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ABSTRACT
Sleep Disruption in Cognitive and Occupational Rioming in Bipolar Disorder
Elaine M. Boland
Temple University
Dissertation Advisory Committee Chair: Lauren Blogl Ph.D.

Bipolar Disorder is frequently associated withuantoer of poor outcomes including, but
not limited to, a significant impairment in the lalgito return to premorbid levels of
occupational and psychosocial functioning, oftespite the remission of mood symptoms. An
extensive line of research has pointed toward dgfic cognitive functioning as playing an
important role in this persistent disability, wamumber of studies demonstrating the presence
of numerous cognitive impairments during the irgpisode period. Also present during
affective episodes as well as the inter-episodmgeiare reports of pervasive sleep disturbance.
Sleep disturbance has been associated with thé @inganic episodes and is an oft-reported
prodrome of iliness onset. Despite the presencefidits in these two domains of functioning
during affective episodes as well as the interag®sphase, there has been no evaluation of the
degree to which these systems may interact to aiaistich high rates of functional disability.
The current study attempted to integrate thesetheparate lines of research to examine the role
sleep disruption plays in both cognitive and octigoal functioning in individuals with bipolar
disorder. Seventy-two males and females with bipdilsorder in the euthymic phase (n=24),
primary insomnia (n=24) or no psychological or ncatldiagnoses (n=24) completed a week of
prospective assessment of sleep disruption viarsptirt and actigraphy. At the culmination of
the sleep assessment period, all participants adirenistered a battery of neuropsychological

tests of executive functioning, working memory,hadrlearning, and attention. Additionally,
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participants completed self-reports of mood symptamd current and lifetime occupational
functioning. Results were mixed relative to hypstes. Data supports persistent sleep
disturbance among individuals with bipolar disordien assessed via self-report, but no
significant differences were observed comparedtdrols when assessed via actigraphy.
Bipolar participants exhibited significantly pooygrformance on measures of verbal learning
and working memory, but no other cognitive defievsre observed relative to insomnia and
control participants. Bipolar participants had aager lifetime history of being fired compared to
insomnia or control participants, and deficits xeeutive inhibition and switching were
associated with increased lifetime firings acrémsgample. Sleep disturbance, either subjective
or objective, failed to mediate this associatiéimdings are partially consistent with previous
reports of persistent sleep disturbance and cegnitipairment among individuals with BD in
the euthymic phase. More research should be coedtctbetter understand the underpinnings

of functional impairment in BD.
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CHAPTER 1
INTRODUCTION

Bipolar Disorder (BD) is a chronic and severe ctindithat affects roughly 5.7 million
adults in the United States, resulting in markettfional impairment for the majority of
individuals (National Institute of Mental HealtlQ?1). According to a 2008 Social Security
Disability report, roughly one third of all socsgcurity disability benefits went to individuals
with mental disorders, including BD (Social SequAdministration; 2008). Additionally, the
World Health Organization ranks BD as the sixtidleg cause of disability in the world (World
Health Organization; 2006). Research has consigtentovered large percentages of
individuals with BD who either fail to achieve furmanal recovery or who demonstrate poor
work performance (Huxley et al., 2007; Zarate et20000). These findings are consistent with a
growing literature that suggests the concept ofeta recovery from an episode of bipolar
disorder may be outdated, with researchers optiregpmnceptualize the disorder as a chronic
condition that reflects the prevalence of residyahptoms among those affected.

Examinations of residual symptoms, then, may bérakto gaining a better
understanding of the mechanisms that underlie isgstdunctional impairment despite
remission of affective symptomatology. Recent stigations into the psychopathology of BD
have thus paid specific attention to the euthyrhiase. Below we discuss two domains that have
been shown to remain disrupted periods of euthynaod: cognitive functioning and sleep.

Neurocognitive Deficits in Bipolar Disorder

Numerous reports point to widespread cognitiveaitsfin BD, including deficits in
verbal memory, verbal learning, attention, and akee functioning. These deficits have been

shown to persist despite remission of mood symptdeasling some to conceptualize cognitive



dysfunction as a core component of a specific endoptype of BD (Bora et al., 2009).
Importantly, some reports have examined relatigpgsshetween cognitive deficits and functional
outcomes, with verbal memory identified as a strpreglictor of psychosocial outcomes
(Martinez-Aran, 2004). A separate study on the ichjod neurocognitive deficits on functional
outcomes reported working memory, attention, amdgssing speed were significantly
associated with occupational recovery (Beardeh €@l1). Thus, there is mounting evidence
to suggest cognitive deficits play some role inmtening functional disability among
individuals with BD.

Characteristics of Cognitive Deficits in the Euthg®hase of BD

Sustained deficits in the domains of executive fioming, verbal learning and memory,
and sustained attention have been observed inidchails in the euthymic phase of BD.
Executive functioning is a broad term that canmré&dea range of processes including planning,
motivation, impulsivity, and inhibition. A receakamination of executive functioning in
euthymic BD patients suggested individuals with @Bplay executive functioning profiles
similar to individuals with mild cognitive impairmeés but no history of bipolar disorder (Osher
et al., 2011). This finding builds upon previoesearch pointing toward pronounced deficits in
executive functioning during the euthymic periatjeed six exhaustive meta-analyses revealed
large effect sizes for tests of executive functignielative to normal controls (Arts et al., 2008,
Bora et al., 2009; Kurtz et al., 2009; Robinsornlet2006; Torres et al., 2007; Mann-Wrobel et
al., 2011).

However, there is some disagreement in the fiekd aghether executive functions are
broadly impaired or if deficits are more selectivaature. A meta-analysis by Robinson et al.

(2006) is suggestive of the latter, with resultsxdastrating large effect sizes for category



fluency and mental manipulation (i.e., reversetdigan), medium effect sizes for response
inhibition, abstraction, and set shifting, and dreffect sizes for verbal fluency by letter. A
separate meta-analysis by Arts et al. (2008) redasimilar findings, with large effect sizes for
executive control (in the Trail Making task), coptshifting (Wisconsin Card Sort perseverative
errors), and category fluency, and medium effemdssifor executive control (via the Stroop task).
Perhaps clouding the search for specificity, lugfeneity among some of these specific
domains of executive functioning, namely executiwatrol, concept shifting, and fluency, was
noted in these analyses. Arts et al. refer toetstadies that included patients with a large
number of previous psychotic episodes and sughgasthe inclusion of those patients may have
driven differential findings. Accordingly, reselrhas suggested that clinical variables such as
greater illness duration, number of episodes, amdber of hospitalizations are associated with
greater levels of cognitive dysfunction among imdiisals with BD (Robinson & Ferrier, 2006).
Further muddying the waters, inclusion criteriai@din the Robinson and Arts meta-analyses,
and it was evident from both reports that individereaminations of cognitive functioning
suffered from a lack of a consensus definitionughgmia. Nevertheless, there is overwhelming
evidence to suggest executive functions remaimupisd during the euthymic phase.
Neuropsychological accounts of executive funchgnieficits are supported by
neuroanatomical examinations of individuals with Biat demonstrate abnormalities in the
prefrontal cortex (PFC). Reduced neuronal and deasity in the PFC has been reported
(Rajkowska et al., 2001, Ongiir et al., 1998, Catdtexl., 2002), whereas a functional magnetic
resonance imaging (fMRI) study suggests a traibabality in the left ventral PFC among

individuals with BD (Blumberg et al., 2003). Addmal structural abnormalities may be



observed during episodes of depression or (hypaphat may partially explain why some
cognitive deficits appear to be more pronouncedhduaffective episodes.

In addition to executive functioning deficits, thiemains of verbal learning and memory
are frequently found to be impaired in individugighe inter-episode phase of BD. In a 2002
study of euthymic BD patients and controls, Cavanetgal. found that the only significant
differences were observed in tests of verbal |egmemory, namely the California Verbal
Learning Test (CVLT). These results are supporteddveral meta-analyses of previous studies
of cognitive functioning (2008 and earlier), whicbnsistently reported medium to large effect
sizes compared to healthy controls (Robinson gP@06; Arts et al., 2008). Importantly, the
authors discussed the potential overlap betweecugixe functioning and verbal learning,
wherein executive deficits may affect memory parfance. For example, the CVLT requires a
fair amount of organization and set-shifting, whiaps into the executive system while also
being oriented toward verbal memory. More focustedies need to be conducted to establish
whether one or two domains of functioning are t#yiampaired in BD.

There is also mounting evidence to support a susdiaattention deficit in BD that
persists through periods of euthymia (Bora et28lQ5; Clark & Goodwin, 2004, Liu et al., 2002;
Torres et al., 2007). Clark and colleagues (2002goved impairments in sustained attention
even after controlling for any possible interferefiom mood symptoms. Although this effect
was associated with chronicity of illness, youngarticipants with relatively recent illness
onsets were also observed to be impaired in tmsaglo suggesting that attention deficits may
be a trait marker of bipolar disorder. Indeeds tonceptualization is supported by Bora and

colleagues (2009), who included sustained atterteditits as part of a cognitive endophenotype



of BD, as these deficits have also been observexhgrirst-degree relatives of individuals with
BD.

One of several studies to utilize continuous penfmmce tests (CPT) as a measure of
attention, Bora et al. (2006) found that relatiweontrols, euthymic BD patients demonstrated
significant impairments in target sensitivity aslivés marked inconsistency in response times.
Although several studies have utilized the CPT &asure sustained attention, there is a high
degree of variability of measures in the literatilva may temper some of the conclusions that
can be drawn about the “purity” of attention defian bipolar disorder. For example, Yates et al.
(2010) found that euthymic BD patrticipants perfodnsgynificantly worse than controls on the
Digit Span Forward and Digit Span Backward, altHotltese tests are also valid cognitive
measures of working memory. The Robinson et 8062 meta-analysis includes digit span and
trail making in their analyses of attention; howe\kere is some overlap with attention in these
tests of both working memory and executive funatignrespectively. As noted earlier,
executive functioning has been identified as onthefmost stable cognitive deficits in bipolar
disorder as well as a cognitive endophenotypejigabhe possibility that attention deficits may
be better explained by executive function defitmtshe extent to which the measure taps both
domains.

Relationship between cognitive deficits and fumgti@utcomes

Despite the fact that the average individual VB possesses at least a partial college
education, approximately 55% of individuals with BB unemployed (Wingo et al., 2009).
Spurred by this striking discrepancy, as well d&epopublished and anecdotal reports of
functional disability in individuals with BD, theteas been considerable research into the factors

associated with these poor outcomes. As touched ppeviously, there is a growing literature



to suggest that cognitive impairments play a kdg o generating and maintaining occupational
and psychosocial functioning deficits. Martinez-Awt al. (2004) reported that psychosocial
functioning in BD patients was associated with ¢tvgm functioning rather than with clinical
variables: no relationship was found between pssotial functioning and chronicity of illness,
total episodes, types of episodes, or numbers gpitadizations or suicide attempts in their
sample. Instead, the cognitive domains of froexacutive functioning, learning and memory
were significantly associated with psychosocialkctioning. Gilbert et al. (2010) also reported
significant associations between cognitive variglaled vocational functioning in a sample of
154 patients with BD. Although limited by self-reped data, results indicated that concentration
problems were significant predictors of employm&tatus, whereas no associations between
employment and mood state were observed.

O’Shea and colleagues (2010) conducted a moreddaesamination of the relationship
between cognitive functioning and functional outesnby utilizing ecologically valid
neurocognitive assessments that more closely miapemeryday activities than more classic
neuropsychological batteries (e.g., the Test offlaey Attention (TEA), the Rivermead
Behavioural Memory Test, and the Behavioral Assesdraf the Dysexecutive Syndrome). BD
patients performed significantly worse than a lgattontrol group on all measures, and results
showed a significant association between impaiteshion and unemployment.

In summary, there are numerous reports of persistanitive deficits during the
euthymic phase of bipolar disorder in the domainsxecutive functioning, verbal learning,
working memory, and sustained attention. Howevemantioned previously, cognitive

functioning is not the only domain of functionirgremain impaired during periods of euthymic



mood. Research also points to persistent sleeppdisn throughout all phases of bipolar
disorder, including the euthymic phase.

Sleep Disruption in Bipolar Disorder

Sleep disturbance, even in the absence of BD siscéted with a number of poor
outcomes including impairments in daytime functrmapiincreased psychosocial stress, and
increases in the utilization of healthcare (Andstiael & Roth, 1999). Within the context of BD,
disrupted sleep has been implicated in the patresief manic episodes (Columbo et al., 1999)
and has been marked as a key prodromal symptompoésisive episodes (Jackson et al., 2003).
Indeed, the sleep/wake cycle has been a key compohtheoretical conceptualizations of BD
that hypothesize that individuals with BD may haweadian systems that are either
endogenously dysregulated or overly sensitive sougition (Ehlers, Frank, & Kupfer, 1988;
Monsour, Monk & Nimgoankar, 2005a; Monsour et 2005b; Wehr et al., 1987).

The characteristics of disturbed sleep in BD diffepending on affective state. Reduced
need for sleep is a key DSM-5 criterion for mamiagreas both hypersomnia and insomnia may
be experienced during depressive episodes (AmeRsgohological Association, 2013). Harvey
(2008) conducted a comprehensive review of 20 studi sleep disturbance across depressed,
manic and mixed phases of BD, and reported marlstdrdance across all samples: 69% to
99% of individuals experienced reduced need fagsbiuring the manic phase, with more
variable rates of hypersomnia (23% to 78%) andnmsa (varying all the way up to 100% of
the sample) observed in the depressive phase (H&068). Sleep disturbance is not relegated
to depressed or manic phases, however, with exéiomseof sleep functioning in euthymia
suggesting both a high prevalence of sleep distadoas well as associations with episode

recurrence and general impairment.



Characteristics of Sleep Disturbance in the EutltyRtiase of BD

Disturbed sleep is an oft-reported residual sympobthe inter-episode period, and
many individuals in the euthymic phase of BD appedrave significantly poorer sleep relative
to healthy individuals. Millar and colleagues (2D@dnducted an analysis of remitted BD
patients using both objective and subjective messaf sleep disturbance. One hundred percent
of the BD sample reported protracted sleep dishabacompared to only 21% in the non-BD
group. Analyses of actigraph data revealed tremdaitd longer total sleep time, longer sleep
onset latency, and less efficient sleep among argmrticipants, as well as significantly more
variable sleep duration and night waking time. $atyely, BD participants reported longer
sleep onset latency, as well as greater variabiligleep duration, sleep onset latency, and sleep
efficiency.

Harvey and colleagues (2005) conducted a similalyars, but included a comparison
group of individuals with primary insomnia. Sewepercent of the BD sample experienced a
clinically significant sleep disturbance, and gragmparisons demonstrated that the sleep of
BD participants more closely resembled an insorprodile than a healthy sleep profile.
Actigraph data revealed longer total sleep timesragrBD participants, as well as lower average
daytime activity levels. BD participants reportegingficantly longer sleep onset latency relative
to the good sleeper group when assessed via galftreThis difference in subjective
estimations in sleep variables vs. objective meamants is not inconsistent with established
patterns reported in the insomnia literature, ghehindividuals with insomnia tend to
underestimate their total sleep time as well asestgnate the time it takes to fall asleep

(Carskadon et al., 1976, Mercier et al., 2002).



It is important to note that not all of the datast@ep during the euthymic phase of BD
support the concept of chronic sleep disturbadomes et al. (2005) conducted an actigraphic
assessment of sleep patterns among individualeieuthymic phase of BD and failed to
observe differences among sleep parameters wheparechto healthy controls. The authors did
find, however, that individuals with BD exhibiteelsk stable and more variable daytime activity
patterns, and that this variability was a significparedictor of group status. This variability in
comparison to controls is consistent with aforenogr@td reports of circadian instability among
individuals with BD. Using activity instability @hirregularity as a proxy for circadian rhythm
instability (which forms the central theme of thectal Zeitgeber Hypothesis; Elhers, Frank, &
Kupfer, 1988) suggests that this instability mayaleait marker of the disorder rather than an
episode-related phenomenon.

Cognitive Functioning in Sleep-Deprived Healthy @ols and Sleep Disordered Patients

In order to consider the potential influence okglelisturbance on cognitive functioning
in BD, it is important to understand how disrupséekep impacts cognitive functioning in healthy
individuals. By examining points of convergence dngrgence in the literature on cognitive
deficits in healthy individuals who have undergeneerimental sleep deprivation or who suffer
from insomnia vs. individuals with BD, we gain intfant perspective on what aspects of
cognitive functioning may be most susceptible &epldisturbance.

Cognitive Functioning in Insomnia

Cognitive deficits, both self-reported and objeetiare well-documented in the insomnia
literature. Insomnia is characterized by the DSkisSifficulty initiating or maintaining sleep or
experiencing non-restorative sleep for a periodtdéast one month (APA, 2013).

Approximately 3.9% to 22.1% of the population ifireated to carry a diagnosis of insomnia



(Roth et al., 2011). From a cognitive functioningrglpoint, individuals with insomnia appear to
be impaired in the domains of episodic memory, [@wbsolving, manipulation in working
memory, and retention in working memory, althouffect sizes are relatively small (Fortier-
Brochu et al., 2012). Moreover, individuals wittsomnia often report poor concentration, poor
memory, and increased problems completing workstésértier-Borchu et al., 2012). However,
there is some indication that the cognitive impa&ntobserved in insomnia may increase or
decrease depending on the severity of sleep datagh Szelenberger and Niemcewicz (2000)
conducted an analysis of cognitive functioning aghmsomnia patients and healthy controls and
found that the degree of learning impairment oesa ¢f immediate recall correlated
significantly with participants’ scores on the Atiselnsomnia Scale.

Support for a cognitive deficit in insomnia cancabe drawn from the fact that cognitive
behavioral therapy for insomnia (CBT-I), a psycles#ipeutic intervention that has been shown
to improve symptoms of insomnia, may also improegnitive functioning. In a pilot,
randomized controlled trial of CBT-I and sleep lgyg in a sample of individuals with
fiboromyalgia, a condition characterized in partdisrupted sleep, CBT-I was associated with
improvements in alertness, executive functionimgi averall daily functioning (Miré6 et al.,
2011).

Poor occupational functioning is also not uncomnmimsomnia. Impairments in
daytime functioning and work performance are freglyereported among individuals with
insomnia (Bonnet et al., 2000; Schweitzer et 81921 Stepanski et al., 1988). Additionally,
research on functional outcomes in insomnia fotnad individuals with insomnia were absent
from work twice as often as healthy sleepers, hghlen rates of motor vehicle accidents (likely

due to impaired attention), and were more pronmtwr self-esteem, job satisfaction, and work
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efficiency (Léger et al., 2006). It is importantrtote, however, that it remains unknown at this
time if poor cognitive functioning is the drivingrce behind these occupational impairments.

Coagnitive consequences of acute and chronic sleppgwation in healthy individuals

Examinations of experimentally induced acute amomic sleep deprivation in healthy
sleepers may offer a clearer picture of the specdgnitive effects of sleep deprivation, one of
the various forms of sleep disturbance. Relativettidies of total sleep deprivation, there have
been fewer studies conducted on partial sleep pn (sleep restricted to less than 7 hours in
a 24 hour period) and chronic partial sleep depiownathe patterns of sleep deprivation that are
most germane to BD. However, evidence suggestsritbad and cognition are more impaired
following partial than total sleep deprivation (ner & Dinges, 2005), highlighting the
possibility that the chronically disrupted sleepeafobserved in BD may be directly related to
cognitive impairments.

Durmer and Dinges (2005) conducted a comprehemnswew of the literature on
experimentally induced sleep deprivation and reggbcognitive slowing, decreased response
time, decline in short-term recall and working meyand reduced learning as consequences.
Prefrontal cortex-related executive attention amdkimg memory abilities also appear to be
affected and, notably, neurophysiological studiegehidentified decreased activity in the PFC
during periods of sleepiness (Drummond et al., 12991). For example, short-term sleep
deprivation (24 hours) was associated with a deere@aglobal cerebral glucose metabolism
with specific effects in the thalamus and PFC (Theret al., 2000). Coincidentally, the
thalamus has been implicated in the etiology of(BID et al., 2009), while a separate
examination of thalamic volumes in individuals wBD demonstrated smaller volumes of the

right thalamus in BD patients compared to normailticis (Radenbach et al., 2010).
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Evidence suggests that marked partial sleep depmives not necessary to produce
cognitive impairments, but rather reductions irepléo just 6 hours of sleep per night may have
adverse effects on cognitive performance and diailyg (Van Dogen et al., 2003). Van Dogen
and colleagues demonstrated that a total sleejfvdépn period of 72 hours was associated with
more cognitive impairment than any single partieép-deprivation period (limited to 4, 6, or 8
hours in bed). As expected, no cognitive defigiese reported following 8 hours in bed, but
after two weeks of chronic sleep restriction toodis per night, performance on measures of
attention and memory were comparable to that oftbap that endured 72 hours of total sleep
deprivation. In a similar fashion, those restucte 6 hours of sleep per night over the same
period demonstrated cognitive functioning comparablone night’s total sleep deprivation
Summary of Findings

As discussed above, there is substantial evideoicging to chronic and, in many cases,
severe sleep disruption across all phases of Bllyding the euthymic phase. Additionally,
persistent cognitive impairments have been obsetuedg the inter-episode phase. Given what
is known about cognitive functioning among indivadiwith insomnia as well as reports of
cognitive consequences of experimentally inducedgsteprivation, it is theoretically possible
that the sustained sleep disruption observed imB play a role in the maintenance of
cognitive deficits, and, by extension, poor funciboutcomes.

The Present Study

The present study aimed to examine the extenhiohasleep disruption may contribute
to cognitive deficits in individuals with bipolarsbrder, and, in turn, impact occupational
functioning. Participants were males and femadgsIs8 to 65 who carried diagnoses of either

primary insomnia, bipolar | or Il disorder in theteymic phase, or no psychiatric diagnosis.
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Participants were screened with a diagnostic i@nand questionnaires to determine group
membership (see Methods). Following screeningjqpaints were given an actigraph, a device
that is worn on the wrist that monitors sleep/wagsvity, to wear for a period of one week. At
the end of the one-week sleep monitoring periodigypants returned to Temple University for
a 90-minute testing session during which they veelministered a battery of cognitive tests
tapping domains of executive functioning, verbakiteng and memory, working memory, and
attention. They then completed questionnaires talm@od symptoms and occupational
functioning. Analyses examined group differencesleep, cognitive, and occupational
functioning, as well as relationships between sfeaptioning and cognitive functioning and
cognitive functioning and occupational functioniidediational analyses examining the role of

sleep in any significant cognitive/occupationabtelinships were also conducted.
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CHAPTER 2
METHODS
Participants and Procedure
Screening Procedure

Participants for this study were 72 males and fesjyalged 18 to 65. Participants were
recruited from the Temple University campus andgieater Philadelphia community via a two-
phase screening process. In Phase |, approximb&¢ individuals aged 18 to 65 completed
screening questionnaires consisting of a revisate@é Behavior Inventory (GBI; Depue,
Krauss, Spoont, & Arbisi, 1989), a questionnairgeasing the severity and duration of affective
symptoms, and the Insomnia Severity Index (ISI; iMet al., 2011) a questionnaire assessing
severity of insomnia symptoms. Participants who specific combinations of high or low GBI
cut-off scores and IS scores (see inclusion/exafusriteria below) were invited to participate
in the Phase Il screening procedure consistingdignostic interview (Schedule for Affective
Disorders and Schizophrenia — Lifetime Version (SAD Endicott & Spitzer, 1978), an
interview of current insomnia symptoms, self-repart depression (Beck Depression Inventory
[BDI]Beck, Steer, & Brown, 1996) and mania (Altm&glf-Rating Mania Scale [ASRM];
Altman et al., 1997) symptoms, and a brief assestofentellectual functioning (Kaufman
Brief Intelligence Test; Kaufman & Kaufman, 1990).

To be eligible for the study, participants wereuiegd to carry a diagnosis of bipolar | or
bipolar Il disorder in the euthymic phase, insombiano history of mood or sleep disorders, be
within the ages of 18 to 65, be willing to comnata week of actigraph assessment and be able
to read, write, and speak English. Exclusion gatencluded active suicidal or homicidal

ideation, psychotic symptoms, baseline 1Q belowar@, an uncontrolled severe medical
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condition. Participants with severe suicidal anthiwidal ideation and/or psychotic symptoms
were considered to be inappropriate for inclusioa tb the acute need for treatment of their
manic or depressive episode. Participants witiatower than 70 may experience additional
cognitive challenges above and beyond those patbnitnposed upon them by BD or insomnia.
As these deficits may be difficult to tease apédse individuals with below normal 1Q were not
invited to participate in the full study. Individsawith uncontrolled medical conditions may
experience physical symptoms that may substantiakyfere with sleep and were thus excluded
from participation. While it is true that varioustelepressants, mood stabilizers, and atypical
antipsychotics often prescribed to individuals watpolar disorder may play a role in cognitive
functioning, attempting to test the study hypotlses® an unmedicated sample would reduce the
generalizability of the results, as the majorityrafividuals with BD are prescribed medications.
Thus, medication usage did not form the basisXclusion from participation in this study,
however medication usage and dosage was recordeddas covariates in statistical analyses.
Participants who completed Phase | screening imgited to participate in Phase Il if
specific Phase | criteria were met. For potentipblar participants, Phase | criteria included
GBI scores of at least 13 on the depression indebaaleast 11 on the hypomania index. There
were no minimum cutoffs for ISI scores for bipoterticipants. Potential insomnia participants
were required to score below a 7 on both GBI inglmedepression and hypomania, and score at
least a 10 or higher on the Insomnia Severity In&ores of 10 and higher have been shown to
identify sleep-disrupted individuals in communigngples (Morin et al., 2011). Potential control
participants had to score below a 7 on both theedspn and hypomania indices of the GBI and
below a 7 on the Insomnia Severity Index. Scores afid below represent the lower quartile of

the ISI, and would thus provide a good demonstnatiosatisfactory sleep.
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Phase Il screening involved additional exclusigraiteria. As data on cognitive
performance among “softer” bipolar diagnoses (digolar NOS, cyclothymia) is sparse,
including these diagnoses in the study might hamgdd generalizability of findings and
hampered the ability to detect significant effexftsognitive variables. Thus, individuals who
were diagnosed via the SADS-L with bipolar NOS yrlothymia were excluded from
participation in the Bipolar group. Those indivadsi with self-reported sleep disturbance as well
as an ISI of 10 or higher were invited to partitgia the Insomnia group. Those individuals
who endorsed symptoms of insomnia but denied impent or distress from these symptoms, or
denied at least one month duration of symptoms exctided from participation. Individuals
who met inclusion criteria for insomnia but whoroed diagnoses of bipolar NOS, cyclothymia,
or experienced a major depressive episode in thieypar were excluded from participation.
Those individuals who endorsed any current or pesid diagnosis or any current sleep
disruption were excluded from the control groupdividuals who reported satisfactory sleep via
the use of sleeping medications were excluded frarticipation.

Full Study Procedure

Participants who met screening criteria were irvite participate in the full study. Those
individuals then completed a Pittsburgh Sleep Quatidex (PSQI; see Measures) and were
fitted with an actigraph. Research has shownttietise of actigraphy is useful in the
assessment of sleep/wake activity and that datected via actigraphy is more accurate than
data collected through standard sleep/wake dighesoli-Israel, et al., 2003; Brooks et al.,
1993; Sadeh, 1995; Webster et al., 1982). Actigggpbvide several important objective sleep
variables including: 1) sleep efficiency (a sim@éo of hours asleep versus hours spent in bed,

which gives an estimate of the amount of time aividual spendsrying to sleep), 2) sleep
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onset latency (how long it takes to fall asleeprafoing to bed), 3) wake time after sleep onset
(the total amount of time the participant is awédBwing initial sleep onset; a total sum of all
mid-sleep awakenings), and 4) overall daily actipiatterns (periods of activity vs. rest
throughout a 24 hour period).

All actigraphy data were scored by the primamestigator and compared against self-
reported sleep diaries to assess for discrepainciaterval calculations. In 7 cases, rest and
sleep intervals were not automatically generatethbysoftware and needed to be created by
hand. There were no significant group differenaesrag those individuals who required hand
scoring vs. those who did not. Hand placementtefwals was conducted using self-reported
sleep diaries as a general guide for interval amsets. Once the general time span for intervals
was pinpointed, sleep onset intervals were insetebisleep offset intervals were marked just
before the onset of new continuous activity.

Actigraphy took place for one week prior to cogmttesting. Participants received
detailed instructions on how to wear the instrunesmd were told to wear it at all times, on their
non-dominant wrist, except while bathing or engggmany other activities during which the
actigraph could get wet (e.g., swimming). Cogmtigsting and occupational functioning
assessment took place at Temple University atdhwsication of the one-week actigraphy and
sleep monitoring period. All cognitive assessmevese conducted by assistants who were blind
to participants’ group assignment as well as tkalte of their actigraphy. Participants were
administered five cognitive tests with breaks wark&o the battery. Following a short break,
participants were administered the Work Person&litfile and the Work Performance

Questionnaire.
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Measures

Phase | Screening Measures

The General Behavior Inventory (GBThe GBI (Depue, Krauss, Spoont & Arbisi,
1989) was used as a screening questionnaire tct ssdeviduals likely to carry a diagnosis of
Bipolar Disorder. The GBIl is a 73 item questionaalesigned to assess various experiences
related to depressive and/or hypomanic symptomasdcbas dimensions of intensity, duration,
and frequency. It has been validated in undergri@d) outpatients, and relatives of individuals
with bipolar | disorder. The GBI is a psychometligatrong measure, with internal consistency
a’s of 0.90 to 0.96, test-retest reliabilityg of 0.71 — 0.74, satisfactory sensitivity (0.28)d
superior specificity (0.99) for bipolar spectrunsatiders (Depue et al., 1981; 1989).
Discriminant validity is also strong 6f .88 in distinguishing individuals with affectiwksorders
from those with no diagnosis) (Mallon et al., 1986)

Insomnia Severity Index (ISMhe ISI (Morin et al., 2011) is a 7-item questionaaised
to assess the severity of insomnia symptoms utgia 5-point Likert-type scale. Internal
consistency for this measure is excellent(.90) with good convergent validity (Morin et,al.
2011). A study on the psychometrics of the IS| ede@ a cutoff score of 10 to be adequate in
community samples for the diagnosis of insomniariMet al., 2011).

Phase Il Screening Measures

Schedule for Affective Disorders and Schizophreri#etime. The Schedule for
Affective Disorders and Schizophrenia — Lifetimé&\[E5-L; Endicott & Spitzer, 1978) is a
semi-structured diagnostic interview used to assesgent and lifetime history of Axis |

disorders. The mood disorders and psychosis ssotiban expanded SADS-L (exp-SADS-L;
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see Alloy et al., 2008; Nusslock et al., 2007) wdministered to assess for the presence of
current or past major depressive disorder, bipgpactrum disorder, or psychosis. This portion
of the expanded version of the SADS-L assessesdtigrence, duration, and severity of mood
and psychosis symptoms over the course of an ohais lifetime. The exp-SADS-L has
demonstrated excellent inter-rater reliability,wit> .90 for unipolar depression diagnoses
based on 80 jointly rated interviews (Alloy et @000) andc > .96 for bipolar spectrum
diagnoses based on 105 jointly rated interview$ofAét al., 2008).

Unstructured Clinical Interview for InsomniéAn unstructured clinical interview was
utilized to diagnose primary insomnia. This intewicollected data on sleep onset latency, total
sleep time, number of mid-sleep and early-morninglkenings, symptoms of obstructive sleep
apnea, symptoms of circadian sleep phase disarggitmares, and sleep-related behaviors.
Information on medical conditions was collectedl&dermine if medical exclusion was
warranted.

Beck Depression Inventory (BDMhe Beck Depression Inventory (Beck et al., 199&)
21-item self-report measure of symptoms of depoassind is the gold standard of self-reported
measures of the severity of depression. The stalesathe participant to report on symptoms of
depressed mood, anhedonia, sleep and appetitebdiste, and suicidal ideation, among others.
The BDI was administered following the 7-day a@jny period and was used to both inform
potential clinical risk and to control for any efte of mood on cognitive and occupational
functioning outcomes.

Altman Self-Rating Mania Scale (ASRNMhe ASRM (Altman et al., 1997) is a 5-item
self-report scale designed to assess both presenicgeverity of manic symptoms. The ASRM

correlates significantly with the Clinician Admitesed Rating Scale for Mania (CARS-M) and
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the Young Mania Rating Scale (YMRS) and has higisis@ity and specificity (Altman et al.,
1997). The ASRM was administered in conjunctiorhvtite BDI to both inform potential
clinical risk and to control for any effects of ntbon cognitive and occupational functioning
outcomes.

Kauffman Brief Intelligence Test Second Edition I{kB). The KBIT-II (Kaufman &
Kaufman, 1990) was used to obtain a baseline asees®f intelligence. The KBIT-1l is
designed for individuals aged 4 to 90 and assdxsstbsverbal and nonverbal abilities and is ideal
for generating a reliable baseline IQ with minirpatticipant burden. Correlations between the
KBIT and the Wechsler Adult Intelligence Scale- Red (WAIS-R; Wechsler, 1976), a longer
and more comprehensive intelligence test, were, @83, and 0.88 for Verbal, Nonverbal, and
Composite scales, respectively (Naugle et al., L9O%AIS-R and K-BIT scores are similar
across age and educational levels, although meBirkscores tend to be approximately 5
points higher than WAIS-R scores (Naugle et al93)9

Cognitive Functioning

The following cognitive tests assess the domairisrectioning that have been shown to
be impaired among individuals with BD: verbal laag) executive functioning, sustained
attention, and working memory. To the greatestrexqtessible, this study utilized tests that have
been used in previous studies of cognitive funatigmn bipolar disorder. A subset of variables
from each test were used in analyses (see Preliywaaalyses).

Stroop subtest of the Delis-Kaplan Executive Fumitig System (DKEFS)Yhe Stroop
subtest of the DKEFS (Delis et al., 2004) is a ¢éstn individual’s ability to direct attention and
provides insight into cognitive effects that redtdim attentional fatigue. Participants were

required to name a color that is printed in a calardenoted by the name (e.g., the word "red"
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printed in blue ink instead of red ink). When tisgequired, naming the color of the word takes
longer and is more prone to errors than when tha o the ink matches the name of the color.
Four conditions of this test are administered: calming (the participant names the colors of
squares on the stimulus book), color reading (drégpant reads the color words from the
stimulus book), inhibition (the participant nambe tolor of the ink rather than reading the color
word) and inhibition/switching (the participant $ghes between naming the color of the ink and
reading the color word). Internal consistencyhaf Stroop subtest ranges from moderate to high
(.62 to .86; Shunk et al., 2006). The Stroop ismmly included in executive functioning test
batteries and gives a valid measure of cognitieriffility, processing speed, and directed
attention (Strauss, Sherman, & Spreen, 2006).

Ruff 2 & 7 Selective Attention Teshe Ruff 2 & 7 Selective Attention Test (Ruff et,al
1992) is a pencil-and-paper measure of sustainedgeaective attention consisting of 20 trials of
a visual search and cancellation task. The respuratects and marks though all occurrences
of two target digits: 2 and 7. The Ruff 2 & 7 thsis been standardized and normed for use in
individuals ages 16 to 70, with results of relidbitests showing high internal consistency and
high split-half reliability (Ruff et al., 1992).

Tower of LondonThe Tower of London (Shallice, 1982) task assessesutive
planning and is frequently incorporated into staddsecutive functioning test batteries. The
test consists of two boards with pegs and sevéses af different colors. The object is to move
the discs from one peg to another without violaanget of rules given to the subject by the test
administrator. The Tower of London provides adeguis$crimination between high and low-
achieving subjects and provides satisfactory s$lif-reliability (r=.72) and internal consistency

(0=.69) (Kaller, Unterrainer, & Stahl, 2011).
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California Verbal Learning Test (CVLT-IIT.he CVLT-1l (Rasmussen et al., 2001) is a
learning test that has been used extensively iropsychology to assess auditory/verbal
episodic memory. The CVLT-Il measures recall, rextign, encoding strategies, learning rates,
and error types. Participants are read a list oig/éive times, and are asked to recall these
words each time to assess the participant’s legreunve. Short and long-term free and cued
recall trials are also administered, as are footexce and recognition discrimination trials.
Internal consistency of this measure is excellBats(mussen et al., 2001).

Digit Span (subtest of the Wechsler Memory Schildhe digit span (Wechsler, 1997),
participants were presented with a string of numilagid asked to repeat them verbatim. Length
of strings increased with each subsequent seiciparits were then asked to repeat a list of
numbers in reverse order. Similar to the letter-nensequencing task, the digit span task
assesses the participants’ ability to monitor amadipulate information. The digit span has been
used extensively in tests of cognitive functionind3D (Robinson et al., 2006).

Sleep Functioning

The Pittsburgh Sleep Diary (PghSDhe PghSD (Monk et al., 1994i8)a self-report
instrument used to document and quantify sleep/\oakaviors. The PghSD has separate
components for completion at bedtime and uponeting, referring to the events leading up
to sleep and the just-completed sleep period, otisieédy. The PghSD has shown good validity
in agreement with actigraph data, with reportedetations of .56 and .81 for sleep timing and
quality, respectively. Sleep Diaries were notuded in statistical analyses for study
hypotheses, but rather were collected to ensure $om of sleep monitoring in the event there

were widespread errors via actigraphy (e.g. midoss,of actigraphs).
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The Pittsburgh Sleep Quality Index (PSQhe PSQI (Buysse, 1989) is a self-report

measure that assesses sleep quality and disturbaeca one-month time interval. The measure
generates component scores of subjective sleefiyqsitep latency, sleep duration, habitual
sleep efficiency, sleep disturbances, use of shggpiedication, and daytime dysfunction. This
measure has good internal consistency (83) and test-retest reliability (r=.85).

Actigraphy All participants were equipped with wristwatchigaphy for 7 nights. The
devices used were Actiwatch AW-64 (Mini Mitter, Bbs Respironics Inc., Bend, OR, USA).
This device features a sensitivity of 0.05 g afhadwidth between 3 and 11 Hz, with a
sampling frequency of 32 Hz. Actigraphy data weogesl in 15-sec epochs for a continuous
period of 7 days. Sleep onset data were analyzed tlee Immobile Minutes algorithm in
Actiware 5.57 (Mini Mitter Philips Respironics Incwhich generated wake, rest, and sleep
intervals for each participant for each night aigraphy.

Occupational Functioning

The Work Personality Profile — Self Report (WPB-SRe WPP-SR (Bolton & Roessler,

1986a)onsists of 58 items and assesses those capalihtiesatisfy fundamental work role
requirements, i.e., work attitudes, values, hahitsl, behaviors that are considered essential to
achievement and maintenance of suitable employritents are rated on a standard four-point
rating scale. The report consists of five facttask orientation, social skills, work motivation,
continuity/persistence of work behavior and perspnasentation. Scales from this measure
have shown good internal consistency and validtlton & Roessler, 1986b) and have been
used in major reports of vocational functioningndividuals with schizophrenia (Vauth et al.,
2004).

Work Performance QuestionnairEhis is an original questionnaire created by the
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investigator to obtain objective rather than sulbyecvocational data. The questionnaire
assessed total months of employment, number afyBrinumber of times of self-terminated
employment, and number of different jobs an indinaildhas had both in the past year and in his

or her lifetime.
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CHAPTER 3
HYPOTHESES

Previous research has demonstrated a relatiobshigeen cognitive functioning and
occupational functioning among individuals with dligr disorder, as well as a relationship
between sleep deprivation and cognitive functiorangpng healthy individuals. However, no
study to date has integrated these establishetibredaips to suggest a possible mechanism of
poor occupational functioning in bipolar disordénhus, hypotheses were formed to test the
degree to which these previously validated relatgrs may intertwine in BD.

Group Differences in Sleep, Cognitive Functioniagg Occupational Functioning
Hypothesis la: Sleep functioning among bipolarpmsia, and healthy control participants.

| predicted that individuals with bipolar disordeould not differ significantly from
individuals with insomnia in their objective or gettive reports of sleep disturbance. Control
participants would exhibit superior sleep functigprelative to both insomnia and bipolar
participants.

Hypothesis 1b: Cognitive functioning among bipolasomnia, and healthy control participants.
| predicted that individuals with bipolar disordeould not differ significantly from
individuals with insomnia in terms of cognitive fmance. Control participants would exhibit

superior cognitive functioning relative to bothansnia and bipolar participants.
Hypothesis 1c: Occupational functioning among bappinsomnia, and healthy control
participants.

| predicted that individuals with bipolar disordeould exhibit worse occupational

functioning relative to individuals with insomniacghealthy controls. Control participants
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would exhibit superior occupational functioningatgle to both insomnia and bipolar
participants.
Associations between Sleep, Cognitive, and OccopaltiFunctioning

Hypothesis 2: Association between sleep and cagritinctioning

Disrupted sleep will significantly predict loweraes on all measures of cognitive
functioning.
Hypothesis 3: Association between sleep and ocmutfunctioning.

Disrupted sleep will significantly predict lowerages on measures of occupational
functioning.
Hypothesis 4: Association between cognitive andipatonal functioning.

Cognitive performance will predict occupational ¢tinoning.
Hypothesis 5: The mediational effect of sleep @nitive and occupational functioning.

Sleep disruption will mediate the relationship betw cognitive performance and
occupational functioning.

Summary of Hypotheses

The present study examined five main hypotheseegcifically, it was expected that
individuals with BD would demonstrate sleep andrstige disturbance comparable to
individuals with primary insomnia, and that botllividuals with insomnia and individuals with
bipolar disorder would demonstrate poor sleep amphitive functioning relative to healthy
controls. Consistent with the overarching hypath#ésat sleep and cognitive functioning are
significantly related in bipolar disorder, it waspected that poor sleep functioning would

predict poor cognitive performance, as well as pmmupational functioning. Additionally, poor
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cognitive performance would predict poor occupadldanctioning, and sleep disturbance would

mediate that relationship.
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CHAPTER 4
RESULTS
Preliminary Analyses
A priori variable selection

Data collection for the study yielded a large numiddgootential variables of interest for
analysis. To reduce the number of statistical t@ststo increase generalizability of findings to
the extant literature, the target variables forysisa were selected a priori. Of the numerous
sleep variables collected, | chose the self-reporggiables of ISI score and PSQI score, and the
actigraph variables of onset latency and wake tfter sleep onset. 1SI scores provide a general
overview of the severity of insomnia symptoms aadehbeen shown to distinguish between
healthy and disordered sleepers (Morin et al., 20The PSQI and actigraphy variables have
been utilized in significant reports of sleep dibance in BD (e.g., Harvey 2005), and thus,
including these variables in the current study wianable greater comparability of findings.

The actigraphy variables of wake time after sleegpeband sleep onset latency were specifically
selected because they represent frequently repsytagtoms of sleep disturbance among
individuals with insomnia and bipolar disorder.

The cognitive assessments themselves were chostrefstudy based on the knowledge
of which domains of cognitive functioning are maffected in BD; however, further culling of
variables was necessary. Utilizing results fromayanalyses of cognitive functioning in BD as
a guide (e.g. Bora et al., 2009), specific variablere selected to match earlier reports of
deficits in cognitive functioning. This procedunelged the following cognitive variables: Short-
term free recall, long-term free recall, recogmitaiscrimination and number of intrusions from

the California Verbal Learning Test (CVLT); Digip&n Forward and Backward; and the
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Inhibition and Inhibition/Switching tasks from tistroop Color/Word Interference test. Use of
the Tower Test and the Ruff 2 & 7 Selective Attentiest is relatively less frequent in the
literature, but other more common tests of exeeutimctioning and selective attention (e.g., the
Wisconsin Card Sort, Conners’ Continuous Perforraairask) could not be obtained for the
present study. Thus, target variables were sele¢btddest assessed the core domains that they
were designed to test. For the Tower test, thesablas were total number of moves (indicating
lack of planning) and total errors (indicative e§ponse inhibition/set loss). For the Ruff 2 & 7,

| chose Controlled Detection Accuracy and ContbDeetection Errors, as controlled detection
(discriminating 2’s and 7’s from an array of otimeimbers) requires higher levels of processing
than automatic detection (discriminating 2’'s ansl ffom an array of letters).

Due to the large number of possible combinationgaofbles for regression analyses,
further variable reduction was required to avoigety error. For associations involving sleep
functioning, three variables were selected fore@sgion analyses: Insomnia Severity Index,
Pittsburgh Sleep Quality Index (total score), arutigkaphy Sleep Disturbance. Actigraphy
sleep disturbance is a computed variable consisfitige sum of awakenings and sleep onset as
measured by actigraphy. Higher values on bothed¢ measurements are indicative of poorer
sleep, and the combination of these variables wentdmpass a wider range of sleep disruption
while still keeping the total number of statistitas$ts relatively small.

A similar computational technique was employedeuce the number of cognitive
variables included in regression analyses. A suth@MLT variable was constructed using
short delay free recall, long delay free recaltj asmcognition discrimination, as high scores on
all of these variables indicate better performandéis domain, and are consistent with

variables utilized in other published reports ofldVineasures. The Ruff 2&7 variable is a
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summed variable of controlled detection accuraayemors (reverse scored). The Tower
variable is a summed variable of errors and to@les, and the Stroop variable is a summed
variable of the inhibition and inhibition/switchingriables, and the Digit Span variable is a
summed variable of the forward and backward to@tzupational variables were restricted to
lifetime unemployment and lifetime number of firgig

Sample Description and Associations Among Studiablas

Table 1 presents demographic and clinical chanatitss of the study sample. Of the 72
participants, 33.3%nE24) were diagnosed with bipolar | or Il disordgs,3% ( = 24) were
diagnosed with primary insomnia, and 33.3%44) were healthy control participants. The
sample was 61%n€44) female, 65.3%nE47) Caucasian, 18.1%<13) African American,

4.2% f = 3) Asian, 1.4%r(= 1) Hispanic, 2.8%n( = 2) Pacific Islander and 8.3% € 6)

“other.” The mean participant age was 31.46 yeaB»<12.37), with an average education level
of 14.19 years§D = 1.93). Bipolar, insomnia, and control particifgsadid not significantly

differ on gendery?(2) = 0.117p = .94), ethnicity*(5) = 0.117p = .53), ageR(2,71) = 0.16p

= .86), or years of educatioR(@,71) = 0.49p = .62). Table 2 presents means and standard
deviations of sleep, cognitive, and occupationatome variables.

Some gender differences were observed in studghlas: females demonstrated greater
recognition discrimination on the CVLF(1,70) = 8.05p = .006) and performed worse on
Stroop Inhibition E(1,70) = 6.00p = .01). Females also had a higher number ofrfiefirings
than malesK(1,70) = 4.01p = .05). No gender differences were noted amornygshrep
variables. Although all groups reported depressaimh hypomania scores in the euthymic range,
groups differed significantly on these variablegisthat bipolar participants had higher ASRM

scores compared to control and insomnia particgas well as higher BDI scores than control
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participants, but they did not differ significanthpm insomnia participants on the BDI (ASRM:
F(2,69) = 7.88p = .001; BDI:F(2,69) = 13.681p <.001). Thus, to control for any symptom

level effects on sleep and cognitive functionin®lBnd ASRM scores were entered as
covariates in all analyses. As expected, groujfsrdil significantly on medication statyg(Q)

= 34.76,p <.001), as only individuals in the bipolar groupre taking psychiatric medications
(some with sedative effects). Thus, medicatiorustatas also entered as a covariate in analyses.
Groups did not differ in age; however, age relat#ects on sleep and cognitive functioning are
well-documented (Deary et al., 2009; Ohayon et28l04), and thus, age was added as a
covariate in all analyses to control for the widage of ages in each group. Table 3 presents
partial correlations among study variables contiglfor the effects of age, medication status,

and BDI and ASRM scores.
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Table 1. Demographic and clinical characteristidsstudy sample (N=72)

Full Sample Control Insomnia Bipolar
(n=72) (n=24) (n=24) (n=24)*
Gender
n % n % n % n %
Male 28 39.0 10 41.7 9 37.5 9 37.5
Female 44 61.0 14 58.3 15 62.5 15 62.5
Race
n % n % n % n %
Caucasian 47 65.3 19 79.2 14 58.3 14 58.3
African American 13 18.1 2 8.3 5 20.8 6 25
Asian 3 5.5 1 4.2 1 4.2 1 4.2
Hispanic 1 1.4 0 0 1 4.2 0 0
Pacific Islander 2 1.4 1 4.2 0 0 1 4.2
Biracial/Other 6 8.3 1 4.2 2 8.3 3 12.5
Age
Mean SD Mean SD Mean SD Mean SD
31.46 1.93 30.96 1290 30.79 12,99 32.63 11.61
Education
Mean SD Mean SD Mean SD Mean SD
14.19 193 1450 196 14.13 2.03 1396 1.85
Clinical Characteristics
ASRM Mean SD Mean SD Mean SD Mean SD
2.10 1.86 1.71 1.83 1.37 1.31 321 191
BDI Mean SD Mean SD Mean SD Mean SD
4.01 420 092 135 6.04 443 5.08 4.20
Medication Status n % n % n % n %
13 0 0 0 0 0 13 54.16

*Bipolar Group consists of 66.6% (n = 16) Bipoldrand 33.3% (n = 8) Bipolar | participants. ASRMAitman Self Rating Mania
Scale; BDI = Beck Depression Inventory
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Table 2. Means and Standard Deviations of Studya¥sbes

Control Insomnia Bipolar
Cognitive Functioning Mean SD Mean SD Mean SD
CVLT Short Delay Free Recall 11.79 3.02 11.00 3.50 10.54 2.52
CVLT Long Delay Free Recall 11.67 3.35 11.58 3.08 0.92 2.47
CVLT Square Root of Intrusions 1.22 0.97 1.01 0.89 1.68 1.21
CVLT Recognition Discrimination 3.40 0.73 3.33 8.6 2.96 0.62
Digit Span Forward 11.33 1.69 11.58 2.72 9.71 1.40
Digit Span Backward 9.08 1.74 9.96 2.66 8.58 2.06
Ruff 2&7 Controlled Detection Errors 14.74 15.75 A3 21.13 7.00 7.70
Ruff 2&7 Controlled Detection Accuracy 91.22 8.19 9.%7 9.78 95.25 4.89
Stroop Inhibition 46.41 7.03 47.88 9.20 50.00 7.86
Stroop Inhibition/Switching 51.83 9.14 55.70 19.54 58.68 18.50
Tower Total Moves 142.54 36.29 142.39 45.36 120.645.39
Tower Rule Violations 0.63 1.38 0.92 1.74 0.83 1.30
Sleep Functioning
Insomnia Severity Index 2.58 2.75 17.50 3.48 10.885.10
PSQI Total 2.46 1.38 11.48 3.34 8.00 3.94
PSQI Sleep Duration 0.21 0.51 2.04 1.11 0.79 1.02
PSQI Sleep Disturbance 0.88 0.34 1.43 0.51 133 406
PSQI Sleep Latency 0.50 0.59 2.39 0.99 1.50 1.10
PSQI Day Dysfunction 0.38 0.50 1.35 0.71 1.33 0.82
PSQI Sleep Quality 0.29 0.46 2.13 0.46 1.29 0.81
Sleep Onset Latency via Actigraphy 2.71 1.23 3.18 .940 3.05 0.98
Number of Awakenings via Actigraphy 1.92 0.43 223 031 1.81 1.21
Occupational Functioning
Lifetime Number of Firings 0.08 0.28 0.33 0.64 1.13 1.54
Lifetime Number of Quit Jobs 1.33 241 1.67 1.31 04. 5.67
Lifetime Months of Unemployment 7.71 7.36 25.38 5. 31.50 48.67
WPP Task Orientation 76.73 6.64 76.68 6.81 73.30 80 8.
WPP Social Skills 41.55 4.78 40.90 7.14 38.49 6.68
WPP Work Motivation 28.61 3.15 29.07 2.90 26.96 23.7
WPP Work Conformance 31.18 4.12 31.81 2.56 28.74 93 4.
WPP Personal Presentation 29.55 2.66 28.54 3.04 2428. 3.04

*CVLT = California Verbal Learning Test; PSQI = Bburgh Sleep Quality Index; WPP = Work Persondfitgfile
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Table 3. Partial Correlations among study variabéestrolling for age, medication status, and mogohgtoms.

Short Long Intru- Recog. Digit Digit Ruff Ruff Acc Stroop Stroop Tower Tower ISI PSQI PSQI
Delay Delay sions Discrim SpanF SpanB  Error Inhibit Switch Moves Error Duration  Disturb
Short Delay 1.000
Long Delay .865** 1.000
Intrusions -.201 -.247 1.000
Recog. Discrim. .662** .697** -.372* 1.000
Digit Span F .019 137 .024 .155 1.000
Digit Span B .203 .305* -.029 181 A96** 1.000
Ruff Error .003 -.021 120 -.008 .012 .061 1.000
Ruff Acc .055 .049 -.112 .062 -.001 -.021 -.951 00.0
Stroop Inhibition -.394* -.380* -.012 -.347* 170 017 -.029 -.034 1.000
Stroop Switching -.322* -.311* .077 -.306* .083 99 -.097 .055 A454%* 1.000
Tower Moves .103 .019 -.022 -.017 -.188 -114 204 -.184 -.126 -.305* 1.000
Tower Error -.106 -.089 -.083 -.030 -.063 -059 480 -.470* -.061 -.091 .138 1.000
ISI -.124 -.041 -.086 -.135 117 216 -.092 .103 95.0 .045 -.176 -.101 1.000
PSQI Duration -.065 .095 -.251 .038 .182 .155 .058 -.021 .069 .098 -.089 .033 .359* 1.000
PSQI Disturbance -.122 -.208 .011 -.262* -.073 0.02 .115 -.183 .194 -.071 147 .096 .148 .028 1.000
PSQI Latency .058 .082 -.202 .090 .258* ABT** .029 -.005 .040 -.280* .005 .095 .357* 173 224
PSQI Dysfunction -.118 -.025 -.017 -.098 .206 .103 -.145 .076 121 .035 -.246 -.176 .396* .342* .166
PSQI Quality -.008 .033 -.164 .016 .204 .213 .081 .054 .094 .028 -.134 .103 563** 497 .044
Log Act Onset -.021 -114 -.134 .097 116 -015 161 .155 .064 -.074 .108 -.004 .270* -.076 -.060
Sqart Act Awakenings .045 .055 -.150 .152 .072 .249 -.037 .045 -.195 -.033 .020 .041 .318* .269* -.155
Lifetime Firings -.135 -.091 .025 -.196 -.218 .046 -.183 .216 .143 .323* -.181 -.051 .330* .072 .018
Lifetime Quit .076 -.034 .073 .044 .006 -.081 714 145 -.060 -.143 .146 -.210 -.064 -.146 .097
Lifetime Unemploy .015 -.049 110 -.151 .008 .207 336* -.250 -.020 .161 -.061 .189 .075 .329* .016
Task Orientation .040 .099 .020 122 .150 -.128 7.05 -.069 -.041 -.074 -.066 .049 .088 .240 -.017
Social Skills .036 .193 -.310* .252 .015 -.072 .037 -.075 .050 -.179 -.035 -.009 217 .329* -.052
Work Motivation -.011 .080 -.001 .077 .202 -.050 530 -.086 .068 -.082 -.156 -.033 .092 .270* -.035
Conformance .088 .154 -.070 .207 216 -.023 227 244, -.051 -.106 -.005 .076 .097 .193 -.008
Personal Presentation -.025 129 -.163 .154 194 042-. .012 -.099 .025 -.294* .123 .001 144 .209 .077

** = <,001; * = <.05 Short Delay = CVLT Short Delajfree Recall; Long Delay = CVLT Long Delay Free &kdntrusions = CVLT Square Root Intrustions; Bi§pan F = Digit Span Forward; Digit Span B = Digspan

Backward; Ruff Error = Ruff 2 & 7 Controlled Det@m Errors; Ruff Acc = Ruff 2 & 7 Controlled Detém Accuracy; Stroop Inhibit = Stroop Color/Wordtémference Inhibition; Stroop Switch — Stroop Célgord

Interference Inhibition/Switching; Tower Moves =viler Total Moves; Tower Error = Tower Total ErrofS| — Insomnia Severity Index; PSQI Duration = titirgh Sleep Quality Index Sleep Duration; PSQtubis=
Pittsburgh Sleep Quality Index Sleep Disturbancg{PLatency = Pittsburgh Sleep Quality Index Onisgency; PSQI Dys = Pittsburgh Sleep Quality In@&ytime Dysfunction; PSQI Quality = Pittsburgh $ie@uality

Index Sleep Quality; Log Act Onset — Log of SleepeDvia Actigraphy; Sgrt Act Awakenings = Squametfdf Awakenings via Actigraphy; Lifetime Unemptayifetime length of unemployment; Task Orient e/

Personality Profile Task Orientation; Social SkildNork Personality Profile Social Skills; Motivati = Work Personality Profile Work Motivation; Canfnance = Work Personality Profile Work Conformanieersonal
Performance = Work Personality Work Personal Preéagon.
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Table 3 (Continued). Partial Correlations amongdstwariables controlling for age, medication statasd mood symptoms.

PSQI PSQI  PSQI Act Act Lifetime Lifetime Lifetime  Task Social Motiv- Confor- Personal

Latency Dys Quality Onset Awake Firings Quit Unemp Orient  Skills ation mance Presentation
CVLT SDFR
CVLT LDFR
CVLT Sqrt Intrusions
CVLT RD
DS Forward
DS Backward
Ruff CD Error
Ruff CD Acc
Stroop Inhibition
Stroop Switching
Tower Total Moves
Tower Rule Violations
Insomnia Severity
PSQI Duration
PSQI Disturbance
PSQI Sleep Latency 1.000
PSQI Day Dysfunction .090 1.000
PSQI Sleep Quality 379* 157 1.000
Log Act Onset .323* -.116 .255* 1.000
Sqgrt Act Awakenings 178 -.045 .287* .040 1.000
Lifetime Firings -.120 .021 .029 -114 .047 1.000
Lifetime Quit Jobs -.160 .058 -.096 -.056 -.116 705  1.000
Lifetime Unemploy .240 -.128 .409* -.103 113 -.043 -.096 1.000
Task Orientation -.067 -.008 174 .286* -.010 -214 -181 -.137 1.000
Social Skills .001 .204 175 .109 -.032 -.107 -181 -.249 .565*  1.000
Work Motivation .014 A77 115 .081 -.097 -.166 311 -.160 728* [ 702**  1.000
Work Conformance .076 .011 .156 224 .059 -.363* 123. -.105 J17* 693**  .788*  1.000
Personal Presentation 135 .080 191 .290* -.014 302 -.022 -.199 B57*  712** [ 705**  |748** 1.000

** = <,001; * = <.05 Short Delay = CVLT Short Delajfree Recall; Long Delay = CVLT Long Delay Free &kdntrusions = CVLT Square Root Intrustions; Bi§pan F = Digit Span Forward; Digit Span B
= Digit Span Backward; Ruff Error = Ruff 2 & 7 Cantled Detection Errors; Ruff Acc = Ruff 2 & 7 Coolled Detection Accuracy; Stroop Inhibit = Stro@wlor/Word Interference Inhibition; Stroop Switch —
Stroop Color/Word Interference Inhibition/Switchjrigower Moves = Tower Total Moves; Tower Error =iler Total Errors; ISI — Insomnia Severity Index;(d®Puration = Pittsburgh Sleep Quality Index
Sleep Duration; PSQI Disturb = Pittsburgh Sleep Qyadndex Sleep Disturbance; PSQI Latency = Pittgfh Sleep Quality Index Onset Latency; PSQI Dy&ttsburgh Sleep Quality Index Daytime
Dysfunction; PSQI Quality = Pittsburgh Sleep Qualihdex Sleep Quality; Log Act Onset — Log of St@epet via Actigraphy; Sgrt Act Awakenings = SquRoet of Awakenings via Actigraphy; Lifetime
Unemploy = Lifetime length of unemployment; Tasie@r= Work Personality Profile Task Orientatiom&al Skills = Work Personality Profile Social S&jlMotivation = Work Personality Profile Work
Motivation; Conformance = Work Personality Profildork Conformance; Personal Performance = Work Peaity Work Personal Presentation.
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Examination of the distribution of study variabltesealed significant deviations from
normality in three variables: CVLT Intrusions, §ié@nset via Actigraphy, and Number of
Awakenings via Actigraphy. Logarithmic (for actigtay variables) and square root (for CVLT)
transformations were successful in remediatingeivedations, and the transformed variables
were utilized in main analyses.

Tests of Study Hypotheses
Group Differences in Sleep, Cognitive Functioniaigg Occupational Functioning

Hypothesis 1a: Sleep functioning among bipolarpimeia, and healthy control participants.

Hypothesis la stated that bipolar participants @aait differ significantly from
insomnia participants on any measure of sleep joliem, but would exhibit significantly worse
sleep than control participants. Tests were cotedugsing ANCOVA controlling for age,
medication status, BDI and ASRM scores. Post-hotrasts were conducted for each
significant omnibus test, utilizing a Bonferronphh correction with a significance threshold of
p =.016. Tests of this hypothesis yielded mixedifigs. Omnibus ANCOVA analyses yielded
significant group differences in insomnia sevefi{2, 65) = 60.7p <.001). Consistent with
hypotheses, bipolar participants demonstrated fezggnily greater levels of insomnia severity
than healthy controls when assessed via the InsoBwwerity Indext(69) = -2.36p <.001).
However, contrary to hypotheses, bipolar participaxhibited lower levels of insomnia severity
relative to participants in the insomnia grot(69) = -5.88)p <.001). It is notable, however, that
the mean ISI score in the bipolar group was 10a8iich has been an indicator of insomnia in
community samples (Morin et al., 2011).

Univariate ANCOVASs, controlling for age, medicatistatus, BDI, and ASRM scores,

yielded significant group differences on severaQP@ariables (PSQI Duratior(2,65) = 15.72,
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p <.001; PSQI Sleep Latendy(2,65) = 9.86p <.001; PSQI Day Dysfunctio(2,65) = 5.26p
=.008; PSQI Sleep Qualiti#(2,65) = 32.62p <.001). Again, results were mixed relative to
hypotheses. Pairwise contrasts revealed bipolaicyeants exhibited significantly longer sleep
onset latency than control participart{$9) = 3.77p, <.001); however, contrary to hypotheses,
bipolar participants exhibited shorter sleep layethan insomnia participant§§9) = -3.32p
<.001). The same pattern of findings was obsewidd PSQI Sleep Quality, with bipolar
participants reporting significantly poorer qualitysleep compared to control participan{69)
=5.78,p <.001), but significantly better quality of sleepmpared to insomnia participants
(t(69) = -4.79p <.001). In terms of PSQI Sleep Duration, bipgarticipants slept longer than
insomnia participantd(69) = 4.69p <.001); however, pairwise comparisons demonstyatin
bipolar participants slept less than controls thtle reach a significance thresholdpot .016
after Bonferroni correctiornt(69) = -2.21p =.03). However, the hypothesized pattern emerged
in analyses of PSQI Day Dysfunction, with bipolartgipants exhibiting greater daytime
effects of sleep disturbance than contrgl89) = 4.81p <.001), but no significant difference in
daytime effects relative to insomnia participan€q) = .07;p = .94). A trend toward
significance was observed in PSQI Sleep Disturb@aZ65) = 3.01p = .06).

Analyses of sleep variables measured by actigrafgoyproduced mixed findings. No
significant group differences were observed viavanate ANCOVA for the variables of sleep
onset and sleep duration. A significant groupeilléhce was observed for the square root of
awakeningsK(2, 65) =5.17p = .008); however, pairwise contrasts showed oritgad toward
significance between insomnia and control participdfollowing Bonferroni correction), with
insomnia participants demonstrating a greater squuant of awakenings relative to controls

(t(69) = 2.02p=.047). Table 4 presents full ANCOVA analysesleep variables.
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Table 4. Group Differences in Sleep Functioning

Source Df F Partial n2 p Significant Group Comparisons
Insomnia Severity Index

Age 1 5.535 .078 .022

Med Status 1 2.508 .037 .118

ASRM 1 .633 .010 429

BDI 1 .686 .010 410

Group 2 60.704 .651 .000 IN>BD>HC
Source Df F Partial n2 p Significant Group Comparisons
PSQI Sleep Duration

Age 1 5.154 .075 .027

Med Status 1 .033 .001 .856

ASRM 1 .570 .009 .453

BDI 1 1.108 .017 .296

Group 2 15.716 .329 .000 BD<IN
PSQI Sleep Disturbance

Age 1 .230 .004 .633

Med Status 1 .040 .001 .842

ASRM 1 .067 .001 797

BDI 1 1.592 .024 212

Group 2 3.008 .086 .056 --
PSQI Sleep Latency

Age 1 .032 .001 .858

Med Status 1 1.490 .023 227

ASRM 1 3.110 .046 .083

BDI 1 6.979 .098 .010

Group 2 9.856 .235 .000 IN>BD>HC
PSQI Day Dysfunction

Age 1 4.484 .065 .038

Med Status 1 1.591 .024 212

ASRM 1 .002 .000 .966

BDI 1 2.982 .045 .089

Group 2 5.263 141 .008 BD>HC
PSQI Sleep Quality

Age 1 .786 .012 .379

Med Status 1 1.876 .028 176

ASRM 1 .785 .012 .379

BDI 1 2.897 .043 .094

Group 2 32.621 .505 .000 HC>BD>IN
Source Df F Partial n2 p Significant Group Comparisons
Actigraph Log of Sleep Onset

Age 1 3.335 .052 .073

Med Status 1 .024 .000 .878

ASRM 1 .846 .014 .361

BDI 1 .020 .000 .887

Group 2 .976 .031 .382 --
Actigraph Square Root Number of Awakenings

Age 1 .213 .003 .646

Med Status 1 3.305 .050 .074

ASRM 1 1.622 .025 .208

BDI 1 1.540 .024 219

Group 2 5.165 141 .008 IN>HC"
Actigraph Sleep Duration

Age 1 132 .002 717

Med Status 1 .095 .002 .759

ASRM 1 .004 .000 .952

BDI 1 1.705 .026 196

Group 2 .670 .021 .515 --

*ASRM = Altman Self Rating Mania Scale; BDI = Bé&pression Inventory *statistical trend after Baméai correction (p < .10)
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Hypothesis 1b: Cognitive functioning among bipolasomnia, and healthy control participants.

Hypothesis 1b stated that individuals with bipaleorder would not differ significantly
from individuals with insomnia in terms of cogniiperformance, and that control participants
would exhibit superior cognitive functioning relagito both insomnia and bipolar participants.
Results were mixed for this group of comparisonsalfses of CVLT variables yielded
significant group differences for square root dfusions F(2, 65) = 4.51p = .015) and
recognition discriminationH(2, 65) = 3.16p = .05). Bonferroni corrected post-hoc contrasts
failed to yield significant findings, but there wadrend for larger square root of intrusions
among bipolar participants compared to insomniéig@pants {(69) = 2.27p = .03). No
significant differences were observed between lpahd control participanty§9) = 0.70p =
.48). Pairwise contrasts of recognition discrinimawere marginally significant in the
hypothesized direction following Bonferroni corriect, bipolar participants demonstrating
poorer recognition discrimination compared to colstif(69) = 2.32p =.023), and marginally
poorer recognition discrimination compared to ins@rparticipantst(69) = 1.93;p = .06). No
significant group differences were observed fonrsholong delay free recall (Short Deldy(2,
65) = 0.46p = .64; Long DelayF(2, 65) = 0.64p = .53).

Significant group differences were observed fgitdipan forwardK(2, 65) = 3.79p =
.028). Consistent with hypotheses, bipolar paréints performed worse than control
participants(69) = 2.79;p = .007); however, they also performed worse thaomnia
participants on this measué6®) = 3.22p = .002). A trend toward significance was observed

in digit span backward~(2,65) = 2.8p = .07).
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Contrary to hypotheses, no other test of cognitimetioning yielded significant group
differences. Table 5 presents full ANCOVA resutis dll group comparisons of cognitive

functioning variables.

40



Table 5. Group Differences in Cognitive Functioning

Source Df F Partial n? p Significant Group Comparisons
CVLT Short Delay Free Recall

Age 1 8.213 112 .006

Med Status 1 .523 .008 472

ASRM 1 2.012 .030 161

BDI 1 110 .002 742

Group 2 455 .014 .636 --
CVLT Long Delay Free Recall

Age 1 9.764 131 .003

Med Status 1 1.927 .029 170

ASRM 1 1.057 .016 .308

BDI 1 .013 .000 911

Group 2 .636 .019 .533 -
CVLT Square Root Intrusions

Age 1 13577 173 .000

Med Status 1 5.676 .080 .020

ASRM 1 351 .005 .556

BDI 1 441 .007 .509

Group 2 4.512 122 .015 BD>IN*
CVLT Recognition Discrimination

Age 1 20.122 0.236 0

Med Status 1 2.735 0.04 0.103

ASRM 1 2.312 0.034 0.133

BDI 1 0.26 0.004 0.612

Group 2 3.162 0.089 0.049 BD<HC*
Digit Span Forward

Age 1 227 .003 .635

Med Status 1 .066 .001 .798

ASRM 1 120 .002 .730

BDI 1 2.087 .031 .153

Group 2 3.791 .104 .028 IN>HC>BD
Digit Span Backward

Age 1 1.136 .017 .290

Med Status 1 .360 .006 .551

ASRM 1 443 .007 .508

BDI 1 2.945 .043 .091

Group 2 2.801 .079 .068 -
Ruff 2& 7 Controlled Detection Errors

Age 1 .945 .015 .335

Med Status 1 .034 .001 .854

ASRM 1 .018 .000 .895

BDI 1 1.406 .022 .240

Group 2 1.299 .040 .280 -
Ruff 2& 7 Controlled Detection Accuracy

Age 1 1.085 .017 .302

Med Status 1 .003 .000 .955

ASRM 1 .044 .001 .834

BDI 1 1.898 .029 173

Group 2 1.700 .051 191 -

*ASRM = Altman Self Rating Mania Scale; BDI = Bé&xpression Inventory *statistical trend after Baméai correction (p < .10)
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Table 5 (Continued). Group Differences in Cogniffactioning.

Source Df F Partial n? p Significant Group Comparisons
Stroop Inhibition

Age 1 9.008 122 .004

Med Status 1 .343 .005 .560

ASRM 1 2.508 .037 118

BDI 1 2.716 .040 .104

Group 2 1.254 .037 292 --
Stroop Inhibition/Switching

Age 1 1.931 .029 .169

Med Status 1 1.497 .023 226

ASRM 1 .048 .001 .827

BDI 1 3.358 .049 .071

Group 2 1.440 .042 244 --
Tower Total Number of Moves

Age 1 3.439 .052 .068

Med Status 1 2.285 .035 136

ASRM 1 472 .007 .495

BDI 1 1.551 .024 .218

Group 2 .305 .010 .738 -
Tower Rule Violations

Age 1 4.709 .069 .034

Med Status 1 .046 .001 .831

ASRM 1 5.149 .074 .027

BDI 1 6.544 .093 .013

Group 2 2.615 .076 .081 --

*ASRM = Altman Self Rating Mania Scale; BDI = Bé&pression Inventory

Hypothesis 1c: Occupational functioning among Bi3pmnia, and healthy control participants.

Hypothesis 1c was that individuals with BD wouldhiibit worse occupational
functioning relative to individuals with insomniaghealthy controls, and that control
participants would exhibit superior occupationaidtioning relative to both insomnia and
bipolar participants. Results were mixed for thasalyses. A univariate ANCOVA revealed
significant group differences for number of lifeerfirings € (2,65) = 3.20p =.047).
Consistent with hypotheses, bipolar participantsl@ied greater lifetime firings than both
controls {(69) = 3.69p <.001) and insomnia participant$6®) = 2.81p = .006) after post-hoc
correction. No significant differences were obsdrirelength of unemployment or number of

quit jobs. Analyses of the Work Personality Peofailed to yield significant group differences
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via univariate ANCOVASs. Table 6 presents full ANE® results for all group comparisons of

occupational variables.
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Table 6. Group Comparisons of Occupational Funatign

Source Df F partial n? p Significant Group Comparisons

Work Performance Profile

Lifetime Unemployed

Age 1 0.386 .006 .536

Med Status 1 1.853 .028 178

ASRM 1 214 .003 .645

BDI 1 .465 .007 .498

Group 2 1.475 .043 .236 --
Lifetime Quit

Age 1 1.307 .020 257

Med Status 1 4,466 .064 .038

ASRM 1 1.358 .020 .248

BDI 1 1.873 .028 176

Group 2 0.356 011 .702 --
Lifetime Fired

Age 1 4,671 .067 .034

Med Status 1 6.772 .094 011

ASRM 1 1.007 .015 .319

BDI 1 4521 .065 .037

Group 2 3.209 .090 .047 BD>IN>HC

Work Personality Profile

Task Orientation

Age 1 3.309 .048 .074

Med Status 1 0.020 .000 .889

ASRM 1 1.376 .021 .245

BDI 1 .012 .000 912

Group 2 0.343 .010 711 --
Work Conformance

Age 1 0.139 .002 .710

Med Status 1 0.160 .002 .690

ASRM 1 .009 .000 .924

BDI 1 .166 .003 .685

Group 2 2.359 .068 .103 --
Personal Presentation

Age 1 .253 .004 617

Med Status 1 725 011 .398

ASRM 1 .095 .001 .759

BDI 1 1.770 .027 .188

Group 2 .549 .017 .580 --
Work Motivation

Age 1 0.067 .001 .796

Med Status 1 0.271 .004 .604

ASRM 1 .025 .000 .875

BDI 1 119 .002 731

Group 2 0.884 .026 418 --
Social Skills

Age 1 0.398 .006 .530

Med Status 1 0.206 .003 .651

ASRM 1 .055 .001 .815

BDI 1 .351 .005 .556

Group 2 0.831 .025 440 --

*ASRM = Altman Self Rating Mania Scale; BDI = Bé&upression Inventory
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Associations between Sleep, Cognitive, and OcaupatFunctioning

Hypothesis 2: Association between sleep and cegritinctioning

Hypothesis 2 was that disrupted sleep would sigguifily predict lower scores on all
measures of cognitive functioning. Analyses didyield any significant associations between
any combination of sleep and cognitive functionuagiables. Full analyses are listed in Table 7.

Table 7. Sleep Disturbance Predicting Cognitive ¢tioning

Predicting CVLT Performance

Insomnia Severity Index B S.E.B B t
Step 1

Age -.189 .06 -.368 -3.151*

Medication Status 1.20 1.965 .075 0.610
Step 2

Altman Self Rating Mania Scale -.651 436 119 -1.492

Beck Depression Inventory -0.092 .209 -.061 439,
Step 3

Insomnia Severity Index -.013 116 -.015 511
Pittsburgh Sleep Quality Index B S.E.B B t
Step 1

Age -.216 .060 -.406 -3.572*

Medication Status 1.810 2.034 114 .890
Step 2

Altman Self Rating Mania Scale -.718 449 121 -1.59

Beck Depression Inventory -.027 .236 -.018 151
Step 3

Pittsburgh Sleep Quality Index -.088 .202 67.0 -.437
Actigraphy Sleep Disturbance B S.E.B B t
Step 1

Age -.219 .065 -.397 -3.387*

Medication Status 1.44 2.02 .089 716
Step 2

Altman Self Rating Mania Scale -.645 443 7.18 -1.45

Beck Depression Inventory -.082 .180 -.055 56.4
Step 3

Actigraphy Sleep Disturbance .000 .028 .001 012.
Predicting Digit Span Performance
Insomnia Severity Index B S.E.B B t
Step 1

Age -.019 .053 -.044 -.358

Medication Status -1.443 1.73 -.108 -.833
Step 2

Altman Self Rating Mania Scale -.356 .385 512 -.926

Beck Depression Inventory -.216 .184 -171 181.
Step 3

Insomnia Severity Index 147 .102 .199 1.44
Pittsburgh Sleep Quality Index B S.E.B B t
Step 1

Age -.040 .052 -.092 -.769

Medication Status -2.20 1.74 -.169 -1.26
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Table 7 (continued). Sleep Disturbance Predictiragdtive Functioning.

Step 2
Altman Self Rating Mania Scale -.207 .385 507 -.538
Beck Depression Inventory -.340 .202 -.276 681.
Step 3
Pittsburgh Sleep Quality Index .349 173 .323 2.015
Actigraphy Sleep Disturbance B S.E.B B t
Step 1
Age -.060 .054 -.138 -1.113
Medication Status -1.679 1.692 -131 -.992
Step 2
Altman Self Rating Mania Scale -.358 371 113 -.964
Beck Depression Inventory -.038 151 -.032 53.2
Step 3
Actigraphy Sleep Disturbance .029 .023 151 .223
Predicting Ruff 2&7 Selective Attention Performance
Insomnia Severity Index B S.E.B B t
Step 1
Age 119 .145 101 .821
Medication Status 5.43 4.75 .150 1.14
Step 2
Altman Self Rating Mania Scale .202 1.07 .027 .189
Beck Depression Inventory .830 .509 .240 1.63
Step 3
Insomnia Severity Index -.431 .282 -.215 3L.5
Pittsburgh Sleep Quality Index B S.E.B B t
Step 1
Age .057 .150 .047 381
Medication Status 7.87 5.01 .218 1.57
Step 2
Altman Self Rating Mania Scale .015 1.12 .002 .013
Beck Depression Inventory .853 .587 247 1.45
Step 3
Pittsburgh Sleep Quality Index -.545 .501 80.1 -1.089
Actigraphy Sleep Disturbance B S.E.B B t
Step 1
Age .140 147 122 .955
Medication Status 6.18 4.58 .184 1.35
Step 2
Altman Self Rating Mania Scale -.021 1.03 3.00 -.020
Beck Depression Inventory .326 412 .104 792
Step 3
Actigraphy Sleep Disturbance -.009 .063 -.019 -.145
Predicting Tower Test Performance
Insomnia Severity Index B S.E.B B t
Step 1
Age -.618 .408 -.179 -1.52
Medication Status -30.46 14.05 -2.77 -2.17*
Step 2
Altman Self Rating Mania Scale -2.18 3.10 -.09 -.702
Beck Depression Inventory 2.15 1.49 210 1.45
Step 3
Insomnia Severity Index -.984 .833 -.163 8L.1
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Table 7 (continued). Sleep Disturbance Predictirmgtive Functioning.

Predicting Tower Test Performance

Pittsburgh Sleep Quality Index B S.E.B B t
Step 1

Age -.618 418 -174 -1.48

Medication Status -26.411 15.24 -.242 -1.733
Step 2

Altman Self Rating Mania Scale -2.68 3.31 711 -.810

Beck Depression Inventory 2.31 1.71 .228 1.36
Step 3

Pittsburgh Sleep Quality Index -1.45 1.43 65.1 -1.013
Actigraphy Sleep Disturbance B S.E.B B t
Step 1

Age -.662 447 -.182 -1.483

Medication Status -32.25 14.82 -.29 -.217*
Step 2

Altman Self Rating Mania Scale -.644 3.20 8.02 -.201

Beck Depression Inventory 1.09 1.26 .109 .862
Step 3

Actigraphy Sleep Disturbance .162 .193 .103 842,
Predicting Stroop Color/Word Interference Performance
Insomnia Severity Index B S.E.B B t
Step 1

Age 403 211 225 1.91

Medication Status 12.12 6.88 .218 1.76
Step 2

Altman Self Rating Mania Scale .726 1.53 .061 AT5

Beck Depression Inventory -1.19 732 -.227 631.
Step 3

Insomnia Severity Index 514 .406 .168 1.27
Pittsburgh Sleep Quality Index B S.E.B B t
Step 1

Age 489 .218 .263 2.24*

Medication Status 10.0 7.32 .180 1.37
Step 2

Altman Self Rating Mania Scale .736 1.61 .062 455

Beck Depression Inventory -1.03 .849 -.194 211.
Step 3

Pittsburgh Sleep Quality Index .391 727 .084 .538
Actigraphy Sleep Disturbance B S.E.B B t
Step 1

Age .601 226 312 2.66*

Medication Status 12.71 7.08 224 1.79
Step 2

Altman Self Rating Mania Scale .288 1.55 .024 .185

Beck Depression Inventory -.834 .632 -.159 321.
Step 3

Actigraphy Sleep Disturbance -.056 .098 -.068 -.578

*=<,05,** =<001, t =<.10
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Hypothesis 3: Association between sleep and ocmnstfunctioning.

Hypothesis 3 stated that disrupted sleep wouldfggntly predict lower scores on
measures of occupational functioning. Sleep distuce as measured by the Pittsburgh Sleep
Quiality Index significantly predicted greater lifee unemployment in the sample=£ .381,p =
.018). No other relationship between sleep distack and occupational functioning was
statistically significant. Table 8 presents fidbults for all associations between sleep and
occupational functioning variables.

Hypothesis 4:Association between cognitive and patonal functioning.

Hypothesis 4 stated that cognitive performance @ouédict occupational functioning.
Consistent with hypotheses, performance on theotrask predicted increased number of
lifetime firings (3 = .014,p = .005). Additionally, there was a trend towargihsiicance for poor
performance on the CVLT to predict greater numbdifetime firings (3 = -.185,p = .095).
Contrary to hypotheses, no other relationship betwegnitive and occupational functioning
was significant. Table 9 presents full resultsdibiassociations between cognitive and

occupational variables.
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Table 8. Sleep Disturbance Predicting Occupatidaatctioning.

Predicting Lifetime Number of Firings

Insomnia Severity Index B S.E.B B t
Step 1

Age .015 .009 172 1.67

Medication Status 1.42 .290 .532 4.89**
Step 2

Altman Self Rating Mania Scale -.06 .064 -105  -.932

Beck Depression Inventory -.060 .031 -.238 951.
Step 3

Insomnia Severity Index .031 .017 212 1.82
Pittsburgh Sleep Quality Index B S.E.B B t
Step 1

Age .020 .009 .226 2.18*

Medication Status 1.26 .309 473 4.08**
Step 2

Altman Self Rating Mania Scale -.053 .068 309 -.778

Beck Depression Inventory -.057 .036 -.226 591.
Step 3

Pittsburgh Sleep Quality Index .033 .031 147 1.06
Actigraphy Sleep Disturbance B S.E.B B t
Step 1

Age .025 .009 274 2.68*

Medication Status 1.47 .293 .542 5.00**
Step 2

Altman Self Rating Mania Scale -.084 .064 6.14 -1.29

Beck Depression Inventory -.037 .026 -.147 401.
Step 3

Actigraphy Sleep Disturbance -.005 .004 -117  -1.15
Predicting Lifetime Unemployment
Insomnia Severity Index B S.E.B B t
Step 1

Age .226 .384 .073 .588

Medication Status 26.8 12.6 .278 2.13*
Step 2

Altman Self Rating Mania Scale -2.24 2.79 810 -.802

Beck Depression Inventory .098 1.34 .011 .073
Step 3

Insomnia Severity Index 278 .740 .053 .376
Pittsburgh Sleep Quality Index B S.E.B B t
Step 1

Age .203 378 .063 .536

Medication Status 17.7 12.71 184 1.39
Step 2

Altman Self Rating Mania Scale -.251 2.81 201 -.089

Beck Depression Inventory -2.02 1.47 =221 371.
Step 3

Pittsburgh Sleep Quality Index 2.06 1.26 381 2.42*

*=<.05, * =<,001, T =<.10
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Table 8 (continued). Sleep Disturbance Predictirgg@pational Functioning.

Actigraphy Sleep Disturbance B S.E.B B t
Step 1
Age .362 420 .107 .861
Medication Status 27.74 13.14 279 2.11*
Step 2
Altman Self Rating Mania Scale -2.24 2.88 6.10 =779
Beck Depression Inventory .262 1.172 .028 223
Step 3
Actigraphy Sleep Disturbance .027 181 .018 147.

*=<,05,* =<.001, T =<.10
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Table 9. Cognitive Functioning Predicting OccupatbFunctioning.

Predicting Number of Lifetime Firings

Stroop Color/Word Interference B S.E.B B t
Step 1

Age .012 .009 134 1.33

Medication Status 1.22 .285 .459 4.28**
Step 2

Altman Self Rating Mania Scale -.083 .061 614 179

Beck Depression Inventory -.021 .026 -.082 422
Step 3

Stroop Color/Word Interference .014 .005 301 2.92*
California Verbal Learning Test B .E.B B t
Step 1

Age .012 .009 143 1.31

Medication Status 1.42 291 534 4.89**
Step 2

Altman Self Rating Mania Scale -.097 .065 017 -1.49

Beck Depression Inventory -.034 .026 -.135 -1.29
Step 3

California Verbal Learning Test -.031 .018 185 -1.69
Ruff 2 & 7 Selective Attention B .E.B B t
Step 1

Age .018 .009 203 197

Medication Status 1.32 .300 496 4.39**
Step 2

Altman Self Rating Mania Scale -.087 .067 0.15 -1.30

Beck Depression Inventory -.037 .027 -.144 -1.35
Step 3

Ruff 2 & 7 Selective Attention .013 .008 A77 1.69
Tower Test B .E.B B t
Step 1

Age .013 .009 157 1.51

Medication Status 1.46 .318 .535 4.60**
Step 2

Altman Self Rating Mania Scale -.121 .067 021 -1.81

Beck Depression Inventory -.017 .027 -.068 -.647
Step 3

Tower Test -.004 .003 -.149 -1.369
Digit Span B .E.B B t
Step 1

Age .018 .009 211 2.05*

Medication Status 1.35 .296 .508 4.57*
Step 2

Altman Self Rating Mania Scale -.086 .065 1.5 -1.32

Beck Depression Inventory -.033 .027 -.129 -1.22
Step 3

Digit Span -.021 .021 -.104 -1.01

*=<,05,* =<.001, T =<.10
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Table 9 (Continued). Cognitive Functioning PredigtiOccupational Functioning.

Predicting Lifetime Unemployment

Stroop Color/Word Interference B S.E.B B t
Step 1

Age 137 .385 .044 .356

Medication Status 23.52 12.67 .244 1.85
Step 2

Altman Self Rating Mania Scale -2.51 2.74 112 -.915

Beck Depression Inventory .545 1.13 .060 479
Step 3

Stroop Color/Word Interference .260 .220 150 1.182
California Verbal Learning Test B S.E.B B t
Step 1

Age .187 404 .060 462

Medication Status 26.97 12.57 .280 2.14*
Step 2

Altman Self Rating Mania Scale -2.62 2.81 712 -.935

Beck Depression Inventory .323 1.140 .035 .283
Step 3

California Verbal Learning Test -.365 .786 060 -.464
Ruff 2 & 7 Selective Attention B S.E.B B t
Step 1

Age .293 .380 .093 773

Medication Status 29.60 12.77 .307 2.32*
Step 2

Altman Self Rating Mania Scale -2.32 2.83 111 -.818

Beck Depression Inventory .639 1.160 .069 .551
Step 3

Ruff 2 & 7 Selective Attention -.505 .327 89 -1.55
Tower Test B S.E.B B t
Step 1

Age .163 .389 .052 419

Medication Status 30.66 13.85 .309 2.21*
Step 2

Altman Self Rating Mania Scale -3.57 2.91 -17 -1.23

Beck Depression Inventory .694 1.17 .075 .593
Step 3

Tower Test -.052 118 -.057 -.437
Digit Span B S.E.B B t
Step 1

Age .258 374 .083 .690

Medication Status 27.54 12.58 .286 2.19*
Step 2

Altman Self Rating Mania Scale -2.11 2.78 210 -.760

Beck Depression Inventory 410 1.13 .045 .361
Step 3

Digit Span .631 .876 .088 721

*=<,05,* =<.001, T =<.10
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Hypothesis 5: The mediational effect of sleep @nitive and occupational functioning.
Hypothesis 5 was that sleep disruption would media¢ relationship between cognitive
performance and occupational functioning. In tlasple, poorer performance on the Stroop
Color/Word Interference was associated with a greatmber of lifetime firings. However,
analyses revealed no significant mediational effdatn sleep disturbance (either via ISI, PSQI
or actigraphy) were added to the model as potemigliators. Table 10 presents full results for

all tests of mediation.
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Table 10. Sleep as a Mediator of the RelationslepvBen Stroop Color/Word Interference
and Number of Lifetime Firings

Insomnia Severity Index B S.E.B B t
Step 1
Age .009 .009 .109 1.079
Medication Status 1.25 .283 472 4.43**
Altman Self Rating Mania Scale -.070 .062 -.122 -1.13
Beck Depression Inventory -.044 .030 -.176 814
Stroop Color/Word Interference .014 .005 301 .912*
Step 2
Stroop Color/Word Interference .013 .005 277 .682
Insomnia Severity Index .024 .017 .166 1.47
Pittsburgh Sleep Quality Index B S.EB B t
Step 1
Age .013 .009 .150 .148
Medication Status 1.122 .298 421 3.76**
Altman Self Rating Mania Scale -.063 .065 =111 -.971
Beck Depression Inventory -.043 .034 -.170 41.2
Stroop Color/Word Interference .014 .005 .289 72
Step 2
Stroop Color/Word Interference .014 .005 .289 72
Pittsburgh Sleep Quality Index .027 .029 123 929.
Actigraphy Sleep Disturbance B S.EB B t
Step 1
Age .018 .010 .198 1.89
Medication Status 1.32 291 .488 4.54**
Altman Self Rating Mania Scale -.087 .062 -.151 -1.39
Beck Depression Inventory -.027 .026 -.108 51.0
Stroop Color/Word Interference .012 .005 252 .362
Step 2
Stroop Color/Word Interference .012 .005 244 .822
Actigraphy Sleep Disturbance -.004 .004 -.101 1.02

*=<.05,**=<.001, t =<.10
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CHAPTER 5
DISCUSSION
Summary and Conclusions
The present study aimed to examine the relatipriséiween sleep disruption and deficits
in cognitive and occupational functioning in BD. \&epected BD participants to demonstrate
greater sleep disturbance via both subjective &fettive measurement compared to controls,
and equivalent sleep disturbance relative to imials with insomnia. We hypothesized that
individuals with BD also would demonstrate greaignitive and occupational impairment
compared to controls, but not significantly diffierérom insomnia participants. We expected
sleep disturbance to be significantly associatet poor cognitive performance; cognitive
impairment to be significantly associated with qeational impairment, and for sleep
disturbance to mediate the relationship betweenitgg and occupational functioning.
Findings from the present study were mixed wipezt to their support for study
hypotheses. Bipolar participants demonstrated misrepted sleep than controls only on self-
reported symptoms. Actigraphic assessment of slekpot yield any significant differences
between bipolar and control participants on keyk®ia of sleep disturbance. Bipolar
participants demonstrated better sleep than insopaniticipants on all measures except for self-
reported symptoms of daytime dysfunction, in wHigbolar participants did not differ
significantly from insomnia participants. Insompiarticipants reported significantly greater
severity of insomnia symptoms than bipolar partiaifs; however, bipolar participants’ mean
levels of insomnia severity were above cutoff ssdoeg identifying insomnia in community

samples.
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Results of analyses of cognitive and occupatitunationing data were also mixed.
Bipolar participants demonstrated significantly ssrcognitive performance than control
participants on measures of working memory (Digias Forward) and marginally worse verbal
learning (CVLT recognition discrimination), but veemot significantly different from controls on
any other cognitive measure. Bipolar participal@sionstrated a trend toward higher square
root of intrusions on the CVLT task relative toonsnia participants, but not control participants.
In line with hypotheses, bipolar participants répdrbeing fired from their jobs more frequently
compared to insomnia and control participants; h@nesignificant group differences were not
observed in any other measure of occupational ikmicig.

Regression analyses examining associations betsleep, cognitive, and occupational
variables also yielded mixed findings. Sleep disamce as measured by the Pittsburgh Sleep
Quality Index was significantly associated witloader history of lifetime unemployment, but
no other combination of sleep disturbance and catooipal functioning was significant.
Cognitive impairment was significantly associatathveccupational impairment only in the
domain of executive functioning as measured byStneop Color/Word Interference task.
Impairment on this task was associated with a greatmber of lifetime firings; however, sleep
disturbance failed to mediate this significant tielaship.

Analyses of sleep data supported previous findafgisturbed sleep throughout the
euthymic phase of BD. The present findings weresistent particularly with results from
Harvey et al. (2005), which utilized the same pgvant groupings (insomnia, euthymic bipolar,
healthy sleepers) and nearly the same subjectd®bjective measures. Both reports found
significant differences between bipolar particigaand controls on PSQI variables of onset

latency, daytime dysfunction, and sleep quality bath reports found nonsignificant
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differences in the variable of PSQI sleep distudeaisome differences were noted in that the
current study found insomnia participants repovtedse functioning in sleep latency than
bipolar participants and controls, whereas the Ehaet al. report observed no significant
differences between bipolar and insomnia partidipan this variable. Also identical to this
study, the Harvey et al. report failed to obsengaificant differences in actigraphy assessments
of sleep onset latency and awakenings after slaepto However, Harvey and colleagues noted
significantly longer sleep duration among bipolartipants compared to insomnia and control
participants, whereas the current report foundigwificant differences among groups. Despite
these differences, however, findings from the aurstudy continue to suggest that sleep
disturbance remains a significant problem amongiddals with bipolar disorder even during
periods of euthymic mood.

Some discrepancy was observed in this study betadgective and objective reports of
sleep disturbance both among insomnia and bipaldicgpants. This discrepancy is not novel,
and, in fact, also is consistent with publishedrepof sleep patterns of individuals with
insomnia and with BD. Studies have shown that illdizls with insomnia tend to overestimate
the length of time it takes to fall asleep, as waslunderestimate the overall duration of their
nights’ sleep (Carskadon et al., 1976). Althougfecences between prospective self-report and
prospective actigraphy estimates of these sleegpeters were not analyzed in this study,
differences emerged in retrospective self-repott @ospective actigraphy that are consistent
with these established findings. Both insomnia laipdlar participants reported various aspects
of sleep disturbance on the PSQI that were noucagtvia objective measurement, thus
suggesting a similar sleep related cognitive corepbmay be operating in both insomnia and

bipolar disorder. However, dysfunctional attituéesl beliefs about sleep were not assessed in
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this study as they were in the Harvey et al. remarthis hypothesis could not be formally tested
with this sample.

Importantly, the current study utilized a bipolangle that was comprised of an uneven
distribution of bipolar disorder type: 66.6% (n=16gre diagnosed with bipolar Il disorder,
whereas 33.3% (n=8) were diagnosed with bipol&f the examinations of sleep parameters in
euthymic bipolar samples in the extant literattine, majority have been conducted on
homogenous samples of individuals with bipola©hly two studies (Sylvia et al., 2011, and
Brill et al., 2011) conducted analyses on mixed@asof bipolar | and Il disorder. The fact
that this study adds to a relatively small numlbestadies examining sleep disruption among
samples including participants with bipolar Il dider supports the generalizability of sleep
disturbance across the spectrum of BD in the euithypimase.

Results of assessments of cognitive functioning wislded mixed findings. Relative to
healthy controls, bipolar participants exhibitestatistical trend for worse performance on two
indices of verbal learning and performed signifitamorse on one assessment of working
memory. These findings are consistent with esthbti reports of cognitive deficits among
individuals with bipolar disorder. Indeed, reswts similar to Cavanagh et al.’s (2002) report of
significant impairment in verbal learning, as wal with multiple meta-analyses documenting
verbal learning deficits among individuals with dli@r disorder (Robinson et al., 2006; Arts et
al., 2008). Our finding that bipolar participaperformed worse on the digit span relative to
controls is consistent with Yates et al. (2010)pvidund euthymic bipolar participants exhibited
worse performance on both digit span forward argkward relative to healthy controls.

Inconsistent with the extant literature on cogmitiunctioning in euthymic bipolar

patients is the fact that several expected findimgse not obtained in this sample. Despite large
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effect sizes across multiple meta-analyses, eagtugixe functioning measure in this sample
failed to yield significant results relative tolet insomnia or control participants. Additionally
measures of attention and working memory (e.g.Rilmé 2 & 7 and the digit span backward),
which could be conceptualized as tests of execttivetioning due to their respective emphasis
on set-shifting and mental manipulation, also posdunull findings when compared across
groups. One possible explanation for these nudlifigs may be heterogeneity of the bipolar
group noted above. Cognitive functioning in indivadis with bipolar 1l is relatively understudied
compared to cognitive functioning in bipolar I. rient et al. (2006) reported that bipolar Il
participants exhibited impairment in the same ctigmidomains, but with reduced severity
relative to participants with bipolar I. Solé et @012) reported cognitive deficits in bipolar
participants relative to controls in the domainswuétained attention, verbal learning and
memory, and executive functioning. However, thihars utilized different tests of executive
functioning than the current study (e.g., Wiscor@ard Sort Task, Trail making Task). They
too utilized the Stroop Color/Word Interferencektdsut similar to the present study, the authors
also reported no significant differences betweantrots and bipolar participants on that
measure. It is possible, then, that the heterogenéthe bipolar sample, with potentially
varying levels of severity of cognitive deficit doddifferent types of cognitive deficits, may
have yielded null findings in this sample.

Also unexpected was the significant differenceipolar participants’ performance on
the digit span forward, but not the digit span lveaid. One would expect that the additional
mental manipulation required to reverse digits widag especially taxing on an already
challenged executive functioning system, thus legth significantly poorer performance on the

backward measure. Again, it is possible that tgh proportion of bipolar 1l participants may
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have contributed to null findings in this domairdditionally, Torrent et al.’s (2006) study
indicated that the strength of the effects for exi®e functioning in bipolar Il participants was
less than for the domains of verbal learning andkimg memory when compared to bipolar |
participants (Torrent et al., 2006). It is possitilat in addition to the high percentage of bipola
Il participants, the overall size of the bipolangde may have been too small to detect smaller
executive functioning effects. The Torrent etaald Solé et al. reports included samples of 33
and 43 bipolar Il participants respectively, whislan increase of 9 to 19 participants,
respectively, over the present study’s bipolar damjze. Thus, the current study may have been
adequately powered to detect the large executivetifbning effect sizes noted in bipolar |
samples but not large enough to detect smallectsffébserved in bipolar Il samples.

The goal of making direct comparisons of cognifiwectioning between insomnia and
bipolar participants was to examine the degreehhwvboth groups may share similar cognitive
deficits. Contrary to hypotheses, there was nopasison of cognitive functioning in which
bipolar and insomnia participants did not diffegrsficantly while also performing worse than
control participants. Technically, this hypotheses supported in analyses of recognition
discrimination; however, there was a statisticahtt for bipolar participants to perform worse on
this measure, yielding lackluster support for tlgpdthesis.

Contrary to hypotheses, sleep disturbance wasssocated with cognitive functioning
in this sample. However, it is important to ndtatt although analyses in the present study were
conducted while participants were euthymic, thénauic phase is not necessarily a window into
a phenotype of bipolar disorder. In other wordsabsence of a significant relationship between
sleep disturbance and cognitive functioning duthregyeuthymic phase does not rule out the

possibility that these systems are related. Ibssfble that there is a threshold of sleep
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disturbance that must be met in order for cognifivectioning to be affected. Thus,
examinations of this study’s central hypothesessscphases of bipolar disorder may reveal
different relationships.

The lack of significant associations between skagp cognitive functioning in this
sample also suggests that perhaps a key compohtret central hypothesis may be missing,
namely the role of emotion processing and regulatitvidence suggests that poor emotional
regulation may hinder executive problem solvingléZe & Cunningham, 2007), and may
temporarily interfere with executive control (Schamel, 2007). Moreover, the orbital
prefrontal cortex has been shown to play key rmlesnotion regulation (Cardinal et al., 2002)
as well as impulse control and maintenance oflsstgk, Howieson, & Loring, 2004). From
behavioral observations, lack of sleep has beewsho increase negative mood, affective
volatility, and irritability (Murray & Harvey, 2010 In the other direction, emotional stimuli
(both negative and positive) have been associaithdnereased sleep disturbance among
individuals with bipolar disorder (Dahl et al., ZD0Additionally, key brain structures involved
in sleep regulation are also key components of emoégulation circuitry (e.g., amygdala,
limbic system). Thus, by examining associatiortsvben sleep and cognitive functioning in the
absence of emotional dysregulation (i.e., duringogls of euthymia), we may be missing a key
mediating or moderating component. Further re$eaauld be necessary to test these highly
complex relationships.

Results of tests of occupational functioning wenead regarding study hypotheses.
Although bipolar participants experienced a greateanber of firings in their lifetimes, they did
not demonstrate differential levels of occupatidoaktioning on any other measure. Results

were limited in that only self-reported data weollected. Collection of important objective data
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(e.q., social security disability status, reportsrf employers/professors, grade point averages)
was either not feasible or was difficult to incorgie into analyses. For example, several
participants consented to releasing their collegestcripts, thus providing objective information
about scholastic performance. However, not aligpants were enrolled in college, thus
making it difficult to compare objective scholadtiata with either subjective or objective reports
of work performance.

Only one cognitive variable, Stroop Color/Word higeence, was associated with
occupational functioning. However, as demonstratethbles 8, 9 and 10, medication status
was significant in nearly every model. Importantyly individuals with bipolar disorder were
taking medications, and only half of the bipolamgée was presently medicated. Thus, it may
be important to consider the role of medicatiobath cognitive and occupational functioning. It
is possible that cognitive deficits may be temggrassociated with episodes of depression or
mania and may not exist endogenously to a delmgategree, but that side effects from
medications may impact cognitive and occupationatfioning. Recruiting an unmedicated
sample, especially a sample of purely bipolar tipgants is difficult at best, and withholding
medications simply for the purpose of testing ctigaieffects is potentially quite harmful to the
patient. Medication effects continue to be proldémfor assessments of cognitive functioning
(as well as sleep), and the present study is neptxan. Future studies may benefit from specific
focus on cognitive effects of medications, perhapsxamining differential cognitive
performance before and after clinically indicategldmsation changes (in the event that the

medications in question have different side effeofiles).
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Clinical Implications

Findings from the present study have importamicdl implications for the treatment of
bipolar spectrum disorders. Consistent with presimports, the current study confirms that
sleep disturbance continues to be a significarttlpro for individuals with bipolar disorder
through periods of euthymic mood. However, slegudbance, as well as daytime dysfunction
associated with this disturbance, was only obseovesklf-report, with actigraph data failing to
demonstrate objective evidence of sleep disrupfibese differential findings suggest that
individuals with bipolar disorder may benefit frggaychotherapies that address the cognitive
maintenance factors of insomnia (e.g., negativeetsehbout sleep, anxiety about sleeplessness).
Cognitive Behavioral Therapy for Insomnia (CBT-8§shbeen shown to improve insomnia
symptoms, although with an emphasis on behavitrahges (e.g., adherence to sleep hygiene
rules, strengthening positive associations to kepsng area, reducing time in bed attempting to
sleep). The sleep restriction component of CBWHich aims to eliminate prolonged mid-night
awakenings, is contraindicated for individuals vtholar disorder due to evidence that reduced
sleep can bring about episodes of mania. Augmettiegtimulus control portion of CBT-I with
special emphasis on cognitive restructuring of tiegdoeliefs about sleep may be particularly
beneficial to individuals with bipolar disorder.

Additionally, psychotherapies that also incorpoateemphasis on psychoeducation
about sleep medications may be especially impartemaddition to mood stabilizers,
individuals with bipolar disorder are frequentlyepcribed medications either formulated
specifically for sleep or that have sedating sifieces. The time in which these medications are
taken is often crucially important to their effeemess, as is their regular use. Interpersonal and

Social Rhythm Therapy (IPSRT; Frank et al., 20@8)tains a psychoeducation component
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about bipolar disorder that provides special emigh@as medication adherence. For these
reasons, as well as others, this intervention neglyddpful even for individuals not in an active
episode of depression or hypomania. Indeed, ttieymic phase of the disorder may be a prime
time for engaging patients in interventions aimeshereasing the length of well intervals.

Some cognitive impairments were noted in the presteidy (e.g., difficulties with set
shifting as demonstrated by poorer performancénerStroop task). Executive functioning has
been shown to be impaired via multiple examinatimhsognitive functioning in bipolar
disorder, thus suggesting that cognitive remediati@y be beneficial for affected individuals.
Numerous remediation protocols exist for addressargpus elements of executive functioning
(e.g., problem solving skills, attention trainimgnotional regulation), and may be helpful as an
adjunct to traditional psychotherapy and medicati@nagement.

Strengths and Limitations

The present study had several important strendtirst, the study had several
methodological strengths. Data were collectedgiaimulti-method approach. Self-report as
well as objective measurements of sleep were delie@allowing for a fine tuned examination of
real vs. perceived sleep disruption among particgpdvioreover, data were collected both
prospectively and retrospectively, allowing for ammcomprehensive snapshot of sleep
disturbance. Administrators of cognitive testing&blind to participants’ group assignments,
which reduced the likelihood that testing resultaild be influenced by their potential
expectations of participant performance. With rdga participant selection, great care was
taken to define euthymic status (e.qg., via cutoffres on mood symptom measures as well as

through diagnostic interviewing to ensure partiofgavere not exhibiting evidence of even
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minor affective episodes) as well as to excludéi@pants who were not bipolar but whose
sleep disturbance symptoms appeared to be roofesl/ehological phenomena.

An additional strength of the present study isiagel approach. To date, this study is the
only one to examine possible causal pathways to dagnitive and occupational dysfunction
that are not rooted in either affective symptonwgglor genetics. Although initial results
provided limited support for study hypotheses,itttegration of sleep disturbance with other
affected systems in BD is in its infancy, and #tisdy may pave the way for more focused and
advanced examinations of how these important vimsatnay interconnect.

Despite these strengths, the present study sdffeven a number of limitations. From a
methodological standpoint, the fact that the bipeample contained a mixture of bipolar | and
bipolar Il participants may have impacted studgiings. Although similar cognitive profiles
have been observed among bipolar | and Il samplaswmber of studies, others have
demonstrated differential cognitive profiles, adlas differences in intensity of cognitive
deficits. Thus, the heterogeneity of the bipolangke may have made it more difficult to detect
the hypothesized effects. Future studies that ex@the proposed relationships among bipolar |
or bipolar Il participants would clarify the effeat$ this sample’s heterogeneity.

Another limitation of the study was that many gsak suffered from a lack of statistical
power. This lack of power has a few different causiirst, recruitment of the insomnia and
bipolar groups proved to be markedly difficult, givthat the study did not take place in a major
medical center with greater access to participahts would more readily fit into one of these
two groups. The use of the euthymic phase of Bldelkas the requirement that insomnia
participants not be experiencing an episode of ndgpression further impacted recruitment.

Thus, the final study sample (n = 72) is smallantthe original proposed sample of 84, which
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would have better allowed for impacts of attriteomd missing data. Moreover, the heterogeneity
of the bipolar sample, noted earlier, may also hengacted the anticipated strength of effects
for cognitive variables. The study was adequgtelyered to detect the presence of large effect
sizes (as are often observed in bipolar 1), but heaxe been insufficient to detect the smaller
effect sizes observed among bipolar Il participants

Issues with collection of occupational functionoigta as well as sample recruitment may
have led to the abundance of null findings in asedyof occupational functioning. First, the
study sample may have been too high functioning,thus strong effects may not have been
detected. Approximately 50% of the study sample wearuited from Temple University, and
while recruitment did not differ significantly ag@® groups, the fact that half of the sample were
functioning well enough to maintain good standingollege may not have been representative.
Given the fact that participants were being taskel the responsibility of caring for expensive
equipment (e.g., actigraphs), care was taken torermarticipants were able to demonstrate
some level of responsibility and could be morelgédscated in the event equipment was lost
(e.g., had stable housing, internet access, ownghw current drug/alcohol problems).
However, a good proportion of individuals with bligodisorder may not fall into the above
categories, and thus the present analyses maptire the level of occupational functioning
that is more representative of the population. Feodata collection standpoint, analyses were
limited by the fact that all data was obtainedse#-report. Objective measurements were
difficult to obtain for several reasons. As notedlier, there was a mixture of individuals who
were currently enrolled in college as well as thebe were either unemployed or active in the
workforce. Given this heterogeneity, it was difficto devise a single metric on which to

compare functioning. In other words, creating d-walidated method to compare functioning
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in a job to academic functioning was inherentlyidifit, and no method has been utilized and
published to date. Objective data on academic fomictg (e.g., unofficial transcripts) were
collected for a subset of participants who consgriiat obtaining similar objective information
from individuals who were working or who had coniptkschool long ago posed problems in
terms of maintaining confidentiality as well as domng data.

Finally, results may have been limited by the éangmber of analyses required.
Grouping of variables as well as a-priori variabédection was conducted to limit the number of
statistical tests performed. It is possible thghsicant effects may have been obtained via
different combinations of variables, however theSects would likely have been washed out
after post-hoc corrections. Thus, future studiethefrole of sleep and cognitive functioning in
BD may require more streamlined data collectiorettuce the number of tests while
maximizing likelihood of detecting significant fimas.

Directions for Further Research

Although the theoretical underpinnings of the prestudy -- namely that sleep
disruption plays a mediating role in the mainteraoficcognitive and, by extension, occupational
functioning deficits in bipolar disorder — were moinfirmed, results nevertheless revealed
several avenues for further research. First, gikkahresults of the present study may have been
complicated by a heterogeneous bipolar sample, iexagrnthe proposed relationships between
sleep and cognitive functioning among a samplet#lyg bipolar | participants would be
beneficial. It is possible that any associatiowaein sleep disruption and cognitive functioning
may differ across the spectrum of bipolar disordernoted previously, the literature on
cognitive functioning in bipolar disorder demongtchcognitive deficits among individuals with

both bipolar | and Il disorder, but noted differeadn severity of impairment (with more severe
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impairments noted among individuals with bipolar IDirect comparisons of the sleep/cognitive
functioning association between bipolar | and kapdl samples may lead to better
understanding of the mechanisms behind differentighitive performance across the spectrum
of bipolar disorder.

Whereas research on sleep architecture in bip@darder has uncovered areas of
disruption (e.g., reduced stage | sleep (Thask,et989), increased fragmentation of REM
(Duncan, Pettigrew, & Gillin, 1979)), little is kmm about how or whether these disruptions
contribute to functional impairment or how they mialate to the genesis or maintenance of
affective episodes. Examining relationships betwaeep architecture and cognitive
functioning may help fill some of these gaps in enrstinding. Moreover, examining these
relationships with groups of individuals in varigusases of bipolar disorder may help determine
whether episode specific disruptions may have wiffeeffects on cognitive and occupational
functioning.

Further research on the underlying mechanismaraftional impairment in bipolar
disorder is clearly needed. Although deficits aguwitive functioning, over and above clinical
variables, have been associated with poor fundtimn@omes, little is known about how these
deficits directly translate into difficulties obtang and maintaining stable employment.
Executive functioning has been the only cognitiagiable to consistently predict occupational
deficits, but executive functioning is universallgderstood to be a fairly large category of
cognitive functions that can include working memattention, response inhibition, and set
shifting, among others. More research should belected to understand the specific domains of
cognitive functioning that are affected in bipatisorder. Moreover, more longitudinal analyses

are needed to gain a more focused understandingvwoepisodic changes affect overall
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functioning. Cross sectional designs fail to urexaemporal relationships that may be crucial to

understanding the progression of functional impamhamong individuals with bipolar disorder.
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