Understanding underlying processes in bipolar disorder: relationships between
circadian and social rhythm stability, appraisal style and mood

Faye Danielle Banks

BSc (Hons), MBPsS

An alternative format thesis submitted to Lancaster University for the degree of PhD in the
Faculty of Health and Medicine

March 2014

Abstract

Disturbances in both circadian rhythms, such as the sleep-wake cycle, and social
rhythms (i.e. daily routines) are well documented in bipolar disorder during mood episodes
and periods of wellness. Despite this, current understanding of the nature of the relationship

between rhythm instability and mood in bipolar disorder is relatively limited.

Multilevel cognitive models of bipolar disorder suggest that internal appraisal styles
may influence the impact of circadian rhythm disruption upon mood (Jones, 2001). The
current research therefore aimed to explore relationships between circadian and social rhythm
instability, internal appraisal style, and mood in euthymic individuals with bipolar disorder,
individuals at behavioural high-risk and non-clinical controls. To investigate the extent to
which internal appraisal styles play a unique role in bipolar disorder, individuals with

fibromyalgia were also examined due to the similarly chronic nature of the two conditions.

In the first phase of the research, participants completed an online survey, providing a
broad impression of the cross-sectional relationships between rhythm instability, appraisal
style and mood in a large sample (n=706). In the second phase, a smaller sample (n= 134)

took part in a seven day experience sampling and actigraphy study, enabling exploration of
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concurrent and prospective relationships between rhythm instability, appraisal style and mood

in everyday life.

Bipolar participants exhibited high levels of objective and self-reported circadian
rhythm instability, and also demonstrated a tendency to form negative, internal appraisals of
experiences at the state and trait level. For the most part, hypothesized associations between
rhythm instability and mood in the bipolar sample were not supported, contradicting Jones’
(2001) model of bipolar disorder. Although mood states were significantly related to internal
appraisal styles in the bipolar group, such appraisals did not demonstrate a moderating effect.

The implications of the findings for theory and practice are discussed.
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Rationale for Alternative Format

The current thesis is presented in the alternative format. This decision was made based
upon the desire to maximise dissemination of the findings, in addition to nature of the
research, i.e. systematic reviews and empirical studies, which lends itself to this type of

format.
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Construction of the Alternative Format
Chapter 1: Introduction

The thesis begins with an overview of the research area, providing a description of key
concepts and themes. The nature and course of bipolar disorder is briefly summarized,
followed by an introduction to psychological models of bipolar disorder and the concept of

circadian instability.

Chapter 2: Circadian and Social Rhythm Instability in Bipolar Disorder: A Systematic Review

Following the introduction, a systematic review of the literature concerning sleep,
activity and social rhythm instability in bipolar disorder is presented. The review provides an
in-depth background to the area of circadian instability in bipolar disorder, and highlights

gaps in the existing literature which the current thesis aims to address.

Chapter 3: Cognitive Styles Throughout the Course of Bipolar Disorder

A critique of available evidence regarding the role of attributions, appraisal styles and
attitudes in bipolar disorder is offered, drawing attention to multilevel cognitive models of
bipolar disorder which the current thesis aims to assess. Relationships between cognitive style
and mood in bipolar disorder are discussed, with reference to cross-sectional and prospective

studies in clinical and non-clinical populations.

Chapter 4: Overview and Justification of Methods

An explanation of the methodologies employed in studies 1 and 2 is then presented,

outlining the strengths and limitations of online surveys, actigraphy and the experience
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sampling method. This is followed by an outline of the overarching aims of the thesis,

summarizing the key hypotheses tested in studies 1 and 2.

Chapter 5: Study 1- Associations between Circadian and Social Rhythm Instability, Appraisal
Style and Mood in Individuals with and without Bipolar Disorder: Results of a National

Online Survey

An online investigation into the cross-sectional relationships between rhythm
instability, appraisal style and mood in bipolar disorder is presented. The results of the study
indicate significant associations between self-reported sleep disturbance, internal appraisal
style, and negative mood in bipolar disorder. The implications and limitations of the study are

discussed, highlighting areas requiring further clarification.

Chapter 6: Study 1- Assessment of the Relationship between Circadian and Social Rhythm
Instability, Internal Appraisal Style and Mood in Bipolar Disorder using Actigraphy and

Experience Sampling

A study into the ecological assessment of rhythm instability, internal appraisal styles,
and mood in everyday life in bipolar disorder is described. The seven day study highlights
significant momentary relationships between internal appraisal style and the intensity and
variability of mood states in bipolar disorder. Implications of the findings regarding

multilevel cognitive models of bipolar disorder are discussed.

Chapter 7: General Discussion

The integrated findings and research implications from studies 1 and 2 are presented in

a final discussion chapter, with reference to the overall aims of the thesis. Implications for
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both theory and clinical practice are presented, whilst acknowledging the limitations of the

research. Directions for future research are also offered.

19



Chapter 1: Introduction

1.1 Signs and Symptoms of Bipolar Disorder

Bipolar disorder is a severe and enduring mental health condition characterised by
extreme shifts in high and low mood (Johnson & Leahy, 2004). It is estimated that around 1 to
2% of the general population will receive a diagnosis of bipolar disorder, however issues
around misdiagnosis suggest that this estimate is likely to be much higher in reality (Fagiolini,

Forgione, Maccari et al., 2013).

Typically the course of bipolar disorder is depicted by periods of extreme irritability
and elation (i.e. manic episode), and extreme sadness (i.e. depressive episode), with
intermediate periods of ‘euthymia’ (i.e. “normal” mood in the absence of clinically significant
symptoms). Manic episodes are characterised by increases in self-esteem, distractibility and
goal-directed activity, often accompanied by a decreased need for sleep and racing thoughts
(American Psychiatric Association, 2000). Depressive episodes are characterised by a loss of
self-esteem, excessive feelings of guilt, loss of interest or pleasure from activities, and low
energy (American Psychiatric Association, 2000). Both insomnia and hypersomnia (i.e.
sleeping too much) are common during episodes of depression. Mixed episodes are also
common in bipolar disorder, characterised by symptoms that fulfil criteria for both depression

and mania over a period of at least one week (Targum & Nierenberg, 2011).

1.2 Diagnostic Subtypes

The term ‘bipolar disorder’ encompasses a wide variety of mood disorders ranging in
severity. The two most common forms are Bipolar I and Bipolar II disorder. To receive a
diagnosis of Bipolar I disorder, an individual must experience at least one manic or mixed

episode (American Psychiatric Association, 2000). Many individuals who receive this
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diagnosis also experience episodes of depression over the course of the disorder. In the case of
Bipolar II disorder, individuals experience episodes of depression alongside milder periods of
mania referred to as *hypomania’ (American Psychiatric Association, 2000). The
characteristic symptoms of hypomania are similar to those experienced during mania, but are
shorter in duration and are not associated with the same degree of disruption to normal
functioning. A less extreme form of bipolar disorder known as ‘cyclothymia’ is characterised
by recurrent periods of hypomania in addition to milder periods of depression or ‘dysthymic

mood’ (Jones, Lobban & Cooke, 2010).

1.3 Impact of Bipolar Disorder

The course of bipolar disorder can differ greatly from person to person, with
differences regarding the type, length and frequency of mood episodes. However, for many
people the impact of bipolar disorder can be devastating, putting strain on interpersonal
relationships, causing financial problems and impeding vocational aspirations (Michalak,
Yatham, Kolesar & Lam, 2006). Furthermore, accumulating evidence indicates that relatives
and carers of individuals with bipolar disorder tend to experience high levels of psychiatric
distress and are also at increased risk of physical health problems (Perlick, Rosenheck,
Miklowitz et al., 2007; Rodrigo, Fernando, Rajapakse, et al., 2013; Steele, Maruyama &

Galynker, 2010).

The impact of bipolar disorder to society as a whole is considerable, with recent
evidence suggesting costs to the National Health Service (NHS) in the region of £342 million
per year (Young, Rigney, Shaw et al., 2011). A report published by McCrone and colleagues
(2008), indicates that this figure is much higher when taking into account the associated costs

of unemployment (i.e. £5.2 billion in 2007).
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1.4 Treatment

Given the prevalence of bipolar disorder, in addition to the associated burden placed
upon the individual, their friends and relatives, and wider society, the development of
effective treatment methods is a vital area of current research. Although bipolar disorder is
primarily treated with medication, there is accumulating evidence demonstrating the
limitations of a solely medical approach. For many individuals, medication alone is
inadequate in tackling the range of symptoms which accompany bipolar disorder (Machado-
Vieira, Manji & Zarate, 2010). Additionally, mood-stabilising medication can cause
unpleasant side-effects such as nausea, weight-gain and tremors (Dols, Sienaert, van Gerven
et al., 2013). Recent research suggests that such adverse side-effects, in addition to negative
beliefs around medication, are strongly related to treatment adherence issues in bipolar
disorder (Arvilommi, Suominen, Mantere et al., 2014). This is concerning when one considers
evidence linking medication non-adherence to suicide attempts in bipolar disorder (Perlis,

Ostacher, Miklowitz et al., 2010).

Following the National Institute for Health and Clinical Excellence (NICE) guidance
for bipolar disorder (NICE, 2006), it is recommended that long-term treatment incorporates
adjunctive psychotherapy alongside medication. Whilst there is evidence to suggest that
various psychological approaches generate significant therapeutic benefit for individuals with
bipolar disorder (Hollon & Ponniah, 2010; Morriss, Faizal, Jones et al., 2007), there is also
evidence to the contrary (Lynch, Laws & McKenna, 2010; Scott, Paykel, Morriss et al.,
2006). Variation in treatment outcome across different bipolar subtypes, in addition to the
impact of illness severity (Reinares, Sanchez-Moreno & Fountoulakis, 2014), emphasizes the
need to focus research on informing and improving psychological treatment approaches for

individuals with bipolar disorder.
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1.5 Models of Bipolar Disorder

As psychological treatment approaches are informed by theory, the validation and
evaluation of current models of bipolar disorder is essential to making improvements in this
area. Psychological interventions which are currently offered by the NHS, such as cognitive
behavioural therapy (CBT), were originally informed by early models of cognition which
emphasize the development of trait-like, maladaptive thinking styles as a consequence of
negative life experiences (Newman, Leahy, Beck et al., 2002; Beck, 1967). Although these
early theories have been fundamental in the development of psychological approaches to
treating bipolar disorder, they are also limited in their ability to offer detailed explanations of
the underlying processes involved in mood change. More recent multilevel cognitive models
offer greater detail into these processes, and therefore present new avenues for research into

therapeutic mechanisms which will inform and improve psychological treatment approaches.

1.6 Circadian and Social Rhythm Instability

Over the last fifteen years, research into factors implicated in bipolar disorder has
highlighted the impact of disturbances in circadian and social rhythms. Circadian rhythms are
endogenous, biological processes which follow an approximate 24-hour pattern, such as the
sleep-wake cycle (Gallagher, Nelson & Weiner, 2003). Social rhythms reflect the stability of
daily routines, which consist of activities performed regularly such as having lunch between
12pm and 1pm each day (Monk, Flaherty, Frank et al., 1990). In bipolar disorder, evidence of
disturbances in sleep patterns (Harvey, Talbot & Gershon, 2009), social rhythms (Frank,
Gonzalez & Fagiolini, 2006) and the secretion of hormones (Hallam, Begg, Olver & Norman,
2009), indicates an underlying instability of these rhythms. This was first acknowledged by
Wehr and colleagues (1983), and subsequently developed into the ‘instability model’

(Goodwin & Jamison, 1990).
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Current evidence not only suggests that circadian and social rhythm instability is
present before diagnosis in behavioural high-risk populations (Ankers & Jones, 2009;
Bullock, Judd & Murray, 2011; Meyer & Maier, 2006; Ritter, Marx, Lewtschenko et al.,
2012), but also indicates that events associated with circadian and social rhythm disruption
precipitate manic episodes in bipolar disorder (Malkoff-Schwartz, Frank, Anderson et al.,
1998; 2000). However, the processes underlying the relationship between rhythmic disruption

and mood change remain unclear and under-researched.

1.7 A Multilevel Cognitive Model of Circadian and Social Rhythm Instability

Acknowledging the importance of rhythm instability in bipolar disorder, Jones (2001)
developed a multilevel cognitive model, applying the ‘Schematic, Propositional, Analogical
and Associative Representation Systems’ (SPAARS) model of emotion (Power & Dalgleish,
1997) to describe the processes by which rhythmic disturbances translate into mood change.
According to the model, events which disrupt circadian rhythms lead to physiological and/or
cognitive changes in state. For example, becoming unemployed may disrupt sleeping patterns
which in turn could cause physical restlessness. According to Jones (2001), the way in which
these changes in state are appraised influences the impact of circadian rhythm disrupting
events upon mood (see Appendix 1). It is suggested that a change in state may be appraised at
multiple cognitive levels, some more automatic than others. This multilevel approach to
bipolar disorder is therefore able to account for conflicting emotional states and the

development of mixed episodes.

It is proposed that internal appraisals, characterised by attributing such changes to the
self (e.g. “I feel restless because I am creative and have lots of great ideas”), underlie the

extreme shifts in mood which typify bipolar disorder (Jones, 2001).
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2.1 Abstract

Background: Despite growing support for theories which emphasize the importance of
circadian and social rhythms in bipolar disorder, the processes by which these disturbances

impact on mood remain unclear.

Objective: To review evidence regarding the role of circadian and social rhythms throughout

the course of bipolar disorder.

Method: An electronic database search was conducted to identify relevant papers. Papers were

also identified by contacting experts in the field.

Results: Preliminary evidence of low activity rhythm amplitudes, low social rhythm
regularity, and high sleep pattern variability in populations at behavioural high-risk for bipolar
disorder, was identified. Poor social rhythm regularity, in addition to lower average activity,
was observed during periods of euthymia in clinical populations. However, objective versus
self-report assessments of sleep quality produced inconsistent findings. Sleep duration was

significantly associated with symptoms of mania and depression in euthymic populations.

Conclusion. Circadian and social rhythm abnormalities may represent an underlying
vulnerability for bipolar disorder in non-clinical populations. Whilst such abnormalities are
apparent in clinical populations also, there is a great deal of contradictory evidence in this
area. Further research is required to assess the processes underlying relationships between

rhythm instability and mood in bipolar disorder.
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2.2 Introduction

This review begins with a justification for an up to date systematic review of circadian
and social rhythm instability in bipolar disorder, noting important findings reported by
previous reviews in this area. This is followed by a description of the methodologies
employed in circadian and social rhythm research referred to throughout the paper. An
explanation of how included studies were identified is then presented, before highlighting the
methodological limitations of these studies. The review then provides an overview of the

evidence, before discussing the implications of these findings.

A number of studies point to the central role of circadian rhythms in bipolar disorder
(Barbini, Bertelli, Colombo & Smeraldi, 1996; Lam & Wong, 1997; Mansour, Wood,
Chowdari et al., 2005; Shi, Wittke-Thompson, Badner et al., 2008). Circadian rhythms refer to
24 hour, biological patterns such as the sleep-wake cycle and body temperature (Duffy,
Kronauer & Czeisler, 1996). Disturbances in these rhythms have been implicated in various
psychological and physiological conditions, including post-traumatic stress disorder and

cancer (Yehuda, Golier & Kaufman, 2005; Pati, Parganiha, Kar et al., 2007).

According to the ‘instability model’ (Goodwin & Jamison, 1990) circadian rhythm
disruption can trigger mood change in bipolar disorder, leading to the onset of mood episodes.
This is supported by studies demonstrating the psychological effects of jet-lag, where
disruption of circadian rhythms significantly correlated with incidences of mania and
depression (Jauhar & Weller, 1982; Katz, Knobler, Laibel et al., 2002; Proudfoot, Whitton,
Parker et al., 2012; Young, 1995). Changes in sleep duration are also highlighted in the
diagnostic criteria for both manic and depressive episodes under the DSM-IV (American
Psychiatric Association, 2000). Furthermore, a systematic review examining prodromes in
bipolar disorder found disturbed sleep to be the most commonly reported early symptom of

mania, reported by 77% of patients (Jackson, Cavanagh & Scott, 2003).
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Murray and Harvey (2010) presented multiple lines of evidence for a causal relationship
between circadian disturbance and episode onset, such as evidence that bipolar episodes are
closely preceded by changes in season (Murray, 2006). More recently, Boland and Alloy
(2013) conducted a review of the literature concerning sleep disturbance and cognitive deficits
in bipolar disorder. The authors cited evidence of positive relationships between sleep
disturbance and symptoms of hypomania, previous suicide attempts, and number of
depressive episodes (Eidelman, Talbot, Gruber et al., 2010; Sylvia, Dupuy, Ostacher et al.,
2012). The review also highlighted studies demonstrating abnormalities in REM (i.e. rapid
eye movement) sleep and increased variability of sleep patterns during periods of remission.
These findings emphasize the persistence of sleep disturbance throughout the course of the

disorder.

Another related factor which has been implicated in bipolar disorder, is social rhythm
regularity. Social rhythms refer to daily patterns of behaviour, or routines, made up of a
number of regular activities such as getting out of bed, going to work, and having lunch
(Monk, Flaherty, Frank et al., 1990). Individuals who perform a large number of activities
regularly, and therefore adopt a structured daily routine, are said to have high social rhythm
regularity. According to the ‘social zeitgeber hypothesis’, social rhythms are strongly
influenced by ‘social zeitgebers’, i.e. external cues such as light, time and people, which
promote the entrainment of circadian rhythms (Ehlers, Frank & Kupfer, 1988). It is proposed
that significant life events, such as the loss of a loved one, disturb social zeitgebers and reduce
social rhythm regularity, which in turn directly triggers changes in circadian rhythms. For
example, the loss of a partner may also mean the loss of an important external cue for going to
bed and getting up at a certain time. This disruption in social zeitgebers may therefore lead to
increased variability in sleeping patterns and sleep duration. It is then proposed that this
disruption in circadian rhythms triggers significant changes in affective states, leading to the

onset of mood episodes in vulnerable individuals.
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Ehlers et al. (1988) propose that the effects of infrequent circadian rhythm disruption,
such as an annual long-haul flight to a holiday destination, are mild for non-vulnerable
individuals. For individuals at high-risk of affective disorders however, this initial disruption
can develop into “a state of ongoing desynchronization”. In support of this theory, a review by
Grandin, Alloy and Abramson (2006) reported evidence of poor social rhythm regularity in
individuals with bipolar disorder, including preliminary evidence that poor social rhythm

regularity may actually precede episodes of mania and depression.

Previous reviews in this area have acknowledged that the underlying processes involved
in the relationship between rhythm instability and mood in bipolar disorder remain unclear
(Murray & Harvey, 2010). Examination of individuals considered at high-risk for bipolar
disorder, in addition to further research assessing the efficacy of interventions which target
circadian and social rhythms in bipolar disorder, has therefore been strongly advocated

(Boland & Alloy, 2013; Grandin et al., 2006; Murray & Harvey, 2010).

This review builds upon previous reviews by examining investigations of sleep, activity
and social rhythm instability in populations at behavioural high-risk for bipolar disorder,
whilst also providing an update on evidence concerning circadian and social rhythm
instability in clinical populations. This is intended to illuminate potential pathways by which
circadian and social rhythms and mood interact. Thus the present review aims to; i) critically
appraise evidence of sleep, activity and social rhythm abnormalities in bipolar disorder and at-
risk populations; ii) assess how sleep, activity and social rhythm instability interacts with
mood in these populations, and; iii) assess the efficacy of interventions which target rhythmic

disturbances in bipolar disorder.

2.2.1 Definition of Applied Methodologies in Sleep, Activity and Social Rhythm Research

Sleep is often assessed using polysomnography (PSG) or actigraphy. PSG is a laboratory-

based method in which electrodes are attached to a person’s body to record biological
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information, such as brain activity and heart rhythm, while the subject sleeps (Kiely,
Delahunty, Matthews & McNicholas, 1996). PSG permits the distinction between different
stages of sleep, such as REM and non-REM, based on brain activity. REM sleep is a form of
light sleep which has been associated with emotional processing and the consolidation of
memories (Walker & Van der Helm, 2009; Diekelmann & Born, 2010). REM sleep is often
characterized in terms of ‘REM latency’ and ‘REM density’, respectively referring to the time
period between sleep onset and the first REM period, and the frequency of rapid eye
movements during the sleep period (Mattice, Brooks & Lee-Chiong, 2012). All other stages of
sleep are referred to as non-REM (or NREM) sleep, often described as “deep” sleep, where

brain activity becomes significantly slower (Espie, 2006).

Actigraphy is a relatively non-invasive method of measuring both activity and sleep
patterns, over consecutive days and nights. Participants are required to wear an ‘actiwatch’,
normally on their wrist, which contains an accelerometer (Tryon & Williams, 1996). The
accelerometer is sensitive to movement and records activity across epochs. Often participants
are also required to complete daily sleep diaries whilst wearing the actiwatch, providing
subjective sleep information such as the time they went to bed and the time at which they
believe they fell asleep (Espie, 1991). Sleep patterns may also be assessed subjectively using
‘ChronoRecord’ (Bauer, Grof, Gyulai et al, 2004). ChronoRecord is a computerized
methodology completed daily, whereby participants indicate whether they were awake, asleep
or resting for each hour in the previous 24 hour period. This information is then used to

calculate the duration of sleep periods over the course of study.

Social rhythm regularity is assessed using the Social Rhythm Metric (SRM; Monk et al.,
1990). The SRM consists of 15 items which represent activities believed to contribute to
common routines. The measure also includes two optional write-in items whereby
respondents may offer details of additional regular activities that they perform. Completed
daily, respondents indicate how many of the activities they have performed and at what time

these activities occurred. Activities which occur at least 3 times over the week, within the
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same 45 minute time period, are classed as regular. A shorter version the SRM has also been
developed, which assesses social rhythm regularity based upon 5 key activities (SRM-5;
Monk, Frank, Potts & Kupfer, 2002). To assess trait-like social rhythm regularity, Shen,
Alloy, Abramson and Sylvia (2008b) developed a modified version of the SRM, referred to as
the SRM-T. The SRM-T is completed once, requiring participants to indicate which activities

they have performed regularly over the previous month.

2.3 Method

2.3.1 Search Strategy

Initial search terms were chosen on the basis of their relevance to the research question
(i.e. it was important to identify studies of bipolar populations related to sleep, social rhythms
and activity patterns). Further search terms were identified through discussion with experts in
the field of circadian rhythms in bipolar disorder, in addition to the use of the theasaurus tool

offered by online research databases.

The search was performed within the following databases; PsycINFO, MEDLINE,
AMED and CINAHL. The search for papers relating to "bipolar*" OR "cyclothymia" OR
"mania” OR "hypomania" OR "manic-depression” was combined with the search for
"insomnia" OR "PSG" OR "actigraph*" OR "activity pattern" OR "activity level" OR "daily
routine” OR "daily activities" OR "activity cycle" OR "periodicity" OR "ambulatory
monitoring” OR “sleep” OR “social rhythm” OR “circadian” OR “biological rhythm” OR
“physical activity”. The search was performed solely within the abstracts of papers to improve

the specificity of the results.
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2.3.2 Inclusion and Exclusion Crileria

Papers were only included if the study concerned participants who were aged 18 and
over. Literature reviews, meta-analyses, case studies, dissertation abstracts, letters, and any
papers not available in English were excluded. Where possible, these criteria were applied
during the initial search by the use of search limiters. Where research databases did not offer
the option to exclude studies by age of population, language, or methodology, these criteria
were applied after the initial search during the ‘screening stage’ whereby the title and abstracts

of the identified papers were read by the first author.

During this screening stage, any papers which were deemed irrelevant to the research
question (i.e. focused solely on genes, medication, brain activity or hormones) were excluded
as such factors were deemed beyond the scope of the review. Only studies of individuals who
met criteria for a diagnosis of bipolar disorder, and/or were classified as being at-risk for

developing bipolar disorder, were included. All duplicate results were removed.

2.3.3 Assessment of Quality

After the screening stage, papers were assessed for methodological quality using the
online CASP resources (Critical Appraisal Skills Programme, 2010). The CASP tools list key
questions that should be asked when assessing methodological quality to aid the decision of
whether or not to include a particular study in a review. Although the CASP tools are yet to be
formally validated, they provide a flexible and holistic framework for assessing the
methodological rigour of various research designs. As all papers identified in the present
review were either case control studies or randomised controlled trials (RCTs), only the CASP

tools relating to these two methodologies were referred to.

In the present review, the CASP tools were applied to assess each study in terms of the

measurement of circadian disturbance and/or mood, the specificity of the results presented,
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and the generalizability of the findings (i.e. whether the samples studied were representative
of the wider population). It was important to ensure that all included studies had employed
previously validated measures of circadian disturbance and/or mood, to achieve an adequate

level of accuracy and reliability in the findings across studies.

It was equally important to ensure that the findings of included studies could be
generalised to the wider bipolar and/or high-risk population. Therefore any studies which
employed unrepresentative samples (i.e. only studying bipolar participants meeting criteria for

obesity or substance abuse) were excluded at this stage.

To ensure that all included studies reflected findings specific to individuals with bipolar
disorder (rather than mood disorder populations in general) any studies which only reported

results based on combined affective disorder populations were excluded at this stage.

2.3.4 Grouping of Studies

The database search identified 3,033 papers. Limiters were then applied where possible,
such that only papers available in English, concerning adult populations which were not case
studies, literature reviews or meta-analyses, would be retrieved. This left 639 papers to be
screened for eligibility. During this screening phase, the abstracts of each paper were read by
the first author to establish whether or not the remaining inclusion/exclusion criteria had been
met. Any duplicate results were also excluded. One paper was excluded as neither the British

Library nor any online database held a full copy.

This left 213 papers to be assessed for methodological rigour using the CASP tools. Of
the 213 studies, 171 were excluded due to concerns regarding the measurement of circadian
disturbance and/or mood (i.e. using unvalidated methods; n= 86), not providing results
specific to bipolar disorder (i.e. combining data from a bipolar sample with data from another

mental illness population in the analysis; n= 29), and studying unrepresentative samples
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(n=56). This left 42 studies which were deemed to be of suitable quality and relevance to the

research question.

The authors of these 42 papers were then contacted to enquire about key papers relating
to circadian and social rhythms in bipolar disorder which they were aware of. Of the 21
authors who were contacted, 9 responded. A total of 46 papers were suggested by these
authors, of which 22 had already been identified by the database search. The remaining 24
papers were then examined by the first author to check for eligibility and methodological
rigour as described above (see Figure 1 for more detail). A total of 3 papers were found to be

of suitable quality and were added to the results of the database search.

Overall 45 papers were included in the present review. The high degree of variation in
study design and methodological quality between studies, indicated that pooling the data
together may increase the likelihood of systematic error (see Ahlbom, 1993). Therefore a

meta-analysis was not performed.

Studies were grouped primarily according to area (i.e. sleep, activity and social rhythms),
and then categorised according to the population under investigation (i.e. studies of non-
clinical high-risk populations versus clinical bipolar populations). The results are presented
such that sections 2.4.3 to 2.4.5 relate to aims ‘i’ and ‘ii’ outlined above, whilst section 2.4.6

relates to aim ‘iii’.
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2.4 Results

2.4.1 Overview of Studies

A description of the selected studies is presented in Table 1. Due to the nature of research
into circadian and social rhythms, it is often necessary to collect data over multiple time
points, thus almost all of the studies identified could be described as longitudinal to an extent.
In the present review, quantitative non-intervention studies were categorised as cross-
sectional, longitudinal or semi-longitudinal. Cross-sectional studies were defined as those
which collected data at a single point in time. Longitudinal studies were defined as those
which collected data over multiple time points to consider predictive relationships between
variables. Semi-longitudinal studies were defined as studies which collected data over
multiple time points but then averaged these data to produce total scores and carry out
correlational analyses (e.g. in the case of studies assessing social rhythms over seven days).
The 45 studies selected for review included 1 qualitative study, 4 cross-sectional studies, 8

intervention studies, 11 longitudinal studies, and 21 semi-longitudinal studies.
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2.4.2 Methodological Limitations of Studies

An overview of the main methodological limitations of included studies is presented in
Table 2. Whilst groups were matched on age and gender in almost all cases, a gender bias was
evident throughout with a tendency for more female than male participants. As existing
evidence suggests that bipolar disorder affects males and females equally (Hendrick,
Altshuler, Gitlin et al., 2000; Weissman, Leaf, Tischler et al., 1988), this somewhat limits the
generalizability of the findings. Although a number of studies reported the employment status
and ethnicity of the study groups, comparatively few were able to match groups on these two
factors (see Table 2). Furthermore, very few studies considered group differences in marital
status and education. This is a notable limitation as research has shown that such factors are
not only significantly associated with clinical status (Wingo, Baldessarini, Holtzheimer &
Harvey, 2010; Bauer, Glenn, Rasgon et al., 2011), but are also linked to social rhythm

regularity (Sylvia, Alloy, Hafner et al., 2009).

Studies of non-clinical individuals at-risk for developing bipolar disorder, tended to use
student samples (see Table 2). On the one hand, student populations are highly appropriate for
identifying high-risk individuals due to similarities between the average age of undergraduate
populations and the average age of onset in bipolar disorder (Merikangas, Akiskal, Angst et
al., 2007). Furthermore, undergraduate university students are highly accessible to academic
researchers and are therefore an ideal group to recruit in practical terms. Conversely, recent
statistics indicate that 57.6% of UK higher education students are female, with 81.1% of
students originating from white ethnic backgrounds (Higher Education Statistics Agency
Limited, 2013). Therefore it is unclear exactly how representative undergraduate student
samples are of the general high-risk population, particularly in light of evidence
demonstrating a positive relationship between socioeconomic status and mental well-being in
both student samples and bipolar populations (Bauer, Glenn, Rasgon et al., 2011; Ibrahim,

Kelly & Glazebrook, 2013).
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Four studies assessed sleep via laboratory-based PSG (see Table 1). Whilst this approach
enables sleep to be assessed under controlled conditions, reducing the potential impact of
extraneous variables (e.g. being disturbed by a bed partner), there is conversely a reduction in
ecological validity. Therefore the results obtained by these studies may not be representative
of a natural night’s sleep. Although PSG is commonly regarded as the “gold standard” in
obtaining sleep estimates, actigraphy estimates show very good agreement (Ancoli-Israel,
Copton, Klauber, et al., 1997; Kushida, Chang, Gadkary et al., 2001). Therefore findings
reported by actigraphy studies are not necessarily less accurate, and are likely to be more

ecologically valid.
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2.4.3 Sleep

2.4.3.1 Do non-clinical individuals at  high-risk for bipolar disorder exhibil sleep

disturbance?

Four studies investigated sleep patterns in high-risk and control samples, three of which
used actigraphy (Ankers & Jones, 2009; Ritter, Marx, Lewtschenko et al., 2012; Bullock &
Murray, 2013), while one used the SRM (Meyer & Maier, 2006). High-risk individuals
demonstrated significantly greater variability in bed-times and get-up times (Meyer & Maier,
2006; Ankers & Jones, 2009), but not sleep efficiency, compared to controls (Ankers & Jones,
2009; Ritter et al., 2012; Bullock & Murray, 2013). Sleep efficiency represents the percentage
of time an individual is actually asleep for whilst in bed, and is therefore often used as a

measure of sleep quality.

Evidence relating to sleep duration, and also sleep onset latency (SOL), in high-risk
samples is inconsistent. Most studies failed to identify significant differences between high-
risk and control participants (Meyer & Maier, 2006; Ritter et al., 2012; Bullock & Murray,
2013). However onc study observed significantly shorter sleep duration in high-risk
participants compared to controls, in addition to significantly longer SOL (Ankers & Jones,
2009). Possible reasons for the contradictory findings are unclear as Ankers and Jones (2009)
classified high-risk participants in the same manner as Meyer and Maier (2006), and

employed similar methodology to Bullock and Murray (2013).

Ankers and Jones (2009) also reported greater variability in sleep duration and sleep
efficiency in high-risk individuals compared to controls. Only one other study examined
group differences in sleep variability (Ritter et al., 2012), reporting similar levels in both
groups. Due to the nature of the high-risk sample studied by Ritter et al. (2012; see Table 2) it
is possible that these participants were already aware of the importance of maintaining a
stable sleep pattern and may have even received support or guidance on this issue, thus

displaying greater stability in their sleep patterns compared to the student population studied
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by Ankers and Jones (2009). It is also possible that the former study was under-powered due
to the size of the high-risk sample (n<10). However, as Ritter et al. (2012) did not report
standard deviations for sleep efficiency or sleep duration in either sample, it was not possible

to compare effect sizes between the two studies.

2.4.3.2 Do euthymic bipolar individuals exhibit sleep disturbance?

Eight studies compared the sleep profiles of euthymic bipolar individuals with healthy
controls (Gershon, Thompson, Eidelman et al., 2012; Harvey et al., 2005; Jones, Hare &
Evershed, 2005; Millar, Espie & Scott, 2004; Ritter et al., 2012; Salvatore, Ghidini, Zita et al.,
2008; St-Amand et al., 2013; Talbot, Stone, Gruber et al., 2012). Three studies reported
statistically significant group differences in sleep duration when measured via actigraphy,
with euthymic bipolar individuals sleeping longer than controls (Harvey et al., 2005; Ritter et
al., 2012; Salvatore et al., 2008). Four similar studies reported statistically non-significant
group differences in actigraphically-measured sleep duration (Gershon et al., 2012; Jones et
al., 2005; Millar et al., 2004; St-Amand et al., 2013), although the direction of the differences
demonstrated longer sleep duration in the bipolar groups as compared to the controls, raising

the possibility that these studies were under-powered.

Studies which assessed self-reported estimates of sleep duration tended to report
statistically non-significant group differences (Gershon et al., 2012; Harvey et al., 2005; St-
Amand et al., 2013; Talbot et al., 2012). However Millar et al. (2004) reported significantly
longer sleep durations in bipolar participants compared to healthy controls. It is possible that,
had Millar et al. (2004) measured subjective sleep duration over a longer time period (see

Table 2), the authors would have obtained results consistent with later investigations.

Non-significant differences between euthymic bipolar individuals and healthy controls
in actigraphically-measured SOL were reported by the majority of studies (Gershon et al.,

2012; Harvey et al., 2005; Jones et al., 2005; Millar et al., 2004; St-Amand et al., 2013).
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However, Ritter et al. (2012) reported significantly longer SOL in the bipolar group as
compared to the control participants. Of the six studies to assess self-reported SOL, four
reported significantly longer estimates in euthymic bipolar participants (Harvey et al., 2005;
Millar et al., 2004; Ritter et al., 2012; Talbot et al., 2012). Examination of the effect sizes
across studies suggests that the two non-significant investigations (Gershon et al., 2012; St-
Amand et al, 2013) may have been under-powered to detect statistically significant
differences. However, it was not possible to compute the effect size of the findings reported

by Ritter and colleagues (2012) due to an absence of reported means and standard deviations.

Studies which assessed sleep efficiency using actigraphy, consistently reported no
difference between euthymic bipolar individuals and controls (Gershon et al., 2012; Jones et
al., 2005; Millar et al., 2004; Ritter et al., 2012; St-Amand et al., 2013). However, subjective
findings were mixed with two studies reporting significantly poorer sleep efficiency in
euthymic bipolar individuals compared to controls (Harvey et al., 2005; Talbot et al., 2012),
and three reporting non-significant group differences (Gershon et al., 2012; Millar et al., 2004;
St-Amand et al., 2013). Examination of effect sizes indicates that the latter studies may have
lacked statistical power in comparison to the investigations conducted by Harvey et al. (2005)

and Talbot et al. (2012).

Evidence based on actigraphy indicates a lack of significant differences in sleep
duration variability between euthymic bipolar and control individuals (Gershon et al., 2012;
Jones et al., 2005; Ritter et al., 2012). However, Millar et al. (2004) reported significantly
greater sleep duration variability in euthymic bipolar individuals. Unlike the other three
studies, Millar et al. (2004) did not attempt to correct for multiple testing which may explain
the contradictory results. This idea is strengthened by the fact that Millar et al. (2004) reported
higher subjective sleep duration variability in contrast to Gershon and colleagues (2012), who

found no difference when a corrected significance level was applied (i.e. p< 0.00625).
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Non-significant differences in actigraphically-measured sleep efficiency variability
between euthymic bipolar and control participants, were reported across all studies (Gershon
et al., 2012; Jones et al., 2005; Millar et al., 2004; Ritter et al., 2012). Examination of the non-
significant results did not indicate any consistent trends in the data. The two studies which
considered sleep efficiency variability based on subjective sleep data, both observed
significantly greater variability in the bipolar group as opposed to the control group (Millar et
al., 2004; Gershon et al., 2012). Viewed together, the findings suggest that during periods of
euthymia, individuals with bipolar disorder may misperceive the amount of sleep they get
each night, and/or the amount of time they spend in bed. Inspection of the data reported by
Gershon et al. (2012) supports this idea, with subjective estimates of the variability of total
sleep time far exceeding objective estimates in the bipolar sample. Furthermore, Harvey et al.
(2005) reported higher scores on the DBAS (Morin, 1993), a measure of dysfunctional
attitudes and beliefs about sleep, in her euthymic bipolar sample compared to a healthy
control group, indicating that even during euthymia bipolar individuals possess maladaptive

beliefs about sleep.

Studies comparing bipolar and control individuals on actigraphically-measured SOL
variability, converge on the lack of significant group differences (Gershon et al., 2012; Jones
et al., 2005; Millar et al., 2004; Ritter et al., 2012). However, an overall non-significant trend
for greater variability in euthymic bipolar individuals was demonstrated. Of the two studies to
report findings on self-reported SOL variability, Millar and colleagues (2004) observed
significantly greater variability in the bipolar group as opposed to the control group, whilst

Gershon et al. (2012) reported non-significant results in the same direction.

Only one study considered REM sleep during periods of euthymia in comparison to
non-clinical controls (Eidelman et al., 2010). No significant group differences were observed
in NREM sleep, REM latency, or the percentage of time spent in REM sleep. However,

euthymic bipolar individuals did demonstrate significantly higher REM density than control

participants.
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Studies which compared euthymic bipolar individuals and individuals with insomnia,
have reported inconsistent findings (Harvey et al., 2005; St-Amand et al., 2013; Talbot et al.,
2012). Two studies assessed sleep parameters using actigraphy, both reporting non-significant
differences in the amount of time spent awake during the sleep period (i.e. wake after sleep
onset or WASO) and SOL between insomnia and bipolar individuals (Harvey et al., 2005; St-
Amand et al., 2013). However, the studies differ with regard to self-reported estimates of
these concepts. St-Amand et al. (2013) reported significantly shorter subjective SOL and
WASO in the bipolar group as compared to the insomnia group, corroborating findings
reported by Talbot et al. (2012). Although Harvey et al. (2005) reported non-significant
differences in subjective WASO, the data reflect a trend in the same direction. Therefore the
difference in findings may relate to differences in the significance level applied by Harvey et
al. (2005) in comparison to the other studies (i.e p<0.02 vs p<0.05). Results regarding
subjective SOL however reflect a non-significant trend in the opposite direction, such that the

bipolar participants reported fonger SOL than the insomnia participants (Harvey et al., 2005).

Reports of objectively measured total sleep time (TST) in bipolar and insomnia
populations are inconsistent. Whereas Harvey et al. (2005) observed longer periods of TST in
the bipolar group, St-Amand et al. (2013) did not observe significant group differences. St-
Amand et al. (2013) also reported longer subjective TST and higher subjective sleep
efficiency in euthymic bipolar individuals as compared to individuals with insomnia, whereas
both Harvey et al. (2005) and Talbot et al. (2012) did not observe significant differences
between the groups. Although St-Amand and colleagues (2013) monitored participants over
the longest period, strengthening the reliability of the results, the results reported by the two

earlier investigations are based upon larger samples, thus reducing the likelihood of Type 11

error (see Table 1).
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2.4.3.3 Is there a relationship between sleep disturbance and mood in euthymic bipolar

populations?

Two studies observed negative associations between sleep duration and symptoms of
mania in euthymic bipolar individuals (Bauer, Grof, Rasgon, Bschor et al., 2006; Gruber,
Miklowitz, Harvey et al., 2011). Bauer et al. (2006) also observed a positive relationship
between longer self-reported sleep duration and depressed mood the following day, later
reporting that sleep duration was more strongly associated with an oncoming mood change
than either sleep onset or sleep offset (Bauer, Glenn, Grof et al., 2009). Similarly, Kaplan,
Gruber, Eidelman et al. (2011) found hypersomnia to be positively associated with the

severity of depressive symptoms 6 months later.

Talbot et al. (2012) assessed bi-directional relationships between self-reported sleep and
mood in a euthymic bipolar sample. The authors reported that higher ‘total wake time’ (TWT;
i.e., total time spent awake during the sleep period) significantly predicted lower positive
mood and higher negative mood on the subsequent morning. Additionally, increases in

evening negative mood were predictive of increases in TWT on the same night.

Gershon and colleagues (2012) reported a positive correlation between actigraphically-
measured SOL and negative mood over 8 weeks in both euthymic bipolar and control
participants, suggesting that the longer it takes someone to fall asleep, the more negative their
mood will be regardless of their diagnostic status. Conversely, Jones et al. (2005) failed to
observe significant relationships between mood symptoms and actigraphically-measured
SOL. However, it is possible that the relationship between SOL and negative mood represents
a small effect, therefore the shorter monitoring period employed in the latter study (see Table

2) may underlie the conflicting findings.

Talbot, Hairston, Eidelman et al. (2009) reported a significant decrease in self-reported
SOL following a negative mood induction compared to a neutral mood induction, in both

euthymic bipolar and control participants. This suggests that individuals fall asleep quicker
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when experiencing a negative mood compared to a neutral mood, which is at odds with the
findings described above. However, as the results of Talbot et al. (2009) reflect the
relationship between SOL and induced negative mood, whereas the findings reported by
Gershon et al. (2012) reflect the relationship between SOL and self-reported negative mood,
direct comparison between the two studies may be inappropriate. It is also important to note
that a substantial proportion of the participants studied by Talbot et al. (2009) did not reach
the specified threshold in the negative mood induction condition, and it is unclear how long
the effects of the mood induction lasted for after the procedure had ended and the participants

had gone to bed.

In terms of the relationship between REM sleep and mood, Talbot et al. (2009) reported
an increase in REM density following negative mood induction in both euthymic bipolar and
control participants. Eidelman et al. (2010) did not observe significant relationships between
REM density and depressive or manic symptoms at baseline, although the authors did observe
a positive correlation between baseline REM density and depressive symptoms at 3 month
follow-up. Again, as induced negative mood is not necessarily equivalent to subsyndromal

symptoms of depression, it is difficult to draw direct comparison between the two studies.

2.4.3.4 Is there a relationship between sleep disturbance and clinical status in bipolar

disorder?

Ten studies monitored sleep during periods of illness and euthymia in bipolar
populations (Fossion, Staner, Dramaix et al., 1998; Gruber, Harvey, Wang et al., 2009;
Hudson, Lipinski, Keck et al., 1992; Liebenluft, Albert, Rosenthal et al., 1996; Nofzinger,
Thase, Reynolds 11l et al., 1991; Perlman, Johnson & Mellman, 2006; Robillard, Naismith,
Rogers et al., 2013; Salvatore et al., 2008, Shen et al., 2008a; Thase, Himmelhoch, Mallinger
et al., 1989). In comparison to non-clinical controls, bipolar individuals were found to

demonstrate reduced sleep efficiency during both manic and depressive episodes (Hudson et
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al., 1992; Robillard et al., 2013). One study also observed shorter REM latency and higher
REM density in bipolar individuals experiencing a manic episode compared to non-clinical
controls (Hudson et al., 1992). Significant group differences in REM sleep were not observed

in depressed bipolar individuals compared to controls however (Thase et al., 1989).

Gruber et al. (2009) categorised individuals with bipolar disorder as short sleepers (i.e. <
6 hours sleep per night), normal sleepers (i.e. 6.5 to 8.5 hours sleep per night) or long sleepers
(i.e. > 9 hours sleep per night) based upon self-reported sleep duration. A greater proportion of
individuals from within the short (n=641) and long (n=467) sleeper groups were depressed
compared to the normal sleepers (n=760). Of the normal sleeper group, the majority were
euthymic (51.7%). Short sleepers demonstrated longer illness duration and more severe
symptoms of mania, depression, and anxiety compared to the other two groups. Of the short
sleeper group, 23.7% exhibited elevated mood in comparison to 9.1% and 6.9% of the normal
and long sleeper groups respectively. Furthermore, Liebenluft et al. (1996) found that longer
sleep duration was associated with a reduced probability of experiencing symptoms of mania

and hypomania the following day.

Three studies failed to identify a significant relationship between sleep duration and
mania/hypomania (Perlman et al., 2006; Salvatore et al., 2008; Shen et al., 2008a), two of
which also reported non-significant relationships between sleep duration and depression
(Perlman et al., 2006; Shen et al., 2008a). However, Periman and colleagues (2006) did
observe a significant correlation at 6 months, such that shorter sleep duration predicted more
severe depressive symptoms. In light of the results reported by Gruber et al. (2009). it is
possible that the inconsistency in findings reflects the fact that having both too little and too

much sleep is associated with illness severity in bipolar disorder.

In a qualitative study of high functioning individuals with bipolar disorder, sufficient and
regular sleep was highlighted as a key strategy for preventing relapse (Murray, Suto, Hole et

al_, 2011). This finding compliments those reported by Gruber et al. (2009), who found that
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both long and short sleepers demonstrated greater depressive symptom severity compared to
normal sleepers, with long sleepers exhibiting significantly greater sleep variability. Similarly
Shen et al. (2008a) found that greater variability in sleep duration over a 2 week period
positively correlated with higher depressive symptom scores in individuals meeting criteria
for cyclothymia. However, sleep duration variability did not significantly correlate with

symptoms of hypomania.

Few studies assessed sleep in bipolar disorder compared to other severe conditions. Two
studies compared sleep in depressed bipolar patients and depressed unipolar patients (Fossion
et al., 1998; Robillard et al., 2013). Fossion et al. (1998) did not observe significant
differences between the two groups on any sleep variable using PSG. Similarly Robillard et
al. (2013) did not observe significant group differences in WASO or TST based on seven days
of actigraphy recording. However, when focusing purely on the weekend period, bipolar
participants demonstrated significantly longer TST compared to the unipolar participants
(Robillard et al., 2013). Robillard et al. (2013) also found that a greater proportion of the
bipolar patients exhibited a delayed sleep phase (i.e. fell asleep later and woke up later)
compared to the unipolar participants, and generally spent more time in bed. Nofzinger et al.
(1991) investigated the sleep profiles of depressed individuals with bipolar disorder, in
comparison to individuals with narcolepsy, reporting shorter REM latency, lower REM
density and longer SOL in the bipolar group. However, as these findings are based on a single

study, they must be viewed with caution.

2.4.4 Activity

2.4.4.1 Do non-clinical individuals at high-risk for bipolar disorder exhibit activity rhythm

disturbance?

Four studies examined activity rhythms in individuals deemed to be at high-risk for

developing bipolar disorder (Ankers & Jones. 2009; Indic, Salvatore, Maggini et al., 2011:
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Ritter et al., 2012; Bullock & Murray, 2013). Activity patterns are often measured in terms of
interdaily stability (IS; the degree of resemblance between activity patterns on individual
days), intradaily variability (IV; the extent of fragmentation), and relative amplitude (RA; the

amplitude of an activity rhythm).

Of the three studies to examine between group differences in IS, IV, and average levels
of activity, none observed significant differences between control participants and individuals
at risk (Ankers & Jones, 2009; Ritter et al., 2012; Bullock & Murray, 2013). However, two
studies did observe significantly lower RA in high-risk individuals (Ankers & Jones, 2009;
Bullock & Murray, 2013). Bullock and Murray (2013) investigated this finding further by
comparing individuals with and without a history of previous major depressive episode
(MDE), who also scored highly on the GBI (Depue et al., 1989). Overall, those with a history
of previous MDE, exhibited significantly lower RA compared to those without. Additionally,
high GBI scorers with a past history of MDE, demonstrated significantly lower RA compared
to the low GBI group as a whole (i.e. regardless of past MDE status). High GBI scorers
without a past history of MDE however, did not differ significantly from the low GBI scorers
as a whole. Viewed together, the results indicate an important relationship between RA and

previous MDE in individuals at high-behavioural risk for bipolar disorder.

Indic and colleagues (2011; 2012) examined the amplitudes of activity rhythms over 2
hour intervals to produce the vulnerability index’, or VI, which represents the scale-
invariance of physical activity patterns. Scale invariance refers to the observation that certain
features of complex biological systems look the same when viewed on both small and large
scales (Gisiger, 2001). It is proposed that the suprachiasmatic nucleus (SCN), which is
thought to regulate circadian rhythms, underlies the scale-invariant properties of human
activity patterns (Hu, Scheer, Ivanov et al., 2007). Indic et al. (2011) investigated the ability of
the VI to distinguish between individuals at varying levels of risk for bipolar disorder. The
authors found that the VI score increased with risk, such that controls exhibited the lowest V1,

followed by high-risk participants, followed by individuals with diagnosed bipolar disorder.
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2.4.4.2 Do euthymic bipolar individuals exhibit activity rhythm disturbance?

Four studies explored the nature of physical activity rhythms in euthymic bipolar
populations (Harvey et al., 2005; Jones et al., 2005; Salvatore et al., 2008; Indic et al., 2011).
Two studies found that euthymic bipolar individuals did not differ significantly from healthy
controls in terms of RA (Jones et al., 2005; Salvatore et al., 2008). However, a later study by
Indic and colleagues (2011) reported significant differences between these two populations
when amplitude was considered over 2 hour intervals represented by the VI as described
above. Indic et al. (2011) found the VI was able to distinguish between individuals with and
without bipolar disorder. Interestingly, Jones et al. (2005) found that IV significantly
predicted group membership in bipolar and control participants, such that individuals with
bipolar disorder exhibited a much more disjointed activity pattern compared to controls.
Studies also reported lower activity levels in euthymic bipolar individuals as opposed to

controls (Harvey et al., 2005; Jones et al., 2005; Salvatore et al., 2008).

2.4.4.3 Is there a relationship between activity rhythm disturbance and mood in bipolar

disorder?

Activity rhythms were not found to correlate significantly with affective symptoms
during periods of euthymia or illness (Jones et al., 2005 and Salvatore et al., 2008
respectively). Whilst Indic et al. (2011) reported similar findings regarding depressive
symptoms, the authors found that both self-rated, and clinician-rated symptoms of mania,
were positively associated with V1 score. Furthermore, Benedetti, Dallaspezia, Fulgosi et al.
(2007) found that depressed individuals who demonstrated a 50 percent reduction in
depressive symptom scores in response to chronotherapy, also exhibited significant increases

in activity levels post treatment.

Mixed and manic episodes were associated with higher night time activity and lower RA

in comparison to periods of euthymia (Salvatore et al., 2008). Bipolar participants
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experiencing mixed or manic states also demonstrated lower daytime activity and lower RA
compared to controls. Indic et al. (2011) observed increasing VI scores in major depression,
mild depression, mild mixed states, hypomania, mixed states and mania respectively. The
research team subsequently reported evidence of higher VI scores in depressed individuals
with Bipolar I disorder as opposed to Bipolar II disorder (Indic et al., 2012), and were able to
distinguish between depressed bipolar and depressed unipolar participants based on the VI.
This is a noteworthy finding, as earlier studies failed to observe significant differences in the
activity rhythms of depressed bipolar versus depressed unipolar individuals (Kuhs & Reschke,

1992).

2.4.5 Social Rhythms

2.4.5.1 Do non-clinical individuals at high-risk for bipolar disorder exhibit low social rhythm

regularity?

Two studies explored social rhythm regularity in individuals considered to be at high
behavioural risk for developing bipolar disorder (Meyer & Maier, 2006; Bullock, Judd &
Murray, 2011). Both studies observed lower social rhythm regularity in high-risk individuals
compared to controls. Meyer and Maier (2006) also examined social rhythms in individuals
deemed at risk for unipolar disorder, observing very similar social rhythm regularity scores to
the controls. Bullock et al. (2011) found that neither the high-risk, nor control participants,
differed significantly from those with a clinical diagnosis of bipolar disorder in terms of social
rhythm regularity. However, as the authors point out, the use of the SRM-5 over such a short
time frame (see Table 1) has not yet been validated, which raises concerns regarding the

reliability of the findings.

70



2.4.5.2 Do euthymic bipolar individuals exhibit low social rhythm regularity?

Seven studies compared the social rhythm regularity of euthymic bipolar individuals, to
that of non-clinical controls (Jones et al., 2005; Jones, Tai, Evershed et al., 2006; Bullock et
al.,, 2011; Shen et al., 2008b; Sylvia et al., 2009; Boland, Bender, Alloy et al., 2012; St-
Amand et al., 2013), four of which reported lower social rhythm regularity in the bipolar
samples (Shen et al., 2008b; Sylvia et al., 2009; Boland et al., 2012; St-Amand et al., 2013).
Three studies did not find significant differences in social rhythm regularity between the two
populations (Jones et al., 2005; 2006; Bullock et al., 2011), however inspection of effect sizes

suggests that the non-significant studies may have been under-powered.

Two studies reported findings relating to the average frequency with which regular
activities were performed by bipolar and control participants (Jones et al., 2006; Shen et al.,
2008a). Whilst Shen et al. (2008b) reported similar average frequency scores between the two
groups, Jones et al. (2006) found that bipolar participants demonstrated a much lower average
frequency in comparison to controls. However, differences in the measure of social rhythm
regularity employed in each study (see Table 1), indicates that the findings may reflect

differences in state versus trait-like social rhythm regularity.

In an effort to test the principles of the social zeitgeber theory, two studies explored the
relationship between social rhythm regularity and social rhythm-disrupting events (i.e. SRD
events; Sylvia et al., 2009; Boland et al., 2012). SRD events refer to events associated with
disruptions to the sleep-wake cycle, such as becoming unemployed or travelling overseas
(Malkoff-Schwartz, Frank, Anderson et al., 1998). In support of the social zeitgeber
hypothesis, both studies found that such events were more frequently experienced by
individuals with bipolar disorder in comparison to controls (Sylvia et al., 2009; Boland et al.,
2012). A similar pattern of findings was also observed in relation to ‘sleep loss’\ events (i.e.
events associated with at least 1 hour of reduced sleep). Interestingly however, these studies

failed to observe significant predictive relationships between the number, or type of, life
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events experienced, and trait-level social rhythm regularity (Sylvia et al., 2009; Boland et al.,

2012).

2.4.5.3 Is there a relationship between social rhythm regularity and mood in bipolar

disorder?

One study assessed relationships between SRD events and subsyndromal symptoms in
euthymic bipolar individuals (Sylvia et al., 2009). Participants reported significantly greater
symptoms of depression following an SRD event compared to the period before such an event
had occurred. Relationships between SRD events and hypomanic symptoms were not
significant, however. Mixed results were reported regarding the longitudinal relationship
between social rhythm regularity and depression, with lower regularity scores predicting
greater symptoms of depression at some follow-up points but not others (Sylvia et al., 2009).
A more consistent pattern of results was observed regarding sleep loss events however, with
an increase in such events predicting increases in depressive symptoms at 8 and 12 months.
Sleep loss events significantly predicted hypomanic symptoms at 12 months but not 8 months
(Sylvia et al., 2009), highlighting the need for further investigation into the relationship

between sleep loss events and mood symptoms during euthymia.

One study reported a significant cross-sectional relationship between social rhythm
regularity and symptoms of depression during cyclothymia, such that individuals who
performed a greater number of regular activities also exhibited less severe symptoms of
depression over a 2 week period (Shen et al., 2008a). However, changes in social rhythm
regularity did not correspond to changes in depressive symptom scores over a 4-week period.
Social rhythm regularity also did not significantly predict time to manic, hypomanic or
depressive episode onset (Shen et al., 2008b; Sylvia et al., 2009). However, significant
findings were reported regarding relationships between social rhythm regularity and type of

episode. For example, Sylvia et al. (2009) found that depressive episodes tended to be
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preceded by a significantly greater number of SRD events than hypomanic episodes, and
Malkoff-Schwartz et al. (1998; Malkoff-Schwartz, Frank, Anderson et al., 2000) reported that

SRD events were more closely linked to the onset of manic episodes than depressive episodes.

2.4.6 Interventions

2.4.6.1 Are chronotherapeutic interventions effective in alleviating symploms of bipolar

depression?

Chronotherapeutic interventions refer to treatments which target circadian rhythms such
as light therapy (LT) or total sleep deprivation (TSD; Germain & Kupfer, 2008). LT involves
exposure to a device which emits bright light at a particular intensity for a specified period of
time, and has been shown to produce an anti-depre;ssant response in various mood disorders
(Oren, Wisner, Spinelli et al., 2002; Pail, Huf, Pjrek et al., 2011). TSD involves restricting the
amount of sleep an individual receives, normally by preventing sleep for least one night

(Schiffer, Rao & Fogel, 2003).

Four studies explored the impact of various chronotherapeutic interventions upon mood
symptoms in depressed bipolar individuals (Colombo, Benedetti, Barbini et al., 1999;
Benedetti et al., 2007; Wu, Kelsoe, Schachat et al., 2009; Dauphinais, Rosenthal, Terman et
al., 2012). Dauphinais et al. (2012) compared the anti-depressant effect of LT to that of
negative air ions, and concluded that both treatments were equally effective, with anti-
depressant effects lasting up to 8 weeks. Colombo et al. (1999) explored the rate of shifts from
depression into mania and hypomania, following three cycles of TSD. The authors observed
manic episode shifts in 4.85% of the sample, and shifts into hypomanic episodes in 5.83% of
the sample, producing similar effects to those generated by anti-depressant pharmacotherapy

(Peet, 1994).
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Two studies assessed the efficacy of combined LT and TSD for bipolar depression,
reporting significant decreases in symptoms over a matter of days (Benedetti et al., 2007; Wu
et al., 2009). Wu et al. (2009) assessed the efficacy of chronotherapy as an adjunct to
medication, and found that adjunctive chronotherapy was significantly more effective in
reducing symptoms of depression over 7 weeks than medication alone. However, the
chronotherapy intervention received by participants included TSD, LT and sleep phase
advance treatment. Therefore it is impossible to determine which aspects of this programme
were instrumental in producing mood change. The reviewed studies also indicate that
chronotherapy is not effective for all depressed bipolar individuals, with numbers of non-
responders ranging from 29.6% (n=8/27) to 50% (n=9/18; Benedetti et al., 2007, Wu et al.,

2009; Dauphinais et al., 2012).

2.4.6.2 Are social rhythm-stabilising interventions effective in alleviating symptoms of mania

and depression in bipolar disorder?

Based on the principles of the social zeitgeber hypothesis, Frank and colleagues (2000)
developed a therapeutic approach known as Interpersonal and Social Rhythm Therapy
(IPSRT). This approach adopts elements of interpersonal psychotherapy, cognitive

behavioural therapy and psychoeducation, with the aim of increasing social rhythm regularity.

Four studies assessed the efficacy of IPSRT for individuals with bipolar disorder (Swartz,
Pilkonis, Frank et al., 2005; Swartz, Frank, Frankel et al., 2009; Swartz, Frank & Cheng,
2012; Miklowitz, Otto, Frank et al., 2007). IPSRT demonstrated positive results in reducing
symptoms of mania, hypomania and depression (Swartz et al., 2009; 2012). Reported rates of
stabilisation were also positive, ranging from 25% (n= 3/12) to 74% (n= 43/58) of the sample
(Swartz et al., 2005; 2009; Miklowitz et al., 2007). Of those studied by Swartz et al. (2009), 7
dropped out leaving only 10 participants who had actually received the full 12 week IPSRT

intervention. Of these 10 individuals, 3 (i.e. 30%) did not demonstrate a significant treatment
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response (i.e. a 50% reduction in depressive symptom scores from baseline). Interestingly,
Swartz et al. (2005) found that 75% (n=9/12) of individuals who met diagnostic criteria for
both Bipolar I Disorder and Borderline Personality Disorder (BPD), failed to reach
stabilisation following IPSRT in comparison to 26% (15/58) of individuals who met criteria

for Bipolar I Disorder only.

Shen et al. (2008a) assessed the impact of instructing and encouraging cyclothymic
individuals to regulate their daily routines over a period of 4 weeks. Although improvements
in mood symptoms and mood variability were observed over time, these changes did not
occur as a result of increasing lifestyle regularity. These results imply that the relationship
between social rhythm regularity and mood in bipolar populations may not be a direct one,
adding support to the social zeitgeber hypothesis and Jones’ (2001) account of bipolar

disorder.

The reviewed studies also indicate that IPSRT is no more effective than other available
forms of treatment for bipolar disorder such as quetiapine, family-focused therapy, or CBT
(Miklowitz et al., 2007; Swartz et al., 2012). Similar rates of attrition and treatment

satisfaction were also reported when comparing IPSRT with alternative treatment methods.

2.5 Discussion
2.5.1 Summary of the Findings

2.5.1.1 Do non-clinical individuals at high-risk for bipolar disorder exhibit circadian and

social rhythm instability?

There is preliminary evidence to suggest that sleep variability rather than sleep quantity
or quality, may serve as a useful marker for risk. This idea is supported by qualitative data
regarding the importance of regular sleep in euthymic bipolar populations (Murray et al.,

2011). In terms of the stability of activity rhythms, both within and across days, the evidence
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reviewed suggests that high-risk individuals do not differ significantly from healthy controls.
However, preliminary evidence suggests that the amplitude of activity rhythms may serve as a
useful marker for risk. Evidence regarding social rhythms indicates a negative relationship
between behavioural risk and regularity, which is consistent with the observation of greater

variability in the sleep patterns of high-risk individuals.

2.5.1.2 Do euthymic bipolar individuals exhibit circadian and social rhythm instability?

Despite the amount of research concerning sleep during periods of euthymia, the
available evidence is very mixed. Euthymic bipolar individuals consistently demonstrated
similar SOL, sleep efficiency and WASO in comparison to non-clinical controls when
assessed using actigraphy. When viewed independently, these findings suggest that euthymic
periods of bipolar disorder are not associated with significant sleep disruption. However,
when viewed together with subjective sleep estimates, the evidence indicates that bipolar
individuals perceive the quality of their sleep to be much worse. As findings based on
actigraphy do not offer insights into sleep architecture, it is possible that sleep quality as
defined by the amount of time spent in each sleep stage, rather than defined by actigraphic
indices of sleep, is significantly worse in euthymic bipolar populations compared to controls.
This is supported by findings of higher REM density in euthymic bipolar individuals.
Alternatively, it may be that euthymic bipolar individuals misperceive their sleep, as

suggested by Harvey et al. (2005).

Few studies considered activity rhythm instability in euthymic bipolar populations.
However, emerging evidence regarding the VI suggests that certain features of activity
rhythms may be strongly implicated in bipolar disorder. If replicated, these findings may hold
important treatment implications such as the incorporation of actigraphic monitoring within

self-management techniques.
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The available evidence indicates that euthymic bipolar individuals exhibit lower social
rhythm regularity compared to controls, and also tend to experience a higher number of SRD
events. This suggests that disruptions in social rhythms are not merely the consequence of
severe mood change in bipolar disorder, but are present throughout. When viewed together
with evidence of social rhythm regularity in high-risk populations, the research suggests that

low social rhythm regularity may serve as a trait marker for bipolar illness.

2.5.1.3 How does circadian and social rhythm instability interact with mood in bipolar

disorder?

The available evidence suggests that the relationship between rhythmic disturbances
and mood in bipolar disorder may be bi-directional. Evidence of significant associations
between sleep duration and mood symptoms during euthymia, adds further support to models
which emphasize the role of circadian rhythm disruption in bipolar mood change (Goodwin &
Jamison, 1990; Jones, 2001). These findings also hold important treatment implications,
suggesting that the objective self-monitoring of sleep duration may be useful in identifying

prodromal signs of an oncoming mood episode.

Emerging evidence regarding the VI suggests that activity rhythms differ significantly
across mood episodes. Such evidence suggests that the relationship between activity rhythms
and clinical states may be much more complex than once thought, with differences between
clinical groups only becoming visible when we consider complex equations such as the VI,

rather than focusing on average levels of activity.

Studies concerning the relationship between social rhythms and mood in bipolar
disorder, are severely lacking. Based on the available evidence, SRD events appear to be more
strongly related to periods of mania and depression than periods of hypomania or
cyclothymia, reflecting differences in the severity of these episodes (American Psychiatric

Association, 2000).
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2.5.1.4 Are interventions which target circadian and social rhythms effective for individuals

with bipolar disorder?

Chronotherapeutic interventions demonstrated significant, short-term, anti-depressant
treatment effects. Similarly, IPSRT was shown to produce positive, albeit modest, treatment
effects during acute bipolar mood states. Studies which have compared IPSRT with other
psychotherapeutic treatments, in addition to medication, suggest that these treatments are
equally effective in terms of reducing symptom severity and promoting recovery in bipolar
disorder. However, there is also evidence to suggest that comorbidities in bipolar disorder

may have a detrimental impact on treatment response.

2.5.2 Implications for Future Research and Practice

Available evidence regarding relationships between circadian and social rhythms and risk
for bipolar disorder, is severely lacking. Since the review of Grandin et al. (2006), which
emphasized the need for further research into social rhythm regularity in high-risk individuals,
there have been only two such investigations. It is crucial that future research efforts are
directed towards the assessment of circadian and social rhythm instability in populations
considered at risk, to validate preliminary evidence of increased sleep pattern variability,
lower social rhythm regularity, and reduced activity rhythm amplitudes in high-risk
populations. Exploration of circadian and social rhythm abnormalities in familial high-risk
populations also demands further attention, particularly in light of theories which emphasize
the role of genes in circadian functioning (McClung, 2007; 2011; Murray & Harvey, 2010).
Identification of vulnerability markers for bipolar disorder will improve our understanding of
the development of the disorder, whilst also informing screening protocols and preventative

interventions.

Conflicting evidence regarding objective versus subjective sleep estimates, highlights the

need to re-evaluate definitions of sleep quality in bipolar disorder. Further research is also
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required to investigate claims that euthymic bipolar individuals may misperceive their sleep,
as this will have important implications for cognitive interventions. Mixed evidence
concerning circadian disturbances in bipolar populations, may partly relate to inconsistencies
in how certain methodologies are applied. The methodological characteristics of actigraphy
studies for example, vary widely from the type of actiwatch used to the scoring algorithm
employed. There is evidence to suggest that these subtle differences may influence the
sensitivity and specificity of various sleep parameters including sleep duration and SOL
(Boudebesse, Leboyer, Begley et al., 2013), indicating that some designs will be better suited
than others in answering particular questions. This demonstrates the importance of future
investigations to provide detail and clarity in the methodology used so that accurate

comparisons may be drawn between studies.

Although available evidence points to a significant relationship between sleep duration
and symptoms of mania and depression in bipolar disorder, our understanding of the processes
which underlie this relationship remains limited. Previous studies have highlighted a number
of factors which may influence the relationship between circadian disturbance and mood,
from dopaminergic pathways to appraisal style (Murray & Harvey, 2010; Jones, 2001). Future
investigations should seek to examine potential interactions between these variables to
improve our understanding of this relationship. Central to this issue is the need for more
sophisticated designs which include populations who exhibit similar abnormalities in
circadian and social rhythms to bipolar populations, and yet do not experience the same
degree of mood disturbance. This will allow for the examination of underlying factors which

may interact with rhythmic disturbances to produce mood change in bipolar disorder.

Evidence regarding relationships between social rhythm regularity and mood indicate
that interventions aimed at stabilising social rhythms, such as IPSRT, may be more effective
in preventing relapse for individuals with Bipolar I than Bipolar II disorder. It is therefore

important that future investigations explore circadian and social rhythm instability across

different bipolar subtypes.
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In terms of activity rhythm abnormalities, emerging evidence concerning the VI suggests
that the relationship between physical activity and bipolar disorder is highly significant. It is
hoped that research teams will continue to explore the role of the VI in bipolar disorder and

similar conditions, particularly with regard to mood change.

None of the studies identified in the present review explored chronotherapeutic
approaches for mania. This is an area that demands further exploration, particularly given
preliminary evidence of a negative relationship between sleep duration and (hypo)mania
(Liebenluft et al., 1996). Further research into possible treatment mechanisms underlying
chronotherapeutic treatments has been previously advocated by Murray and Harvey (2010).
However, we were only able to identify one such study which had been published after 2010.
The available evidence indicates that chronotherapeutic interventions can be very effective,
and are also viewed favourably by service users. However, this evidence is limited in that it
does not address the long-term effects of chronotherapy, nor offer any indication as to the

mechanisms underlying these anti-depressant effects.

Evidence concerning the efficacy of interventions which target circadian and social
rhythm processes, is limited in terms of sample size and follow-up period. Without further
replication of these findings on a larger scale, it is unclear how effective such interventions
are in the long-term. This information will be essential in assessing the cost-effectiveness of
alternative treatment options for individuals with bipolar disorder, and is particularly
important given the current economic climate and proposed cuts to NHS services (Roberts,

Marshall & Charlesworth, 2012).

2.5.3 Limitations of the Present Review

In drawing attention to the methodological drawbacks of the studies reviewed, it is also
important to acknowledge the limitations of the review itself. Only studies available in

English were included, which may have caused a bias towards identification of studies
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conducted by research teams in the USA. Dissertation abstracts were also excluded. which

may have resulted in unpublished. significant findings being overlooked.

Due to the focus on circadian rhythm instability within adult populations, it is possible
that relevant studies involving familial high-risk populations, such as children of bipolar
parents, were overlooked. However, due to the developmental changes in sleep-wake patterns
that take place during childhood through to adolescence (see Harvey, Mullin & Hinshaw.
2006 for a review), it was felt that restricting the age of the samples studied to 18 and above
would enable a more accurate comparison between other high-risk studies involving adults.
This is particularly relevant given evidence that the “adult™ sleep cycle only becomes

established during adolescence (Carskadon & Dement, 2003).

Whilst we have attempted to synthesize findings of different studies in order to provide a
comprehensive review of the evidence, advances in actigraphy technology over the past
decade may invalidate direct comparisons between similar studies due to differences in how
the data is processed within different devices (Welk, McClain & Ainsworth, 2012). Therefore
discrepancies in the findings of old and new actigraphy studies should be viewed with this in

mind.

2.5.4 Conclusion

The present review examined the relationship between circadian and social rhythm
instability, and mood in bipolar disorder. Preliminary evidence of circadian and social rhythm
abnormalities in populations at behavioural high-risk for bipolar disorder, was identified.
Inconsistencies regarding reports of sleep quality and social rhythm regularity in bipolar
disorder, highlight a number of methodological issues that require attention in future
investigations. The state of the evidence concerning abnormalities in activity rhythms in
bipolar disorder is also unclear, mainly due to a lack of research in this area. However, recent

evidence of a ‘vulnerability index’ in bipolar disorder has opened up a new and exciting area
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of investigation that will hopefully serve to clarify the nature of activity rhythms in bipolar
disorder. Although there is evidence that interventions which target rhythmic disturbance
produce positive outcomes for individuals with bipolar disorder, the underlying mechanisms
involved, in addition to the long-term efficacy of these interventions, is under-researched. We
therefore urge research teams to concentrate their efforts on improving current understanding

of these issues.
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3.1 Abstract

Bipolar disorder is characterised by extreme shifts in mood which can have a deleterious
impact upon one’s quality of life and ability to function. Interest in the role of cognition in
bipolar disorder has increased over recent years, stimulating the development of multilevel
cognitive models of bipolar disorder which emphasize the importance of multiple and
interacting cognitive processes. To assess the validity of these models, the present review
examined available evidence concerning the role of cognitive styles in both non-clinical high-
risk populations, and clinical bipolar populations. Integration of the findings suggests that
individuals at familial high-risk for bipolar disorder do not exhibit maladaptive cognitive
styles. Conversely, behavioural risk for bipolar disorder was positively related to
dysfunctional attitudes and a tendency to form multiple, internal appraisals of experiences.
The evidence reviewed also indicates an important role for negative cognitive styles in bipolar
disorder. Cognitive interventions, which target maladaptive attitudes, were associated with
short-term, positive treatment effects. However it is uncertain how strongly these effects
correspond to changes in cognitive style. Implications of the findings are discussed with

reference to areas requiring further research.
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3.2 Introduction

Fluctuations in mood are a part of everyday life, from feeling frustrated when things
do not turn out as planned, to feeling positive when things go well. However, in bipolar
disorder these shifts in mood can be extreme and severely debilitating. For some individuals,
positive moods may develop into full manic episodes, characterised by elation, racing
thoughts, increased energy and an abundance of new ideas (American Psychiatric Association,
2000). Other individuals may experience less extreme elevations in mood, often referred to as
hypomania, which do not impact so significantly upon an individual’s ability to function

normally.

There are a number of models which attempt to explain the processes underlying
mood change in bipolar disorder. It is now widely accepted that the development of the
disorder involves a combination of biological, environmental and psychological factors
(Brietzke, Mansur, Soczynska et al., 2012), though different models vary greatly in the
emphasis placed upon these separate components. For example, genetic models of bipolar
disorder suggest that bipolar mood change is primarily triggered by the interaction of certain
genes which activate or deactivate the transmission of neurotransmitters, such as dopamine
and glutamate (Berk, Dodd, Kauer-Sant’Anna et al., 2007; Cherlyn, Woon, Liu et al., 2010).
Whilst biological models of bipolar disorder are useful in understanding the role of familial
risk factors and disruptions in circadian rhythms, such models are often unable to account for
the varied presentation of bipolar disorder (Jones, Hayward & Lam, 2002). Furthermore,
current evidence regarding the role of candidate genes in bipolar disorder suggests that such
factors only contribute a small amount to the susceptibility and recurrence of bipolar mood

episodes (Greenwood, Badner, Byerley et al., 2013).

Research into psychosocial factors associated with bipolar disorder, such as life events
and cognitive style, indicates that non-biological factors play an important role in the

aetiology of the disorder (Jones, Lobban & Cooke, 2010). One of the first cognitive models of
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mood was proposed by Beck (1967) as an explanation for depression. According to this
model, experiences in early life shape an individual’s view of themselves, their future and the
environment in which they live. Traumatic life experiences are said to cause negative thinking
styles which become activated in response to similar, subsequent life events (Beck, 1967).
Over time these thinking styles become reinforced by further events representing trait-like
cognitive styles which lead to the tendency to misinterpret events and experiences. For
example, an individual may develop a cognitive style in which he or she views themselves as
inadequate and undesirable, perceives the world as threatening, and views the future as
hopeless. Negative life events will then be processed within these maladaptive cognitions
leading to increases in low mood (Beck, 1967). Teasdale (1983, 1988) later built upon this
model by adding that low moods may also activate negative cognitions, creating a vicious
cycle of worsening mood. This ‘differential activation hypothesis’ (DAH; Teasdale, 1983,
1988), asserts that cognitive styles are established during early episodes of depression, thus

creating an association between feeling low and thinking negatively.

The importance of cognitive styles has since been applied to the development of
mood episodes in bipolar disorder (Newman, Leahy, Beck et al., 2002). It is suggested that
events, such as circadian rhythm disruption, activate maladaptive schemas which have
developed over time as a result of early life experiences. Once activated, these schemas cause
biases in information processing by highlighting information which is consistent with the
schema. For example, during a manic episode the schema “I am talented” may direct attention
towards the achievement of goals. Conversely during a depressed episode, the schema “l am a
failure” may direct memory retrieval towards previous experiences of failure. It is suggested
that biases in information processing exacerbate the impact of maladaptive cognitions, leading
to the onset of extreme mood states. Newman et al. (2002) propose that irritability, often
observed during mixed episodes in bipolar disorder, reflects the presence of these conflicting

cognitions.
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It is also suggested that the activation of maladaptive schemas leads to maladaptive
coping strategies which create self-sustaining mood states. For example, during a depressive
episode the schema “I am unlovable” may be activated as a result of a relationship
breakdown. This schema may then trigger faulty information processing and lead to a coping
strategy which involves becoming socially withdrawn so as to prevent further experiences of
rejection. Such behaviour may promote a lonely, isolating environment, thus reinforcing the

schema “I am unlovable” and triggering further negative emotion.

Newman et al. (2002) also suggest that the relationship between cognition and mood
in bipolar disorder is bi-directional, such that the polarity of an underlying schema is
determined by an individual’s mood state. For example, the schema “I am a failure” may be
exaggerated to “I only make things worse and the world is better off without me” during a
depressed state. Yet during a manic state, this schema may be shifted towards the opposite

end of the spectrum e.g. “I can succeed at anything I want”.

Whilst early cognitive models are able to account for the presence of complex
presentations in bipolar disorder, such as mixed states, the nature of the underlying
subsystems involved is somewhat vague. More recent multilevel cognitive models offer
greater detail into these processes, and therefore present new avenues for research into
therapeutic mechanisms which will inform and improve psychological treatment approaches.
Therefore the focus of the present review will be to evaluate existing literature concerning

cognitive styles in bipolar disorder, in relation to more comprehensive multilevel approaches.

In 1997, Power and Dalgleish presented the Schematic, Propositional, Analogical and
Associative Representation Systems (SPAARS) model which illustrated how emotions may
be generated via direct, associative routes in addition to the schematic routes described by
Beck (1967) and Teasdale (1983, 1988). According to this model, an event is initially
processed by the analogical system which is concerned with sensory information, i.e. visual,

auditory, tactile, gustatory, olfactory and proprioceptive. This information is then processed at
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three different levels; propositional, associative, and schematic, which feed into one another
and may generate conflicting emotions (see Appendix 2). At the propositional level,
information is processed within the context of true or false statements such as “It is raining
outside”. Although these propositional appraisals cannot directly influence emotional states,
they feed into, and are influenced by, associative and schematic processes. Schematic
appraisals reflect the influence of personally-relevant schema relating to the self, the world
and others, such as “I am inadequate”, which then triggers an emotional reaction. At the
associative level, information is processed in relation to learned associations from previous
similar experiences, such as associating a particular piece of music with feeling relaxed. At
the associative level, information does not require schematic interpretation to trigger mood

change.

In 2001, Jones applied the SPAARS model to explain the development of extreme
mood states in bipolar disorder (see Appendix 1). Incorporating evidence of circadian rhythm
instability in bipolar disorder, Jones (2001) argues that bipolar mood change is initially
triggered by circadian rhythm-disrupting events, causing a change in internal state at the
analogical level (i.e. an increase or decrease in energy/mental activity). For example, a knee
injury may disrupt sleeping patterns causing fatigue. It is proposed that this feeling of physical
fatigue is then processed within the three systems of representation outlined above. However,
for individuals vulnerable to bipolar disorder, it is claimed that an internal cognitive bias
pervades these levels of processing, such that both positive and negative changes in internal
state are attributed to the individual themselves, resulting in extreme mood states (Jones,
2001). This may then lead to “ascent” or “descent” behaviours (i.e. behaviours which aim to
increase or decrease levels of activation; Mansell, Morrison, Reid et al., 2007), which further

exacerbate circadian rhythm disruption, creating a vicious cycle of mood escalation.

In the present review, we will consider the extent to which certain cognitive styles are
unique to bipolar disorder, and also explore the extent to which multilevel cognitive models of

mood may be applied to non-clinical high-risk populations. Evidence regarding the

97



relationship between cognitive styles and clinical states and symptoms in bipolar disorder will
be assessed, in addition to evidence pertaining to state and trait-like cognitive processes.
Finally, we will assess the efficacy of cognitive interventions for bipolar disorder and make

suggestions for future research.

3.2.1 Description of Cognitive Style Measures
3.2.1.1 Attribution

Cognitive styles are often measured in terms of attributions, or causal explanations for
events. The Attributional Style Questionnaire (ASQ; Peterson, Semmel, von Baeyer et al.,
1982) was initially developed with reference to the learned helplessness model of depression
which describes depression as a response to uncontrollable, negative life events (Abramson.
Seligman & Teasdale, 1978). According to this approach. the severity of depressed mood
triggered by such events is dictated by attributional style. Attributional style is described
within three key concepts; internality, stability and specificity (Abramson et al.. 1978).
Internality refers to the extent to which an event is perceived as being caused by the individual
(i.e. internal attribution) or as a result of external factors (i.e. external attribution). Specificity
refers to the extent to which an event is perceived as resulting from the specific conditions of
a given situation (i.e. specific attribution) , as opposed to relating to any given situation (i.e.
global attribution). Finally, stability refers to the extent to which an event is believed to be
caused by stable, fixed factors (i.e. stable attribution) rather than temporary factors (i.c.
unstable attribution). According to the learned helplessness model, individuals who form
internal, stable and global attributions for uncontrollable negative events, will be at an
increased risk of depression (Abramson et al., 1978). The ASQ is therefore intended to assess
attributional styles for hypothetical positive and negative events with respect to these three
indices, such that respondents indicate the extent to which they would perceive each event as

due to stable, specific and internal causes. Similar measures of trait-like attributional style
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include the Internal, Personal, and Situational Attributions Questionnaire (IPSAQ; Kinderman
& Bentall; 1996) and the Cognitive Style Questionnaire (CSQ; Alloy, Abramson, Hogan et

al., 2000).

3.2.1.2 Attitudes

The Dysfunctional Attitudes Scale (DAS; Weissman & Beck, 1978) is one of the
most widely used measures of negative cognitive style in psychological research (Dozois,
Covin & Brinker, 2003). It was developed with reference to Beck’s (1967) cognitive theory of
depression, and is therefore intended to assess negative attitudes towards the self, world and
future (Weissman & Beck, 1978). The DAS requires respondents to indicate the extent to
which they agree with statements representing such negative attitudes (e.g. “I should be able

to please everybody”), with higher scores indicating stronger dysfunctional attitudes.

The DAS can be separated into various subscales including Goal-Attainment,
Dependency/Approval, Anti-Dependency, Achievement, Performance, and Self-Control.
Dependency/Approval attitudes refer to the need to receive validation from others (e.g. “If
others dislike you, you cannot be happy”), with Anti-Dependency representing the opposite
(e.g. “I don’t need approval from others to be happy”). Self-Control attitudes reflect risk-
averse beliefs concerning the importance of controlling one’s emotions (e.g. “I should always
have complete control over my feelings”). Goal-Attainment attitudes reflect unrealistic goal-
striving and drive (e.g. “l1 ought to be able to solve all my problems quickly”), with
Achievement attitudes reflecting the importance of success in relation to self-worth (e.g. “If |
fail partly, it is as bad as being a complete failure”). Similarly, Performance Evaluation
attitudes reflect perfectionistic beliefs and concerns regarding disapproval from others (e.g. “If

1 do not do well all the time, people will not respect me”).
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3.2.1.3 Appraisal

Only in recent years have researchers turned their attentions towards developing scales
specifically designed to measure bipolar-specific cognitions (Mansell, 2006). In accordance
with Jones’ (2001) model of bipolar disorder, Jones and colleagues developed the Hypomanic
Interpretations Questionnaire (HIQ; Jones, Mansell & Waller, 2006b) as a measure of internal,
self-dispositional appraisals for experiences related to hypomania. The Interpretations of
Depression Questionnaire (IDQ; Jones & Day, 2008) was later developed to assess negative
self-appraisals of experiences related to depression. In both cases, respondents are asked to
rate the extent to which they agree with an internal appraisal, and an external-normalising
appraisal, of an experience. Thus each measure is composed of two subscales; an internal
appraisal subscale (i.e. the HIQ-H and the IDQ-D) and a normalising appraisal subscale (i.e.
the HIQ-N and the IDQ-N). Scores on the HIQ-H have been found to relate positively to
hypomanic personality traits (Jones et al., 2006b), whilst scores on the IDQ-D have been

found to positively correlate with symptoms of depression (Jones & Day, 2008).

The Hypomanic Attitudes and Positive Predictions Inventory (HAPPI; Mansell &
Jones, 2006) is based upon the ideas proposed in the Integrative Cognitive Model (Mansell et
al., 2007), and is designed to assess conflicting, trait-like beliefs about internal states.
Respondents are presented with a set of statements reflecting extreme appraisals of internal
states (e.g. “Unless I am active all the time, I will end up a failure”) and are instructed to
indicate the extent to which they believe each statement. Factor analyses of the HAPPI
indicate the presence of 5 to 6 separate factors (Mansell, Rigby, Tai & Lowe, 2008; Dodd,
Mansell, Morrison & Tai, 2011a). Commonly reported factors include Success-Activation,
Activating Response Style, and Loss of Control. Scores on the Success-Activation subscale
indicate excessively positive beliefs about feeling high, whereas scores on the Loss of Control
subscale represent beliefs that one’s mood and behaviour is unmanageable when feeling high
(Dodd et al., 2011a). Finally, Activating Response Style subscale scores are reflective of

beliefs around the need to respond to activation with increased activity to avoid failure.
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3.3 Method

3.3.1 Search Strategy

A literature search was performed within four online databases; PsycINFO,
MEDLINE, AMED and CINAHL. To improve the relevance of the results, the search was
conducted within abstracts only, using the following search terms; “bipolar*> OR
“cyclothymia” OR “mania” OR “hypomania” OR “manic depression” AND “appraisal” OR
“attribution” OR “cognitive style” OR “schema” OR “attitude” OR “belief”. These terms were
identified based upon their relevance to the research question, in addition to discussion with

experts in the field of cognitive styles in bipolar disorder.

3.3.2 Inclusion and Exclusion Criteria

A paper was eligible if: a) the study included participants who met criteria for a
diagnosis of bipolar disorder, and/or were classified as being at-risk for developing bipolar
disorder; and b) study participants were aged 13 and over. This latter criterion is based on the
observation that cognitive styles stabilise around the age of 12 (Gibb, Alloy, Walshaw et al.,

2006).

A paper was excluded if: a) the paper was not available in English; b) the paper was a
literature review, meta-analysis, case study, dissertation abstract or letter; and c) the study was
irrelevant to the research question (i.e. did not involve assessment of appraisals relating to the

self, such as studies assessing beliefs around treatment or smoking cessation).

Where possible, the above criteria were applied to the initial search in each database
via search limiters (see Figure 1). The title and abstract of the resulting papers were then
screened (i.e. read by the first author) to ensure that all inclusion criteria had been met.
Duplicate results from different databases were removed, as were studies reporting the same

findings from a single data set.
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3.3.3 Assessment of Quality

After papers had been screened to ensure their eligibility, the methodological quality
of each paper was assessed in accordance with the online CASP resources (Critical Appraisal
Skills Programme, 2010). The CASP tools encourage researchers to evaluate evidence based
upon a series of key criteria including how participants were identified, how the data were
analysed, and the reporting of the results. The CASP tools have been used to review evidence
across a range of disciplines, including psychology (Kaltenthaler, Parry, Beverley & Ferriter,

2008).

Throughout the quality assessment it was important to assess the degree to which
reported findings could be applied to the wider bipolar population. Therefore any studies
which were deemed to have used unrepresentative samples (e.g. all male sample, sample size
less than 10) were excluded at this stage. Studies which identified participants based on
unvalidated diagnostic methods (e.g. a self-reported diagnosis of bipolar disorder with no

formal assessment) were also excluded due to concerns regarding the validity of the results.

3.3.4 Grouping of Studies

The combined search from all four databases generated 835 hits. Search limiters were
then applied were possible, in line with the inclusion/exclusion criteria outlined above (see
Figure 1). This left 398 papers which were reviewed by the first author to check for suitability
against inclusion/exclusion criteria which had not been addressed by the search limiters (e.g.
relevance to the research question). A total of 47 papers were then assessed using the CASP
tools, of which 5 papers were excluded. One paper was excluded due to the absence of a
formal diagnostic instrument. A further four were excluded due to concerns regarding the
generalizability of the samples studied (i.e. 100% female samples, samples sizes ranging from
2 to 10). This left 42 which were deemed to be of suitable quality and relevance to the

research question.
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Although widely used, it is not always appropriate to perform a meta-analysis to
aggregate information from studies which differ greatly in design and quality (Ahlbom, 1993).
Due to differences in the demographic characteristics of the samples studied (e.g. adolescents
versus adults), in addition to variation in study design, a meta-analysis was not performed

upon the studies identified in the present review.

Studies were grouped primarily according to the type of cognition assessed (i.e.
appraisal, attribution, attitude) and were then grouped according to the population under
investigation (i.e. non-clinical high-risk populations, euthymic bipolar populations, and

episodic bipolar populations).
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3.4 Results
3.4.1 Overview of Studies

All studies were published between 1999 and 2013 (see Table 1). The studies took place
across 7 countries, the majority conducted within the UK (n=25). Many studies adopted cross-
sectional designs (n=35), and total sample size ranged from 38 (Lex, Meyer, Marquart & Thau, 2008)

to 651 (Jones, Scott, Haque et al., 2005).

The selected studies concerned clinical bipolar populations (n=26), populations at behavioural
high-risk risk for bipolar disorder (n=15), and/or individuals at familial high-risk (n=3). Of the three
familial high-risk studies, two assessed samples of children whose parents had a diagnosis of bipolar
disorder (Espie, Jones, Vance & Tai, 2012; Jones et al., 2006a) whilst the other study assessed first
degree relatives of individuals with a diagnosis (Jabben, Arts, Jongen et al., 2012). Most behavioural
risk studies defined participants based upon scores on the Hypomanic Personality Scale (HPS;
Eckblad & Chapman, 1986; n=11), with other studies defining behavioural risk using the Behavioural
Inhibition and Behavioural Activation Scales (BIS/BAS Scales; Carver & White, 1994; n=2) and the
General Behaviour Inventory (GBI; Depue, Krauss, Spoont & Arbisi, 1989; n=1). One study
examined cognitive styles in both HPS- and BIS/BAS-defined behavioural high-risk individuals

(Meyer, Barton, Baur & Jordan, 2010).

Studies concerning clinical bipolar populations mainly assessed pure Bipolar 1 samples
(n=12), with only 7 including individuals who met criteria for Bipolar 1l Disorder. Seven studies did
not specify the diagnostic characteristics of the bipolar sample studied. Five studies compared
cognitive styles in bipolar and unipolar populations. Only one study assessed cognitive styles in
individuals with a diagnosis of schizophrenia (Donohoe, Duignan, Hargreaves et al., 2012). A
diagnosis of bipolar disorder was largely determined using the Structured Clinical Interview for
DSM-1IV Disorders (SCID; First, Spitzer, Gibbon et al., 1997; n=22), with other measures including
the Schedule for Affective Disorders and Schizophrenia-Lifetime Version (SADS-L; Endicott &

Spitzer, 1978; n=4), the Mini-International Neuropsychiatric Interview (MINI; Sheehan, Lecrubier,
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Sheehan et al., 1998; n=3), the International Classification of Diseases (ICD-10; World Health
Organization, 1993; n=3), the Composite International Diagnostic Inventory (CIDI; Robins, Wing,
Wittchen et al., 1988, n=1) and Research Diagnostic Criteria (RDC; Spitzer, Endicott & Robins,
1978; n=1). A minority of studies did not report using a specific diagnostic instrument, but stated that
participants were diagnostically classified according to criteria listed in the Diagnostic and Statistical

Manual of Mental Disorders (DSM-1V criteria; American Psychiatric Association, 2000; n=2).

The majority of studies focused on dysfunctional attitudes (n=30), with fifteen studies
examining appraisals, and nine studies assessing attributional style. Dysfunctional attitudes were
mainly assessed directly using the DAS (n=29), with only one study assessing implicit dysfunctional
attitudes (Thomas, Bentall, Knowles & Tai, 2009). Seven studies investigated appraisal styles for
hypomanic experiences using the HIQ. Appraisals of depressive experiences were assessed using the
IDQ by only two studies. Six studies assessed extreme, multiple, conflicting appraisal styles using the
HAPPI. Trait-like attributional styles tended to be measured using the ASQ (n=4), with other
measures including the IPSAQ (n=1) and the CSQ (n=1). One study employed the Pragmatic
Inference Task (PIT; Winters & Neale, 1985) to implicitly assess attributions for positive and
negative events. Only two studies assessed concurrent attributional styles (Bentall, Myin-Germeys,
Smith et al., 2011; Meyer et al., 2010). Bentall et al. (2011) included attribution questions within a
daily questionnaire. Participants were asked to report the most negative and most positive event that
had happened to them that day, and to then rate how much they believed each event was caused by
their own actions or the actions of others/circumstance. Meyer and colleagues (2010) adapted the
CSQ so that the questions referred to attributions for success on a task, thus creating the Current

Attribution Questionnaire (CAQ).
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3.4.2 Methodological Limitations of Studies

Only 4 studies directly addressed the issue of power and sample size (Alatig, Crane,
Williams & Goodwin, 2010; Ball, Mitchell, Corry et al., 2006; Jones et al., 2005; Mansell,
Paszek, Seal et al., 2011). The power calculation reported by one study, indicated that it was
significantly under-powered to detect a moderate effect size (Ball et al., 2006). As lack of
statistical power increases the likelihood of both Type I and Type Il errors, this issue must be
considered in light of the findings reported by Ball et al. (2006). Furthermore, as the majority
of studies included in the present review did not report performing a formal power calculation,

the statistical power offered by these studies should be regarded as uncertain.

In the majority of cases, the samples studied demonstrated a gender bias with a higher
proportion of females to males. Three studies assessed majority male bipolar samples
(Donohoe et al., 2012; Perich, Manicavasagar, Mitchell & Ball, 2011; Thomas et al., 2009),
with one studying a 100% male non-clinical sample from the general population (Meyer et al.,
2010). This issue may limit the generalizability of the findings given evidence that bipolar
disorder affects males and females equally (Hendrick, Altshuler, Gitlin et al., 2000;
Weissman, Leaf, Tischler et al., 1988). The lack of equal gender distribution in the samples
studied may present a confound with regard to results related to attributional style in
particular, as research suggests that males tend to demonstrate more stable, self-serving
attributional styles than women (Deaux & Farris, 1977; Mezulis, Funasaki, Charbonneau &

Hyde, 2010; Matud, 2004; Reno, 1981; Stake, 1990).

On the whole, studies assessing group differences in cognitive style were able to
match groups on age and gender, with eight exceptions (Alatiq et al., 2010; Babakhani &
Startup, 2012; Donohoe et al., 2012; Goldberg, Gerstein, Wenze et al., 2008; Jones et al.,
2005; Kelly, Mansell, Wood et al., 2011; Mansell et al., 2011; Thomas et al., 2009). In many
cases, bipolar participants were significantly older than controls (Alatiq et al., 2010; Donohoe

et al., 2012; Goldberg et al., 2008; Kelly et al., 2011; Mansell et al., 2011; Thomas et al.,
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2009), which may have contributed to the overall pattern of stronger, stable, internalising
attributions for negative events in bipolar samples as compared to controls (Lachman, 1990;
Shine, 1997). However, the true impact of this age difference upon the validity of reported
findings is unclear due to the lack of available evidence concerning relationships between age

and cognitive style.

Just six studies compared groups on employment status (Alatiq et al., 2010; Ankers &
Jones, 2009; Babakhani & Startup, 2012; Jones, Tai, Evershed et al., 2006a; Perich et al.,
2011; Wright, Lam & Newsom-Davis., 2005), three reporting significant group differences
(Alatiq et al.,, 2010; Jones et al., 2006a; Perich et al., 2011). Where significant group
differences in employment status were reported, a larger proportion of bipolar participants
were unemployed compared to non-clinical controls (Jones et al., 2006a; Perich et al., 2011),
corroborating existing evidence of high unemployment in bipolar populations (see Marwaha,
Durrani & Singh, 2013 for a review). Alatiq and colleagues (2010) compared groups in terms
of percentage student and percentage employee, rather than comparing rates of
unemployment. The authors observed a significantly higher proportion of students in the
control sample compared to the bipolar and unipolar groups. Although research concerning
the impact of employment status upon cognition is scarce, evidence regarding psychological
correlates of unemployment indicates a positive relationship between unemployment and low
self-esteem (Kokko & Pulkkinen, 1998). Therefore it is possible that the psychological impact
of long-term unemployment could reinforce pessimistic cognitive styles, presenting a

confounding factor in studies which do not match groups on employment status.

Only five studies addressed group differences in ethnicity (Goldberg et al., 2008;
Jones et al., 2005; Reilly-Harrington, Alloy, Fresco & Whitehouse, 1999; Stange, Shapero,
Jager-Hyman et al., 2013a; Stange, Boccia, Shapero et al., 2013b), all reporting non-
significant differences between groups. Evidence of ethnic differences in appraisal (Bjorck,
Cuthbertson, Thurman, & Lee, 2001), attribution (Birenbaum & Kraemar, 1995) and coping

style (Sander, Davis, Struchen et al., 2007; Tan, Jensen, Thornby & Anderson, 2005)
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emphasize the importance of controlling for ethnicity when assessing between-group
differences in cognitive style. Therefore this issue should be kept in mind in light of results

reported by studies which do not report the ethnic characteristics of the samples studied.

Of the twelve studies to compare cognitive styles in bipolar disorder with those of
similar clinical comparison groups, only five studies reported information regarding age at
illness onset (Alatiq et al., 2010; Jones et al., 2005; Lam, Wight & Smith, 2004; Lam, Wright
& Sham, 2005; Scott & Pope, 2003). All five studies reported non-significant differences in
age at onset between the clinical groups, reducing the possibility that any observed differences
in cognitive style were purely related to illness severity rather than due to actual differences

between diagnoses.

Studies which reported findings regarding cognitive styles in populations at
behavioural high-risk for bipolar disorder, studied either majority or 100% student samples. It
has been suggested that significant changes in psychosocial development take place during
university studies, with recent evidence reporting changes in thinking styles during this period
(Lairio, Puukari & Kuovo, 2013). Therefore it is unclear exactly how representative
undergraduate student samples are of the general behavioural high-risk population,

particularly where assessment of cognitive style is involved.

Seven of the eleven behavioural high-risk studies did not obtain any diagnostic
information regarding past or present mental health diagnoses (Dempsey, Gooding & Jones,
2011; Dodd, Mansell, Morrison & Tai, 2011b; Johnson & Jones, 2009; Jones & Day, 2008
Knowles, Tai, Christensen & Bentall, 2005; Mansell et al., 2008). This is a significant
limitation as, without this information, it is unclear what severity of risk the samples studied
represent (i.e. individuals with previous episodes of depression may be at higher risk of

bipolar disorder than individuals without).

The two intervention studies identified in the present review, reported follow-up

periods of 6 and 12 months (Lam et al.. 2005: Ball et al.. 2006 respectively). Whilst it is
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important to assess the effects of therapy during this time, these semi-longitudinal designs do
not offer any insights into whether certain aspects of therapy are more useful than others in

facilitating long-term change.

3.4.3 Relationship between Appraisals of Hypomanic and Depressive Experiences and Risk

Jor Bipolar Disorder

Five studies reported findings regarding relationships between appraisals of
hypomanic and/or depressive experiences, and behavioural high-risk for bipolar disorder
(Jones et al., 2006b; Jones & Day, 2008; Ankers & Jones, 2009; Johnson & Jones, 2009;
Dempsey et al., 2011). Ankers and Jones (2009) found that individuals classed as high-risk
based upon their scores on the HPS, scored significantly higher on the HIQ-H than non-
clinical controls exhibiting low HPS scores. Conversely, group comparisons with non-clinical
controls and adolescents at familial high-risk of bipolar disorder, indicate a lack of significant

differences in HIQ-H score (Espie et al., 2012).

Studies which performed regression analyses indicate that scores on the HIQ-H
significantly contribute to scores on the HPS in both behavioural and familial high-risk
populations (Jones et al., 2006b; Jones & Day, 2008; Ankers & Jones, 2009; Dempsey et al.,
2011; Espie et al., 2012). Johnson and Jones (2009) conducted a factor analysis on a range of
cognitive style and impulsivity measures, including the HIQ-H and HIQ-N. One of the factors
represented overly positive attributions for symptoms of hypomania, based upon items from
the HIQ-H, and was found to correlate positively with scores on the HPS (Johnson & Jones,
2009). Studies which assessed the contribution of scores on the IDQ-D to variation in HPS

scores, reported non-significant effects (Jones & Day, 2008; Dempsey et al., 2011).

Four studies reported non-significant relationships between scores on the HPS and
scores on the normalising subscales of the HIQ and IDQ (Jones & Day, 2008: Ankers &

Jones, 2009; Johnson & Jones, 2009: Dempsey et al., 2011). Jones and Day (2008) also found
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that neither the IDQ-N nor the HIQ-N significantly contributed to scores on the HPS on the

basis of a regression analysis.

Only one study assessed appraisal styles in clinical bipolar individuals, exploring the
relationship between mood symptoms and appraisals of hypomanic experiences (Dodd et al.,
2011a). Neither scores on the HIQ-H, nor HIQ-N, significantly correlated with symptom
severity, suggesting that such appraisal styles are not significantly related to bipolar mood

symptoms.

3.4.4 Attributional Style

3.4.4.1 Relationships between Attributional Style and Risk for Bipolar Disorder

Three studies assessed attributional styles in individuals considered to be at high
behavioural risk for developing bipolar disorder (Bentall et al., 2011; Lex & Meyer, 2009;
Meyer et al., 2010). In a prospective investigation, Lex and Meyer (2009) found HPS scores
were positively predictive of more stable and global, but not internal, attributions for positive
events two years later. However, HPS scores were not significantly predictive of attributional

styles for negative events.

Bentall and colleagues (2011) compared attributional styles for daily positive and
negative events in individuals at low, medium and high risk for bipolar disorder based upon
their scores on the HPS. The authors did not observe any significant differences in
attributional style between the three groups, for either positive or negative events. It is
possible that the study was underpowered to detect statistically significant differences in
attributional style (see Table 1). However we were unable to explore this issue fully due to the
manner 