main time effect was found to be significant (F = 3.87 ,
P < 0.05) with both groups subjective fatigue improving at time 2 and then
increasing again at time 3. No interaction was present.
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(n = 41 control; 40 PWI)
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Figure 4-4: Mean (S E bars) change scores wi th FSS used as dependent variable in a
multivariate analysis, with 'group' as between group factor and 'time' as wi th in facto r.

4.2. Stability of Subjective sleep questionnaire measures
4.2.1. Sleep Disturbance
Significant differences between group's baseline sleep disturbance scores
(control group mean = 23.37 :: 5.00 < PWI group mean = 36.49 :: 7.93;
F

=84.23, P < 0 .001 ) remained stable across 3 time points over 9 months.

A mean differen ce of 12.23 was found between groups across these 3 time
points resulting in a significant main group effect (F = 72. 32; P < 0.001 ;
Table 4.2). Both groups SOO scores improved over the course of data
collection resulting in a significant main time effect (F = 9.43, p < 0.001 ),
however, no group by time interaction was found (Figure 4.5).
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Table 4 :2 : Mean scores of SDO components with SDO scores as dependent variable in a
multivariate analysis, with sleep status as betwee n group factor and time as within factor.
CONTROLS
n ; 41

P -value

PWI
n ;40

I!'

.'""

Mean ± Standard Deviation

Difference

Q)

E
Sleep Disturbance
T1
23 .24 ± 5.09
21.73 ± 6.08
T2
22 .10 t 6.20
T3
Mental disturbance
7.32 ± 2.20
T1
6.83 t 2.19
T2
6.73 t 2.30
T3
Circadian disturbance
5.29 t 1.33
T1
T2
5.22 t 1.98
T3
5.46 t 2.01
Intrus ive t houghts
T1
5.15 t 1.64
T2
4.78 t 1.71
T3
4.56 t 1.57
.1 disturbance
5.49 t 1.96
T1
4.90 ± 1.77
T2
5.34 t 1.92
T3

Main Effect (T1 ,
T2, T3)

Main Group
effect
(ct~/PWI)

Interaction
Effects

36.75 ± 8.15
34.48 ± 8.86
32 .55 ± 8.32

13.51
12.74
10.45

9.43
p< 0.001·"

72.32
p< 0.001 ... •

2.56
P ; 0.08

10.93 t 2.92
10.18 t 3.19
9.70 t 2.85

3.61
3.35
2.97

7.15
p< 0.001'"

40.04
p< O.OOl....

0.86
0.428

8.88 t 2.45
8.45 t 2.60
7.83 t 2.60

3.58
3.23
2.36

1.82
0.17

52.42
p< 0 .001·"

3.45
P < .05'

8.68 t 2.61
7.93 t 2.86
7.50 t 2.66

3.53
3.14
2.94

9.04
p< 0.001 *'-

52.41
p< 0.001'"

1.04
0.36

8.28 ± 2.30
7.93 t 2.44
7.53 ± 2.31

2 .79
3.02
2 .18

3.12
P < 0.05'

41 .95
p< 0.00 1***

2.42
0.1
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Figure 4-5: Mean (SE bars) change scores with SDO used as dependent variable in a
multivariate analysis, with 'group' as between group factor and 'time ' as within factor.
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Over the course of data collection , component scores wfthin the

soa also

remained significantly greater within PWI compared to controls (Table 4.2),
with an average mean difference across components of 3.06 (Figure 4 .6).
PWI consistently reported significantly greater mental over activity,
(F = 40 .04, P < 0.001) , intrusive thoughts (about the consequences of
insomnia , (F = 52.41 , P < 0.001 )) , circadian disturbance (the lack of sleep
readiness (F = 52.42 , P < 0.001)) and physical disturbance
(restlessness/agitation , F

=41.95, P < 0.001) .
(n = 41 control ; 40 PWI)
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Figure 4-6: Mean (SE bars) change scores with SDa components used as dependent
variable in a multivariate analysis, with 'group' as between group factor and 'time' as within
factor.

4.2.2. Sleep Hygiene
Sleep hygiene measures are believed to identify the sleep habits that may
perpetuate poor sleep. Significant baseline differences in sleep hygiene
scores (control group mean = 3.07 .±. 2.21 < PWI group mean = 5.40 .±. 2.99 ;
F = 16.81 , P <0.001) , remained stable between groups across 3 time points.
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A mean difference of 2.37 was found between groups across these 3 time
points resulting in a significant main group effect (F = 35.26 ; p < 0.001
(Table 4 .3)). Both group's sleep hygiene scores improved at time 2 data
collection, however, control participant scores returned to baseline levels at
time 3. A main time effect was found to be significant (F = 10.77 , P < 0.001) ,
however, no interaction was reported (Fig ure 4 .7) .
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Figure 4-7: Mean (SE bars) change scores with Sleep Hygiene used as dependent variable
in a multivariate analysis, with 'group' as between group factor and 'time' as within factor.

4.2.3. Dysfunctional Beliefs
Significant baseline differences in DBAS scores (control group mean =
24.44

:t 6.22 < PWI group mean = 32.28 :t 5.89; F = 35.98 , p < 0.001)

remained stable between groups . A mean difference of 6.75 was found
between groups across these 3 time points resulting in a significant main
group effect (F = 23.46; P < 0.001 ; Table 4 .3) .
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(n = 41 control; 40 PWI)
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Figure 4-8: Mean (SE bars) change scores with DBAS used as dependent variable in a
multivariate analysis, with 'group' as between group factor and 'time' as within factor.

Table 4 :3: Mean scores with outcomes of interest as dependent variable in a multivariate
analysis , with 'group' as between group factor, and 'time' as within factor.
CONTROLS
n = 41

PWI
n = 40

P-value

I!!

"

on

Mean

'"

± Standard

Deviation

Difference

Q)

E
Sleep Hygiene
T1
2.88 ± 2.08
2.29 ± 1.65
T2
2.88 ± 1.86
T3

5.41 ± 3.12
4.31 ± 2.35
5.41 ± 2.53

Main Effect
(T1 , T2, T3)

Main Group
Interaction
effect
Effects
(ctrIIPWI)

2.53
2.02
2.53

F= 10.77
p< 0.001"""

F = 35.26
p< 0.001"""

F = 1.10
P = 0.37

7.84
7.77
4.65

4.85
p< 0.01""

17.32
p< 0.001"""

1.08
P = 0.34

2.51
1.97
-0.35

1.06
p< 0 .01 ....

1.57
0.21

4.72
0.35

8.80 ± 3.10
8.50 ± 3.23
7.85 ± 3.36

3.80
4.06
3.63

5.97
P < 0.05"

53.39
p< 0.001"""

4.21
0.66

5.58 ± 1.92
5.50 ± 1.85
5.00 ± 1.91

1.53
1.74
1.37

3.47
P < 0.05"

23.76
p< 0.001"""

0.55
0.58

Dysfunctional Beliefs about sleep

T1
T2
T3

24.49 ± 6.36
22.93 ± 6.91
24.85 ± 14.77

32.33 ± 6.07
30.70 ± 7.25
29.50 ± 8.16

Immediate ·ve consequences

T1
T2
T3

15.44 ± 4.34
14.73 ± 4.79
17.00 ± 12.91

17.95 ± 3.75
16.70 ± 3.80
16.65 ± 4.22

Long tenn -ye consequences

T1
T2
T3

5.00 ± 2.21
4.44 ± 2.12
4.22 ± 1.96
Control

T1

T2
T3

4.05 ± 1.60
3.76 ± 1.48
3.63 ± 1.44
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Baseline analysis of DBAS sUb-components showed significant differences
between groups for all components. Repeated measures analysis ,
however, showed only two components continued to differ between groups,
that is, 'beliefs about the long term negative consequences of insomnia',
and beliefs about the 'need for control over insomnia' (Table 4.3) .
A significant mean difference of 3.83 and 1.55 was found between the long
term consequences component (F = 53.39, P < 0.001) and control

component, (F = 23.76; P < 0.00 1). A significant main time effect was also
reported for these components; with improvement shown within both groups,
for control (F = 3.47 , P < 0.05) and long term consequences
(F = 5.97 , P < 0.01) . While at time 1 and time 2 immediate negative
consequences significantly differed between groups, the general linear

model reports no significant main group effect. Control participant's
increase in reported negative consequences of insomnia at time 3 appears
responsible for the significant main time effect (F = 1.06, P < 0.01) , but also
the non significant group finding . Again no interactions were reported
(Figure 4 .9).
(n = 41 control; 40 PWI)

.,
0
"
.,<:<:
~

20
IiI Controls

18

. PWI

<f)

16
14
&. 12
E 10
0

~

en" 8

<1:
al
C

.,.<:

=<

6
4
2
0
Immediate -ve conseq

Long-term conseq

Control

DBAS component I Data collection point
Immed: main time effect F= 1.06, P <0.01 : Main group effect F= 1.57 , P = 0.21 ns; Interaction effect= ns
Long-term : Main time effect F= 5.97, p< 0.05; Main group effect F= 53.39 , p<O.001 : Interaction effect ns
Control: Main time effect F= 3.47, p= 0.05: Main group effect F= 23.76 , p<O.OOl ; Interaction effect ns

Figure 4-9: Mean (SE bars) change scores with DBAS component scores used as
dependent variable in a mUltivariate analysis, with 'group' as between group factor and
'time' as within factor.
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4.2.4. Pre-sleep Arousal
Significant baseline differences in pre-sleep arousal (control group mean =
21 .51

:t 5.47 < PWI group mean = 27 .35:t 9.57;

F = 12.05, P <0.001)

remained stable between groups across 3 time points over 9 months
(Table 4.4) . A mean difference of 5.58 was found between groups across
these 3 time points resulting in a significant main group effect (F = 14.76;
P < 0.001) . No significant main time effect or interaction (p > 0.05) was
reported , suggesting stability within both groups (Figure 4.10).
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Fig ure 4-10: Mean (SE bars) change scores with PSAS used as dependent vari able in a
multivariate analysis , with 'group' as between group factor, and 'time' as within factor.

Table 4:4 Mean scores with outcomes of interest as dependent variable in a multivariate
analysis, with 'group' as between group factor, and 'time' as within factor.
Controls

n =41

PWI
n =40

F- value
Q va lu e

Mean ± Standard Devialion
Pre·sleep arousal
T1 21.68 ± 5 .55
T2 21 .56 ± 5.63
T3 20.90 ± 5 .17
Somatic arousal
9 .15 ± 1.85
T1
9 .15 ± 2.01
T2
T3
8.68 ± 3.00
Cognitive arousal
T1 12.54 ± 4 .35
T2 12.41 ± 4.17
T3 12.22 ± 4.29

Difference

Main effect
(T 1 , T2 , T3)

Main Group
effect
(ctrl/PWI)

Interaction
effects

27.48
26.23
27.18

±
±
±

9 .86
8 .94
9 .65

5.79
4.66
6.27

0.45
P = 0.64

14.76
p< 0 .001--

0 .72
P = 0.49

10.43
10.18
10.33

±
±
±

3.38
3.00
3.81

1.28
1.03
1.64

0.49
P = 0.62

6 .51
P < 0.01"·

0 .58
P = 0.56

17.05
16.05
16.85

±
±
±

7.62
6 .59
6.97

4.51
3.64
4.63

0.53
p = 0.59

15.49
p< 0 .001---

0 .58
P = 0 .56
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At baseline, subjectively reported cognitive (control group mean = 12.42
4 .28 < PWI group mean = 16.98

=7.41; F = 12.30; p < 0.001) and somatic

pre-sleep arousal (control group mean
10.37

=

=9.09

=

1.82 < PWI group mean

=3.27; F = 5.01 ; p < 0.05) , were found to significantly differentiate

=

between groups. Differences between cognitive arousal remained constant
over the course of 9 months (Table 4.4) , with a significant difference of 4.26
found between groups (F = 15.49; P < 0.001). Differences in somatic
arousal also remained stable with a significant mean difference of 1.32
found between groups (F = 6.51 ; P < 0.05). No significant main time effect
or interaction was found , which suggests stability within both groups across
the data collection period (Figure 4 .11).
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Cognitive: Main time effect F=O.53, p = 0.59; Main group effect = F=15.49 , P <0.001 ; Interaction effect = ns
Somatic: Main time effect F=0.49, p = 0.62; Main group effect = F=6.S1 , P <0.01 ; Interaction effect = ns

Figure 4-11 : Mean (SE bars) change scores with PSAS component scores used as
dependent variable in a multivariate analysis, with 'group' as between group factor, and
'time' as within factor.

4.3. Personality
At baseline, no significant group difference was found between EPQExtroversion scores (control group mean = 14.55

= 13.16

=4 .62> PWI group mean

=5.99; F = 1.53 , p > 0.05) . While mean values and error bars

illustrated in Figure 4.12, suggest a significant separation between groups
extroversion scores at times 2 and 3, no main group effect was reported
following repeated measures analysis (F = 2.58, P > 0.05; Table 4 .5).
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Table 4:5: Personality scores for PWI and controls, with EPQ component scores used as
dependent variable in a multivariate analysis, with 'group' as between group factor, and
'time' as within factor.

~

n;40
Controls

n;40
PWI

F value

::>

'"'"

Mean ± Standard Deviation

'"

E

EPO-Extroversion
T1
14.33 ± 4.37
T2
14.65 ± 4.83
T3
14.58 ± 4.53
EPO-Neuroticism
T1
9.78 ± 5.49
T2
9.63 ± 5.69
T3
8.65 ± 5.59

Main Effect
(T1 , T2, T3)

Difference

P-value
Main Group
Interaction
effect
Effects
(ctrI/PWI)

13.33 ± 5.98
12.90 ± 5.66
12.00 ± 5.89

-1.00
-1 .75
-2.58

F; 1.47
p; 0.236

F ; 2.58
p ; 0.11

F; 1.95

13.70 ± 5.53
13.18 ± 6.30
13.23 ± 6.24

3.93
3.55
4.58

1.56
p ; 0.22

11 .09
p< 0.001 .....

0.92
p; 0.40

p; 0.15

In comparison to extroversion scores, baseline neuroticism scores were
found to differ significantly between groups (control group mean = 9.70:t.
5.52 < PWI group mean = 13.79:t. 5.35; F = 12.05, P < 0.001), and this
significant difference remained stable across 3 time points over 9 months
(Figure 4 .12). A mean difference of 4.02 was found , resulting in a significant
main group effect (F = 11 .09 ; P < 0.001 (Table 4.5)).
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Figure 4-12: Mean (SE bars) change scores, with EPQ component scores used as
dependent variable in a multivariate analysis, with 'group' as between group factor, and
'time' as within factor.
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4.4. Health Related Quality of Life (HrQoL)
Analysis of baseline SF-36 scores showed significant group differences in
the majority of its dimensions. These differences remained stable over 9
months (Table 4.6) , with PWI scoring consistently lower on components
measuring emotional (F = 10.94; P < 0.001) and social functioning (F = 6.58 ;
P < 0.001) as well as mental health (F = 14.04; P < 0.001), energy/vitality
(F

= 32.08; P < 0.001), body pain (F = 6.92;

P < 0.001) and general health

perceptions (F = 4.77; P < 0.05; Figure 4.13).
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P: Ma in time effect F= 0.23, p= 0 .80; Main g rou p effect F= 6.92 , p<O.001 ; Interaction effect ns
G HP: main time effect F= 0.85 , p = 0.43 ; Main group effect F= 4.77 , P <0.05; Interaction effect = ns

Figure 4-13: Mean (SE bars) change scores, with SF-36 component scores used as
dependent variabl e in a multivariate analysis, with 'group' as between group factor, and
'time' as within factor.

73

HT

Ch. 4: Stability of the 'insomnia' profi le

T able 4 :6: Mea n scores of SF-36 fo r PW I and contro l part icipants, with SF-36 component
scores as depe nde nt variable in a multivariate a na lysis, with 'g rou p' as between group
factor, and 'time' as within fa cto r.

~

n=40
CONTROLS

F value

n 40
PWI

::>

'"

co
Q)
E

Mean ± Standard Devialion

Difference

Main Effecl
(T1, T2, T3)

P -value
Main Group
In teraction
effect
Effects
~ctrl/PWll

Physical functioning
T1
96.88 ± 6.06
94.38 ± 6.52
T2
96.75 ± 6.05
95.25 ± 7.51
T3
96.50 ± 6.81
94.38 ± 9.35
Role physical fu nctioning

-2 .50
-1.50
-2.13

F = 0.38
P = 0.68

F = 2.16
p=0.15

F = 0.35
P = 0.70

T1
T2
T3

-6.38
-4.75
-4.38

0.08
P = 0.93

3.57
P = 0.06

0.25
P = 0.78

-9.00
-9.50
-8.67

3. 92
P < 0.05'

10.94

p< 0 .00 1**.

0.05
P = 0.95

13.51
12.74
10,45

0.10
P = 0.91

6.58
P < 0.01"

1.86
P = 0.16

± 12.90
± 13,45
± 15.53

-9.20
-8.80
-8,40

4.16
P < 0.05'

14.04

p< 0 .001**'"

0.06
P = 0.94

± 15.64
± 14.74
± 14.32

-14.88
-16.25
-14.25

1.85
P = 0.16

32.08
p< 0 .001 "'10*

0.58
P = 0.56

± 19.90
± 19,49
± 19.09

-10.56
-6.39
-8 .06

0.23
P = 0.80

6.92
p< o.oor.... •

0.52
p = 0.60

± 18.36
± 18.92
± 20.19

-9.73
-5.53
-8,48

0.85
P = 0,43

4.77
P < 0.05'

1.05
P = 0.35

± 20.79
± 17.16
± 20.25

-2.50
0.00
1.88

0,47
P = 0.63

0.00
P = 0.95

0,46
P = 0.63

94.25 ± 10.10
93.63 ± 12.09
93.88 ± 11 .12

87.88 ± 18.29
88.88 ± 16.39
89.50 ± 15.92

Role emoti onal fun ctioning
91 .50 ± 12.17
82.50 ± 15.37
95.00 ± 8.64
85.50 ± 16.74
93.33 ± 12.54
84 .67 ± 18.56
Socia l fu nctioni ng
T1
23.24 ± 5.09
36.75 ± 8.15
34,48 ± 8.86
T2
21 .73 ± 6.08
T3
22 .10 ± 6.20
32 .55 ± 8.32

T1
T2
T3

Mental heal th
T1
6 1.90 ± 9.19
52 .70
T2
64.20 ± 8.15
55,40
62 .80 ± 11,46
54,40
T3
EnergyNitality
50.38 ± 11 .00
T1
35.50
T2
52.88 ± 10.06
36.63
T3
51.50 ± 11 .28
37.25
Body Pain
T1
90.00 ± 16.27
79,44
T2
87.22 ± 16.60
80.83
T3
89.72 ± 18.04
81 .67
General healt h percepti ons
T1
78.83 ± 14.31
69.10
T2
77.33 ± 18.53
71 .80
T3
80.08 ± 16,41
71 .60
Health Tra nsiti on
T1
53.13 ± 22 .78
50.63
T2
53.13 ± 17. 16
53.13
50.63 ± 16,49
T3
52 .50
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4.5. Inter-correlations between variables
Subjective questionnaire measures that differentiate between PWI and
controls are likely to share some common variance. In order to explore this
relationship and its stability over time, data were analysed separately for the
3 data collection time points, using Pearson product moment correlation .
The mean Pearson's r value across the 3 data co llection points wi ll be
reported here .

To explore the re lationship between the global PSQ I and subjectively
reported daily sleep measures, sleep diary data were averaged for each
month of the 9 month data collection . Month 1, 4 and 8 were then analysed
to provide a measure of subjective sleep for the month corresponding to the
completion of the questionnaire battery. Table 4.7 shows that at each time
point global PSQ I scores positively corre lated with subjectively reported
SOL (mean r = 0.59 , P < 0.001) and WASO (mea n r = 0.65, p < 0.001) , and
negatively co rre lated with TST (mean r = -0.65, P < 0.001) , and SE
(mean r = -0 .72 , p < 0.001) . In addition , globa l PSQ I scores negatively
correlated with subjective daily reports of sleep quality (r = -0.66 , p < 0.001 ).

Table 4:7:Global PSQI correlation with Daily Sleep measures at each data collection point
PSQI
t1

TIB
-0.04
86.00
86.00
-0.63 --- -0.16
78 .00
78.00
-0 .70 "t< -0.02
52 .00
52 .00

QOS

-0.66 •••

n

t2
n

t3
n

Work
-0.29 .86.00
86.00
86.00
86.00
86.00
-0.64 * ** -0.72 * * * 0.62 * .. 0 .54 * .. -0.36 * **
78 .00
78.00
78.00
78 .00
78.00
-0 .60 *** -0.64 *** 0.79 *** 0.65 *"'* -0.4 1 *"'*
52 .00
52 .00
52.00
52.00
52 .00

TST

SE

-0.66·**

-0 .74 *.*

WASO

0.6 9 * ..

SO L

0 .59 . . **

Global PSQ I scores co rrelated positively and consistently with subjective
measures of sleep disturbance, including pre-sleep arousal (mean r

=0.56 ,

P < 0.001), state anxiety (r = 0.5, P < 0.00 1) and sleep disturbance
(mean r = 0.71 , P < 0.001). Global PSQI also positively and consistently
correlated with consequences of insomnia , such as fatigue (mean r = 0.54 ,
P < 0.001) and the OISQ (mean r = 0.59 , P < 0.001) , indicating that as
subjective sleep quality decreased daytime impai rment increased (Table
4.7) .
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PSQI negatively correlated with general health perception within the SF-36
(mean r

= -0 .36, P < 0.01) , with correlations reaching values of r = -0 .6;

P < 0.001 for the energy and vitality component scores . In addition ,
measurements of psychological well-being were found to share variance .
BDI scores correlated with state (mean r = 0.69 , P < 0.001) and trait
(mean r = 0.76 , P < 0.001) anxiety scores, which in turn correlated with
EPQ-N values (mean r = 0.36 , P < 0.01) . Trait anxiety correlated with presleep arousal (mean r = 0.54 , P < 0.001) , which in turn correlated with sleep
disturbance (mean r = 0.65, P < 0.001). FSS and SF-36 energy/vitality (EV)
(mean r = 0.7; p<0.01) were also found to correlate at each data collection
point.

4.6. Discriminant Analysis
Discriminant analysis of baseline data showed sleep disturbance and presleep arousal scores discriminated between PWI and controls , with PWI
showing a significantly greater severity of sleep disturbance (lambda = 0.50 ,
F = 84.23; P < 0.001) and pre-sleep arousal (lambda = 0.87 , F = 12.06;

P < 0.001) . The final model correctly classified 86% of cases (control group
= 90.7%, PWI = 81.4%). However, the Box's M statistic for this model

(M = 17.18, P < 0.001) indicates significant inequality in the population
covariance matrices .

Discriminant analysis was repeated with time 2 and 3 data . SDQ was found
to consistently discriminate between groups. The final model at time 2
found SDQ discriminated between groups (lambda = 0.57 , F = 62 .84.

P < 0.001) , with PWI reporting greater SDQ . The final model classified
83.7% of cases (control group = 83.7%, PWI = 83.7%), however, the Box's

M statistic for this model (M = 5.35 , P < 0.05) again indicates significant
inequality in the population covariance matrices . Time 3, again found
elevated SDQ within PWI (lambda = 0.66, F = 37.89. P < 0.001) with the
model correctly classifying 78.8% of cases (control group = 80%,
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PWI = 77 .5%). Here the Box's M statistic for this model (M = 4.85, P = 0.19)
indicated equality in the population covariance matrices .

4.7. Stability of Subjective Sleep Measures
Baseline data showed a significant group difference between subjectively
reported TST (control group mean = 447.152: 31.35 > PWI group mean =
393.97 2: 52.96; F = 32.11 , P < 0.001), with control participants reporting
significantly greater TST compared to PWI. Averaged TST over 9 months
found PWI reported less TST than controls (control group mean =
446.122: 41 .5 > PWI group mean = 406.62 2: 60.06) . A significant mean
difference of 39.30 minutes was found over the course of data collection
which resulted in a significant main group effect (F = 9.38;
P < 0.01 (Table 4.8)) . No significant main time effect or interaction was
found (p > 0.05), illustrating the stability of both groups (Figure 4.14).

Ma in time effect F= 1.47, P = 0.19; Main group effect F= 9.38 , P <0.01; Interaction effect = ns

Figure 4-14: Mean (SE bars) change scores, with subjective TST as dependent variable in
a multivariate analysis, with 'group' as between group factor, and 'time' as within factor.

Baseline SOL was found to differ significantly between groups (control group
mean = 9.332: 5.26 < PWI group mean = 21.372: 17.06; F = 19.56;
P < 0.001), with PWI reporting greater SOL compared to controls. Averaged
SOL over 9 months found PWI reported greater SOL compared with controls
(control group mean = 9.672: 7.15 < PWI group mean = 19.972: 19.95) ,
resulting in a significant main group effect (Table 4.7; F = 11.17, P < 0.001 ).
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From 6 months onwards the difference between group SOL appears to
decrease, however, the differences increase again at month 9 and
contribute to the significant time by group interaction (F = 3.14; P < 0.01
(Figure 4.15)) .
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Main time effect F= 1.39, P = 0.23; Main group effect F= 11 .17, P < 0.001 : Interaction effect F = 3.14, P < 0.01

Figure 4-15: Mean (SE bars) change scores, with subjective SOL as dependent variable in
a multivariate analysis, with 'group' as between group factor, and 'time' as within factor.

Mean group differences in SE found at ba seline (control group mean =
87.87

.:t 4.29 > PWI group mean = 77 .20.:t 8.53; F = 53 .79; P < 0.001)

remain constant over the course of 9 months, indicating significant and
consistently lower SE percentages among PWI compared to controls.
Averaged SE over 9 months found PWI reported lower SE (control group
mean

=87 .66.:t 6.62 > PWI group mean = 79.97 .:t 9.86), resulting in a

significant mean group difference of 7.75% (F = 15.29; P < 0.001 (Table
4.8)) . No main time effect or interaction was found (Figure 4 .16).
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(n = 31 control ; 33 PWI)
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Figure 4-16: Mean (SE bars) change scores, with subjective SE as dependent variable in a
multivariate analysis, with 'group' as between group factor, and 'time' as w ithin factor.

No significant group difference was found between PWI and control
participant's subjectively reported TIB (Table 4.9). While figure 4 .17
illustrates the mean duration of self reported TIB to be greater among PWI
compared to controls (9.46 min) , no significant main group difference was
found between groups over the course of 9 months (control group mean =
507.99

~

39 .37 < PWI group mean = 517.9

~

42.47 ; P > 0.05). Increases in

mean group TST did not exceed 20 minutes and therefore resulted in no
main time effect or interaction .
550

(n = 31 control ; 33 PWI)
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Main time effect F= 1.62 , P = 0.15 ns; Main group F= 0.88, P = 0.35 ns; Interaction F = 1.01, P = 0.45 ns

Figure 4-1 7: Mean (SE bars) change scores, with subjective TIB as dependent variable in
a multivariate analysis, with 'group' as between group factor, and 'time' as within factor.
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Table 4:8 : Subjective sleep measures as depende nt variable in a multivariate analysis, with
'g ro up' as between g ro up facto r, and 'time' as w ithin factor.

f-

z

0

::;;

n=31
CONTROLS

n=33
PWI

Mean ± Standard Deviation

Sleep Efficiency %
87.44 ± 4.47
1

Difference

77. 1 ± 9.00

2
86. 54 ± 6.09
78.28
87.22 ± 5.95
79.11
3
4
88.22 ± 5.01
80.33
5
87.62 ± 6.05
80.66
6
88 .00 ± 5.23
83.88
7
87.8 1 ± 5.45
80.64
79.27
89.38 ± 12.43
8
9
86.72 ± 8.93
79.92
Tota l Sleep Time (mi n)
1 447. 18 ± 37.55
394.01
2 442.08 ± 46.05
405.75
3 448.07 ± 44.49
410.95
4 450.03 ± 35.19
406.67
409.50
5 453.64 ± 52.84
6 446.49 ± 41.34
409.33
404.84
7 447.53 ± 41.38
404 .18
8 440.77 ± 32.14
9 439.33 ± 42.57
414.34
Sleep Onset Latency (min)'
1
9.54 ± 5.66
21 .88
10.1 4 ± 6.97
21.80
2
3
8.43 ± 5.90
23.06
4
8.9 1 ± 6.43
21.24
10 07 ± 7.90
20.71
5
6
9.09 ± 6.58
16.49
7
9.99 ± 9.00
17.62
11 .48 ± 7.78
17.20
8
19.72
9
9.34 ± 8.10

Main Effect
(T1, T2, T3)

F value
P-value
Main Group
effect (ctrI/PWI)

Interaction
Effects

-10.34

±
±
±
±
±
±
±
±

10.86
9.82
9.05
8.38
10.24
8.81
12.16
10.46

-8.26
-8. 11
-7.89
-6.96
-4.12
-7.17
-10.11
-6.81

±
±
±
±
±
±
±
±
±

53.10
63.15
58 .06
59.03
56.57
63.26
57 .06
59.64
70.63

-53. 17
-36.33
-37.12
-43.36
-44.13
-37.16
-42.69
-36.59
-24.99

±
±
±
±
±
±
±
±
±

19.17
26.31
25.06
22 .56
20.72
17.43
14.82
14.86
18.61

12.34
11 .66
14.63
12.33
10.64
7.40
7.63
5.72
10.37

F = 1.68
p = 0.13

F = 15.29

P < 0.00 1'''·

F = 1.37
P = 0.23

1.47
P = 0.20

9.38
P < 0.01--

0.94
P = 0.50

1.39
P =0 .23

11.17
P < 0.01--

3.14
P < 0.01--

The significant ba seline group difference in reported WASO (contro l group
mean = 10.01

~

9.86 < PWI group mean = 33. 12 ~ 23.28; F = 35 .94 ;

P < 0.001 ), remained stable across 9 months . Averaged WASO over data
collection found PW I continued to report greater WASO (Fig ure 4 .18; control
group mean = 10.32

~

9.88 < PWI group mean = 30.03

~

26.40), which

resulted in a sig nifica nt main group effect Table 4.9; F = 21 .10, P < 0.00 1).
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In = 31 control; 33 PWI)
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Figure 4-18: Mean (SE bars) change scores, with subjective WASO as dependent va riable
in a multivariate analysis, with 'group' as between group factor, and 'time' as within factor.

Similarly the significant group difference in QoS found at baseline, remained
stable (control group mean = 3.94 :l:. 0.59 > PWI group mean = 3.11 :l:. 0.66
(Figure 4.19)), resulting in a main group effect (F = 29.57;

P < 0.001 (Table 4 .9)).
In = 31 control; 33 PWI)
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Main time effect F= 1.91 , P = 0.08; Main group F= 29.57, P < 0.001 ··... ; Interaction F = 0.80 , P = 0.61

Figure 4-19: Mean (SE bars) change scores, with subjective QoS as dependent variable in
a multivariate analysis, with 'group' as between group factor, and 'time' as within factor.
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Table 4 :9 : Mean (SE bars) change scores , with subjective sleep measures as dependent
variable in a multivariate analysis, with 'group' as between group factor, and 'time ' as within
factor.
CONTROLS
n;31
I
f-

z

P-value

PWI
n;33

Mean ± Standard Deviation

0
::;;;
Wake after sleep onset (min)
34.87
1
11.45 ± 11.27
9.85 ± 7.64
33.90
2
9.78 ± 8.17
33.72
3
11 .08 ± 9.19
25.69
4
11.70 ± 12.35
26.53
5
10.21 ± 8.52
28.42
6
27.67
7
10.35 ± 9.68

8
9.54
9
8.90
CoS
3.89
1
3.86
2
3
4.00
4
3.96
3.93
5
6
3.89
7
3.93
8
3.94
9
4.02
TtB
1 507.48
2 506 .87
3 51 1.34
4 509.71
5 5 11 .99
6 502 .67
7 509.64
8 506.76
9 505.41

± 9.40
± 12.67
±
±
±
±
±

±
±
±
±

0.56
0.62
0.52
0.56
0.62
0.59
0.61
0.63
0.58

± 37.202
± 43.186
± 38.213
± 38.678
± 39.411
± 34.813
± 43.991
± 42.428
± 36.435

±
±
±
±
±
±
±
28.47 ±
31.00 ±

Difference

23.48
28 .78
28.64
23.59
21.33
27 .53
23.13
24.88
36.22

23.43
24 .05
23 .94
14.61
14.83
18.21
17.32
18.92
22 .10

2.99
303
3. 10
3.18
3.16
3.15
3.11
3.07
3.26

±
±
±
±
±
±
±
±
±

0.53
0.59
0.64
0.59
0.59
0.68
0.60
0.64
1.09

-0.90
-0.83
-0.90
-0.79
-0.77
-0.74
-0.82
-0.86
-0.76

518 .36
530.05
528 .6 1
515.95
521 .91
510.52
511 .58
510.95
513.13

±

41 .91
39.461
39.905
41 .62
50.927
50.762
42.169
33.173
42.297

10.88
23 .18
17.28
6.24
9.92
7.85
1.93
4.19
7.72

±
±
±
±
±
±
±
±
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Main Effect
(T1, T2 , T3)

3.80
P < 0.001

Main Group
effect
(ctrI/PWI)

21 .10
P < 0.001·"

Interaction
Effects

2.02
P ; 0.06

21.51
1.44
P < 0.001--0.21
(log10 transformed)

1.25
0.29

1.91
P ; 0.08

29 .57
p < 0.001---

0.8
P ; 0.61

1.62
0.15

0.88
0.35

1.01
0.45
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4.8. Stability of the relationship between subjective sleep
measures
Data were taken from months 4 and 8 of the 9 month data collection to
explore the stability of relationships between subjective sleep measures
found at baseline. Significant correlations were maintained across the
sample months (1 , 4 and 8). Analysis of month 4 (Table 4.10) corroborated
baseline findings. SOL was found to negatively relate to subjective OoS
(r = -0.52, P < 0.001) , TST (r = -0.45, P < 0.001) and SE (r = -0 .66 ,
P < 0.001) . In turn , SOL was positively correlated with WASO (r = 0.57 ,
P < 0.001) . SOL was found to decrease as OoS , TST and SE increased ,
and while SOL increased WASO increased . TIB was also found to relate
positively to TST (r = 0.62 , P < 0.001) .

Subjective OoS related positively to TST (r = 0.40 , P < 0.001) and SE
(r = 0.56, P < 0.001) while negatively correlating with WASO (r = -0 .58 ,
P < 0.001) . This indicates that participant's subjective rating of their sleep
quality increases as TST and SE increase , but decreases as WASO
increases. TST related positively to SE (r = 0.81 , P < 0.001) and negatively
correlated with WASO (r = -0 .66, p < 0.001) . SE also negatively related to
WASO (r = -0 .85 , p < 0.001) . As with baseline data , SE was calculated
using TSTfTlB and so the relationship among these variables would be
expected.

Time 3 (month 8; (Table 4.11)) data mirrored that of baseline. SOL was
found to negatively relate to subjective OoS (r = -0.46 , P < 0.001) , TST
(r = -0 .53 , P < 0.001) and SE (r = -0.58 , P < 0.001) . In turn , SOL was also
found to positively correlate with WASO (r = 0.56 , p < 0.001) . SOL
decreased as OoS , TST and lastly SE increased, while SOL increased as
WASO increased. TIB was found to relate positively to TST (r = 0.48 ,

P < 0.001) .
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Table 4:10: Correlation between subjective sleep measures for PWI and controls during
month 4.

1.

SO L

2. TIB

3. QoS
4.

5.
6.

TST

SE

2

3

r

0.09

-0.52***

-0.45***

-0.66***

0.57***

n

76

76

76

76

76

r

-0.05

0 .62***

0.05

0.00

n

78

78

78

78

r

0 .40***

0 .56 ***

-0.58***

n

78

78

78

r

0.81 fr**

-0.66***

n

78

78

5

4

6

r

-0 .85***

n

78

WASO

U"

correlation is sig . at the 0.001 level

Subjective QoS re lated positively to TST (r = 0.38, P < 0.001) and SE
(r = 0.44 , P < 0.00 1), while negatively corre lating with WASO (r = -0.60,
P < 0.001). Th is ind icates that participant's subjective rating of th eir sleep
quality increases as TST and SE increase but decreases as WASO
increases. TST re lated positively to SE (r = 0.87 , p < 0.001) and negatively
correlated with WASO (r = -0.6 1, P < 0.001) . SE also negative ly re lated to
WASO (r = -0.70, P < 0.001).

Table 4:11 Correlation between subjective sleep measures for PWI and controls during
month 8.

1.

SOL

2. TIB
3.

4.
5.
6.

QoS

TST

SE

WASO

2

3

4

5

r

-0.06

-0.46***

-0 .53***

-0.58***

0.56***

n

67

67

67

67

67

r

-0 .02

0.48**'"

0.00

0.03

n

69

69

69

69

r

0.38***

0.44**·

-0.60***

n

69

69

69

r

0.S7***

-0.61 ***

n

69

69

6

r

0.70***

n

69
..... correlation is 5i9 . at the 0.001 level
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4.9. Stability of the relationship between objective and
subjective sleep measures
Objective sleep measures were collected using actigraphy. Data from PWI
and control participants wearing actigraphs, were analysed separately to
explore the relationship between objective and subjective sleep measures
between groups. Data were again taken from months 4 and 8 to explore the
stability of the relationship between objective and subjective sleep measures
found at baseline.

4.9.1. Total Sleep Time (TST)
The strongest relationship between objective and subjective measures was
found among control participant's TST. The relationship was uniformly
positive across the 9 months study period, however, month 1 (r = 0.60 ,

P < 0.05) , 4 (r = 0.56 , P < 0.05) and 6 (r

=0.60 , P < 0.05) showed

significantly positive relationships between measures. As objective TST
increased so did participant's self reported TST. A similar relationship was
found within PWI , with unanimous positive correlations across the first 5
months .

Little evidence was available to support relationship between subjective and
objective sleep measures, other than TST.

4.10. Temporal Stability of Objective Performance
Analysis of baseline PVT scores (grand RT) showed significant group
differences , with 13.24ms differentiating between groups (controls group
mean

=292.72 ± 25 .60 < PWI group mean =307.05 ± 31 .87 ; F = 5.29 ;

P < 0.05) . This significant difference, however, was not found at time 2 or 3,
where the difference between groups decreased to 2.63ms and 1.54ms
respectively (p > 0.05 (Table 4.12). Repeated measures confirm a
significant main time effect (F = 13.66 , P < 0.001) , however, no main group
difference was found , with significance just falling short for an interaction
(F = 2.41 P = 0.09 (Figure 4 .20)).
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In = 43 control ; 43 PWII
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Fig ure 4-20: Mean (SE bars) change scores, with PVT RT as dependent variable in a
multivariate analysis, with 'group' as between group facto r, and 'time' as within factor.

To explore the main time effect post hoc paired t-test with Bonferroni
corrections were carried out. Data show a significant increase in RT
between time 1 and time 2 data collection within control groups (time 1 =

292 .72:t 25.60 < time 2 = 306.48:t 29.41 ; t = -3.81 , P < 0.001), however, no
such significant difference was found within PWI (time 1 = 307 05:t 31 .87 <
time 2 = 310 .36:t 32.59; P > 0.05). Analysis of time 2 and 3 data again
showed a significant increase in mean RT among controls (time 2 = 306.48
:t: 29.41 < time 3 = 313 .62:t 28.87; t = -2 .24, P < 0.05), however, a
significant RT increase was now also present within PWI (time 2 = 310 .36:t
32 .59 < time 3 = 315 .16:t 30.24; t = -2 .29 p < 0.05) . This led to a significant
increase in PVT RT between time 1 and time 3 within both the control group
(time 1 = 292 .72:t 25.60 < time 3 = 313 .62:t 28 .87 ; F = -4.90, P < 0.001) ,
and PWI group (time 1 = 307 05:t: 31 .87 v time 3 = 315 .16:t 30 .24 ;
F = -2.18, P < 0.05) . Data indicate greater change within control
participant's RT. Indeed , data indicate the significant increase in control
participant's RT between time 1 and 2 contributes to the loss of significant
differences between groups in subsequent PVT sessions.
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(n = 43 control ; 43 PWI)
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T1 Main time effect F= 30.89, P < 0.001 ; Main group effect F = 5.39; p < 0.05; Interaction effect F = 0.25; p = 0.86
T2 Main time effect F= 64.09 , p < 0.001 ; Main group effect F = 21 .14; P = 0.10; Interaction effect F = 2.14; P =0.32
T3 Ma in time effect F= 52 .90, p < 0 .001 ; Main group effect F = 0.07; P = 0 .79; Interaction effect F = 0 .07 ; P = 0 .97

Figure 4-2 1: PVT reaction time over 20 minute tas k for T1 , T2 and T3 data collection . RT
entered as dependent variable in a multivariate analysis, with 'group' as between group
factor, and 'time on task' as within fa ctor.

While analysis of RT in relation to "time on task" showed significant group
differences at baseline (F = 30 .89, p < 0.001) , no significant group
differences were found at subsequent data collection points (Table 4.12) .
A significant main time effect was, however, found at both time 2 and time 3
(time 2: F = 84.09, P < 0.01 ; time 3: F = 52 .90, P < 0.01) , with RT slowing as
time on task increased (Figure 4.21) . This remarkable uniformity in the
decrease of RT as time on task increases remained stable across all 3 data
collection points.

At baseline, significant group differences were found between the number of
lapses over the 20 minute PVT session (control group mean = 2.67 ± 3.25 <
PWI group mean = 5.74

± 7.40, F = 6.21 , P < 0.05).

At time points 2 and 3

the number of lapses remained greater within PWI , however, repeated
measures ANOVA (Table 4.12) showed these group differences were no
longer significant (F= 2.43, P = 0.12).
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(n = 43 contro l; 43 PWI)
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Main time effect F= 6.69, p < 0.001; Main group effect F = 2.43; P =0.12: Interaction effect F = 1.29; P = 0.28

Figure 4-22 : Number of lapses at 3 time points over 9 months. W ith mean lapses entered
as dependent variable in a multivariate analysis, w ith 'group' as between group factor, and
'time' as within factor.

A significant main time effect was found (F = 8.69 , P < 0.001 ) and paired
analysis showed a significant increase in the number of lapses recorded
between baseline and time 2 within control participants (time 1 = 2.67

~

3.25

< 5.26 .:t:. 6.20 , t = -3.26, P < 0.01 ), as well as between time 1 and 3 (time 1 =

2.67

~

3.25 < time 3 = 5.80

~

6.22, t

=-3.46, P < 0.001 ).

A significant

increase in the number of lapses was also found between time 2 and 3

=6.38 ~ 8.18 < time 3 =7.74 ~ 8.47, t =-2 .05 , P < 0.05) ,
as well as time 1 and 3 (time 1 =5.74 ~ 7.40 < time 3 =7.74 ~ 8.47 , t = -2.4 ,

within PWI (time 2

P < 0.05).
Lapses were further explored by looking at the effect of 'time on task' within
each 20 minute PVT session. Indeed , each 20 minute PVT session showed
an almost linear increase in the number of lapses, in relation to time on task
(Figure 4.23). At each data collection point a significant main time effect
was found (p < 0.001 ), confirming that as time on task increased , so did the
number of lapses .
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T able 4:12: PVT perfo rmance at 3 time poi nts over 9 months; w ith th e va riable of interes t
ente red as depe ndent va ria ble in a multivari ate ana lysis, with 'group ' as between gro up
facto r, and 'time/time on ta sk' as within fa ctor.
n; 43
CONTROLS

n;43
PWI

F value
P -value

i"

"on

''""

Mean ± Standard Deviation

E
Grand Reaction Tim e (m s )
307.05
T1
293.81 ± 25.71
T2
307.41 ± 29.57
310.04
313.62 ± 28.87
315.16
T3
Ti me (RT) on task T1
T1
278.26 ± 22.04
297.91
304 .74
T2
290.56 ± 27.26
T3
300.19 ± 32.20
313.13
T4
306.44 ± 27.91
320.26
Time on task T2
285 .12 ± 25.79
292.04
T1
302.26 ± 32.44
307.08
T2
T3
312.57 ± 33.61
318.27
T4
325.30 ± 38.40
323.37
Tim e on task T3
T1
295.26 ± 25.49
296.51
T2
311 .63 ± 35.49
313.5
322.14 ± 33.05
325.03
T3
T4
326.48 ± 32 .73
327.63
Lapses> 500m s
2.68 ± 3.28
5.74
T1
T2
5.05 ± 6.19
6.38
5.80 ± 6.22
7.74
T3
Lapses t im e on task T1 (sec)
T1
0.40 ± 0.66
0.53
0.58 ± 0.91
1 07
T2
1.74
T3
0.98 ± 1.57
T4
1.14 ± 1.52
2.00
La pses t im e on task T2 (sec)
T1
0.74 ± 1.05
0.84
T2
1.00 ± 1.23
1.33
1.42 ± 1.85
2.02
T3
T4
2.09 ± 2.97
2.16
Lapses t ime on task T3 (sec)
T1
0.49 ± 0.94
0.85
T2
1.31 ± 2.28
1.72
T3
1.67 ± 2.09
2.23
T4
2.26 ± 2.14
2.97

Difference

Main Effect
(T1, T2, T3)

Interacti on
Main Group
effect (ctrI/PWI) Effects

± 31.87
± 32.59
± 30.24

13.24
2.63
1.54

F ; 13.66
p< 0.001***

F ; 0.97
p ; 0.33

F ; 2.41
p; 0.09

±
±
±
±

56.64
34.20
36.41
34.60

19.65
14.17
12.93
13.82

30.89

5.39
P < 0.05"

0.25
p ; 0.86

±
±
±
±

30.32
34.47
38.88
34.68

6.92
4.82
5.70
-1.93

84.09

p< 0.001···

21.14
p;0.10

21 .14
p ; 0.32

±
±
±
±

28 .315
32 .803
35.867
35.298

1.24
1.87
2.88
1.15

52 .9
p< 0.00 1***

0.07
P ; 0.79

0.07
p; 0.97

± 7.40
± 8.18
± 8.47

3.06
1.33
1.94

0.08
p; 0.93

3.57
p ; 0.06

0.25
p; 0.78

±
±
±
±

0.96
1.58
2.97
2.73

0.14
0.49
0.77
0.86

8.69
p< 0.00 1""*

3.24
p ; 0.08

1.05
p; 0.38

±
±
±
±

1.27
2.23
2.91
3.04

0.09
0.33
0.60
0.07

8.84
p< 0 .00 1· *·

0.47
P ; 0.49

0.76
p; 0.52

±
±
±
±

1.33
2.37
2.83
3.79

0.36
0.4 1
0.56
0.72

11.76

1.47
p; 0.23

0.11
p ; 0.96
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Figure 4-23: Lapses over 20 minutes: PVT at 3 time points with RT entered as dependent
variable in a multivariate analysis, with 'group' as between group factor, and 'time on task'
as within factor.

Baseline RT showed the slowest 10% reaction times within PWI were
significantly slower compared with controls (control group mean = 392.12 ±
42.87 < PWI group mean = 414.23

± 37 .18, F = 6 .53 , P < 0.01) , indeed ,

control participant's fastest 10% reaction times were also found to be
greater than PWI , however, values fell just outside significance (control
9rouP mean

=231 .20 ± 19.42 < PWI =239.14 ± 23 .32 , F =2 .94, P = 0.09).

These differences were no longer present at time 2 and time 3 data
collection , with fastest and slowest 10% similar within both groups.

T ime on task showed a main time effect for each data collection point. To
explore these differences, post hoc paired t- test was carried out with
Bonferroni correction . Control participant's fastest 10% reaction time
decreased between time 1 and 2 (time 1 = 231 .21

± 21.19, t = -2.91 , P < 0.01) , as well as between
240.34

time 2 and 3 (time 2 =

± 21.19 < time 3 =246.90 ± 25.50 , t = -13.33, P < 0.05), and in

relation to this , time 1 and 3 (time 1 = 231.21
25.50 , t

± 19.42 < time 2 = 240.34

=-3.72, P < 0.001 )
90

± 19.42 < time 3 = 246.90 ±
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In comparison, no significant difference was found within the fastest reaction
times of PWI between data collection points. Significant change within
control participant's slowest 10% reaction times, were only found between
time 1 and time 3 data collection (time 1 = 392 .12 .:t. 42.87 < time 3 = 410 .84

.:t. 45.20 , t = -2 .28 , P < 0.05) , however, data again show a detriment in
performance. In comparison , no significant change was found within PWI.

4.11. Comment
This chapter sought to measure the relative temporal stability of the
significantly different profile seen at baseline between PWI and controls .

Over the duration of data collection (252 days) , subjectively reported TST,
SOL and WASO, remained greater within PWI , with SE , TST and subjective
QoS greater within controls. PWI presented at baseline, a profile of
disturbed sleep which remained stable across 9 moths. Data averaged over
the duration of data collection found PWI continued to report an average
SOL >30 minutes , an average WASO of > 30 minutes and SE < 80%. The
relationship between sleep measures found at baseline also remained
stable ; subjective QoS was positively related to TST and SE, and negatively
related to WASO and SOL. This illustrates the strength of sleep diaries and
their ability to collect subjective sleep measures over extended periods of
time. TST was , however, the only subjective sleep variable that correlated
with objective actigraphic data .

Data confirm great stability within the psychological profile of PWI. Over the
duration of 9 months, PWI consistently reported elevated levels of state and
trait anxiety, as well as depression and neuroticism in comparison to
controls. Health related QoL was also found to remain significantly lower in
PWI. Such findings provide further evidence in support of the ability of the
SF-36 to assess differences between PWI and healthy controls in several
key areas of functioning , including health , energy, well-being , and mental ,
emotional and social adjustment (Zammit, 1999).
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Stability was also found within reports of heightened pre-sleep arousal ,
sleep disturbance and worse sleep hygiene within PWI compared to
controls. Cognitive arousal was again found to be the dominant component
within the pre-sleep arousal period , with 'long term negative consequences'
of insomnia remaining the greatest concern within the DBAS . While data
support the stability of the psychological profile of PWI , data also add val idity
and reliability to the measures selected at baseline . These measures
appear to reflect the overall burden of insomnia , with the advantage of data
being collected from a symptom based community study. Inter-correlations
were found , illustrating that many measures shared variance with one
another.

While data showed a marked difference between psychological constructs of
PWI and controls, the significant group difference in objective PVT
performance, found at baseline, was absent at subsequent data collection
points. Such a finding is in keeping with previous literature, which has
shown great discrepancy and inconsistency in self report of daytime
impairment and objective measures within PWI. Interestingly, the variability
found within our data can be attributed to greater change within control
participants performance rather than that of PWI. It has been thought that
participant motivation may be reflected in the number of false starts (i.e.
errors of commission), since false starts possibly result from attempts to
compensate for poor performance (errors of omission) . No significant group
difference , however, was found between the number of false starts, nor
within groups between test sessions.

While data support previous findings of lower health-related quality of life
within PWI , it should be noted that QoL remains complex and
multidimensional. Indeed , quality of life incorporates psychological well
being , health status and life satisfaction , as well as social and occupational
functioning . Unfortunately, as noted in the introduction to thesis, research
measures looking into the burden of insomnia on occupational function ing is
less abundant. The next chapter will address this.
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CHAPTER 5

5. THE OCCUPATIONAL IMPACT OF SLEEP
QUESTIONNAIRE

The present study offered an opportunity to develop an assessment
instrument (the Occupational Impact of Sleep Questionnaire ; OISQ) for use
in research and clinical settings . With little known about the impact of
insomnia on subjective occupational functioning or indeed its stability, this
chapter will describe the development of the Occupational Impact of
Insomnia Questionnaire (OISQ) and test the hypotheses that: i) PWI
experience poorer work performance when compared with controls; and ii)
that the experience of poorer work performance is a temporally stable
feature of primary insomnia .

5.1. Developing the 015Q: theoretical considerations
Typically, instruments for assessing the personal (e.g. the Sickness Impact
Profile (SIP) : ((Bergner, 1981)); the Illness Perception Questionnaire (IPQ) :
(Weinman et al., 1996)) or occupational (e.g. the Work Limitations
Questionnaire (WLQ; (Lerner et al., 2001 )), correlates of health status have
been designed to capture the impact of existing symptoms and health
problems. The SIP , for example, assesses "sickness related dysfunction"
across a range of activities including usual daily work , while the WLQ
assesses work limitations addressing "ongoing or permanent medical
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conditions". When assessing the occupational impact of insomnia
symptoms and sleep quality , however, this emphasis on "sickness" and/or
"medical conditions" reduces the utility of such scales for two reasons . First,
those with chronic primary insomnia may not regard themselves as "sick" or
having a "medical condition ", and second , where insomnia is co-morb id, the
consequences of degraded sleep quality can become confounded with
those of general health status.

In theory, these issues could be addressed by substituting the concept
"insomnia" for "sickness" or "health problem" (Morgan et al., 2004) , however,
such a strategy can introduce further problems , since many of those
meeting criteria for insomnia do not consult practitioners and , in the absence
of a formal diagnosis, may not identify with the label "insomnia". There is,
however, a more fundamental limitation in applying "diagnostic" constructs
when assessing the occupational impact of sleep quality. Unlike illnesses ,
disabilities and clinical symptoms , which are discrete or categorical states
experienced by groups within a population , sleep quality is a universal
experience which varies within and between all individuals . A tool which
aimed to quantify only the occupational impact of insomnia would fail to
capture the occupational impact of 'normal' variations in sleep quality, and
would have little face validity among those members of the workforce who
do not regard themselves as 'people with insomnia'.

Given these arguments , the 'occupational impact of sleep quality' was
conceptualised as a variable continuously distributed throughout the working
population , and not restricted to those experiencing sleep disorders. This
conceptualisation stimulated a program of research with the aim of
developing a single valid and reliable instrument suitable for use as: i) a
clinical assessment tool ; ii) a clin ical outcome measure; and iii) a population
screening tool.
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5.2. Scale development
An initial literature review identified a number of scales suitable for
assessing the impact of chronic illness and/or disability on occupational
performance. Of these, the 25-item Work Limitations Questionnaire (WLQ :
Lerner et a/., (2001)), assessed the broadest range of occupational activities
and demands. Broadly, the WLQ assesses the impact of "physical health or
emotional problems" on 2 types of outcome: the quantity, quality and
organisation of work (N = 19 items ; e.g. "work the required number of
hours"); and , more specifically, physical performance (6 items; e.g. "bend ,
twist or reach ... "; "lifting and carrying objects weighing more than 10 Ibs").
The 19 items address the quantity, quality and organisation of work and
provides a comprehensive inventory of workplace scenarios (common to
most occupations) where meaningful judgements of personal performance
can be expressed . These items were combined in a "prototype scale with
the intention of adding/removing items in line with analyses and respondent
recommendation . In the first exploratory study, both 'control ' participants
and 'PWI ' were asked i) to complete ratings of these 19 WLQ scenarios in
relation to their sleep quality; and ii) to suggest any other areas of
occupational performance they felt were influenced by their sleep .

At baseline the WLQ items were presented exactly as published , but with
separate instructions emphasising that the 19 scenarios should be
considered only in relation to 'sleep quality'. The response format invited
the participant to rate the activities as presenting difficulty: "all of the time",
"most of the time", "some of the time", "a slight bit of the time", "none of the
time" or "does not apply to my job". Work performance assessments were
completed by all 86 participants, who were then debriefed .

Using pooled data from all 86 participants , a Cronbach's alpha coefficient of
0.95 was obtained, indicating a satisfactory level of internal consistency
reliability. Mean baseline scores were then computed separately for the
PWI and control groups, and compared using one way ANOVA.

95

Ch . 5: The Occupational Impact of Sleep Questionnaire

Scores were significantly elevated among PWI (control group mean = 10 ±
7.74 < PWI group mean

= 19.6 ± 13.2; F = 16.83, P < 0.001 ), providing

support for the criterion validity of the assessment.

In the post-assessment debriefings, participants suggested a total of six
additional occupational scenarios impacted by sleep quality: 1) waking up
for work on time; 2) arriving at work on time; 3) working effectively in the
afternoon ; 4) maintaining stamina throughout the day; 5) working without
losing train of thought and 6) gaining satisfaction from work. One item from
the original scale was removed (do your work on time) , as it closely related
to another question (finish work on time; r = 0.79, P < 0.001) and did not add
to the Chronbach alpha. As a result of these suggestions , a 24-item version
of the assessment was used at time 2 and 3 data collection . In line with
additional suggestions made by participants, the time frame for this version
was made similar to that of the PSQI and the SF-36 (the past month), and
the separate responses "difficult none of the time" and "does not apply to my
job" were collapsed into a single (and simpler) "never/not applicable"
category (since analyses of these response categories separately and
collapsed had a negligible impact on outcomes) . The resulting
questionnaire had a potential score range of 0-96.

Time 2 data collection was conducted 4 months after baseline, and involved
the same participants, all of whom were asked to complete the revised 24item work assessment questionnaire along with the study assessment
battery. Using pooled data from all 86 participants, the revised scale
showed an acceptable degree of activity across the potential score range
(measured range = 0-80 ; mean = 25) , and a Cronbach's alpha coefficient of
0.93. Once again , scores significantly differed between PWI and control
participants (control group mean = 14.44 ± 12.74 < PWI group mean =
24.84 ± 14.53; F = 12.52, P < 0.001 (Table 5.1)).
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5.3. Stability of the OISQ
To measure the stability of the OISQ . repeated measures ANOVA was
performed to explore differences between groups as well as changes over
time. Since the scale was revised following baseline data , and prior to time
2 data collection, data collection points 2 and 3 were entered as within
factors , with group (control v PWI) entered as between factors. Multivariate
analysis found a mean difference of 10.82 between groups across these 2
time points resulting in a significant main group effect
(F = 12.52, P < 0.001). Expressed in terms of comparative percentage
decrement, PWI showed a consistent 10% decrement in subjective
occupational performance when compared with controls.
In = 41 control; 40 PWI)
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Figure 5-1 : Mean change scores with revised OISQ used as dependent variable in a
multivariate analysis, with 'group' as between group factor, and 'time' as within factor.

Table 5: 1 Mean change scores with revised OISQ used as dependent variable in a
multivariate analysis, with 'group' as between group factor, and 'time' as within factor.
n=41
CONTROLS

n=40
PWI

F value
P-valu e

~

.'"
::>

Mean ± Standard Devialion

Difference

Q)

Main Effect
(n2, T3)

E
Occupational Impact of Sleep
24.84 ±
14.44 ± 12.74
T2
13.94
±
11
.55
25.18
±
T3

14.53
15.24

10.40
11 .24
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0.01
P = 0.93

Main Group
effect
(ct~IPWI)

12.52
p< 0.001'"

Interaction
Effecls

0.25
P = 0.62
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Exploring individual items included in the OISQ also showed significantly
stable group differences (p< O.OS) over 3 time points. At baseline all items
were found to significantly differentiate between groups, with the exception
of "start your job as soon as you arrive" and "handle the workload "
(p > O.OS), these items, were, however, found to significantly differentiate
groups at subsequent data collection . Of the new items added to the
questionnaires, only "arrive at work on time" found no significant group
difference at time 2 or 3 (p > O.OS).

5.4. Correlates of the OISQ
To further explore validity, correlation coefficients were computed between
the normally distributed pooled work assessment scores, global PSQI
scores; and the SF-36 . The relationship between baseline SF-36
component scores and baseline OISQ (prior to revision) showed significant
negative, indicating that as health decreased so did subjectively rated work
performance (Figure S.2) . Correlation analysis found , physical (r = -0.21 ,
P < 0.001) and social functioning (r = -0.S3, P < 0.001), role-physical
(r = -0.S4, P < 0.001), mental health (r = -0.S1 , P < 0.001) , pain (r = -0.34,
P < 0.001) , role-emotion (r = -0.61 , P < 0.001) and energy and vitality
(r = -0.62 , P < 0.001) decreased as limitations at work increased .

0.80
0.60

OT1 oT2 oT3

0.40
.~ 0.20
I:

~ 0.00

.

~-0 . 2 0

-0.40
-0.60
-0 .80 -

PSQI I SF-36 dimensions

Figure 5-2: The relalionship between sleep quality, OoL and OISO over 9 monlhs
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Data were visually examined for outliers using scatter plots, however, there
were none . Time 2 data collection (following the revision of the OISQ),
showed similar results , with negative correlations remaining stable (Figu re
5.2). Physical (r = -0.24 , P < 0.05) and social functioning (r = -0 .56,

P < 0.001), role-physical (r = -0.55, P < 0.001) , mental health (r = -0.53,
P < 0.001 ), pain (r = -0 .31, P < 0.001 ), role-emotion (r = -0.68, p < 0.001)
and energy and vitality (r = -0.66 , P < 0.001) measures were found to
decrease as limitations at work increased . As health decreased so did
subjectively rated work performance.

Time 3 data collection again supported previous data , with negative
correlations remaining stable (Figure 5.2) . Physical (r = -0.33 , p < 0.001 )
and social functioning (r =-0 .55 , P < 0.001) , role-physical (r =-0.47,

P < 0.001) , mental health (r = -0.62, P < 0.001 ), pain (r = -0.36, P < 0.001 ),
role-emotion (r = -0 .51 , P < 0.001 ) and energy and vitality (r = -0.69,

P < 0.001 ) measures were found to decrease as limitations at work
increased .

At each time point OISQ scores positively correlate with PSQI
(mean r = 0.59 , p<0.001) and fatigue (mean r = 0.65, p<0.001) . As scores
increase (indicating worse quality of sleep and fatigue) , impairment at work
also increased (Table 5.2). Finally, to assess relationships between
occupational performance and subjectively recorded sleep parameters ,
correlations were computed between work assessment scores and selected
sleep diary variables averaged for the month preceding assessment. Work
assessment scores correlated significantly and negatively with mean TST
(r = -0.47, P < 0.001) and mean SE (r = -0.56, P < 0.001 ), and significantly
and positively with mean WASO (r = 0.66, p < 0.001. Thus, in each case , as
the sleep parameters indicate worsening sleep quality, the work assessment
scores indicate worsening occupational performance .
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Table 5:2 The re lationsh ip between OI SO , Fati gue & G lobal PSO I score s at time 2 and 3.

2
1 OISO T2
2 OISO T3

r
N

0.88 .... ""

74

3
0.65

** *

79
0.62 ***

4
0.60

** *

74
0.69 ......

5
0.58 ***

0.68 ***

79
0.60

60
0.72 ***

H.

6

N
74
74
74
58
0.77 U .
0.55 ***
0.58 ***
r
64
N
80
86
0.55 ***
0.57·"
r
4 FSS T3
N
80
61
0.76 * • •
r
5 Glpsq T2
N
64
r
6 Glpsq T3
••• Correlation is significant at the 0.001 level (2-tailed).
3 FSS T2

5.5. Comment
These data provide evidence for the reliability , and the criterion validity of
the prototype 24-item questionnaire (the Occupational Impact of Sleep
Questionnaire: OISQ) . Scores from the OISQ : show an acceptable level of
internal consistency reliability ; correlate appropriately and moderately with
measures of global sleep quality, fatigue and subjective sleep parameters;
and successfully discriminate between PWI and controls. Higher levels of
sleep disturbance and lower levels of vitality (a domain equivalent to a
fatigue scale; Morgan et aI. , 2004) significantly predicted higher levels of
sleep related occupational dysfunction .

Importantly, these correlations indicate that the work assessment scores are
not simply proxies for existing sleep assessments, but are in fact capturing
sUbstantial amounts of unique variance. Cohen 's (1988) use of 'r', as a
measure of effect size was applied to correlations, using subjective standard
(ignoring the sign of the correlation) of r = 0.1 as a weak effect, r = 0.3 as a
moderate effect, and r = 0.5 as a strong effect.

These analyses provide support for the utility of the OISQ as both a clinical
assessment and a population screening tool , showing an ability to assess
meaningful variations in workplace performance across both clinical and
non-clinical groups .

100

Ch. 6: Subgroups of Insomnia

CHAPTER 6

6. SUBGROUPS OF INSOMNIA

The majority of studies have treated PWI as a homogeneous group, using
group means to represent PWI as a whole . However, as highlighted in the
introduction to this thesis , the existence of sub-groups (for example, 'sleepy'
and 'non-sleepy' PWI) is suggested in literature, and merits attention . This
chapter will explore the sleep structure and quality, characteristic constructs ,
mental health symptoms , and quality of life of the subgroups that emerged
from the sample of 43 participants meeting DSM IV criteria for primary
insomnia . And , in addition , will address the temporal stability of these subgroups .

6.1. Sleepy v Non Sleepy PWI
As seen at baseline (Chapter 3), sleepiness measured using the Epworth
Sleepiness Scale (ESS) , did not differ between PWI and controls (control
group mean

=6 .93.:t 4.15 < PWI group mean =7.47.:t 3.19 mean ; F =0.38,

P > 0.05), however, ESS scores within PWI at baseline showed activity
across the range (mean

= 7.47; range = 0-16 , median =8).

An ESS score

of ~ 10 is considered indicative of excessive daytime sleepiness (Johns,
1991), and in keeping with the literature (Day et al., 2001) , 25% of PWI
scored

~

10 on the ESS. To explore PWI further, the group was divided into

two sub groups using an ESS score of ~ 10 to differentiate between sleepy

PWI (ESS >10; n = 12; female

= 7; male = 5) and non-sleepy PWI (ESS
<10; n = 31; female = 16; male = 15).
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Repeated measures ANOVA were performed to explore differences
between the sleepy and non sleepy PWI. In each model, study period
(time1 , time 2 and time 3) was entered as within subject factors , with group
(non sleep/sleepy PWI) entered as between subject factors.

PWI who scored significantly higher on the ESS at baseline (non sleepy
group mean = 5.58 :t 2.57 < sleepy group mean = 12.18 :t 2.14; F = 65.69,
P < 0.001) , were found to show temporal stability across data collection
(Figure 6.1). Indeed , PWI allocated to the sleepy group, reported a mean
difference of 5.20 in ESS values across 3 time points, resulting in a
significant main group effect (F = 22.88, P < 0.001) .
(n = 29 non sleepy PWI; 11 sleepy PWI)
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Main time effect F= 2.22, P = 0.12 ns; Main group effect F = 22.88, P < 0.001 ; Interaction effect F = 3.69, P < 0.05

Figure 6-1 : Mean ESS scores (SE bars), with ESS as dependent variable in a multivariate
analysis, with 'group' (sleepy/non sleepy PWI) as between group factor, and 'time' as within
factor.

6.2. Sleep Structure:
To test the hypothesis that PWI reporting symptoms of daytime sleepiness
would show distinctive profiles of subjectively reported sleep structure and
quality, sleep diaries for PWI were coded to allow comparisons of sleepy
and non-sleepy groups.
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6.2.1. Sleep Efficiency (SE)
No significant group difference was found between sleepy and non sleepy
PWI for SE over the course of 9 months (non sleepy group mean = 79% <
sleepy group mean = 81.4%; F = 0.30 , P > 0.05). In addition , no main time
effect was found (F = 2.21 , P = 0.07), indicating stability in SE within both
groups across the 9 month data collection period. The average range of SE
reported over 9 months within non sleepy PWI was 77 .05% at the lowest
and 80.45% at its highest. Similarly sleepy PWI SE ranged from 77.24% to
84.14%. For the majority of the 9 months mean SE was higher within sleepy
PWI (Figure 6.2) .
In = 29 non sleepy PWI ; 11 sleepy PWI)
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Main time effect F= 2.21 , P = 0.07; Main group effect F = 0.30, P = 0.59 ns; Interaction F = 1.59, P = 0.19 ns

Figure 6-2: Mean SE scores over 9 months , with SE as dependent variable in a
multivariate ana lysis, with 'group' (sleepy/non sleepy PWI ) as between group factor, and
'month' as within factor.

6.2.2. Sleep Onset Latency
No significant difference was found between sleepy and non sleepy PWI for
SOL over the course of 9 months (non sleepy group mean SOL = 21.33 >
sleepy group mean SOL = 16.40; P > 0.05) . A main time effect was found
(F = 2.59, P < 0.05) , with SOL mean values decreasing within both groups
over the course of data collection. No interaction was found (Figure 6.3) .
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(n = 29 non sleepy PWI; 11 sleepy PWI)
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Figure 6-3: Mean SOL scores over 9 months, with SOL as dependent variable in a
multivariate analysis, with 'group' (non sleepy/sleepy PWI) as between group factor, and
'month' as within factor.

6.2.3. Wake after Sleep Onset (WASO)
No significant difference was found between sleepy and non sleepy PWI for
WASO over the course of 9 months (non sleepy group mean WASO = 29.35
<

sleepy group mean WASO = 32 .12; P > 0.05). WASO ranged from 23.49

to 34.07 minutes, in non sleepy PWI , and 22.48 to 42 .50 minutes in sleepy
PWI. No main time effect was found indicating stability in WASO within both
groups across the 9 month data collection period (Figure 6.4).
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(n = 29 non sleepy PWI; 11 sleepy PWI)
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Figure 6-4: Mean WASO scores over 9 months, with WASO as dependent variable in a
multivariate analysis, with 'group' (non sleepy/sleepy PWI) as between group factor, and
'month' as within factor.

6.2.4. Quality of Sleep (QoS)
A significant main group difference was found between sleepy and non
sleepy PWI for subjectively reported QoS over the course of 9 months (non
sleepy group mean QoS

=2.99 < sleepy group mean QoS =3.44 ; F = 3.98 ,

p < 0.05). No main time effect or interaction was found , indicating stability in
QoS within both groups across the 9 month data. QoS ranged from 2.92 to
3.16 in non sleepy PWI , and 3.19 to 3.51 in sleepy PWI (Figure 6.5).

Data thus far, showed no significant differences between sleep structure
subjectively reported by sleepy and non sleepy PWI. A significant difference
was found between sleep quality, with sleepy PWI rating their sleep quality
greater than non sleepy PWI
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(n = 29 non s lee py PWI ; 11 sleepy PWI )
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Figure 6-5: Mean QoS scores over 9 months, with QoS as dependent variable in a
multivariate analysis, with 'group' (non sleepy/sleepy PWI ) as between group factor, and
'month' as within factor.

6.3. Psychological profile of sleepy & non sleepy PWI
To test the hypothesis that PWI reporting symptoms of daytime sleepiness
would show distinct profiles of characteristic constructs, mental health
symptoms, and QoL relative to PWI not reporting daytime sleepiness, data
were coded to allow comparisons of these constructs within sleepy and nonsleepy PWI at each time point. Data were analysed using repeated
measures group (sleepy/non sleepy PWI) by time (T1 , T2 T3) multivariate
ANOVAs and paired t-tests.

At baseline, sleepy PWI were found to score significantly higher on the BDI
compared to non sleepy PWI (non sleepy group mean = 9.26 ~ 6.63 <
sleepy group mean = 16.50 ~ 12.59; F = 6.07 P < 0.05) . Repeated
measures ANOVA (Table 6.1) show that this significant group difference
was maintained over the course of the 3 data collection points (F = 4.88,
P < 0.05). While a main time effect (F = 9.41 , P < 0.001) was reported , no
interaction was found , indicating stability between groups (Figure 6.6). Data
also show a significant mean difference (9.61) between sleepy and non
sleepy PWI for only role-emotional domain of the SF-36 (F
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Figure 6-6: Mean BDI scores over 9 months, with BDI as dependent variable in a
multivariate analysis, with 'group' (non sleepy/sleepy PWI ) as between group factor, and
'time' as within factor.

Table 6:1: Subjective waking correlates of sleepy and non sleepy PWI variabl e of interest
as dependent variable in a multivariate ana lysis, with 'group' (non sleepy/sleepy PWI) as
between group factor, and 'time' as within factor.
n- 29
PWI

n- 11
SLEE PY PWI

F value
P -value

[l>
::J

"'III

Mean ± Standard Deviation

Difference

Cl)

E
Beck Depression Inventory
9.43 ± 6.73
18.10 ± 13.29
T1
14.40
± 13.01
T2
7.79 ± 6.37
11 .90 ± 8.41
8.68 ± 7.27
T3
State Anxiety
36.68 ± 9.51
42 .67 ± 15.30
T1
38.36 ± 14.40
34.83 ± 9.87
T2
36.73 ± 13.68
T3
35.17 ± 10.89
Trait An xiety
42.55 ± 10.53
52.09 ± 14.93
T1
46.18 ± 13.88
40.93 ± 11.40
T2
40.66 ± 10.65
47 .09 ± 14.00
T3
Fatigue Severity
4.86 ± 0.928
3.87 ± 0.997
T1
4.18 ± 1.196
3.81 ± 1.029
T2
3.84 ± 1.28
4.19 ± 1.41
T3
Occupatio nal Im pact of Sleep (including T2, T3
20 .18 ± 13.52
15.72 ± 12.28
T2
16.38 ± 13.08
19.73 ± 12.81
T3
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Main Effect
(T1 , T2 , T3)

Main Group
.
I Interaction
ff t ( I
e ec s eepy Effects
nonsleepy

8.67
6.61
3.22

9.41
P < 0.001

4.88
p< 0.05

5.99
3.54
1.55

2.54
0.09

1.20
0.28

0.71
0.50

9.54
5.25
6.44

8.56
P < 0.001

3.14
P < 0.05

2.68

0.99

5.71
P < 0.01

2.33
0.13

4.01
p< 0.05

0.58
0.45

0.04
0.91

0.37
0.35
revised scale)
4.46
0.08
0.78
3.35

3.42
P = 0.09

0.08
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At baseline , no significant difference was found between sleepy and non
sleepy PWI state anxiety (non sleepy = 36.68 + 9.51 < sleepy = 42.67 +
15.3; P > 0.05) . Repeated measures show stability in this finding across 3
time points, with no significant findings reported (Table 6.1). Mean values
indicate a decline in state anxiety within both groups, however, no significant
main time effect was found (p = 0.09) (Figure 6.7)).
(n = 29 non s leepy PWI; 11 sleepy PWI)
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Figure 6-7: Mean state anxiety scores over 9 months, with S-anxiety as dependent variable
in a multivariate analysis, with 'group' (non sleepy/sleepy PWI) as between group factor,
and 'time' as within factor.

At baseline, sleepy PWI were found to score significantly higher on trait
anxiety compared to non sleepy PWI (non sleepy group mean
10.23 < sleepy group mean = 51 .00

± 14.73; F = 4 .62

=42.52 ±

P < 0.05) . Repeated

measures show that this significant mean group difference was maintained
for subsequent data collection point (F = 3.14, P < 0.05 (Table 6.1 )) .
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Figure 6-8: Mean trait anxiety scores over 9 months, with T-anxiety as dependent variable
in a mUltivariate analysis, with 'group' (non sleepy/sleepy PWI) as between group factor,
and 'time' as within factor.

6.4. Occupational Impact of Sleep (OISQ)
Baseline data found mean OISO scores to be elevated within sleepy PWI
compared with non sleepy PWI , however, significance was not found (non
sleepy group mean = 17.45 .:!:. 13.03 < sleepy group mean = 25.08.:!:. 12.56;
F = 3.03, P = 0.08). Similarly, while mean values remain higher at time 2
and 3 data collection , no significant difference was found
(Table 6.1).
(n = 31 non sleepy PWI; 12 sleepy PWl j
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Figure 6-9: Mean OISO scores over 9 months, with OISO as dependent variable in a
multivariate analysis, with 'group' (non sleepy/sleepy PWI) as between group factor, and
'time' as within factor.
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6.5. Objective performance
To investigate objective performance within PWI , PVT performance with in
non sleepy and sleepy PWI were compared . Baseline grand mean RT data
showed no significant difference between sleepy and non sleepy PWI
(p > 0.05). Mean RT appears to be slightly increased within sleepy PWI at
each time point, however, with an average 4.93 ms mean difference, no
main group effect was found (F = 0.25, P = 0.62 , (Table 6.2)). Both groups
RT increased at each time point (Figure 6.10), resulting in a significant main
time effect (F = 4.54, P < 0.05).
(n = 31 non sleepy PWI; 12 sleepy PWI)
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Figure 6-10: Grand PVT RT over 9 months, with RT as dependent variable in a multivariate
analysis , wi th 'group' (non sleepy/sleepy PWI ) as between group factor, and 'time' as within
factor.

"Time on task" mean reaction times were also analysed using a repeated
measures design, where 'group' (non sleepy v non sleepy PWI) was entered
as the between factor and 'time on tasks' was entered as the within factor.
Mean RT was elevated within sleepy PWI over the 20 min PVT session
(11 .20ms greater), however, no significant main group effect was found
(p > 0.05 (Table 6.2)) . A significant main time effect was found
(F = 11 .30, P < 0.001) , with both groups slowing over the 20 min period
(Figure 6. 11 ).
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(n = 31 non sleepy PWI; 12 sleepy PWI)

360

340 ~

.
E_

320 4
300

t

~ ::: 1
240
t1

t3

t2

t4

Time on Task (over 20 mini
Main time effect F= 11 .30, P < 0.001 ... · ; Ma in group effect F= 0.91 , P = 0 .35 ns; Interaction F = 1.51 , P = 0 .23 ns

Figure 6-11 : Baseline PVT 'time on task' (20 min), with RT as dependent variable in a
multivariate analysis, with 'group ' (non sleepy/sleepy PWI ) as between group factor, and
'time on task' as within factor.

Time 2 data found very little difference between groups RT over 20 min
(1.62ms; p > 0.05) . A significant main time effect was again found
(F = 36.02, P < 0.001 (Table 6.2)) , with both group's RT slowing from an
average 292.49 ms to 323.58ms over the 20 min period (Figure 6 .12).
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Fig ure 6-12: Time 2 PVT 'time on task' (20 min), with RT as dependent variable in a
multivariate analysis, with 'group' (non sleepy/sleepy PWI ) as between group factor, and
'time on task' as wi th in factor.
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Time 3 data collection found mean RT within sleepy PWI to be elevated over
the 20 min task (9.30ms), however, group significance was again not found
(p > 0.05) . A significant main time effect was found (F = 28.76 ,

P < 0.001), with both groups RT slowing from an average 297.29 ms to
328.66ms over the 20 min period (Table 6.2).
(n = 31 non sleepy PWI ; 12 sleepy PWI)
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Figure 6-1 3: Time 3 PVT 'time on task' (20 min), with RT as dependent variable in a
multivariate analysis, with 'group' (non sleepy/sleepy PWI ) as between group fa ctor, and
'time on task' as within fa ctor.

Increased sleepiness has been related to increased lapses on the PVT,
therefore , lapses (> 500ms) in relation to "time on task", were analysed by
finding the mean number of lapses for the 1st, 2 nd 3'd and 4 th , five minute
blocks over the 20 minute PVT. To compare non-sleepy and sleepy PWI
lapses over 20 minutes, repeated measure ANOVA was carried out (Table
6.2) .

Baseline data show an increase in lapses over the 20 min period , increasing
from a mean of 0.58 to 2.58 . No significant group difference was found
(p > 0.05), however, a significant time effect was present (F = 5.12,

P < 0.01).
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Table 6:2: PVT data , with RT as dependent variable in a mUltivariate analysis, with 'group'
(non sleepy/sleepy PWI ) as between group factor, and 'time/time on task' as within factor.
n- 31
PWI

n- 12
SLEEPY PWI

QJ
~

::J
<J)

'"

Mean ± Standard Deviation

Difference

QJ

E
Grand Reaction Time (ms)
305 .75 ± 35.1
310.42
T1
T2
309.643 ± 34 .33
311 .1
T3
312 .72 ± 30.68
321.4
Time (RT) on task T1
T1
29 1.08 ± 35.88
315.56
T2
304 .25 ± 36.77
305.99
T3
309.71 ± 39.00
32 1.96
T4
318.49 ± 37.58
324 .83
Time on task T2
T1
29 1.48 ± 32.54
293 .50
T2
307 .23 ± 36.60
306 .69
T3
317.1 4 ± 39.27
321 .18
T4
323 .11 ± 36.34
324 .06
Time on task T3
T1
295 .51 ± 29.68
299 .08
T2
310 .03 ± 32 .36
322.46
T3
320.4 1 ± 35.07
336 .94
T4
326.32 ± 34 .01
33 1.00
Lapses> 500ms
T1
5.58 ± 7.34
6.17
T2
6.10 ± 8.18
7.13
T3
7.13 ± 8.15
9.33
Lapses time on task T1 (sec)
T1
0.52 ± 1.03
0.58
T2
1.16 ± 1.70
0.83
2.17
T3
1.58 ± 2.78
T4
1.77 ± 2.54
2.58
Lapses time on task T2 (sec)
T1
0.94 ± 1.44
0.58
T2
1.42 ± 2.13
1.08
1.90 ± 2.87
2.33
T3
T4
1.94 ± 2.82
2.75
Lapses time on task T3 (sec)
0.64
T1
0.93 ± 1.49
T2
1.64 ± 2.41
1.91
T3
2.11 ±2.81
2.55
T4
2.36 ± 2.98
4.55

± 22 .37
± 28.99
± 29.41

Main Effect
(T1 , T2, T3)

F value
P -value
Main Group
effect
Intera ction
(sleepy/nonEffects
sleepy)

4.67
1.41
8.72

4.54
p< 0.05*

0.25
0.62

1.08
0.35

±
±
±
±

90.92
27.85
28.17
26.22

24.48
1.74
12.25
6.34

F=11 .30
p< 0.001***

F = 0.91
P = 0.35

F = 1.51
P = 0.23

±
±
±
±

24 .85
29 .70
39.42
31.46

2.02
-0.54
4.05
0.95

F = 36.02
p< 0.001***

F = 0.02
P = 0.89

F = 0.25
P = 0.86

±
±
±
±

25 .47
33.62
36.64
39.82

3.57
12.42
16.53
4.68

F = 28 .76
p< 0.001***

F = .785
P = 0.381

F = 1.89
P < 0.38

± 7.85
± 8.50
± 9.45

0.59
1.03
2.20

F = 3.51
p< 0.05*

F = 0.24
P = 0.63

F = 0.43
P = 0.65

±
±
±
±

0.79
1.27
3.51
3.23

0.07
-0.33
0.59
0.81

F = 5.12
P < 0.01**

F = 0.21
P = 0.65

F = 1.20
p = 0.32

±
±
±
±

0.67
2.57
3.11
3.62

-0.35
-0.34
0.43
0.81

F = 5.32
P < 0.01**

F = 0.04
P = 0.85

F = 0.95
P = 0.43

± 0.81
± 2.39
± 3.01
± 5.18

-0.29
0.27
0.44
2.19

F = 6.58
P < 0.001

F = 0.74
P = 0.40

F = 1.40
P = 0.26

Time 2 data show much the same pattern as baseline data. Both groups
showed an increase in lapses over the 20 min period , increasing from a
mean of 0.55 to 1.87. No significant group difference was found
(p > 0.05) , however, a significant time effect was present (F = 5.32 ,

P < 0.01) .
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Time 3 mirrored subsequent data, with lapses increasing with time on task
for both groups (increasing from a mean of 0.64 to 4.55). No significant
group difference was found (p > 0.05) , however, a significant time effect was
again present (F = 6.58, P < 0.01) .
(n = 31 non sleepy PWI; 12 sleepy PWI)
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Figure 6-14: Number of lapses over 20 min PVT (Time on Task), with lapses as dependent
variable in a multivariate analysis , with 'group' (non sleepy/sleepy PWI) as between group
fa ctor, and 'time on task' as within factor.

S.S. Probab ility of couplets of good sleep
DSM-IV diagnostic criteria for insomnia includes the occurrence of 'at least'
three poor nights sleep per week for a diagnosis of insomnia to be made .
This implies up to four nights per week could be reported as good sleep, and
recognises that sleep quality is variable and perhaps unpredictable within
PWI (Coates, 1981 , Edinger, 1991, 1997) .

Vallieres et al (2005), however, showed variability within nights was not
present for all individuals, but found some PWI experience similar
consecutive poor nights of sleep. Data presented here will address
differences in PWI who reported

~

50% probability of reporting a good night

following a previous a good night with those PWI reporting < 50%
probability.
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This section will address the hypothesis that PWI with a greater probability
of reporting 2 consecutive good nights will show distinctive profiles of
subjectively reported sleep structure and quality, characteristic constructs,
mental health symptoms , and QoL relative to PWI who have a lower
probability of two good nights.

At baseline, probabilities within PWI of two consecutive good nights sleep
showed activity across the range (mean = 0.34; range = 0 - 0.90,
median = 0.33) . Fifty percent of PWI were found to have

~

50% chance of

reporting 2 consecutive good nights. PWI were allocated to either the PWI
group reporting

~50 %

(n = 20) (probability of reporting 2 consecutive good

nights) or to the PWI group reporting <50% (n = 23) (probability of reporting
two good nights) . One-way ANOVA was then used to compare groups at
each time point, using the probability of the preceding month to inform group
allocation .

PWI at baseline who reported
consecutive good nights ,

~

50% probability of recording two

(~50%

= 0.58:!: 0.15 v > 50% = 0.13:!: 0.12 ;

F = 65 .69, P < 0.001) , were found to show temporal stability across data
collection (Figure 6.15). Indeed , PWI allocated to the

~

50% showed the

same significantly greater probability of recording two consecutive good
nights in the months preceding time 2 data

(~

50% = 0.64 :!: 0.23 v

> 50% = 0.28:!: 0.22; F = 25 .77 , P < 0.001) , and time 3 data collection
(~50%

= 0.65:!: 0.17 v > 50% = 0.27 :!: 0.23; F = 29.63 , P < 0.001) , which

resulted in a significant main group effect (F = 109.29, P < 0.001).
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(n = 20 > 50% PWI; 23 < 50% PWI)
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Figure 6-1 5: Probabil ity of having 2 consecutive good nights over 9 months, with proba bil ity
as dependent variable in a multivariate analysis, with 'group' (>50%/<50%) as between
group factor, and 'month ' as within facto r.

6.6.1. Health related Qual ity of Life
Analysis of the SF-36 questionnaire showed lower health related quality of
life scores among PWI with <50% probab ility of good night couplets.
Indeed , better health was evident and consistent across 3 time points
among those reporting more good couplets of good sleep (Figure 6.16).
This suggests that those reporting greater probabilities of good night
couplets also reported greater health and its related quality of life. Indeed ,
mental health was significantly better among this group for each time point
(Table 6.3).

General health perception mean scores across 3 time points, showed an
average difference of 11.29. Baseline group differences fell just outside
significance (p = 0.09) , however, differences increased at time 2 and
significance was found (F = 5.24; P < 0.05). This significant difference was
not, however, found at time 3, indicating a rather unstable relationship
between general health perception and good sleep probability. While
significance was not reached at each time, elevated mean values indicate
PWI with a greater probability of 2 consecutive nights perceive their general
health as better compared to those with a lower probability.
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Social functioning mean scores showed an average difference of 10.06
across the 3 time points, however, group differences were only found to be
significant at time 2 (F = 4.80; P < 0.05) . Mental health scores showed a
mean difference between groups of 11 .14 across data collection , reaching
significance at each time point (F = 7.62, P < .01 ; F = 8.52, P < 0.01 ;
F = 5.63 , P < 0.05). Figure 6.16 illustrates the stability across data collection
of mental health for both groups. The 'role-emotion ' component of the
SF-36 found a mean difference between groups of 6.25, however, no
significant differences were found , indicating neither group felt significantly
more impaired by emotional disturbances. 'Energy/vitality' differed
significantly at times 1 and 3 of data collection (F

=6.47, P < 0.01 ; F =3.32

P < 0.05), however, results fell just outside significance at time 2 (F = 3.26
p = 0.08).
(n = 20 > 50% PWI; 23 < 50% PWI)
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Figure 6-16: Mean SF-36 scores over 9 months, with SF-36 component scores as
dependent variable in a multivariate analysis, with 'group' (>50%/<50%) as between group
factor, and 'time' as within factor.
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Table 6 :3 : Mean SF-36 scores over 9 months , with S F-36 compo nent scores as depe ndent
variable in a multiv ariate anal ysis, with 'g roup' (>50%/<50%) as between g roup factor, and
'time ' as within factor .
~

"''"Cl>"

E
GHP
T1
T2
T3
SF
T1
T2
T3
MH
T1
T2
T3
R-E
T1
T2
T3
EN
T1
T2
T3

n-20
> 0.5 probability

n-23
<0.5 probability
poor
ctrl
Mean ± Standard Deviation

One-way Anova
Test results
mean

F

Difference

P-value

difference

74.85 ± 15.35
77.25 ± 15.05
77.06 ± 16.94

65.48 ± 19.59
63.94 ± 21.79
65.87 ± 24.71

2.98
5.24
2.19

< 0.05 •
< 0.05·
0.15

-9.37
-13.31
-11 .20

-11.29

72.22 ± 20.86
73.15 ± 13.48
76.39 ± 17.15

63.77 ± 26.64
60.42 ± 23.30
67.41 ± 26.05

1.31
4.80
1.30

0.26
< 0.05·
0.26

-8.45
-12.73
-8.98

-10.06

57.80 ± 11.42
59.67 ± 11 .25
60.00 ± 14.24

47.83 ± 12.15
48.50 ± 12.72
47.73 ± 14.54

7.62
8.52
5.63

< 0.01

-11 .14

< 0.05·

-9.97
-11 .17
-12.27

85.33 ± 11.16
86.67 ± 14.58
89.58 ± 18.05

80.00 ± 17.87
84 .17 ± 19.91
78 .67 ± 19.06

1.33
0.21
2.68

0.26
0.65
0.11

-5.33
-2.50
-10.92

-6.25

42.00 ± 12.18
40.00 ± 11 .80
42.50 ± 13.66

30.65 ± 16.40
31.88 ± 16.72
33.67 ± 13.29

6.47
3.26
3.32

< 0.01 ..

-11.35
-8.13
-8.83

-9.44

10*

< 0.01 **

0.08
< 0.05 ·

6.6.2. Psychological profile
PWI reporting a greater probability of good night couplets showed stable
and significantly lower scores for both State , and Trait anxiety, as well as
depression and EPQ-N (Table 6.4) . Time 2 data showed a significant
difference between groups BDI scores, however, while over the 3 time
points, there was a mean difference of 4 .55 , this difference was not found
significant at time points 1 or 3 (Figure 6 .17).
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(n = 20 > 50% PWI ; 23 < 50% PWI)
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Figure 6-17: Psychological measures over 9 months, with the variable of interest as
dependent variable in a multivariate analysis, with 'group' (>SO%/<SO%) as between group
factor, and 'time' as within factor.

Table 6:4: Psychological measures over 9 months, with the variable of interest as
dependent variable in a multivariate analysis, with 'group' (>SO%/<SO%) as between group
factor, and 'time' as within factor.
~

::>

'"'"
Q)

E

n=20

One-way Anova

n=23

> 0.5 probability
<0.5 probability
ctr!
poor
Mean ± Standard Deviation

PSYCHOLOGICAL MEASURES
State
T1
32.20 ± 10.87
43.70
41.31
T2
32.71 ± 9.39
42.13
31.06 ± 8.22
T3
Trait
49 .00
40.15 ± 12.12
T1
48 .00
39.17 ± 10.74
T2

Te st re sults
FP-value

± 9.17
± 11 .45
± 12.76

14.16

< 0 .001 •••

6 .76

< 0.01 **

8 .36

< 0.01 ...

6.47
6 .02
5.48

< 0.01 **

39.13 ± 11 .04

± 10.70
± 11 .75
48 .00 ± 9.99

8.80 ± 7.59
7.21 ± 5.79
8.13 ± 6.52

13.43 ± 9.98
12.8 1 ± 10.83
11 .54 ± 9.44

2 .87
4 .53
1.32

T1

14.80 ± 5.06

11 .74 ± 6.47

T2
T3

13.88 ± 5.14
12.94 ± 5.65
12.30 ± 4.79
11 .13 ± 5.18
12.50 ± 5.61

T3

Difference

mean
difference

11 .50
8 .60
11 .07

10.39

8.85
8.83
8.88

8.85

0 .05'
< 0 .05'
0 .10
0 .05 '
0 .26

4 .63
5.60
3.41

4.S5

2.92

0 .10

-3.06

-2.53

10.94 ± 6.17
11 .33 ± 6.44

2 .67
0.54

0 .11
0.47

-2.94
-1 .60

15.04 ± 5.58
16 .88 ± 5.66
15.93 ± 5.69

2 .94
11 .00
2 .86

0 .09
< 0.001 •••

2 .74
5.75
3.43

<

BDI

T1
T2
T3

<

ExtroY.

Neurot.

T1
T2
T3
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6.6.3. Sleep measures
As illustrated in Figure 6.18, data show greater subjective sleep disturbance,
dysfunctional beliefs, pre-sleep arousal and worse sleep hygiene among
those PWI reporting <50% good couplets over the course of 9 months.
Sleep disturbance scores significantly differed between groups for time 1
(>50% = 33 .05 ~ 6.76 v <50% = 39.48

~

7 .77, F = 8.25, P < 0.01) , however,

wh ile scores rema ined greater, with a mean difference of 4.82 , subsequent
time points fai led to corroborate significance.

A significant difference in reported pre-sleep arousal remained stable across
each time point. With a mean pre-sleep arousal difference of 6.99 , groups
were found to significantly differ at baseline (>50% = 24.50
29 .83

~

10.68, F = 3.51 , P < 0.05) , time 2 (>50% = 23 .88

~

~

7.37 v <50% =

6.83 v <50% =

29.94 ~ 10.65, F = 4 .83 , P < 0.05), and time 3 (>50% = 22.75 ~ 5.54 v <50%
= 32 .33 ~ 10.68, F = 10.02, P < 0.001 , (Table 6.6)). Sleep hygiene scores
also significantly differ between groups over 3 time points (Table 6.6). This
suggests those with worse sleep hygiene experienced less couplets of good
sleep than those with better sleep hygiene.
(n = 20 > 50% PWI; 23 < 50% PWI)
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Figure 6-1 8: Sleep measures over 9 months, with the variable of interest as dependent
variable in a multivariate analysis, with 'group' (>50%/<50%) as between group fa ctor, and
'time' as within factor.

120

Ch . 6: Subgroups of Insomnia

Table 6 :5 : Sleep measures over 9 months, with the variable of interest as dependent
variabl e in a multivariate analysis, w ith 'group' (>50%/<50%) as between group factor, and
'time ' as w ithin factor.

i!'

n=20

n=23
<.5 probability
Mean ± Standard Deviation

::>

'"
Cl)

Q)

E

SOQ
T1
T2
T3
SHAP
T1

T2
T3
OBAS
T1
T2

T3
PSAS
T1
T2

T3

One-way Anova
Test results
F
P -value

> .5 probability

0 .01 **

33.05 ± 6.76
32 .46 ± 8.42
31 .25 ± 7.84

39.48 ± 7.77
36.81 ± 7.05
34.93 ± 6.32

8.25
2.91
2.06

4.45 ± 2.44
3.58 ± 2.26
4.67 ± 2.23

6.22 ± 3.23
5.38 ± 1.89
6.67 ± 2.23

4.00
6.82
6.06

< 0 .01 **

31 .20 ± 5.07
30.67 ± 6.23
29.56 ± 7.28

33.22 ± 6.48
31 .94 ± 8.57
32.40 ± 6.74

24.50 ± 7.37
23.88 ± 6.83
22.75 ± 5.54

29.83 ± 10.68
29.94 ± 10.65
32.33 ± 10.68

Difference

Mean
difference

6.43
4.35
3.68

4.82

1.85

< 0.05'

1.77
1.79
2.00

1.26
0.30
1.26

0.27
0.59
0.27

2.02
1.27
2.84

2.04

3.51
4.83
10.02

< 0.05 •

5.33
6.06
9.58

6.99

<

0.10
0.16
< 0.05'

< 0.05 •
<

0.001 ....

6.7. Comment
Baseline ESS rema ined stable within sleepy and non sleepy PWI across
data collection. Significant differences in trait an xiety and depression were
also found between groups. Daily sleep diaries revealed no significant
difference between groups. Data suggest th ere is no differen ce between
non-sleepy and sleepy PWI wh en performance is measured objectively. In
add ition , while the PVT has been found a sensitive measure of sleepiness,
neither group appears to deteriorate in RT more than the other, with both
groups slowing with increased time on task. Self reported occupational
impairment was, however, found to sig nificantly discriminate between
groups. Such data suggest a trait like differen ce between sleepy and non
sleep PWI.
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PWI reporting a higher probability of 2 consecutive nights of good sleep
showed a temporally stable pattern of superior health , lower pre-sleep
arousal better sleep hygiene and lower levels of daytime fatigue relative to
those reporting a lower probability of 2 consecutive 'good ' nights.

As with "sleepy" PWI , those PWI who reported a higher probability of 2
consecutive nights of good sleep showed a temporally stable pattern across
time . Interestingly, PWI reporting a higher probability of 2 consecutive
nights of good sleep reported better general and mental health at each time
point. In addition , this subgroup reported significantly lower state and trait
anxiety and reported significantly less fatigue than PWI reporting a lower
probability of 2 consecutive 'good' nights. While data again show a marked
difference between the psychological constructs of these subgroups of
insomnia , no significant differences were again found in objective
performance. Interestingly, significant differences were found in measures
of pre-sleep arousal and sleep hygiene, with data showing lower levels of
arousal and better sleep hygiene within PWI with a higher probability of 2
consecutive good nights sleep .
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CHAPTER 7

7. STABILITY OF SLEEP MEASURES & DAYTIME
PERFORMANCE

While the OISO showed stability in subjective reports of occupational
impairment within PWI over 9 months, chapter 4 showed objective
performance significantly differentiated between groups at time 1, but not at
time 2 or 3 data collection .

As discussed in the introductory review, explanations for such discrepancies
have included the use of non-standardised criteria for defining 'poor sleep'
or 'insomnia', as well as suggestions that the heterogeneous nature of PWI
has not been considered when recruiting or interpreting results. The former
point was addressed by using DSM-IV clinical diagnostic criteria to recruit
PWI. The later point was explored in chapter 6, and while sleepy and non
sleepy PWI did show trait like differences, no objective performance
differences were found.

Another possible explanation for discrepancies , and one which will be
explored in this chapter, is that daytime performance and sleep within PWI
fluctuate over time, and therefore may have been missed with cross
sectional study designs. The present chapter will, therefore, assess the
temporal stability of daytime performance and sleep among PWI.
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In order to assess the temporal stability of sleep parameters and daytime
functioning , participants were asked to maintain daily diaries for the duration
of the 9 month study, where they were asked to subjectively rate how well
they felt they had performed at work (1 = very poor - 5 = very good). Data
were averaged for each month of the study and analysed using repeated
measures ANOVA. In each model , the month's averaged data was entered
as within subject factors (e.g. month 1, month 2) , with group (control/PWI)
entered as the between subjects factor.

7.1.1. Subjective Performance
Over the course of 9 months PWI rated their daytime performance lower
than controls (Figure 7.1), however, while an average difference of 0.29 was
reported , no significant main group effect was found (F = 1.33 ; P = 0.26
(Table 7.1)). To explore further the significant interaction reported (F = 2.19 ,

P < 0.05) , post hoc paired t-tests with Bonferroni adjustment were carried
out on mean subjective performance for each group separately.

Comparisons of subjective performance within 'PWJ' showed variability
across 9 months, with subjective performance significantly increasing
between month 2 and 3 (m2

=2.70:t 0.99 < m3 =2.96:t 0.81 ; t =-2.75,

P < 0.01) . Significant change was also reported between month 5 and 6
within the 'control' group (m5

= 3.31 :t 0.95 < m6 = 3.47 :t 0.85; t =-2 .63,

p < 0.01) .
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(n = 31 controls; 33 PWI )
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Figure 7-1: Daily subjective rating of daytime performance for PWI and Controls averaged
for each month, with rating as dependent variable in a multivariate analysis, with 'group' as
between group factor, and 'time' as with in factor.

Table 7:1 Daily subjective rating of daytime performance for PWI and Controls averaged
for each month , with rating as dependent variable in a mu ltivariate analysis , with 'group' as
between group factor, and 'time' as within factor.

n;31
CONTROLS
I
f-

z

0
::;;

n;33
PWI

Mean ± Standard Deviation

Subjective daytime functioning
1
3.14 ± 0.86
2.73
3.07 ± 1.01
2.55
2
2.88
3
3.09 ± 0.98
3.15 ± 0.98
3.00
4
5
3.05 ± 0.91
2.83
2.73
6
3.32 ± 0.73
2.80
7
3.10 ± 1.03
8
3.03 ± 0.93
2.99
3.08 ± 0.93
2.98
9

±
±
±
±
±
±
±
±
±

0.73
0.90
0.76
0.79
0.89
1.07
0.92
1.00
1.17

F value
P-value

Difference

-0.41
-0.52
-0.21
-0.16
-0.23
-0.60
-0.30
-0.05
-0.11

Main Effect
(T1 , T2. T3)
F; 1.57
p; 0.16

Main Gro up
effect
(ctrIIPWI)
F ; 1.33
p; 0.26

Interaction

Effects
F; 2.19
p < 0.05"

7.2. Stability of subjective Sleep Quality (QoS)
To assess the tempo ral stability of QoS over 9 months, participants were
asked to make a daily subjective rating of the quality of their previous night's
sleep (1 = very poor - 5 = very good). Ratings were then averaged for each
month of the study. and analysed using repeated measures A NOVA.
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For the duration of 9 months, control participants subjectively reported their
QoS greater than PWI (Figure 7.2) . With a mean difference of 0.29,
analysis showed a significant main group difference (F = 29.18, P < 0.001 ).
While mean values appear to illustrate variability in subjectively reported
QoS within each group, a main time effect, fell just outside significance

= 1.86 , P =0.08 (Table 7.2)) .

(F

No main interaction effect was found ,

supporting group stability.
(n = 31 controls; 33 PWI)
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Figure 7-2 : Daily subjective rating of Sleep Quality for PWI and Controls, averaged for
each month over 9 months with rating as dependent variable in a multivariate analysis, w ith
'group' as between group factor, and 'time' as within factor.

Table 7:2 Daily subjective rating of Sleep Quality for PWI and Controls, averaged for each
month over 9 months, with rating as dependent variable in a multivariate analysis, with
'group' as between group factor, and 'time' as within factor.
n=31
CONTROLS

n=33
PWI

F value
P -value

I

f-

z

0
::E

QoS
1
2
3
4
5
6
7
8
9

Mean ± Sta ndard Deviation

3.89
3.86
3.95
4.11
3.93
3.95
3.99
4.03
4.06

±
±
±
±
±
±
±
±
±

0.52
0.69
0.63
0.60
0.61
0.65
0.65
0.64
0.76

2.86
3.06
3.09
3.17
3.16
3.17
3.17
3.06
3.08

±
±
±
±
±
±
±
±
±

Difference

0.57
0.66
0.62
0.72
0.65
0.83
0.76
0.74
0.70

-1.03
-0.80
-0.86
-0.94
-0.77
-0.78
-0.82
-0.96
-0.98

126

M · Eff t Main Group Interaction
aln
ec
Effect
Effects
(T1, T2, T3) (ctrIlPWI)

1.86
P = 0.08

29 .18
0.867
P < 0.001'" P =0.55
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7.3. Stability of daytime performance & sleep variables
across the week
To further explore differences between and within the groups over tim e, data
were coded and sorted to enable comparisons to be made across the week
for PWI and control participants .

7.3.1. Subjective daytime performance
To assess the temporal stability of daytime performance across the working
week, ratings were averaged for each day (Mon - Fri) and analysed using
repeated measures ANOVA (Table 7.3). For the duration of 9 months ,
control participants subjectively reported the ir daytime performance, across
the working week, better than PWI (Figure 7.3). An average difference of
0.44 was found , resulting in a significant group difference (F = 8.28 ,
P < 0.01) . The pattem of subjectively reported performance across the
working week is uniform within both groups, with performance improving
from Monday to Wednesday and falling in the later part of the week. This
resulted in a significant main time effect (F = 5.11 , p< 0.001 . No main
interaction was found , with both groups reporting work performance to be at
its best on Wednesday (3.49) and at its lowest on Friday (3 .16).

Post hoc t-tests for time , followed by Bonferroni adjustment, confirmed
significant differences between subjective daytime performance for Monday
(3.34.:t 0.81) and Tuesday (3.47.:t 0.70, t = -2.86 , P < 0.01) , and Thursday
(3.37 .:t 081 ) and Friday (3 .16 .:t 1.12, t = 2.79, P < 0.01) .
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(n = 31 controls; 33 PWI)
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Figu re 7-3: Daily subjective rating of daytime performance for PWI and Controls, averaged
for each day of the working week over 9 months. Analysis comparing week day effect
(with in group) for PWI and Ctrls (between group) using Mixed Measures Analysis of
Variance

Table 7:3: Subjective Daytime performan ce averaged over 9 months: Analysis comparing
week day effect (within group) for PWI and Ctrls (between group) using Mixed Measures
Analysis of Variance
n=3 1

Day
of
wee k

F Value; P -value

n=33

Contols

PWI

Difference

Mean ± Standard Deviation

Subjective daytime
Mon
3.54 ±
Tues
3.73 ±
Wed
3.75 ±
Thurs
3.55 ±
Fri
3.36 ±

performance
0.84
3.13
0.58
3.2 1
0.59
3.23
0.89
3.19
1.14
2.96

±
±

±
±
±

Main Effect
of Day
(Mon,Tues,

Wednes)

0.72
0.72
0.66
0.69
1.07

-0.41
-0.52
-0.52
-0.36
-0.40

F = 5.11
p < 0.001

Main group
effect

(CtrI/PWI)

F = 8.28
P < 0.01

Interaction
Effects

F = .956
P = .437

7.3.2. Subjective Sleep Efficiency (SE)
To assess the temporal stability of subjective SE ((TSTfTlB)x100) across the
week and over 9 months , data we re averaged for each day and analysed
using repeated measures ANOVA (Table 7.4). Subjective SE rema ined
significantly higher within contro l participants across the duration of data
collection (F = 37.26, p < 0.001 (Figure 7.5)) . No interaction was present,
however, a main time effect was found (F= 3.81 , P < 0.001 (Table 7.4)).
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(n = 31 controls; 33 PWI)
__ ctrls -e- PWI

95
90
85
w
(f) 80
75
~
Q

•

•

•

t

•

!

~

1

f

!

!

!

!

!

70

,

~

Sun

Man

Tues

Wed

Thurs

Fri

Sat

Day of the week

Ma in time effect F= 3.81 p< 0 .001 ..... ; Main group effect F= 37 .26, P < 0.001"* ; Interaction F = 0.34 , P = 0.91 ns

Figure 7-4 Daily subjective SE for PWI and Controls, averaged for each day of the week
over 9 months. Analysis comparing week day effect (within group) for PWI and Ctrls
(between group) using Mixed Measures Analysis of Variance.

Table 7:4: Daily subjective SE for PWI and Controls, averaged for each day of the working
week over 9 months. Analysis comparing week day effect (withi n group) for PWI and Ctrls
(between group) using Mixed Measures Analysis of Variance
n-31
CONTROLS

n=33
PWI

Mean ± Standard Deviation
Sleep Effiency %
Sun
87 .94 ± 4.34
88 .68 ± 3.94
Man
88 .55 ± 4.31
Tues
Wed
89.66 ± 8.00
Thurs
89.03 ± 4.49
Fri
88 .76 ± 11 .21
87 .14 ± 5.05
Sat

78 .50
78.41
78 .92
79.52
79.32
77 .72
77 .16

±
±
±
±
±
±
±

F value

P-value
Main Group
Main Effect
Difference
effect( ctrll
(Day of week)
PWI)

9.65
10.32
10.40
9.97
10.26
11.11
10.20

-9.44
-10.27
-9.63
-10.14
-9.71
-11 .04
-9.98

F = 3.81
P < 0.01

F = 37 .26
P < 0.001

Interaction
Effects

F
P

=0.34
=0.91

Figure 7.4 illustrates a decrease in subjective SE at the weekend within both
groups, therefore, to explore the main time effect and weekend further,
weekend sleep was operationalised as sleep occurring on a Friday,
Saturday or Sunday night. Wednesday was selected as the reference
weekday. Data were analysed using repeated measures group
(PWI/controls) by time (Wed , Fri , Sat, Sun) multivariate ANOVAs and paired
t-tests (Table 7.5).
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Subjective SE was consistently and significantly lower among PWI , with
mean differences of 11 .0%, 10.0%, 9.4% and 10.1% for Friday, Saturday
Sunday and Wednesday respectively (group main effect: F

=35 .39;

P < 0.001) . Across these days 0Ned - Sun) SE changed uniformly for both
groups, with a noticeable decrease in SE reported on Saturday (F = 4 .30;
P < 0.01). No significant interaction effect was found . Post hoc t-tests for
time, followed by Bonferroni correction, showed significant differences only
between the Wednesday weekday reference (mean = 84 .6:t 10.3) and
Saturday (mean = 82.1 :t 9.5; t = 3.63; P < 0.001) and Sunday (mean = 83 .2

:t 8.8; t = 2.31 , P < 0.01) . For both groups , variations in SE were unrelated
to variations in subjective sleep quality

Mean scores showed Friday and Saturday SE to be lower than Wednesday
(Friday mean SE 77 .72% , Saturday mean SE 77.16%, Wednesday SE
79.52%), suggesting SE is greater on a week night, compared to the
weekend i.e. Friday or Saturday night.
(n = 31 controls; 33 PWI)
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Figure 7-5: Daily subjective SE for PWI and Controls, averaged for each day of the working
week over 9 months. Analysis comparing week day effect (within group) for PWI and Ctrls
(between group) using Mixed Measures Analysis of Variance
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Table 7:5: Subjective sleep measures averaged for each day of the week for 9 months:
Analysis Comparing Week Day Effect (within group) for PWI and controls (between group)
using Mixed Measures Analysis of Variance
n=31
CONTROLS

n-33
PWI

F Value; P -valu e

Measure
Day

Main Effect of Day

Mean ± Standard Deviation

(Fri ,Sat, Sun. Wed)

Main Group Effect
(PWI/Ctn)

Interadion Effects

Friday

SOL min

WASOmin
SE %
liB min
TST min
lie in (min)

Subjective QoS

Probability of PS

8.38
9.23
88.76
411 .39
461 .07
26.63
4.03
0.17

±
±
±
±
±
±
±
±

5.24
8.81
11 .21
144.27
47.80
22.41
0.52
0.15

18.05
29.73
77.72
427. 12
410.70
36.12
3.26
0.45

±
±
±
±
±
±
±
±

18.52
26.00
11 .11
145.41
67.81
21 .32
0.55
0.29

8.46
9.43
87.14
407.66
468.11
36.74
3.96
0.17

±
±
±
±
±
±
±
±

5.53
9.39
5.05
147.63
43.28
31 .60
0.58
0.18

19.95
30.37
77.16
420.85
406.92
49.84
3.16
0.44

±
±
±
±
±
±
±
±

17.42
23.72
10.20
152.89
64.20
32.07
0.61
0.25

10.59
9.22
87.94
399.00
443.27
34.57
3.93
0.15

±
±
±
±
±
±
±
±

6.67
8.40
4.34
131 .55
40.72
21 .26
0.57
0.14

21.44
30.53
78.50
416.58
397.12
48.21
3.16
0.41

±
±
±
±
±
±
±
±

16.24
25.49
9.65
134.46
62.00
33.53
0.60
0.26

8.39
9.59
89.66
389.25
446.58
20.91
4.00
0.11

±
±
±
±
±
±
±
±

5.60
10. 17
8.00
133.05
41.49
12.89
0.58
0.13

18.69
28.43
79.52
405.92
396.86
31 .89
3.19
0.39

±
±
±
±
±
±
±
±

17.30
26.04
9.97
135.65
61 .03
15.74
0.55
0.27

Saturday
SOL min

WASOmin
SE %

liB min
TST min

Lie in (m in)
Subjeclive QoS
Probability of PS
Sunday

SOL min
WASOmin
SE %
TIBmin
TST min

Lie in (min)

Subjective QoS
Probability of PS
W ednesday
SOLmin

WASOmin
SE%

l iB min

TST min
lie in (min )

Subjective QoS

Probability of PS
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9.22;
0.23
4.30;
14.53;
5.89;
9.88
0.25
5.98;

p<O .001'"
P = 0.87
p<0.01"
p<O .001'"
p<O .001'"
p<O .001'"
p<0.05'
p<O .001'"

13.57; p<0.001'"
27.30; p<0.001'"
35.39; p<0.001'"
0.28; p = 0.60 ns
24.35; P <0.001'"
10.38; P <0.01"
48.02; p< 0.001'"
41 .01 , P < 0 .001'"

1.12;
0.45
0.38;
0.08;
0.93;
0.47
0.25
0.12;

p =0.35
p=0.72
p =0.77
p =0.97
P =0.43
P =0.83
P =0.86
P =0.95
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7.3.3. Time In bed (TIB)
To assess the temporal stability of subjectively reported TIB across the
week and over 9 months, data were averaged for each day and analysed
using repeated measures ANOVA (Table 7.6). While mean TIB remained
greater within PWI across the week, no significant group difference was
found (p > 0.05), however a main time effect was found (F

=12.14,

P < 0.001) .
(n = 31 controls; 33 PWI)
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Main time effect F= 12.14, p< 0.001··-"; Main grou p effect F = 0.32, P = 0.58 ns; Interaction F = 0.05, P = 0.99 ns

Figure 7-6: Daily subjective TIB for PWI and Controls, averaged across the week over 9
months. Anal ysis comparing week day effect (within group) for PWI and Ctrls (between
group) using Mixed Measures Analysis of Variance

Figure 7.6 illustrates an increase in subjectively reported TIB at the weekend
within both groups, therefore to explore the main time effect further,
weekend sleep was again explored . Data were analysed using repeated
measures group (PWl/controls) by time (Wed , Fri , Sat, Sun) multivariate
ANOVAs and paired t-tests with Bonferroni adjustment (Table 7.5).

TIB also showed a significant effect of time independent of group, with
highest values (relative to Wed) reported for Saturday and Sunday.
Post hoc t-test for time, showed significant change in TIB between Sunday

(407 .79.:t 132.52) and Wednesday (397 .59.:t 133.82 , t = 4.70 P < 0.001) ,
Wednesday and Friday (419.25

.:t 144.20, t = -5.50 , P < 0.001) , Friday and

Sunday (t = 3.49, P < 0.01) , and Saturday (414.25 .:t 149.54) and
Wednesday (t = 3.49, P < 0.001) .
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Fig ure 7-7: Daily subjective TIB for PWI and Controls, averaged across the working week
over 9 months. Analysis comparing week day effect (within group) for PWI and Ctrls
(between group) using Mixed Measures Analysis of Variance

Table 7:6 Daily subjective T IB for PWI and Controls, averag ed across the week over 9
months. Analysis comparing week day effect (within group) for PWI and Ctrls (between
group) using Mixed Measures Analysis of Variance
n=31

CONTROLS

Mean ± Standard Deviation
TIB
Sun
Mon
Tues
Wed
Thurs
Fri
Sat
LlEIN
Mon
Tues
Wed
Thurs
Fri
Sat

P-value

n=33
PWI
.
Main Effect
Difference (Day of week)

Main Group
effect
(ctrI/PWI)

Interaction
Effects

399.00
394.49
383.95
389.25
389.52
411 .39
407.66

± 131 .55
± 136.25
± 131.82
± 133.05
± 136.61
± 144.27
± 147.63

416.58
412.49
402.22
405.92
406.46
427.12
420.85

±
±
±
±
±
±
±

134.46
134.55
132 .73
135.65
138.37
145.41
152.89

17.58
18.00
18.27
16.67
16.94
15.73
13.19

F=12.14
P < 0.001'"

F=0.32
P = 0.57

F = 0.53
P = 0.99

22.48
22.06
20.91
17.38
26.63
36.74

± 11 .49

34.78
34.95
31.89
33.99
36.12
49.84

±
±
±
±
±
±

25.53
19.15
15.74
19.06
21 .32
32.07

12.30
12.89
10.98
16.61
9.49
13.11

F = 9.89
p < 0.001'"

F = 10.38
P < 0.01"

F = 0.47
P = 0.83

± 12.19
± 12.89
± 31 .56
± 22.41
± 31.60
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7.3.4. Time spent lying in
To assess the temporal stability of subjectively reported time spent "lying in"
over the week and over 9 months, data were averaged for each day and
analysed using repeated measures (Table 7.6). Subjectively reported time
spent lying in bed , over the week remained significantly higher within PWI
across the duration of data collection (Figure 7.8), resulting in a significant
main group effect (F = 10.38; P < 0.01 ).
(n = 31 controls; 33 PWI)
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Main lime effect F= 9.88, p < 0.001'''; Main group effect F = 10.38, P < 0.01"; Interaction F = 0.47, P = 0.83 ns

Figure 7-8: Daily subjectively reported time spent 'lying in ' for PWI and Controls, averaged
for each day of the week over 9 months. Analysis comparing week day effect (within group)
for PWI and Ctrls (between group) using Mixed Measures Analysis of Variance

In addition, a main time effect was also found (F = 9.89 , P < 0.001) . Figure
7.8 illustrates the marked difference in the time spent lying in, between week
days and the weekend within both groups. Post hoc t-tests for time confirm
significant differences between Tuesday (28.51

~

17.22) and Wednesday

(26.40 ~ 15.33, t = 2.64, P < 0.01) , Thursday (25.69
(31.38

~

~

27.23) and Friday

22.26, t = -2.07, P < 0.05) Friday and Saturday (43.29 ~ 32.33,

t = -4.48, P < 0.001) and Monday (28.63

~

20.63) and Sunday (41 .39 ~

28.74, t = -6.05, P < 0.001). However, only the increase in time lying in
between Friday and Saturday and Monday and Sunday remained significant
following Bonferroni adjustment.
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To explore the effect of the weekend further, data were analysed using
repeated measures group (PWl/controls) by time (Wed, Fri , Sat, Sun)
multivariate ANOVAs and paired t-tests with Bonferroni adjustment
(Table 7.5).

Post hoc t-test for time, showed significant change in the time reported lying
in , between Friday (31 .76:t 22.26) and Saturday (43 .29:t 32.33, t = -4.48,
P < 0.001), Wednesday (26.40:t 15.33) and Sunday (41 .39:t 28.74, t = 6.04, P < 0.001), Wednesday and Friday (t = -2 .98, P < 0.01) , Wednesday
and Saturday (t = -6.09, P < 0.001) and Friday and Sunday (t

=-3.58 , p <

0.001 ).
(n = 31 contro ls; 33 PWI)
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Day of th e week
Main time effect F= 9.88, P < 0.001 u ; Main group effect = F= 10.36, P <0.01 "'; Interaction = ns

Figure 7-9: Daily subjectively reported time spent lying in for PWI and Controls, averaged
for each day of the working week over 9 months. Analysis comparing week day effect
(within group) for PWI and Ctrls (between group) using Mixed Measures Analysis of
Variance

7_3_5. Subjective Quality of Sleep (QoS)
To assess the temporal stability of the subjective QoS over the week, and
over 9 months, data were averaged for each day and analysed using
repeated measures ANOVA, (Figure 7.10). A significant group difference
was maintained across the week for QoS (Table 7.7) , with control
participants consistently reporting greater QoS than PWI (F = 52.13,
P < 0.001) . No interaction was found and a main time effect fell just outside
significance (F = 1.92 , P = 0.09).
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(n = 31 controls; 33 PWI)
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Figure 7-10: Daily subjectively reported QoS for PWI and Controls, averaged for each day
of the week over 9 months. Analysis comparing week day effect (wi thin group) for PWI and
Ctrls (between group) using Mixed M easures Analysis of Variance

Table 7 :7: Daily subjectively reported sleep variables fo r PWI and Contro ls, averaged for
each day of the week over 9 months. Analysis comparing week day effect (within group) for
PWI and Clrls (between group) using M ixed Measures Analysis of Variance
n-43
CONTROLS

'0..:

,.,"

oco "~

n=43
PWI

Mean ± Standard Deviation

Subjective QoS
3.93 ±
Sun
4.03 ±
Mon
Tues
4.07 ±
Wed
4.00 ±
4.04 ±
Thurs
Fri
4.03 ±
3.96 ±
Sat
Total Sleep Tim e
Sun
443.27 ±
Mon
442.14 ±
432.85 ±
Tues
446.58 ±
Wed
Thurs 444.96 ±
461 .07 ±
Fri
468.11 ±
Sat

0.57
0.54
0.69
0.58
0.53
0.52
0.58
40.72
38 .29
33.80
41.49
41 .18
47.80
43.28

F value
P -value
Difference

3.16
3.14
3.25
3.19
3.22
3.26
3.16

±
±
±
±
±
±
±

0.60
0.55
0.75
0.55
0.56
0.55
0.61

-0.77
-0.88
-0.83
-0 .82
-0.83
-0.77
-0 .80

397.12
394.57
389.78
396.86
400.42
410.70
406.92

±
±
±
±
±
±
±

62.00
63.70
60.82
61 .03
64.53
67.81
64.20

-46.15
-47.56
-43.07
-49.72
-44.54
-50.36
-6 1.18
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Main Effect Main Group
(Day of week
effect
)
(ctrl/PWI)

Interaction
Effects

F = 1.90
P =0.09

F = 52.13
F = 1.01
P < 0.001-- P =0.42

F =6.57

F =22.76
F =0.67
P < 0.001-- P =0.68

P < 0.001*'"
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7.3.6. Total Sleep Time (TST)
To assess the temporal stability of the subjectively reported TST across the
week and over 9 months. data were averaged for each day and analysed
using repeated measures ANOVA (Table 7.7). Subjectively reported TST
over the week remained uniformly higher within PWI across the duration of
data collection (Figure 7.11). resulting in a significant main group (F= 22.76.
P < 0.001 ) and main time effect (F = 6.57 ; p < 0.001 ).

Post hoc paired t-test for time. followed by Bonferroni adjustment. showed
significant change in TST between Tuesday and Wednesday (421 .71
57.59. t = -3 .30. p < 0.001 ). as well as Saturday (437.52
Sunday (420.2
500

~ 450
.§..

400

=57.07. t = -3. 58 . p

i

~ 350 1
300

I:

I

!

!

< 0.001 ).
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Ma in time effect F= 6.57 , P < 0.001-"'-; Main g roup effect F = 22 .76 , P < 0.001"· ; Interaction F = 0.67 , P = 0.68 ns

Figure 7-11 : Daily su bjectively reported TST for PWI and Controls. averaged for each day
of the week over 9 months. Analysis com paring week day effect (within grou p) for PWI and
Ctrls (between group) using Mixed Measu res Analysis of Variance

Figure 7.11 illustrates the increase in subjectively reported TST at the
weekend within both groups. therefore. to explore the main time effect
further. weekend sleep was again explored. Data were analysed using
repeated measures group (PWl/controls) by time (Wed. Fri. Sat. Sun)
multivariate ANOVAs and paired t-tests. with Bonferroni adjustment
(Table 7.5).
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Significant change in TST between Saturday (437.52

~

62 .52) and Sunday

(420.20 ~ 57 .07, t = 3.58 , P < 0.001 ), Wednesday (421 .72
Friday (435.89

~

~

57 .59) and

63 .58, t = -3.21 , P < 0.01), Friday and Sunday (t = 3.37,

P < 0.00 1), as well as Saturday and Wednesday (t = 3.60, P < 0.001 ) were
found (Figure 7.12).
(n = 31 controls; 33 PWI)
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Figure 7-12: Da ily subjectively reported TST for PWI and Controls, averaged for each day
of the working week over 9 months. Analysis comparing week day effect (within group) for
PWI and Ctrls (between group) using Mixed Measu res Analysis of Variance

7.3.7. Wake after Sleep Onset (WASO)
To assess the tempora l stability of the WASO across the week and over 9
months, data were averaged for each day and analysed using repeated
measures AN OVA (Table 7.8). Subjectively reported WASO over the week
remained greater within PWI across the duration of data collection , resu lting
in a significa nt main group (F = 26.73, P < 0.001) , and main time effect
(F = 9.38, P < 0.001) . In addition , an interaction effect was also found
(F = 4.04, P < 0.001) .

To explore the significant time by group interaction, post hoc paired t-tests
with Bonferroni adjustment, were carried out for both group's data.
Significant variations across the week within PWl's subjectively reported
WASO were found .
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WASO significantly increased from Monday to Tuesday (Mon = 28.64 2:
23.23 v Tues = 51.842: 46.14; t = -6.26, P < 0.001 ), and significantly
decreased from Tuesday to Wednesday (Tue = 51 .84 2: 46.15 v
Wed = 28.43 2: 26 .04; t = 6.56, P < 0.001 ). A similar pattern occurred
between Wednesday and Thursday (Wed = 28.43 2: 26.04 v Thurs = 52 .35 2:
49 .12; t = -5 .95, P < 0.001) and Thursday and Friday (Thurs = 52 .35 2: 49.12
v Fri = 29.73 2: 26.00; t = 5.57, P < 0.001 ) (Figure 7.13).

Variation across the week was also present within control participant's
WASO. WASO significantly increased from Monday to Tuesday
(Mon

= 8.232: 7.96 v Tues = 13.852: 14.65 ; t =-3 .49 , P < 0.001 ), and

significantly decreased from Tuesday to Wednesday (13 .85 2: 14.65 v Wed
= 9.59 2: 10.17; t = 2 .85 , P < 0.001 ). This pattern occurred again between
Wednesday and Thursday (Wed = 9.59 2: 10.17 v Thurs = 15.25 2: 15.23;

=-4.08 , P < 0.001 ) and Thursday and Friday (Thurs = 15.25 2: 15.23 v Fri =
9.232: 8.81 ; t = 4.34 , P < 0.001 (Figure 7.13)) . No significant changes were
found between the weekend and a weekday for either group (p> 0.01 ).
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(n = 31 controls; 33 PWI)
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Figure 7-13: Daily subjectively reported WASO for PWI and Controls, averaged for each
day of the week over 9 months. Analysis com paring week day effect (within group) for PWI
and Ctrls (between group) using Mixed Measures Analysis of Varia nce

Table 7:8 Daily subjectively reported sleep variables for PWI and Controls, averaged for
each day of th e week over 9 months. Analysis comparing week day effect (within group) for
PWI and Ctrl s (between group) using Mixed Measures Analysis of Variance
n=31
CONTROLS

'0.><
>oQl

PWI

Mean ± Standard Deviation

'" Ql
o~

Wake after sleep onset (min)
9.22 ± 8.40
Sun
8.23 ± 7.96
Man
Tues
13.85 ± 14.65
Wed
9.59 ± 10.17
15.25 ± 15.23
Thurs
9.23 ± 8.81
Fri
Sat
9.43 ± 9.39
Probability of poor sleep
0.15 ± 0.14
Sun
Man
0.11 ± 0.11
0.11 ± 0.12
Tues
0.11 ± 0.13
Wed
Thurs
0.12±0.13
0.17±0.15
Fri
0.17 ±0.18
Sat

P-value

n=33

Difference

Main Effect
(Day of week)

Main Group
effect
(ctrI/PWI )

Interaction
Effects

30.53
28.64
51.84
28.43
52.35
29.73
30.37

±
±
±
±
±
±
±

25.49
26.23
46.14
26.04
49.12
26.00
23.72

21 .31
20.40
38.00
18.85
37 .10
20.50
20.93

F = 9.38
P < 0.001"""

F = 26.73
F = 4.04
P < 0.001""" P < 0.001"""

0.41
0.40
0.41
0.39
0.38
0.45
0.44

±
±
±
±
±
±
±

0.26
0.26
0.26
0.27
0.28
0.29
0.25

0.27
0.29
0.30
0.29
0.27
0.28
0.26

F = 4.81
P < 0.001"""

F = 43.85
F = 0.83
P < 0.001""" P = 0.55

140

Ch. 7: Stability of Sleep Measures & Daytime performance

7.3.8. Probability of Poor Sleep
To assess the temporal stability of the probability of reporting a poor night's
sleep across the week and over 9 months, data were coded into either 'poor'
or 'good' nights (see methodology for details) and sorted to enable
comparisons to be made across the week for PWI and control participants
(Table 7.8). The probability of reporting a poor night's sleep remained
greater across the week within PWI compared with controls. Indeed ,
probability data showed significant differences between groups across the
week (F

=43.85 , P < 0.001

(Table 7.7)), with a main time effect also found

(F = 4.81 , P < 0.001 (Figure 7.14)).

To explore the significant time effect, post hoc paired t-tests with Bonferroni
adjustment, were carried out. Post hoc t-test for time , showed significant
change in the probability of poor sleep between Sunday (0 .28 :t 0.25) and
Monday (0.25 :t 0.25 , t = 2.28, P < 0. 05) and Thursday (0.25 :t 0.26) and
Friday (0.31 :t 0.27, t = -4 .68, P < 0.01 ).
(n = 31 controls; 33 PWI )
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Figure 7·14: Daily probability of a poor night's sleep for PWI and Controls, over 9 months.
Analysis comparing week day effect (within group) for PWI and Ctrls (between group) using
Mixed Measures Analysis of Variance
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Figure 7 .14 illustrates an increased probability of reporting poor sleep at the
weekend within both groups, therefore , to explore the main time effect
further, weekend sleep was again explored. Data were analysed using
repeated measures group (PWllcontrols) by time (Wed, Fri, Sat, Sun)
mUltivariate ANOVAs and paired t-tests with Bonferroni adjustment
(Table 7 .5).

Post hoc t-tests for time , showed a significant increase in the probability of
reporting a poor night's sleep between Wednesday (0 .25:t 0.26) and Friday
(0.31

:t 0.27, t = -4 .31 , P < 0.001 ),

Sunday (0 .28:t 0.25 and Friday

(t = -1.87 , P < O.OS), and Wednesday and Saturday (0 .31:t 0.2S, t = -2 .73 ,
P < 0.01 (Figure 7.1S)).
In = 31 controls ; 33 PWI)
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Main time effect F= 5.98; P < 0.001 ... ; Main group effect F= 41 .01 , P <0.001-"; Interaction = ns

Figure 7- 15: Daily probability of reporting a poor night's sleep for PWI and Controls,
averaged for each day of the week over 9 months. Analysis comparing week day effect
(within group) for PWI and Ctrls (between group) using Mixed Measures Analysis of
Variance

7.3.9. Sleep Onset Latency (SOL)
To assess the temporal stability of the subjective SOL across the week and
over 9 months, data were averaged for each day and analysed using
repeated measures with Bonferroni correction (Table 7.9) . Subjectively
reported SOL remained greater within PWI across the duration of data
collection (Figure 7.16), resulting in a significant main group (F = 1S.60;
P < 0.001) and time effect (F = 4.17, P < 0.001).
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Table 7:9: Daily subjective ratin g of SO L for PWI and Controls, averaged for each day of
the week over 9 months. Analysis comparing week day effect (within group) for PWI and
Ctrls (between group) using Mixed Measures Analysis of Variance
n=31
CONTROLS

'0,..Q)
><
o'" Q);:

n=33
PWI

F value

Sleep On set Latency (min)
10.59 ± 6.67
Sun
9.0 1 ± 5.31
Mon
9.41 ± 6.48
Tues
8.39 ± 5.60
Wed
8.11 ±5.51
Thurs
Fri
8.38 ± 5.24
8.46 ± 5.53
Sat

21.44
21.42
20.44
18.69
18.85
18.05
19.95

±
±
±
±
±
±
±

Main Effect
(T1, T2, T3)

Difference

Mea n ± Standard Deviation

10.84
12.41
11.03
10.30
10.73
9.67
11.49

16.24
20.13
18.55
17.30
18.55
18.52
17.42

F =4.17
P < 0.001 u*

P-value
Main Group
effect
,ctrllPW ll
F = 15.60

P < O.OO 1

ttU

Interaction
Effects
F = 1.49
p= 0.194

(n = 31 contro ls; 33 PW I)
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Main time effect F= 4 .17, P < 0.001"· ; Mai n group effect F= 15.60, P < 0.00 1"''' ; Interaction F = 1.49, P = 0 .19 ns

Figure 7-16: Da ily subjective rating of SOL fo r PWI and Controls, averaged for each day of
the week over 9 months. Analysis comparing week day effect (within group) for PWI and
Ctrls (between group) using Mixed Measures Analysis of Vari ance

Figure 7.16 illustrates an increased SOL at the weekend within both groups,
therefore, to expl ore the main time effect fu rther, weekend sleep was again
explored . Data were analysed using repeated measu res group
(PWI/controls) by time (Wed , Fri , Sat, Sun) multivariate A NOVAs and paired
t-tests with Bonferroni adjustment (Table 7 .5) . Post hoc t-test for time,
showed significant change in SOL from Saturday (2.27
(2.48

~

~

0.89) to Sunday

0.77, t = -3.65 , P < 0.001) , from Sunday to Wednesday (2 .25

t = 5.02 , P < 0.001 ) and Friday (2.20 ~ 0.91 , and Sunday (t = -4.82 ,
P < 0.001) .
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In = 31 controls; 33 PWI)
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Figure 7-17: Daily subjective rating of SOL for PWI and Controls, averaged for each day of
the working week over 9 months. Analysis comparing week day effect (within group) for
PWI and Ctrls (between group) using Mixed Measures Analysis of Variance

7.3.10. Getting into bed
To assess the tempora l stability of participant's subjectively reported "getting
into bed" time, data were averaged for each day and analysed using
repeated measures AN OVA (Table 7.10). Subjectively reported "getting into
bed time" remained earlier within PWI across the duration of data collection
(Figure 7.18), however, no main group effect was found (p > 0.05) .

Post hoc t-test for time, showed significant change in the time participants
reported getting into bed at night between Thursday (23 :19.:t. 0.56) and
Friday (23.48.:t. 1.04 , t = -7.44, P < 0.001).

144

Ch . 7: Stability of Sleep Measures & Daytime performance

fl :

(n = 31 controls; 33 PWlj

00:14:24

~

'g

t

00:00:00
23:45:36 ~

.

..

i ::~:::: ~ :--====
~::::::::;::=:::::::;::==::;::~
::
g>
~
_D>

•

23:02:24

22:48:00
22:33:36

Sun

Mon

Tues

Wed

Thurs

Fri

Sal

Day of the week

Main time effect F= 13.55, P < 0.001 U_ ; Main group effect F= 1.65 , P = 0.20 ns; Interaction F = 0.82 , P = 0.56 ns

Figure 7-18: Daily subjective rating of time getting into bed for PWI and Controls, averaged
for each day of the week over 9 months. Analysis comparing week day effect (within group)
for PWI and Ctrls (between group) using Mixed Measures Analysis of Variance

Figure 7.18 illustrates change in the time participant's reported "getting into
bed " at the weekend within both groups, therefore, to explore the main time
effect further, weekend sleep was again explored. Data were analysed
using repeated measures, group (PWl/controls) by time (Wed, Fri, Sat, Sun)
multivariate ANOVAs and paired t-tests with Bonferroni adjustment. Post
hoc t-test for time, showed significant change in the time participant's
reported getting into bed at night between Saturday (23:49

~

1:08) and

Sunday (23: 17 ~ 1:01 ; t = -5.24, P < 0.001) , Wednesday (23:12

~

0:52) and

Friday (23:48 ~ 1:04 , t = -8 .61 , P < 0.001 ), and Wednesday and Saturday
(23:49

~

1:08; t = -7.20; P < 0.001 ).

7_3.11. Lights Out
To assess the temporal stability of participant's subjectively reported time of
"lights out", data were averaged for each day and analysed using repeated
measures ANOVA (Table 7.9). No significant group effect was found (p >
0.05), however, a main time effect was reported (F = 15.63,
P < 0.001) . Post hoc t-test for time, showed significant change in the time
participant's reported turning the lig ht out to sleep between Thursday (23:44
~

1: 11 ) and Friday (24:06

1:04) and Sunday (23:34

~
~

1:02, t = -3.26, P < 0.01 ), Saturday (24 :08
0:51 , t = -7 .99, P < 0.001) .
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(n = 31 controls ; 33 PWI)
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Fig ure 7-19: Daily subjective rating of 'lights out' for PWI and Controls, averaged for each
day of the week over 9 months. Analysis comparing week day effect (within group) for PWI
and Ctrls (between group) using Mixed Measures Analysis of Variance

Figure 7.19 illustrates a marked weekend effect, in the reported time
participant's report turning the "lights out". Data were analysed using
repeated measures group (PWl/controls) by time (Wed , Fri, Sat, Sun)
multivariate ANOVAs and paired t-tests with Bonferroni adjustment. Post
hoc t-test for time, showed significant change in the time participant's
reported getting into bed at night between Saturday (24:08
~

Sunday (23:34
Friday (24:06
(24 :08

~

~

~

1:04) and

0:51 ; t = -7.99 , P < 0.001) , Wednesday (23:31

~

0:50) and

1:02 , t = -8.79 , P < 0.001 ), and Wednesday and Saturday

1:04; t = -7 .83; P < 0.001).

7.3.12. Waking up
To assess the temporal stability of participant's subjectively reported time of
"waking up", data were averaged for each day and analysed using repeated
measures ANOVA (Table 7.10). PWI subjectively reported waking up earlier
across the duration of data collection (Figure 7.16), resulting in a significant
main group (F

= 15.60; P < 0.001 ) and time effect (F =4.17 , P < 0.001) .

146

Ch . 7: Stability of Sleep Measures & Daytime performance

Post hoc t - test for time, showed significant change in the time participants
reported waking up between Friday (7.14 ~ 0.55) and Saturday (7 .546
1:05, t = 11 .20 , P < 0.01) , Sunday (8.01
t

~

~

1:11) and Monday (7 .06:t 0:56 ,

= 12.67, P < 0.001 ), and Monday and Tuesday (7 .06:t 0.56, t = 3.58,

p < 0.01).
(n = 31 controls; 33 PWI )
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Fig ure 7-20: Daily subjective rating of the time participants "woke up" averaged for each

day of the week over 9 months. Analysis comparing week day effect (within group) for PWI
and Ctrls (between group) using Mixed Measures Analysis of Variance

Figure 7.20 illustrates the change in "wake up" time, within both groups ,
therefore, to explore the main time effect (F = 39.46 , P < 0.001), weekend
sleep was again explored . Data were analysed using repeated measures
group (PWl/controls) by time (Wed , Fri, Sat, Sun) multivariate ANOVAs and
paired t-tests with Bonferroni adjustment. Post hoc t-test for time , showed
significant change in the time participant's reported getting into bed at night
between Friday (07:14:t 0:55) and Saturday (07 :54:t 1:05; t = -11.20,
P < 0.001) , Sunday (08:01

:t 1:11) and Wednesday (06:59:t 0:52, t = 13.37,

P < 0.001) , Wednesday and Friday (07 :14:t 0:55, t = -6.58, p < 0.001) , and
Wednesday and Saturday (t = -14.18; P < 0.001) .
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7.3.13. Getting up
To assess the temporal stability of participant's subjectively reported time of
"getting up", data were averaged for each day and analysed using repeated
measures ANOVA (Table 7.10) . No significant main group effect was found
(p > 0.05), however, a main time effect was reported (F = 51.4, P < 0.001 ).
Post hoc t-test for time, showed significant change in the time participant's
reported getting up between Thursday (7.30::,:: 0.47) and Friday (7.45::,:: 0.50 ,
t = -5.0, P < 0.001) , Friday and Saturday (8.39 ::':: 0.58, t = -12.0, P < 0.01),
and Sunday (8.42::,:: 1.06) and Monday (7.35::,:: 0:51 , t = 12.97, P < 0.001) ,
and Monday and Tuesday (7 .06::,:: 0.56, t = 3.58, P < 0.01) .
(n = 31 controls; 33 PWI)
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Figure 7-21: Daily subjective rating of the time partici pants "got up", averaged for each day
of the week over 9 months. Analysis comparing week day effect (with in group) for PWI and
Ctrls (between group) using Mixed Measures Analysis of Variance

Figure 7.21 illustrates change in the time participants report getting up at the
weekend within both groups, therefore, to explore the main time effect
further, weekend sleep was explored further. Data were analysed using
repeated measures group (PWI/controls) by time (Wed , Fri, Sat, Sun)
multivariate ANOVAs and paired t-tests with Bonferroni adjustment.
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Post hoc t-test for time, showed significant change in the time participant's
reported getting into bed at night between Friday (07:45 .:!:: 0:50) and
Saturday (08 :39 .:!:: 0:58 ; t = -12.00, P < 0.001) , Sunday (08:42 .:!:: 1:06) and
Wednesday (07 :26 .:!:: 0:49, t = 14.1 6, P < 0.001 ), Wednesday and Friday
(07:45.:!:: 0:50 , t = -6.72 , P < 0.001 ), and Wednesday and Saturday
(t = -16.55; P < 0.001) .

Table 7 :10: Subjective sleep measures averaged for each day of the week for 9 months .
Analysis comparing week day effect (within group) for PWI and Ctrls (between group) using
Mixed Measures Ana lysis of Variance
n;31
Controls

n;33
PWI

F value
P-value

Ql

~

-

o

.><
Ql
Ql

Mean ± Standard Deviation

~;:
0

Get into bed
Sun
Mon
Tues
Wed
Thurs
Fri
Sat
lights out
Sun
Mon
Tues
Wed
Thurs
Fri
Sat
Wake up
Sun
Mon
Tues
Wed
Thurs
Fri
Sat
Getup
Sun
Mon
Tues
Wed
Thurs
Fri

(time)
23.24
23.14
23.19
23.16
23.25
24.01
24.01

Main Group
Interaction
effect
Effects
(ctrI/PWI)

0.54
0.59
0.52
0.54
1.00
± 0.59
± 1.06

F; 13.55
P < 0.001'"

F ; 1.65
p; 0.20

F ; 0.82
p; 0.56

0.55
0.58
0.54
0.54
1.01
0.59
1.03

F; 15.63
P < 0.001'"

F; 0.99
p; 0.33

F; 0.96
p ; 0.44

1.08
0.51
0.55
0.51
0.50
± 1.06
± 1.07

23.10
23.07
23.09
23.07
23.14
23.35
23.37

±
±
±
±
±

±
±
±
±
±

Main Effect
(Day of the
week)

23.37
23.32
23.36
23.33
23.52
24.16
24.17

±
±
±
±
±
±
±

0.47
0.49
0.54
0.45
1.20
103
1.03

23.31
23.28
23.31
23.29
23.36
23.55
23.58

±
±
±
±
±
±
±

8.25
7.17
7.10
7.08
7.17
7.26
8.13

±
±
±
±
±
±
±

0.56
0.40
0.41
0.41
0.47
0.46
0.55

7.36
6.56
6.50
6.51
6.53
7.02
7.36

±
±
±
±
±
±

1.16
1.06
1.08
1.00
1.04
1.02
± 1.10

F 39.46
p < 0.001'"

F ; 5.52
P < 0.01"

F 2.91
P < 0.05'

8.59
7.40
7.32
7.29
7.34
7.52

±
±
±
±

0.59
0.39
0.41
0.41
± 0.36
± 0.45

8.24
7.30
7.25
7.22
7.27
7.39

±
±
±
±

109
1.0 1
1.03
0.56
± 0.57
± 0.55

F ; 51.4
P < 0.001'"

F ; 2.1
p; 0.15

F; 1.61
p; 0.15
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7.4. Comment
This chapter aimed to explore variability in daytime performance and sleep
quality over time. These data illustrate greater variability within PWI 's
subjective performance compared to control participants. Mean values
within groups and between months also illustrate a possible explanation for
why inconsistent findings have been found in the 'good ' and 'poor' sleep
literature. Data have captured the variability of daytime performance and
confirmed that different conclusions could be drawn at different data
collection points.

In order to capture interaction effects, output from the 5-point likert-like
scales used here to assess subjective sleep quality and daytime
performance were treated as interval level data (reflecting latent variables)
and analysed using parametric statistics. Interval techniques have been
found to be robust when assessing ordinal variables (see Kim , 1975).
However, as a check, Friedman's non-parametric analyses were also run ,
obtaining the same group y group differences.

As with objective PVT findings, significant group differences were found at
baseline. However, these differences varied across the 9 months, and
address the hypothesis that daytime performance fluctuates in response to
variations in sleep quality.

Sleep efficiency ((TSTfTlB)x100) is widely regarded as a useful index of
sleep quality. In studies comparing people with insomnia (PWI) and control
'good sleepers', average differences in sleep efficiency (SE) of 10%-15%
are typical , with efficiencies below 80% considered 'poor'. However, the
assumption implicit in SE, that time awake in bed is indicative of degraded
sleep , may not hold for those periods of volitional restfulness spent awake in
bed at weekends . Indeed , data show SE shows a marked 'weekend effect'
characterised by longer TIB , which is not related to subjective sleep quality
and does not discriminate between PWI and good sleepers. The results
support the view that the construct va lidity of SE varies between weekends
and weekdays.
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Analysis of the whole week highlighted variability in sleep parameters and
showed a marked weekend effect in many measures. Indeed , literature
reports British weekday workers report an average total sleep time of 6.94
hours during the week, which increases to 7.32 hours at the weekend
(Groeger et al., 2004), which supports Hawkins & Shaw's (1992) longitudinal
study where participants spent significantly more time in bed at weekends,
and reported significantly higher sleep quality compared to weekdays .
Delayed bedtimes and lying in at the weekend , however, can have a
circadian phase delay effect. Yang et al (2001) , found that a two hour
delayed weekend sleep pattern caused a 31.6 minute delay in melatonin,
resulting in delayed sleep onset latency on Sunday night and increased
sleepiness, decreased alertness and difficulty waking on Monday morning.

A delayed bedtime at the weekend could appear beneficial to PWI , as this
may serve to increase sleepiness and therefore reduce SOL . This however
does appear to be counteracted , as the tendency for people to lie in at the
weekend , causes greater problems initiating sleep that night (Yang , 2001) .
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CHAPTER 8

8. DISCUSSION

As concluded in the introduction to this thesis, studies comparing PWI to
controls have been characterised by relatively small sample sizes , cross
sectional designs, and the adoption of non-standardised criteria for defining
'poor sleep ' or 'insomnia'. In line with recommendations (e.g . Riedel and
Lichstein , 2000; Roth & Drake , 2004) the present study was designed to
address these limitations by: 1) using DSM-IV clinical diagnostic criteria for
primary insomnia to recruit PWI ; 2) conducting longitudinal comparisons of
PWI and controls; and 3) recruiting sample sizes large enough to
accommodate both longitudinal attrition and sub-group comparisons among
PWI.

Of 185 people who responded to recruitment advertisements for this project,
143 returned completed screening questionnaires. Of these , 47 participants
were excluded : 32 reported taking medication known to affect sleep; 6
reported restless leg syndrome symptoms; 1 reported sleep paralysis , and 8
reported symptoms of possible sleep apnoea . Seven eligible participants
withdrew before the study commenced . Eighty six participants were
recruited , with 43 meeting DSM-IV clinical diagnostic criteria for primary
insomnia , and 43 meeting criteria for 'good sleepers' (Le . people with no
presenting symptoms, and no history, of chronic insomnia) . All participants
lived at home , and the majority (74%) were women .
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Given the inclusion criteria used , and the demography of the resulting group,
it is reasonable to conclude that participants at baseline represented a fair
cross-section of people with primary insomnia (PWI) . In addition , baseline
levels of key factors (e.g. depression , state and trait anxiety) within the 'good
sleepers ' closely matched normative values for these scales, emphasising
the representative 'normality' of controls. Overall , then , since all 86
participants completed the 9 month study, it is also reasonable to conclude
that the present sample was able to show representative dynamic change
and deliver data for adequately powered comparisons.

This prospective study was designed to address five substantive research
objectives (see Chapter 1) relating to the correlates and natural history of
primary insomnia. The study outcomes will therefore be considered against
each of these objectives in turn .

Objective 1

To replicate, in terms of subjectively reported sleep structure and quality,
personality constructs, mental health symptoms, and quality of life (OoL) ,
the profiles of 'good' and 'poor' sleepers reported in earlier cross-sectional
studies.

In order to address the prospective research aims of this project and
produce cred ible and generalisable findings , it was essential that the PWI
sample not only matched diagnostic criteria on sleep variables , but that it
also showed a psychological profile in line with previously reported
comparisons of 'good' and 'poor' sleepers. Baseline assessments clearly
indicated that the recruited PWI reported greater sleep disturbance and
lower levels of sleep satisfaction and quality than control participants . In
addition , and very importantly, personality constructs , mental health
symptoms , and QoL ratings , also significantly differed between groups. In
each case, the pattern of PWI v control differences corroborated earlier
findings for state and trait anxiety, symptoms of depression , and trait
neuroticism (Monroe, 1967, Adam et al., 1986, Morgan, 1989).
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Similarly, overall PWI v control differences in SF-36 scores, with mental
health and energy and vitality showing the greatest decrements, support
previous findings (e.g . Dixon et ai, 2006) , and support the view that PWI find
it more difficult to function in family and social relationships (NSF , 1991 ;
1995).

Variables more directly associated with sleep assessment and function also
showed a credible pattern of PWI v control differences. At baseline, PWI
reported heightened pre-sleep arousal (pre-sleep arousal scale) , greater
sleep disturbance (sleep disturbance questionnaire) and worse sleep
hygiene (sleep hygiene and practices) compared to controls and , in keeping
with current theory, cognitive arousal (as measured within the pre-sleep
arousal scale) was found to be the dominant component of pre-sleep
arousal. Thus, baseline data indicated that 62% of reports of pre-sleep
arousal within our PWI were accounted for by cognitive arousal , compared
with 38% which were accounted for by somatic arousal. Indeed , symptoms
described by PWI mapped closely onto those symptoms of arousal listed
with the ICSD-2 (AASM, 2005) .

It should also be emphasised that, again in line with much previous research
(see Riedel and Lichstein , 2000) PWI (as a group) did not report significantly
greater daytime sleepiness at baseline , but did report significantly elevated
fatigue compared with controls. Interestingly, however, while PWI v control
differences were not found in reported daytime sleepiness mean group
values, 25% of PWI were found to score ~10 on the ESS , a point that will be
returned to later in this discussion . Suffice to emphasise now that a
proportion of 25% of PWI reporting significant daytime sleepiness closely
accords with the figure found in other studies (see Sateia , 2004) .

Finally, it is important to note that in addition to PWI v control differences on
subjective assessments, PVT data also showed significantly impaired
objective performance among PWI , with the poorer sleepers performing less
well over 20 minutes .
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In summary, while sleep quality variables alone were used to allocate
participants to study groups , the data show not only significant differences in
subjectively reported sleep measures , but also a distinct psychological
profile which, in previous research , has been shown to be characteristic of
PWI. Taken together, these data strongly support the view that the selection
procedures used to recruit and allocate participants in this study were
robust, providing a baseline from which prospective stability and change
could validly be estimated.

Having replicated previous cross sectional studies , the next aim was to
address the under-researched relationship between the characteristics
found and the longitudinal dynamics of insomnia.

Objective 2
To assess, using cross-sectional profiles as a baseline, and 'normal

sleepers' as controls, the relative temporal stability of subjectively reported
sleep structure and quality among PWI.

While variables measuring trait constructs (anxiety, neuroticism , etc.)
should , by definition , rema in stable across time, little research has been
conducted addressing the temporal stability of either insomnia symptoms, or
non-trait psychological variables associated with primary insomnia (e.g.
mood , QoL and daytime performance). In the event, trait differences (PWI v
controls) did indeed remain stable over the duration of the present study .
The stability of differences in 'non-trait' outcomes will be considered below.

Subjective Sleep Measures
Over the duration of data collection (252 days) , subjectively reported TIB,
SOL and WASO, rema ined greater within PWI , with SE , TST and subjective
sleep quality greater within controls. For the duration of the study PWI
continued to report an average SOL >30 minutes , an average WASO of >
30 minutes , and an average SE <80%.
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Relationships between sleep measures found at baseline also remained
stable across the study period ; subjective sleep quality showed a consistent
positive correlation with TST and SE , and a consistent negative correlation
with WASO and SOL.

While such 'averaged ' consistency may be expected from a condition
(primary insomnia) so closely associated with trait characteristics, an
important finding from the present study concerns the level of night-to-night
stability in sleep complaints among PWI . Since most subjective outcome
measures can be expected to show some variation with repeated
measurement, it is important to distinguish between different types (and the
implications of different types) of variation in sleep quality. For any given
person with insomnia , aspects of sleep quality may vary from night to night ,
even though the sleep profile continues to meet diagnostic criteria for
insomnia . Thus such a person may rate their sleep quality as better or
worse, and their SOL, TST, WASO etc. as longer or shorter, even though ,
overall , these attributes continue to reflect relatively poor quality sleep . On
the other hand , a person with insomnia may show variations in sleep onset
or maintenance consistent with symptom 'remission ', with periods of
spontaneous, but clinically significant, improvement. The data presented in
Chapter 7 clearly show that the night-by-night likelihood of reporting a poor
night rema ined greater among the PWI. Overall, of the 252 nights
assessed , PWI reported a total of 3653 (mean

=85 ; 40%) poor nights

compared to 1254 (mean = 29 ; 13.0%) for controls .

In a study reported while the present data were being collected, Vallieres et
al (2005) suggested a 'typology' of PWI based on the severity of sleep
symptoms and the predictability of 'shifts' from good sleep to poor sleep on
consecutive nights. These authors concluded that PWI could be
characterised by 3 different symptom predictability profiles.
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To explore the stability of a 'shift-related' typology in the present study,
those PWI with a <:50% chance of reporting a 'good ' night following 2
consecutive 'good' nights, and those PWI with a less than 50% chance of
reporting a 'good ' night following 2 consecutive 'good ' nights were divided
into 2 groups . Interestingly, PWI showing the higher probability of a third
'good' night reported better general and mental health at each time point (as
measured by the SF-36) . In addition , this subgroup reported significantly
lower state and trait anxiety and reported significantly less fatigue than PWI
with less predictable sleep . While data again show a marked difference
between the psychological constructs of these subgroups of insomnia , no
significant differences were again found in objective (PVT) performance.
Interestingly, significant differences were found in measures of pre-sleep
arousal and sleep hygiene, with data showing lower levels of arousal and
better sleep hygiene for PWI with more predictable sleep. Thus, while the
present analyses did not aim to formally address Vallieres et ai's (2005) 3group typology, they do confirm the existence of different types of PWI
based on symptom predictability, and also showed that the degree of
symptom predictability remained stable across time.

Weekend effects: Interestingly, data show variability across the week with in
both PWI and controls. Indeed, data show a marked weekend effect evident
within both groups, with Friday and Saturday night found to differ greatly
with Wednesday (the weekday reference night). Furthermore , the most
distinctive differences in SOL, TIB , TST and the time spent lying in , were
found between Friday and Sunday night, suggesting that sleep structure
differs mostly between the start and the end of the working week for both
PWI and controls. Thus, while SOL significantly differed between groups
throughout the study, it was reported by both groups to be significantly
longer on Sunday night compared to Wednesday night. This subjective
increase in SOL seen on Sunday (the night before the working week
begins), could be considered a consequence of worry or anxiety about the
week to come ; no significant difference between Wednesday and Friday
night's (the night before a day off) SOL was found .
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The marked 'weekend effect' drew attention to variations in Sleep Efficiency,
widely regarded as a key index of sleep quality, and widely used as a key
outcome in trials of sleep therapy. However, the assumption , implicit in SE,
that time awake in bed is indicative of degraded sleep, may not hold for
those periods of volitional restfulness spent awake in bed at weekends . SE
data (Chapter 7) show a marked 'weekend effect' characterised by longer
TIB , which was not related to subjective sleep quality and did not
discriminate between PWI and control. These results support the view that
the construct validity of SE varies between weekends and weekdays . Such
results appear to have also influenced data on the probability of reporting a
poor night's sleep. The probability of reporting a poor night's sleep
increased at the weekend , however, with SE used in the formula to
dichotomise data into a "good" or "poor" night, this latter weekend effect may
be an artefact of SE calculation .

Actigraphy
While the present results confirm that sleep diaries offer a subjective method
of sleep assessment that can consistently differentiate between PWI and
control participants, they also provide evidence that actigraphic and
subjective accounts of sleep can diverge. Actigraphy data failed to show
between-group differences in sleep , and correlations with diary measures
were low for both PWI and controls. Nevertheless , subjective and objective
TST were found to clearly correlate. This more general lack of concordance
could be taken as suggestive of validity problems with this form of
measurement within insomnia . While actigraphy is useful for measuring
activity, it appears less useful when measuring sleep and periods of
quiescence and appears a poor predictor of the experience of insomnia .
Similar conclusions have been reached by others (Levine et al., 1986 ;
Verbeek et al., 1994; Wilson et aI. , 1998). Future work could employ Van
Someren et al. (1999) non-parametric circadian rhythm analysis (NPCRA)
which gives an estimate of circadian sleep phase onset.

However, for the

purpose of this research , actigraphy was used only to validate sleep diaries .
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In summary, the present data showed that the cross-sectional differences in
sleep quality between PWI and controls presented at baseline, remained
stable , while the probability of single nights of poor sleep remained , for PWI ,
high.

Objective 3

While DSM-IV specifically cites 'impaired occupational performance ' as a
criterion for primary insomnia, there currently exists no valid and reliable
instrument for assessing the occupational impact of sleep quality. The
present study will therefore aim to develop and utilise a measure of the
occupational impact of insomnia, and test the hypotheses that: i) PWI
experience poorer work performance when compared with controls; and ii)
that the experience of poorer work performance is a temporally stable
feature of primary insomnia.

As mentioned earlier, a complaint of insomnia must, by definition (DSM-IV
and ICSD-2) include a subjective report of daytime consequences (impaired
social and occupational functioning) . Little, however, is known about the
impact of insomnia on subjective occupational functioning or indeed its
stability, and the few studies that have looked at the relationship between
insomnia and work performance, have tended to focus on increased
workplace accidents (Leger et al., 2002) , absenteeism (Leger et al., 2006)
and compromised macroeconomic performance (Metlaine et al., 2005) .
With the absence of a standardised measure for quantifying the
occupational impact of insomnia recognised in the recommendations for a
Standard Research Assessment for Insomnia (8uysse et al., 2006) , and with
relatively little attention paid to the quality of performance in the workplace ,
this study offered an opportunity to develop an assessment instrument (the
Occupational Impact of Sleep Questionnaire; OISQ) for use in both research
and clinical settings. Data presented here provide evidence for the
reliability, and the criterion validity of the prototype 24-item Occupational
Impact of Sleep Questionnaire: OISQ.
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Scores from the OISQ showed an acceptable level of internal consistency
reliability , correlated appropriately with measures of global sleep quality and
subjective sleep parameters, and successfully discriminated between PWI
and controls . Importantly, these correlations indicated that the work
assessment scores were not simply proxies for existing sleep assessments ,
but were in fact capturing substantial amounts of unique variance . Given
that the scale was designed to assess performance in relation to sleep
quality (rather than, more narrowly, in relation to sleep disturbance) the
OISQ appears to have value as both a clinical assessment and a population
screening tool , showing an ability to assess meaningful variations in
workplace performance across both clinical and non-clinical groups.

Exploring individual items within the OISQ revealed significant stable group
differences over 3 time points. At baseline all items significantly differentiate
between groups, with the exception of "start your job as soon as you arrive",
this item , was, however, found to significantly differentiate groups at
subsequent data collection time points. The only item fail ing to discriminate
between groups for the duration of the study, was that related to "arriving at
work on time". Data , therefore, support previous research , where PWI
reported greater difficulty handling stressful situations , concentrating on
what they're doing, listening to what others are saying , solving problems ,
making decisions , and relating to co-workers (Stoller 1994; Louis, 1997;
NFS 2001).

Over 3 time points, between group differences were sustained , with data
from the OISQ showing stability in the subjective reports of daytime
impairment at work within PWI. With present data showing significant and
stable decrements among PWI , it appears that absenteeism and punctuality
may not capture the full impact of insomnia on workplace performance .
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Expressed in terms of comparative percentage decrement, PWI showed a
consistent 10% decrement in subjective occupational performance when
compared with controls. Assuming that the OISQ captured the totality of
someone's work performance (and assuming also an interval scale of
measurement) , then it would appear that PWI show levels of work
performance approximately 10% below that of control participants .

With 24% of men and 34% of women in Britain reporting problems with their
sleep (Singleton et al., 2003) , data would suggest that over 1.7 million adults
are underperforming in the workplace as a result of their poor sleep. Future
work to develop confidence in the OISQ and test its generalisability will
involve collecting data from international samples of PWI and controls to
allow for robust tests of reliability (from pooled data) and criterion validity
(comparing PWI and controls) .

Objective 4

The existence of a minority of PWI reporling symptoms of daytime
sleepiness has been consistently described in the literature. In relation to
this finding the study will test 2 separate hypotheses: i) that daytime
sleepiness is a temporally stable feature of primary insomnia for a sub-group
of PWI (i.e. is reporled by the same individuals over time); and ii) that PWI
reporling symptoms of daytime sleepiness will show distinctive profiles of
subjectively reporled sleep structure and quality, personality constructs,
mental health symptoms, and quality of life relative to PWI not reporting
daytime sleepiness.

Baseline assessments (see above) clearly established the existence of a
minority (25%) of PWI who reported Epworth Sleepiness Scale scores on
the range >10, consistent with clinically significant daytime sleepiness .
Compared with those PWI reporting no daytime sleepiness, these 'sleepy'
PWI showed no differences in reported sleep quality, but did show
significantly elevated tra it anxiety and depression levels.
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These differences, in turn , remained stable at each measurement point
throughout the study. However, despite these stable differences, "sleepy"
PWI showed levels of PVT performance similar to "non-sleepy" PWI. This
absence of significant daytime impairment, together with the stability of
psychological traits within this sub-group, suggests the experience of
"sleepy" PWI is more influenced by mood state than by sleep deprivation Qgr
se.

In summary, prospective data identified the existence of a stable subgroup
of PWI reporting symptoms of daytime sleepiness. Daytime sleepiness was
found to be a temporally stable feature for this sub-group of PWI , who also
showed a distinctive psychological profile compared to PWI who did not
report daytime sleepiness. No difference, however, was observed in
subjectively reported sleep structure, quality or daytime performance.

Having explored the possibility that inconsistent impairment on objective
performance within PWI , may have been influenced by the inclusion of the
minority of PWI who experience daytime sleepiness, the possibility that
daytime performance among PWI fluctuates over time in response to
variations in sleep quality was then explored .

Objective 5

Cross sectional studies have shown an inconsistent pattern of daytime
performance impairment in primary insomnia, with some studies reporting
no impairment, while others show significant decrements. One possible
explanation for this finding is that daytime performance among PWI
fluctuates over time in response to variations in sleep quality. The present
study will therefore: i) assess the temporal stability of daytime performance
among PWI; and ii) assess the extent to which symptoms of sleepiness and
fatigue contribute differentiallv to performance outcomes among PWI.

162

Ch . 8: Discussion

In order to meet diagnostic criteria for insomnia PWI must report subjectively
" .. impaired social and occupational functioning ".

Experimentally, however,

patterns of association between insomnia and objectively measured daytime
functioning have proved to be inconsistent, or more difficult to detect.
Explanations for these inconsistencies were discussed in Chapter 1, and
addressed in this thesis by exploring the temporal stability of daytime
performance among PWI.

To explore the possibility that inconsistencies in measured performance may
reflect actual underlying temporal inconsistencies in the performance of
PWI, serial daily measurements of daytime performance were made over
the 9 months of the study. At baseline (the average for month 1), PWI were
found to subjectively report their daytime functioning lower than controls ,
however, over the course of data collection , performance variability was
noted.

While variability was shown in both groups, variability was greater within
PWI. Serial measurement of subjective daytime performance, however,
highlighted instances where, if group comparisons were made at that point,
conclusions could be made that would, the following month, appear
contradictory. Indeed , such data, support inconsistencies that have been
previously reported in relation to insomnia and daytime functioning when
compared to control participants.

Variability in daytime performance across the working week showed that
while PWI rated their performance significantly lower than controls , both
groups showed a uniform pattern when subjectively rating their performance
across the week. The working week was defined as Monday through
Friday.
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Bryson and Forth (2007) reported this to be the most common pattern of
work in the UK, and presented Monday as typically the fist day in the
working week, with Friday typically the last. Within both groups ,
performance was rated highest on Wednesday and lowest on Monday and
Friday.

Interestingly, the UK Time Use Survey conducted in 2000 (see Williams ,
2004), examined day-by-day variations in work performance, and reported
that the average number of minutes worked per person is around 360
minutes (6 hours) on Tuesday, Wednesday and Thursdays, falling to 342
minutes on Mondays and 317 minutes on Fridays . This implies that people
work the longest days, on average, in the middle of the week. While the
present study did not ask participants to record the number of hours worked ,
perhaps this related to how well they felt they had performed . Interestingly,
while SE was found to be at its greatest on Wednesday, so was subjectively
rated daytime performance within both groups.

Bryson and Forth's (2007) explanation for the weekday effect, related to the
sequencing of each of the 5 working days , suggesting that 'productivity'
may decline over the course of the week as a result of increasing fatigue .
However, Bryson and Forth (2007), also suggest that, while the two-day
weekend may then provide the opportunity to rest before beginning the
working week again the following Monday, productivity may be depressed to
some degree on Mondays by the need to reorient oneself after two days
away from the work process .

Objective performance
To explore inconsistencies between objective and subjective reports of
daytime impairment within PWI , an objective measure of performance was
included in the study design . With no standard or validated format for
measuring or reporting participant's self-rated concentration or psychomotor
performance , the PVT (Dinges, 1985) was selected.
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The choice of task was influenced by Riedel and Lichstein's (2000) review of
insomnia and daytime functioning , which showed that wh ile inconsistencies
between objective and subjective reports of daytime impairment are
available, the majority of the studies finding significant differences between
PWI and controls, were those including a vigilance component and/or a
continuous performance and reaction time (RT) measure .

With PWI commonly reporting impaired performance on daytime tasks,
particularly those requiring concentration and sustained attention
(Varkevisser & Kerkhof, 2005), it was hoped the PVT would be sensitive
enough to observe any between or within group differences during the
study. Interestingly, while subjective ratings of daytime performance over
the 9 months of the study showed variability between and within groups,
objective PVT performance among PWI showed some stability . The fa ct
that the significant group difference found at baseline, was not present at
subsequent data collection points can be attributed to greater change within
control participants performance, rather than PWI. Thus, while data show a
loss of cross sectional 'between-group' differences with time, the greatest
change was amongst the control group .

One possible explanation for the increase in control participant's RT
between time 1 and time 2 could be their motivation to perform. Research
has shown that PWI invest much greater effort to maintain performance
levels rather than succumb to fatigue (Broman et al., 1992), and perhaps
this motivation maintained their performance, while, for the control group ,
the novelty of the test may have passed , resulting perhaps in a less
motivated performance in the later test sessions.
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Further analysis of within group differences , showed an increase in the
fastest 10% between the first PVT and the last within control participants of
14.84ms. This can be compared to the difference within PWI , where only a
1.77ms increase in RT was found. Similarly, the increase in the slowest
10% within controls was 17.36ms, compared to PWI which was 6.09ms.
These data support greater stability within the performance of PWI. Indeed ,
it appears they are more able to maintain their fastest 10% reaction times
than the control group , and do not significantly slow down between data
collection points. Such data could be interpreted as PWI invest more to
maintain better results over the duration of data collection .

A reasonable interpretation of these findings could also suggest control
participants lost motivation to perform . Previous research suggests
motivation may also be reflected in the number of lapses that occur during
the test session , however, data show a uniform increase in the number of
lapses over the 20 minute task within both groups, showing no interaction
effect.

Riedel & Lichstein (2000) argue that the tests used to examine daytime
functioning of PWI compared to controls may not be sensitive enough to
detect the problems of which PWI complain . Indeed , it is certainly true that
negative results from tests do not conclusively rule out the presence of all
possible deficits, after all , data presented here suggest that on this occasion ,
it is the control participants who are responsible for removing group
differences.

While conventional performance tests may not identify the magnitude of
daytime impairment reported by PWI , the identification of performance
measures sensitive to the effect of insomnia and the motivation of control
participants remains a high research priority.
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In conclusion, the present data do not resolve the issue of why experimental
studies report inconsistent findings in PWI v control comparisons of
objective performance. Nevertheless, the present data clearly do indicate
that, among appropriately operationalised PWI , and using appropriately
selected performance tests (which combine psychomotor speed with the
need to sustain attention) objective performance decrements can be
expected to accompany insomnia symptoms .

Additional Objective
The design phase of the present study coincided with the draft publication of
Buysse et a/'s. (2006) recommendations for a standardised research
assessment for Insomnia (agreed by international consensus) . As a result ,
the selection of measures included in this study was strongly influenced by
these recommendations , allowing the study to examine the longitudinal
utility of, and intercorrelations among , the specific measures included .

Overall, the selected questionnaires proved successful in assessing
differences between PWI and healthy controls in key areas of functioning ,
including health , energy, well-being , and mental , emotional and social
adjustment. Furthermore, the measures appeared to reflect the overall
burden of insomnia , with the advantage of data being collected from a
symptom based community study. However, correlations among these
measures at each time point also served to illustrate possible 'overlaps' both
among the insomnia constructs, and the recommended measures . Global
PSQI scores, for example, correlated positively and consistently with
subjective measures of sleep disturbance, pre-sleep arousal (Pre-sleep
arousal scale r = 0.56) , fatigue (Fatigue Severity Scale; r = 0.54) and anxiety
(STAI ; r = 0.5). PSQI also negatively correlated with components of the SF36 , while fatigue showed a high correlation with the SF-36 domain
'energy/vitality' (r = 0.7) . These inter-correlations suggest a substantial
amount of common variance in these measures which may be interpreted as
duplication.
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Clinical and research assessments of psychological constructs necessarily
place a burden on patients and participants, and it is important that this
burden is kept to a minimum (both for reasons of adherence and data
quality) . Identifying the key assessment - or combining non-common
elements of existing assessments - should be considered in future
research .

Some insights into the direction this future research could take is provided
by the discriminant analyses reported here . At each data collection point,
fatigue and sleep disturbance (as measured by the Fatigue Severity Scale
and the Sleep Disturbance Questionnaire respectively) were found to be the
best predictors of PWl/control group membership. Nevertheless, the overall
conclusion drawn here is that the recommended assessments performed
well under field cond itions , were well accepted by respondents , and
delivered a clinical and scientific breadth to the profile of PWI.

8.1. Conclusion

Over a 9 month period , PWI consistently reported significantly elevated
levels of anxiety, depressive symptoms and neuroticism , compared to good
sleepers. Significant and stable differences were also found between
group's pre-sleep arousal and sleep disturbance, with the 'long term
negative consequences' of insomnia remaining the most common concern
within PWI.

Within the pre-sleep arousal period , 'cognitive arousal' was found to be the
dominant component reported by PWI to be responsible for the ir sleep
disturbance. While previous cross sectional data , as well as the presented
baseline data , support significant trait psychological differences between
PWI and control participants, this thesis shows PWI have a temporally
stable profile on particular states and symptoms, compared to good sleepers
over 9 months.
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In summary, relative to control 'good sleepers', PWI consistently reported
significantly:

•

Impaired health related quality of life

•

Impaired subjective daytime performance

•

Impaired occupational performance

•

Reduced sleep quality

•

Greater sleep disturbance

•

Elevated pre-sleep arousal

•

Elevated daytime fatigue

•

Worse sleep hygiene

•

Elevated depression and an xiety

In addition to these PWI v control differences, the analyses reported here
also support the conclusion of a 'typology' of PWI based on subjectively
reported insomnia symptoms . In particular:

•

PWI reporting a higher probability of 2 consecutive nights of good
sleep showed a temporally stable pattern of superior health , lower
pre-sleep arousal better sleep hygiene and lower levels of daytime
fatigue relative to those reporting a lower probability of 2 consecutive
'good ' nights.

•

PWI reporting daytime sleepiness represent a temporally stable subgroup , accounting for approximately 25% of PWI in the present study.
Such sleepiness appears to be a trait-like characteristic of the
insomnia experience and is not related to levels of daytime
performance.
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The stability of psychological differences between PWI and controls has
never previously been examined over such an extended period.
Methodological outcomes from the present study, therefore also represent
novel findings . Thus, in a 9-month prospective study of PWI :

•

Actigraphy only partially corroborated sleep diary information , and
failed significantly to discriminate consistently between PWI and
controls.

•

The recently proposed Research Assessment for Insomnia (Buysse
et al., 2006) performed well under field conditions, providing a stable

and criterion-valid profile of both PWI and controls.
•

The valid and reliable assessment of sleep-related occupational
function can be achieved using the OISO

•

Sleep efficiency calcu lated from sleep diaries shows a marked
weekend effect strongly suggesting that weekly averaged measures
which fail to recognise weekend-weekday differences deliver an
inaccurate overall profile of sleep quality.

Sample limitations and future directions
One of the aims of the present study was to provide data of immediate
clinical and scientific relevance. However, given that participants were
recruited from a community sample and not from a clinical population , and
that the use of sleep medication was an exclusion criterion , participants in
the PWI group may not be entirely representative of people with insomnia
who seek help. The present groups represents a compromise between a
patient series (among which attrition may have been very much higher) , and
a group of mildly 'poor sleepers' (who may not have met the rigorous criteria
for primary insomnia). In the event, the emphasis, in designing the study,
was placed on the need to maintain a sample over 9 months in order to gain
valid and generalisable insight into the prospective natural history of
untreated insomnia symptoms.
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In the event, several members of the PWI group had previously been
actively health seeking , while others have since sought help. It is also
relevant to suggest that people with insomnia represent a diverse and
heterogeneous population as regards age, gender, sleep symptoms , age of
onset, mental and physical health status, etc. Trying to capture all defining
characteristics in a single sample of 43 would have been impractical.
Nevertheless, we can assume that the present findings extend at least to
those PWI with untreated insomnia who appear to be in the majority (see
Ohayon : 2002). With this in mind , future research including people with comorbid insomnia , as well as those receiving treatment would add insight into
the stability of a wider representation of PWI.

Given that the key research questions in this thesis focussed on the
stability/variability of outcomes, it should be acknowledged that several
different analytical approaches to this single issue could have been adopted .
Broadly, these approaches could be grouped according to whether they
emphasised the stability of mean values (and related measures of
dispersion) , or whether they emphasised the presence/absence of sleep
attributes or clinical states. Since one of the main aims of this research was
to establish the stability/variability of insomnia as a clinical state, the latter
approach certainly received attention (Chapter 4) . However, regarding the
former approach, it is also accepted that the ANOVAs reported here were
conducted on aggregated and substantially 'reduced ' mean values (i.e.
weekly or monthly means) which may have 'averaged out' variability at a
more detailed and individual level. Thus , while the present analyses deliver
answers to the research questions presented, possible limitations in these
analyses have to be accepted . As in all longitudinal studies, the volume of
data generated demands that a compromise is found between the loss of
detail through averaging on the one hand , and the impracticality of
summarising meaningful day-by-day individual change on the other. The
analyses reported here reflect that compromise.
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Appendix 1: Advertisement

Would you like to know more
about your sleep patterns?
We are looking for volunteers to take part in a study of sleeping
patterns among those aged 25-50.

If you consider yourself to be a GOOD sleeper, or if you think
you are a POOR sleeper, you could help us with our research ,
and learn more about your own sleep patterns.

If yo u wou ld like to know more about th is research and what it involves,
please co ntact me for an information sheet:

Beverl ey David
Sleep Research Centre
Department of Human Sciences
Loughborough University
Leicestershire,
LE1 25HW
Telephone 01509 223084
B.M .David@lboro .ac .uk
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Appendix 2 : Screening Questionnaire

Name:
Address:
Phone Number: . ...... .... ... ....... ............................ .. .. .. ..... . ..... ........ .
Date of birth ... . . .. ... ... . ... .... ... .... .. ... Gender .. ......... .. ... .. ..... ........... .
Weight:

.... .. ... .. ...... .... . .. ... ... . .. Height. .. . .. .. ......... .................. .

Occ upation : ... ... ........... .. ... .... . ... . ..Marital Status .. .. .... .... ....... ..... . ..
Nationality

.................. .... .. .... .... .Ethnicity ..... ..... .. . ..... . .... .. .... . .. . .

How long have you lived at the above address? ................ .. ... ...... .. ... .... .. .

PLEASE ANSWER ALL QUESTIONS
The following questions re late to your usual sleep habits during the past
month . You r answers shou ld indicate the most accurate reply for the
majority of days and nights in the past month.

During the past month , when have you usually gone to bed at night?
usualbedtime __________________

During the past month, how long (in minutes) has it usuall y taken yo u to fa ll
asleep each nig ht?
number of minutes _______________

Duri ng the past month , when have you usuall y got up in th e morning?

usual getting up time __________

During th e pa st month , how many hours of actual sleep did you get at
night? (This may be different than the number of hours you spend in bed ).

hours of sleep per night_ _________
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5. (a) Do yo u consider yourse lf a good , or poor sleeper?
Good

(b)

D

Poor D

If you consider yourse lf to be a poor sleep , for how long has this

been th e case? ______________________

For each of the following questions, tick ./ the one best response.
PLEASE answer all questions .

6.

During the past month, how often have you had trouble sleeping

because you ..... .

a) Cannot get to sleep within 30 minutes

Not during the

Less th an

Once or

three or more

past month

once a week _ _ twi ce a week _____ times a week ----

b) Wake up in the midd le of the night or early morn ing

Not during the

Less th an

Once or

three or more

past month _ _

once a week _ _ twice a week _____ times a week ____

c) Have to get up to use th e bathroom

Not during the

Less th an

Once or

th ree or more

past month __

once a week _ _ twice a week _____ tim es a week ----

d) Cannot breathe comfo rtably

Not during the

Less than

Once or

past month __

once a week _ _ twi ce a week _ _ times a week ____
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e) Cough or snore loudly

three or more

Not during th e

Less th an

Once or

past month _ _

once a week

twice a week

Not during th e

Less than

Once or

past month _ _

once a week

twice a week

Not during the

Less than

Once or

past month _ _

once a week

twice a week

times a week

Not during the

Less than

Once or

three or more

past month _ _

once a week

twice a week

Not during the

Less th an

Once or

past month _ _

once a week

twice a week

times a week

f) Feel too cold

three or more
tim es a week

g) Feel too hot

three or more

h) Had bad dreams

times a week

i) Have pain

three or more
ti mes a week

j) Oth er reason(s), please describe

How often during th e past month have you had trouble sleeping because of
this?

three or more

Not during the

Less than

past month _ _

once a week ___ twice a week _ __ times a week

Once or
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7. During th e past month , how wou ld you rate yo ur sleep qual ity overall?

Very good
Fairl y good
Fairly bad
Very bad

8. During th e past month, how often ha ve you taken medicine (prescribed

or "over the counter") to help you sleep?

Not during the

Less than

Once or

three or more

past month _ _

once a week _ _ twice a wee k _ _ times a week - -

9. During th e past month, how often have yo u had troubl e stayi ng awake

wh ile driving, eating meals, or engaging in social activity?

n) Not during th e

Less than

Once or

th ree or more

past month _ _

once a week _ _ twice a week _ __ times a week - -

10. During the past month , how much of a problem has it been for yo u to

keep up enough enthusiasm to get things done?

No problem at all
Only a ve ry slight problem
Somewhat of a probl em
A very big problem

11 . Do yo u have a bed partner or roommate ?

No bed partner or roommate
Partner/roommate in other room
Partn er in same room, but not same bed _ __
Partn er in same bed
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12. How often do you feel tired during the following times during the day?
Pl ease circle th e one best response .

Morning:
most days

often

occasionally

never

often

occasionally

never

often

occasionally

never

Afternoon:
most days

Evening:
most days

Do you ever nap during the day?

13.
most days

14.

often

neve r

occasionally

How likely are yo u to fa ll asleep in the following situ ations? Please

indicate, using the following scale , which is most appropriate given the
situation .

o = Would never doze
1 = Sligh t chance of dozing
2 = Moderate chance of dozing
3 = High chance of dozing

Situation

Chance of Dozing

Sitting and Reading
Watching TV
Sitting inactive in a public place (e.g. theatre/meeting)
As a passenger in a ca r for an hour without a break
Lying down in th e afternoon when ci rcu mstances permit
Sitting and ta lking to someone
Sitting quietly after lunch without alcohol
In a ca r, while stopped for a few minutes in the traffic
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15. Do yo u, or have yo u ever had :

Yes

No

and unpleasant sensations in th e legs?

o

0

an urge to move or unpleasant sensations in the legs th at begin or worsen during

o

0

o

0

o

0

an urge to move th e legs, usually accompanied by or ca used by uncomfo rTable

periods of rest or inactivity, such as lying down or sitting?
an urge to move or unpleasant sensations in th e legs that are partiall y or totally
relieved by move ment, such as walking or stretching, for at least as long as the
activity continu es?
an urge to move or unpleasant sensation s in th e legs that are wo rse during the
evening or night than th ey are during the day or that only occur during th e evening
or night?
Yes No
16, Do you, or have yo u ever had Chronic Fatigue Syndrome

o

0

GENERAL HEALTH QUESTIONS
17.

In general would you say your health is :
Exce llent
Very Good
Good
Fair
Poor

18.
(a)

At present, are you:

Yes

on med ication , prescribed or otherwise

No

o

0

o
o

If yes ca n yo u please tell me the name of yo ur
medication? ... ........ ... ...... ..... ...... ...... ............................... ... .

(b)

attending yo ur general practitioner

o

(c)

on a hospital wa iting list

o

Thank you, that is the end of the questionna ire .
For any queries please contact
Beverley David on 01509 223084 or email b.m.david@lboro.ac. uk
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Appendix 3: Initial Information Sheet
What is this study all about? As part of a prog ramme of activities investigating the
origins and 'cou rse' of sleep disturbances and insomnia, th is study is conce med with
how different people experience th eir sleep over time , and wi ll focus on the
psycholog ica l and practical factors which contribute to, and resu lt fro m our sleep
quality. The study will co ntribute substantially to ou r understa nding of why some
people experi ence greater difficu lty with th eir sleep th an oth ers, and how such sleep
disturbances should be managed.
Who is conducting the study?
Th e stu dy wi ll be supervised within th e
Loughbo rough Sleep Research Centre by Professor Kevin Morgan, and conducted
by Beverley David as part of a Doctoral research programme. The stu dy has been
approved by th e Unive rsity Resea rch Ethics Advisory Committee.
What does participation in this study involve? A s a parti cipant yo u will be asked
to co mplete several questionnaires at interva ls th ro ughout the stu dy, and to keep a
'Sleep Diary', which you will co mplete each mornin g. In order to monitor sleeping
patte rn s for long periods, some parti cipants will also be asked to wea r a small device
ca lled an 'actigraph', wh ich is worn like a w rist-watch. All pa rticipa nts will be asked to
vis it the Sleep Research Centre at Loughboroug h University on 4 occasions (approx
once every 4 months) to co mplete some sim ple tests which we run on a computer.
These tests are very easy to follow, and take no more th an1 5 minutes to complete.
All travel expenses will be paid.
How long is this study? The stu dy will run continu ously fo r 1 yea r. During th at time
you will have full support from the resea rch team, who wil l fit in around your personal
schedule. Before ag reei ng to pa rticipate, however, we would only ask that you
co nsider yo ur future co mmitments.
What do I do if I want to participate? If you are still interested, complete the
question naire sent to you and return it in th e Stamped Addressed Envelope as soon
as possi ble . If you have any add itional questions, please contact Beverley David on
01509223084; Email : B.M .David@ lboro.ac.uk
What if I want to withdraw from the Study? Parti cipation is entirely vo luntary, and
yo u ca n withdraw at any time without explanati on.
What happens to the information collected during this study? All info rm ation
co llected will be kept secu re and strictl y confidential.
Data w ill be computerised
anonymously, and any information which could identify you wi ll be removed.
Do I get anything in return for participating? On co mpletion of the stu dy we wil l
present yo u with a profile of your sleep and a Ma rks and Spe ncer gift voucher for
£30.00. Yo u wi ll also have the satisfaction of having participated in one of the largest
longitudi nal studies of sleep ever conducted, and of having made a major
contribution to understanding the puzzle of insomnia.
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Appendix 4: Study Information
Thank you for agreei ng to participate in our Longitudinal Sleep Study. As part of an
investigation into the origins and 'course' of sleep disturbances and insomnia , thi s study
is co ncerned with how different people experience th ei r sleep over tim e, and will focus on
the psychological and practical factors which co ntribute to , and resu lt from our sleep
quality.
Questionnaires.
Ove r the following 2 weeks co uld you please co mplete all of th e questionnaires below
and return th em to me in the address ed enve lope provided .
1. Daily Sleep Diary

5. STAI Form Y-2

9. SF-36 Health Survey

2. Sleep Hygiene assessment

6. Sleep & Work limitations

10. EPQ

3. Beliefs & Attitudes about Sleep

7. Fatigue Severity Scale

11 . BDI-II

4. Pre-sleep arousal

8. Sleep disturbance questionnaire

Daily Sleep Diary
For the duration of th e study you wi ll be required to complete your sleep diary every
morning . In ord er to follow yo ur daily sleep pattern s we ask that you return your
co mpleted sleep diary every month in the stamped add re ssed enve lopes provid ed .
Actiwatch
In ord er for us to measure your sleep, you will be asked to wear an actiwatch fo r the
du ration of the stud y. The Actiwatch is worn on th e non-dominant wrist like a watch and
is a harmless, battery-powered device that measures move ment patterns . No other
information ca n be deduced from it. While th e actiwatch is fairly resilient please remove
it when washing, showering, swimming or playing sports. The actiwatch battery life is
such th at we must down load its data and replace its battery monthly. You will therefore
be asked to drop into the centre at monthly intervals so that we ((a n ensure it is
functioning co rrectl y. Your visit should last no more than 10 minutes.

Performance
Over the next 12 months yo u wi ll also be invited to visit th e Sleep Research Centre on 3
occasions. During each visit yo u will be asked to ca rry out a short performance test.
Visits will last no longer than 30 minutes and wil l be scheduled approximately every 3
months.
Thank you again for agreeing to participate in our sleep study. At the end of the study
you will be presented with a profile of your sleep and a Marks and Spencer gift voucher
for £30 .00 .
All information collected will be kept secure and strictly co nfiden tial. Data wi ll be
co mputeri sed anonymously, and any information which could identify you will be
removed.
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Appendix 5: Consent Form
The purpose and details of this study have been explained to me. I
understand that this study is designed to further scientific knowledge and
that all procedures have been approved by the Loughborough University
Ethical Advisory Committee.
I have read and understood the information sheet and this consent form.
I have had an opportunity to ask questions about my participation.
I understand that I am under no obligation to take part in the study.
I understand that I have the right to withdraw from this study at any stage
for any reason, and that I will not be required to explain my reasons for
withdrawing.
I understand that all the information I provide will be treated in strict
confidence.
.
I agree to participate in this study.

Your name

Your signature

Signature of investigator

Date
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Name _ _ _ _ _ _ _ _ _ _ _ _ lJate,_ _ _ _ _ _ _ _ _ WeeK_ _

Daily Sleep Diary
Date
1

At what time did you go to bed last
night?

2

At what time did you settle down
intending to go to sleep?

3

After settling down, how long did it
take you to fall asleep?

4

After falling asleep, for how long
were you awake during the night in
total?

5

At what time did you finally wake
up?

6

At what time did you get up?

7

Did you take a sleeping tablet last
niQht?
Did you nap yesterday? If so, for
how long?

8

9

Using the scale 1 to 5 how would
you rate the quality of your sleep last
night (1 = very bad; 5 = very good)

10

Using the scale 1 to 5 please rate
your overall performance at work
yesterday (1 = very bad; 5 = very
good)

Date

Date

Date

Date

Date

Date
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• .. Loughborough
. , University

ETHICAL ADVISORY COMMITIEE

Appendix 7: Ethical Clearance Checklist
(TO BE COMPLETED FOR ALL INVESTIGATIONS INVOLVING HUMAN PARTICIPANTS)
All staff wishing to conduct an investigation involving human participants in order to collect new data
in either their research or teaching activities, and supervisors of students who wish to employ such
techniques are required to complete this checklist before commencement. 11 may be necessary upon
completion of this checklist for investigators to submit a full application to the Ethical Advisory
Committee. Where necessary, official approval from the Ethical Advisory Committee should be
obtained before the research is commenced. This should take no longer than one month.

Name and Status of Senior Investigators (Research Grade 11 and above):
(Please underline responsible investigator where appropriate)
Beverley David
Professor Kevin Morgan ..............................................................................................................................

Department Human Sciences
Name and Status of Other Investigators:

.....................................................................................................................................................................

.....................................................................................................................................................................
Department. ...........................................................................................................................
February 2004
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Title of Investigation
Sleep Quality and Daytime Functioning in Primary Insomnia: A Prospective Study.

Do investigators have previous experience of, and/or adequate training in, the
methods employed?
Will junior researchers/students be under the direct supervision of an experienced
member of staff?
Will junior researchers/students be expected to undertake physically invasive
procedures (not covered by a generic protocol) during the course of the research?
Are researchers in a position of direct authority with regard to participants (eg
academic staff using student participants, sports coaches using his/her athletes in
training)?

Vulnerable Groups
Will participants be knowingly recruited from one or more of the following vulnerable groups?
r--""'""',.,...,-----,
Children under 18 years of age (please refer to published guidelines)
No
People over 65 years of age

No

Pregnant women

No

People with mental illness

No

Prisoners/Detained persons

No

Other vulnerable group (please specify _ _ _ _ _ _ _ _ __

No

Chaperoning Participants
If appropriate, eg studies which involve vulnerable participants, taking physical measures or intrusion
of participants' privacy:
Will participants be chaperoned by more than one investigator at all
times?

February 2004
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Will at least one investigator of the same sex as the participant(s) be
present throughout the investigation?
Will participants be visited at home?

Advice to Participants following the Investigation
Investigators have a duty of care to participants. When planning research, investigators should
consider what, if any, arrangements are needed to inform participants (or those legally responsible for
the participants) of any health related (or other) problems previously unrecognised in the participant.
This is particularly important if it is believed that by not doing so the participants well being is
endangered. Investigators should consider whether or not it is appropriate to recommend that
participants (or those legally responsible for the participants) seek qualified professional advice, but
should not offer this advice personally. Investigators should familiarise themselves with the
guidelines of professional bodies associated with their research.

To the best of your knowledge, please indicate whether the proposed stUdy:
Involves taking bodily samples (please refer to published guidelines)

Vest

No

Involves procedures which are likely to cause physical, psychological, social
or emotional distress to participants

Vest

No

Is designed to be challenging physically or psychologically in any way
(includes any study involving physical exercise)

Vest

No

Exposes participants to risks or distress greater than those encountered in
their normal lifestyle

No

Involves collection of body secretions by invasive methods

No

Prescribes intake of compounds additional to daily diet or other dietary
manipulation/supplementation

No

Involves testing new eqUipment

No

Involves pharmaceutical drugs (please refer to published guidelines)

No

Involves use of radiation (please refer to published guidelines. Investigators
should contact the University's Radiological Protection Officer before
commencing any research which exposes participants to ionising radiation e.g. x-rays).

No

Involves use of hazardous materials (please refer to published guidelines)
February 2004
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Assists/alters the process of conception in any way

No

Involves methods of contraception

No

Involves genetic engineering

No

t

If the procedure is covered by an existing generic protocol, please insert reference number here_
If the procedure is not covered by an existing generic protocol, please submit a full application to the
Ethical Advisory Committee.

Does the study involve observation and/or recording of participants? If yes please
complete the rest of section D.

Yes

Will those being observed and/or recorded be informed that the observation and/or
recording will take place?

Yes

Will participants give informed consent'freely?

Yes

If yes please complete the Informed Consent section below.
*If no, please submit a full application to the Ethical Advisory Committee.
'Note: where it is impractical to gain individual consent from every participant, it is acceptable to allow
individual participants to "opt out" rather than "opt in".

Informed Consent
Will participants be fully informed of the objectives of the investigation and all details
disclosed (preferably at the start of the study but where this would interfere with the
study, at the end)?
Will participants be fully informed of the use of the data collected (including, where
applicable, any intellectual property arising from the research)?

Yes

Yes

For children under the age of 18 or participants who have impairment of understanding or communication:
- will consent be obtained (either in writing or by some other means)?

Yes

N/A

- will consent be obtained from parents or other suitable person?

Yes

N/A

February 2004
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- will they be informed that they have the right to withdraw regardless of
parental! guardian consent?

Yes

N!A

For investigations conducted in schools, will approval be gained in advance from the
Head-teacher and!or the Director of Education of the appropriate Local Education
Authority?

Yes

N!A

For detained persons, members of the armed forces, employees, students and other
persons judged to be under duress, will care be taken over gaining freely informed
consent?

Yes

N!A

~Please,__submit
~.., full applicationf
the EOthical AdvisoryCommitl:ee
',',
-"
-'". o
c,':.
_

'''',"""'<,,

Does the study involve deception of participants (ie withholding of information or the
misleading of participants) which could potentially harm or exploit participants?

Yes

If yes please complete the Deception section below.

Deception
Is deception an unavoidable part of the study?

Yes

Will participants be de-briefed and the true object of the research revealed at the
earliest stage upon completion of the study?
.

Yes

Has consideration been given on the way that participants will react to the
withholding of information or deliberate deception?

Yes

Will participants be informed of their right to withdraw from the investigation at any time
and to require their own data to be destroyed?

Please see University guidance on Data Collection and Storage.
Will all information on participants be treated as confidential and not identifiable
unless agreed otherwise in advance, and subject to the requirements of law?

Yes

Will storage of data comply with the Data Protection Act 1998? (Please refer to
published guidelines)

Yes

February 2004
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Will any video/audio recording of participants be kept in a secure place and not
released for use by third parties?

Yes

Will video/audio recordings be destroyed within six years of the completion of the
investigation?

Yes

Have incentives (other than those contractually agreed, salaries or basic expenses)
been offered to the investigator to conduct the investigation?

No

Will incentives (other than basic expenses) be offered to potential participants as an
inducement to participate in the investigation?

No
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Compliance with Ethical Principles

If you have completed the checklist to the best of your knowledge without selecting an answer marked
with' or t your investigation is deemed to conform with the ethical checkpoints and you do not need
to seek formal approval from the University's Ethical Advisory Committee.
Please sign the declaration below, and lodge the completed checklist with your Head of Department
or his/her nominee.
Declaration
I have read the University's Code of Practice on Investigations on Human Participants. I confirm that
the above named investigation complies with published codes of conduct, ethical principles and
guidelines of professional bodies associated with my research discipline.

Signature of Responsible Investigator
Signature of Student (if appropriate)

.....................................................................

Signature of Head of Department or his/her nominee

.....................................................................
.....................................................................

Date

.....................................................................

If the provision for Compliance with Ethical Principles does not apply, please proceed to the
Guidance from Ethical Advisory Committee section below.

February 2004
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Guidance from Ethical Advisory Committee
If, upon completion of the checklist you have ONLY selected answers marked •• , please submit your
completed Ethical Advisory Checklist accompanied by a statement covering how you intend to
manage the issues (indicated by selecting a •• answer) to the Ethical Advisory Committee.
If, upon completion of the checklist, you have selected an answer marked with· or t it is possible that
an aspect of the proposed investigation does not conform to the ethical principles adopted by the
University. Therefore you are requested to complete a full submission to the Ethical Advisory
Committee. You should aim to complete the entire form in brief but need only provide specific detail
on the questions which relate directly to the issues for which you have selected an answer marked·
or t on the checklist. A copy of this checklist, signed by your Head of Department should accompany
the full submission to the Ethical Advisory Committee. Please contact the Secretary if you have any
queries about completion of the form. The relevant application form can be downloaded from the
Committee's web page.
Signature of Responsible Investigator
Signature of Student (if appropriate)
Signature of Head of Department or his/her nominee

Date

February 2004
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Name _ _ _ _ _ _ _ _ _ _ _ Date_ _ _ _ _ _ _ _ _ __

Occupational Impact of Sleep Questionnaire
Quality of sleep can influence our ability to perform in the workplace. The following questions
relate to ways in which your work performance may have been affected by your sleep during
the past 4 weeks. Please Indicate ( v" ) how often each item applied to you. Answer all the
questions.

During the past 4 weeks, how often did the quality of your sleep make it difficult for you to:
All of the
time

1.

Wake up for work on
time?

2.

Arrive at work on time?

3.

Work the required
number of hours?

4.

Get going easily at the
beginning of the
workday?

5.

Start on your job as
soon as you arrive at
work?
Do your work without
stopping to take breaks
or rests?
Keep working
effectively during the
afternoon?

6.
7.

8.

Maintain your stamina
throughout the day?

9.

Keep to a routine or
schedule?

Most of
the time

Some of
the time

A little bit
of the time

Never/Not
Applicable

10. Think clearly when
working?

Please continue over page
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During the past 4 weeks, how often did the quality of your sleep make it difficult for you to:
All of the
time

11.

Most of
the time

Some of
the time

A little bit
of the time

Keep your mind on
your work?

12. Do work carefully?
13. Concentrate on your
work?

14. Work without losing
your train of thought?

15.

Easily read or use your
eyes when working?

16.

Speak with people inperson, in meetings or
on the phone?

17. Control your temper
around people when
working?

18.

Help other people to
get work done?

19.

Handle the workload?

20. Work fast enough?
21.

Finish work on time?

22. Do your work without
making mistakes?

23.

Feel you have done
what you are capable
of doing?

24.

Gain satisfaction from
your work?

Thank you for completing this questionnaire.
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Never/Not
Applicable

