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The present study investigates sleep, mood, and the proposed bidirectional relationship between the two
in psychiatric disorders. Participants with interepisode bipolar disorder (n = 49), insomnia (n = 34), and
no psychiatric history (n = 52) completed seven consecutive days of sleep diaries and mood measures.
The interepisode bipolar and insomnia participants exhibited greater sleep disturbance than the healthy
control individuals. Negative mood was equally heightened in both interepisode bipolar disorder and
insomnia, and there were no differences between the three groups in positive mood. Total wake time was
associated with next morning negative mood in bipolar disorder, whereas evening negative mood was
associated with subsequent total wake time in both bipolar disorder and insomnia. Additionally, positive
mood was associated with subsequent total wake time for the insomnia group. Results support the theory
that disruptions in nighttime sleep and daytime mood may be mutually maintaining and suggest the
potential importance of transdiagnostic or universal processes.
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Sleep disturbance and mood disturbance are features of, and
highly comorbid across, psychiatric disorders (e.g., Benca, Ober-
meyer, Thisted, & Gillin, 1992; Benca et al., 1997; Harvey,
2008b). Moreover, a bidirectional relationship has been proposed
whereby disruptions in nighttime sleep and daytime mood may be
mutually reinforcing (Harvey, 2008a; Wehr, Sack, & Rosenthal,
1987). This bidirectional model, termed the sleep-mood cycle,
may be applicable across disorders. Given the lack of empirical
evaluation of this theory, the broad aim of the present study is to
examine two disorders in which the cycle is likely to be most
germane: bipolar disorder and insomnia.

Bipolar disorder is ranked in the top 10 leading causes of
disability worldwide (World Health Organization, 2001), affecting
as many as 1 in 25 individuals (Kessler et al., 2005). Bipolar
disorder is characterized by mood disturbance, typically compris-
ing manic episodes and depressive episodes (American Psychiatric
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Association, 2000). Importantly, bipolar disorder is also associated
with significant sleep disturbance. During mania there is a reduced
need for sleep. During depression individuals typically suffer from
insomnia or hypersomnia (American Psychiatric Association,
2000; Harvey, 2008b).

Surprisingly, accruing evidence suggests that sleep disturbance
continues even when individuals are interepisode (Harvey,
Schmidt, Scarna, Semler, & Goodwin, 2005; Millar, Espie, &
Scott, 2004). The interepisode period is also important because
individuals suffer from other significant symptomatology and im-
pairment (e.g., Harrow, Goldberg, Grossman, & Meltzer, 1990;
MacQueen et al., 2003), including mood dysregulation. For exam-
ple, there is preliminary evidence that interepisode bipolar patients
exhibit affective lability and increased reactivity (Fukuda, Etoh,
Iwadate, & Ishii, 1983; Tsuang, Woolson, & Fleming, 1979),
particularly with regard to positive affect (for review see Gruber,
in press; Johnson, 2005). The evidence is mixed regarding inte-
repisode patients’ negative effect. A number of studies indicate no
increase in reactivity relative to healthy individuals (e.g., Ruggero
& Johnson, 2006; Sutton & Johnson, 2002), whereas others dem-
onstrate an increase in neural response to negative stimuli relative
to healthy controls (Chang et al., 2004; Yurgelun-Todd et al.,
2000). The present study sought to clarify the presence of negative
and positive mood in the interepisode period.

In terms of the sleep—-mood cycle, in interepisode bipolar dis-
order there is already some evidence to support the theory that
sleep disturbance influences daytime mood. Sleep disturbance is
associated with manic episode onset in a majority of individuals
with bipolar disorder (e.g., Jackson, Cavanagh, & Scott, 2003;
Wehr et al., 1987), and a more recent study observed that sleep
disturbance predicted depressive symptoms (Perlman, Johnson, &
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Mellman, 2006). Bauer et al. (2006) used the cross correlation
function to examine the particular time lag that maximized the
sleep—mood relationship, observing that mood shifts toward de-
pression or mania most commonly occurred the morning immedi-
ately after a sleep change. The present study will further examine
the association between sleep disturbance and next-morning pos-
itive and negative mood in the interepisode period.

There has been sparse research on the other direction of the
sleep—mood cycle, that mood influences subsequent sleep. To the
best of our knowledge, only one study has examined this direction
of the model. This study demonstrated that bipolar individuals did
not benefit from a positive presleep mood, unlike nonbipolar
individuals who fell asleep more quickly after a positive mood
induction. Interestingly, a negative mood induction compared to a
neutral mood induction decreased the time to fall asleep in indi-
viduals with interepisode bipolar disorder (Talbot, Hairston, Ei-
delman, Gruber, & Harvey, 2009). The latter result is contrary to
the sleep—mood cycle, but it likely relates to low arousal that was
inherent to the study’s in-laboratory methodology. The current
study is designed to provide clarification in individuals’ natural
environment.

The second disorder examined in the present study is insomnia.
Insomnia is one of the most prevalent psychological health prob-
lems, affecting at least 10% of the United States population (e.g.,
Simon & VonKorff, 1997). Insomnia is defined by sleep distur-
bance, including difficulty initiating sleep, maintaining sleep, or
waking in the morning not feeling restored. These symptoms must
occur for a period of one month or more, and the disturbance must
not be attributable to another mental disorder (American Psychi-
atric Association, 2000; Edinger et al., 2004). While the role of
mood in insomnia has not been extensively examined (Harvey,
McGlinchey, & Gruber, 2010), several studies suggest that insom-
nia is associated with increased mood disturbance compared to
normal sleepers (Bonnet & Arand, 1997; Monroe, 1967; Roth,
Roehrs, & Pies, 2007; Vgontzas & Kales, 1999). However, an
important review of this topic indicated that some studies have
observed no significant mood differences between insomnia and
healthy control groups (Riedel & Lichstein, 2000), with no clear
methodological differences (e.g., type of measure, participant
screening criteria) clearly accounting for the disparate findings.
Hence, the current study aims to clarify the mixed findings relating
to mood symptoms in insomnia.

There is initial evidence of an association between sleep and
mood in insomnia, suggesting the sleep—mood cycle may be rel-
evant. For example, Buysse et al. (2007) observed that individuals
with insomnia endorsed less positive and more negative moods
associated with sleep disturbance compared to good sleepers.
Considering the other direction of the cycle—mood affecting
sleep—insomnia patients’ use of emotion-oriented coping strate-
gies has been found to negatively impact sleep via increasing
presleep stress and cognitive arousal (Morin, Rodrigue, & Ivers,
2003). Given the lack of other studies addressing these relation-
ships, further research is needed to evaluate the sleep—mood cycle
in insomnia.

In sum, the present study sought to extend and clarify the current
literature on sleep and mood in bipolar disorder and insomnia.
Participants in three groups—interepisode bipolar disorder, insom-
nia, and healthy control—were studied in a naturalistic setting
using an experience sampling methodology. The study had three

aims. First, we sought to replicate differences in nighttime sleep.
The hypothesis was that the bipolar and insomnia groups would
exhibit greater sleep disturbance than the control group (Edinger et
al.,, 2004; Harvey et al., 2005). Second, we examined daytime
mood. We expected that the bipolar and insomnia groups would
exhibit greater negative mood than the control group. Moreover,
we expected the bipolar group would exhibit greater negative
mood and positive mood than the insomnia and control groups.
The rationale is that negative mood appears to be characteristic of
both bipolar disorder and insomnia, but positive and negative
mood disturbances are central deficits of bipolar disorder (Amer-
ican Psychiatric Association, 2000). Third, we examined the rela-
tionship between sleep and mood. The hypothesis tested was that
sleep disturbance would be associated with greater subsequent
morning negative mood in the bipolar and insomnia groups, com-
pared with the control group, and that sleep disturbance would be
associated with greater subsequent morning positive mood in the
bipolar group compared with the insomnia and control groups
(Buysse et al., 2007; Perlman et al., 2006). We also predicted that
evening negative mood disturbance would be associated with
greater subsequent sleep disturbance in the insomnia group, com-
pared with the bipolar and control groups (Morin et al., 2003;
Talbot et al., 2009), and that evening positive mood would be
associated with greater subsequent sleep disturbance in the bipolar
group, compared with the insomnia and control groups (Talbot et
al., 2009).

Method

Participants

Participants included 49 adults (ages 18—65) with bipolar I (n =
43) or bipolar II (n = 6) disorder who were currently interepisode,
34 adults with insomnia, and 52 healthy adults with no history of
psychiatric or sleep disorders. Participants were recruited through
Internet advertisements and flyers distributed to psychiatric clinics
in the San Francisco Bay Area community. A telephone interview
was completed to initially screen for eligibility. Individuals were
excluded from participation on the basis of history of severe head
trauma, stroke, neurological disease, severe medical illness, cur-
rent mood episode, or current alcohol or substance abuse or de-
pendence. Individuals who were considered likely to be eligible
based on the initial telephone screen were invited to the laboratory
for an extensive diagnostic interview session.

Individuals in the bipolar group were eligible to participate if
they (a) met Diagnostic and Statistical Manual of Mental Disor-
ders (4th ed., text rev.; DSM—IV-TR; American Psychiatric Asso-
ciation, 2000) criteria for a diagnosis of bipolar I or bipolar II
disorder and (b) did not meet criteria for narcolepsy, sleep apnea,
or periodic limb movement disorder based on the Duke Structured
Interview for Sleep Disorders (DSISD; Edinger et al., 2004). In
addition, bipolar participants were included only if they met cri-
teria for interepisode symptom cutoffs based on prior research
(Chengappa et al., 2003; Thompson et al., 2005): a score of less
than 8 on the Young Mania Rating Scale (YMRS; Young, Biggs,
Ziegler, & Meyer, 1978) and a score of less than 12 on the
Inventory of Depressive Symptomatology, Clinician Rating
(IDS-C; Rush, Gullion, Basco, Jarrett, & Trivedi, 1996). Given
that bipolar disorder is typically associated with the presence of
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comorbid psychiatric diagnoses (Kessler et al., 2005), participants
were not excluded on the basis of comorbid diagnoses other than
current alcohol or substance abuse or dependence. Thirty-four of
49 bipolar participants (69%) had at least one current comorbid
Axis I disorder. The average number of comorbidities for bipolar
participants was 0.76 (SD = 0.97). Current comorbidities included
specific phobia (n = 11), generalized anxiety disorder (n = 7),
social phobia (n = 7), agoraphobia (n = 3), obsessive—compulsive
disorder (n = 2), panic disorder (n = 2), posttraumatic stress
disorder (n = 2), anorexia nervosa (n = 1), binge eating disorder
(n = 1), and hypochondriasis (n = 1). All bipolar participants were
required to be in the care of a psychiatrist. All but three of the 49
bipolar participants were taking psychotropic medication. The
mean number of psychotropic medications taken was 2.3 (SD =
1.50). Seventy-six percent were taking mood stabilizers, 71%
antidepressants, 71% antipsychotics, 57% anxiolytics, and 2%
prescription sleep aids.

Participants in the insomnia group were eligible if they (a) met
diagnostic criteria for a diagnosis of primary insomnia as assessed
by the DSISD; (b) did not meet criteria for current sleep disorders,
including narcolepsy, sleep apnea and periodic limb movement
disorder; and (c) had scores of less than 8 on the YMRS and less
than 12 on the IDS-C. Given that insomnia is commonly comorbid
with one or more Axis I disorders (e.g., Ohayon, 1997), we did not
exclude insomnia participants on the basis of comorbidities, with
the exception of current alcohol or substance abuse or dependence
and current depression. We ensured that insomnia was the primary
diagnosis, defined as the disorder currently most distressing and
disabling (Di Nardo et al., 1993). Fifteen of the 34 insomnia
participants (44%) had at least one current comorbid Axis I dis-
order. The average number of comorbidities for insomnia partici-
pants was 0.56 (SD = 0.79). Current comorbidities included gen-
eralized anxiety disorder (n = 5), specific phobia (n = 5), binge
eating disorder (n = 4), dysthymia (n = 3), social phobia (n = 2),
panic disorder (n = 1), and posttraumatic stress disorder (n = 1).
One participant was taking an antidepressant and one participant
was taking a prescription sleep aid.

Participants in the control group were eligible if they (a) did not
meet DSM—IV-TR criteria for any past or current Axis I disorder
based on the SCID; (b) did not meet criteria for any past or current
sleep disorder based on the DSISD; and (c) had scores of less than
8 on the YMRS and less than 12 on the IDS-C. No control
participants were taking psychotropic medications.

Measures

Structured Clinical Interview for DSM-IV.  The Structured
Clinical Interview for DSM-IV (SCID; First, Spitzer, Gibbon, &
Williams, 1995) is a semistructured interview designed to assess
DSM-IV-TR diagnostic criteria for Axis I disorders. The SCID has
been shown to have good reliability (Skre, Onstad, Torgersen, &
Kringlen, 1991; Williams et al., 1992). Trained psychology doc-
toral students and postdoctoral fellows administered the SCID to
all participants to assess current and lifetime Axis I disorders.
Fifteen randomly selected audiotapes of SCID interviews were
rated by a set of independent reviewers in order to check diagnos-
tic reliability. These were randomly selected equally for the bipo-
lar, control, and insomnia participants. Ratings matched 100%
(k = 1.00) of the primary diagnoses made by the original inter-

viewer. This indicates strong interrater reliability, though the use
of a “skip-out” strategy (implemented if initial required criteria for
a particular disorder were not met) may have reduced the number
of potential disagreements with the original interviewer.

Duke Structured Interview for Sleep Disorder. The Duke
Structured Interview for Sleep Disorder (DSISD; Edinger et al.,
2004) is a semistructured interview that assesses research diagnos-
tic criteria for sleep disorders. The DSISD has been shown to have
good reliability and validity (Edinger et al., 2009). Again, 15
randomly selected audiotapes of DSISD interviews were rated by
a set of independent reviewers for diagnostic reliability. Ratings
matched 100% (k = 1.00) of the primary diagnoses made by the
original interviewer.

Young Mania Rating Scale. The Young Mania Rating Scale
(YMRS; Young et al., 1978) is an 11-item measure used to assess
the severity of manic symptoms, with each item rated on a five-
point scale. It has been shown to have good reliability and validity
(Young et al., 1978).

Inventory of Depressive Symptomatology, Clinician Rating.
The Inventory of Depressive Symptomatology, Clinician Rating
(IDS-C; Rush et al., 1996) is a widely used 30-item instrument
assessing depressive symptoms, with each item rated on a four-
point scale. The measure has demonstrated good reliability and
validity (Rush et al., 1996).

Sleep diary. Following the standard recommendations for
sleep research (Buysse, Ancoli-Israel, Edinger, Lichstein, &
Morin, 2006), the sleep diary in the present study included ques-
tions to assess time to fall asleep (i.e., sleep onset latency), total
length of time awake during the night (i.e., wake after sleep onset),
amount of time awake between the final awakening and the time of
getting out of bed (i.e., terminal wakefulness), number of awak-
enings during the night, time spent in bed, total sleep time, bed
time, final wake time, and final arising time. In addition, total
wake time was calculated as sleep onset latency + wake after sleep
onset + terminal wakefulness (e.g., Morin, Kowatch, & Wade,
1989). Sleep efficiency was calculated by dividing total sleep time
by time in bed and multiplying this value by 100. The sleep diary
has been shown to be a reliable estimate (Morin & Espie, 2003)
and is considered the gold standard subjective measure of sleep
(Buysse et al., 2006).

Profile of Mood States—Short Form. The Profile of Mood
States—Short Form (POMS-SF; Shacham, 1983) is a widely used
37-item scale derived from the original 65-item Profile of Mood
States (McNair, Lorr, & Druppleman, 1971). The POMS-SF indi-
ces mood via six broad scales (tension-anxiety, depression-
dejection, anger-hostility, fatigue, confusion, and vigor). From this
scale an overall negative mood index was derived, comprising
tension-anxiety, depression-dejection, anger-hostility, and confu-
sion. Fatigue was excluded from negative mood to more clearly
separate mood from tiredness in the context of sleep disturbance.
The vigor scale comprised the positive affect measure, on the basis
of previous research indicating it as strong measure of positive
affect (Watson & Clark, 1994). The POMS-SF has established
reliability and validity (McNair et al., 1971; Shacham, 1983).

Procedure

After completing the initial telephone screen described above,
participants who appeared likely to be eligible completed seven
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days of sleep diaries and mood measures at home. Specifically,
each morning on waking participants completed the sleep diary
and POMS-SF. Each evening between 4:00 p.m. and bedtime
participants again completed the POMS-SF. Participants called a
voicemail box to record their answers each morning and evening.
There were no differences between groups in percentage of entries
that participants time-stamped by telephone (bipolar M = 73%
entries, SD = 31%; insomnia M = 64% entries, SD = 35%;
control M = 64% entries, SD = 32%).

After the one-week sleep and mood diary, participants visited
the laboratory. Postdoctoral and doctoral student interviewers as-
sessed the diagnostic status and symptom severity of participants
by administering the SCID, the DSISD, the YMRS, and the IDS-C
in the laboratory. Diaries of ineligible participants were destroyed
(n = 76).

Analysis Plan

To examine hypotheses, we conducted three sets of analyses. In
the first, we averaged each of the sleep and mood variables across
the seven days. A multivariate analysis of variance (MANOVA)
was conducted on the sleep variables and then on the mood
variables. When significant multivariate effects were observed on
dependent measures, post hoc ¢ tests were conducted on those
measures.

In the second set of analyses, we examined the potential effect
of time on sleep and mood. To investigate patterns of sleep and
mood over the course of the week, we used HLM 6.06 to perform
multilevel analyses. Sleep and mood measures were nested within
individuals. For each of the sleep and mood outcome measures, we
first modeled overall effects of time predictors using dummy
coded day variables and then added group status as a predictor
(dummy coded as control = 0, bipolar = 1, insomnia = 0 or
control = 0, bipolar = 0, insomnia = 1) to examine group by time
interactions. The effects were interpreted off the omitted group. In
these analyses the independent variables were centered, and both
intercepts and slopes were allowed to vary as individual variability
was predicted to be high.

The latter analyses were not significant (described in Results),
indicating time did not have an effect on sleep and mood over the
course of the week and consequently that a single-level framework
could be adopted. Hence, in the third set of analyses, we aban-
doned multilevel analyses. Hierarchical multiple regression mod-
els were used to examine the sleep and mood relationships. We
examined morning mood as the dependent variable immediately
after nighttime sleep based on the timing of this relationship
established by previous research (Bauer et al., 2006). We exam-
ined nighttime sleep immediately after evening mood as the de-
pendent variable given that it is most proximal to evening mood.
We entered the sleep or mood predictor in the first model, the main
effects of bipolar and insomnia group status in the second model,
and the interactions between group status and the sleep or mood
predictor in the third model. The continuous variables were cen-
tered in the interactions. The same database structure as for the
HLM analyses was used. Hence, all daily data points were used in
the regression analyses rather than only seven-day aggregates,
allowing transient fluctuations in individuals’ responses to be
captured.

Data Reduction

For the time trend and sleep—mood relationship analyses, total
wake time was used as the sleep outcome measure on the basis of
previous research (Eidelman, Talbot, Gruber, & Harvey, 2010;
McCrae et al., 2008; Morin et al., 1989). As described above,
participants were asked to record their nightly sleep and daily
morning and evening moods for seven consecutive days. Four
bipolar participants did not record their morning or evening moods
across the seven days. Two control participants did not record their
nightly sleep across the seven days. In addition, some participants
missed recordings during the seven days. We examined the mean
number of days of data across groups for the main outcome
variables: total wake time, morning positive mood, morning neg-
ative mood, evening positive mood, and evening negative mood.
There were no differences between groups in the mean number of
days of recording (total wake time: bipolar M = 6.59 nights, SD =
0.86; insomnia M = 6.82 nights, SD = 0.52; control M = 6.66
nights, SD = 0.75; morning positive mood, morning negative
mood: bipolar M = 5.98 days, SD = 1.25; insomnia M = 6.32
days, SD = 1.22; control M = 6.12 days, SD = 1.34; evening
positive mood, evening negative mood: bipolar M = 5.84 days,
SD = 1.31; insomnia M = 6.26 days, SD = 1.38; control M = 6.10
days, SD = 1.26).

Results

Participant Characteristics

There were no significant differences between groups in any of
the demographic variables except age, with the insomnia partici-
pants being significantly younger than the bipolar and control
participants (see Table 1). The groups differed on the IDS-C and
YMRS. The bipolar and insomnia groups exhibited more depres-
sive symptoms than the control group. The bipolar group exhibited
more manic symptoms than the insomnia and control groups. All
symptoms were well below established clinical cutoffs (Rush et
al., 1996; Young et al., 1978).

Sleep and Mood Parameters

Sleep parameters. A multivariate analysis of variance
(MANOVA) was conducted on the sleep variables with age as a
covariate. A significant multivariate effect was observed on the
following dependent measures: sleep onset latency, F(2, 102) =
23.28, p < .001; number of awakenings, F(2, 102) = 897, p <
.001; wake after sleep onset, F(2, 102) = 15.77, p < .001; total
wake time, F(2, 102) = 23.05, p < .001; and sleep efficiency, F(2,
102) = 28.31, p < .001. There were no significant differences in
terminal wakefulness, total sleep time, bedtime, final wake time,
final arising time, or time in bed.

Post hoc ¢ tests were conducted on sleep onset latency, number
of awakenings, wake after sleep onset, total wake time, and sleep
efficiency. Both diagnostic groups differed from controls on all
five variables. The diagnostic groups differed from one another on
only two variables: the insomnia group had longer sleep onset
latency and more wake after sleep onset than the bipolar group.
Overall, then, the insomnia group exhibited worse sleep than both
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Table 1
Participant Characteristics
Group
Variable Bipolar (n = 49) Insomnia (n = 34) Control (n = 52) Test statistic

Gender X = .649

Male 15 8 17

Female 34 26 35
Race/ethnicity x> =.117

African American 5 3 4

Asian American 2 10 7

Caucasian 34 16 34

Hispanic 3 0 3

Native American 1 0 0

Other 4 4 4
Employment status x> = .185

Full-time/part-time/student 34 29 42

Unemployed/retired 15 5 10
Marital status x> =.136

Single 25 27 31

Married/partnered 15 4 13
Divorced/separated/widowed 9 3 8
Mean age (SD) 36.78 (11.75) 29.79 (9.92) 36.85 (11.64) F(2,133) = 4.93™
Mean years of education (SD) 15.37 (2.16) 14.74 (1.90) 15.21 (2.01) F(2,133) =101
Mean IDS-C (SD) 8.00 (4.06) 9.00 (5.17) 2.93 (2.77) F(2,109) = 26.36™"
Mean YMRS (SD) 2.80 (2.34) 1.40 (1.50) 1.02 (1.41) F(2,109) = 11.15"

Note.

*p < 0l ***p < .00l

the healthy controls and patients with bipolar disorder. Mean
values for these variables for each group are presented in Table 2.

Mood parameters. A between-groups MANOVA was con-
ducted on the four mood outcomes (morning positive mood, morn-
ing negative mood, evening positive mood, and evening negative
mood) with age as a covariate, indicating a significant multivariate
effect for both morning negative mood, F(2, 130) = 1291, p <
.001, and evening negative mood, F(2, 130) = 10.46, p < .001.
Post hoc ¢ tests indicated that the control group had less morning
negative mood than the bipolar group (p < .001) and the insomnia
group (p < .001). The control group also had less evening nega-
tive mood than the bipolar group (p < .001) and the insomnia

Mean values presented. IDS-C = Inventory of Depressive Symptomatology, Clinician Rating; YMRS = Young Mania Rating Scale.

group (p < .001). There were no differences between the bipolar
and insomnia groups on morning negative mood or evening neg-
ative mood. Results of the MANOVA indicated no significant
effect for morning positive mood or evening positive mood. Mean
values for these variables for each group are presented in Table 3.

Time Trends

Multilevel analyses for the five outcome variables (total wake
time, morning positive mood, morning negative mood, evening
positive mood, evening negative mood) including group status
yielded significant intercepts but no significant slopes. The signif-

Table 2
Sleep Parameters Across Groups
Group
Variable Bipolar Insomnia Control
Sleep onset latency 25.32 (18.18)* 33.75 (19.67)° 8.22 (5.04)°

Wake after sleep onset
Terminal wakefulness
Number of awakenings
Total wake time

Time in bed

Total sleep time

Sleep efficiency
Bedtime

Waketime

Final arising time

19.31 (17.22)"
30.27 (38.42)°
1.55 (0.90)"
74.89 (48.02)*
505.66 (67.31)*
450.19 (68.98)"
85.45% (7.65%)"
11:57p.m. (84.24)
7:49 a.m (82.26)
8:22a.m. (82.05)"

36.02 (35.56)° 10.21 (17.51)¢
27.24 (19.53)* 16.53 (18.39)*
1.82 (0.96)* 1.02 (0.93)°
97.01 (49.62)* 34.97 (30.67)°

512.86 (52.15)*
429.67 (48.20)*
80.97% (9.25%)*
12:21a.m. (95.51)*
8:24a.m. (72.70)*
8:51a.m. (69.06)"

483.67 (50.65)*
456.32 (50.12)*
93.09% (5.35%)°
12:10a.m. (80.40)*
7:55a.m. (68.80)*
8:12a.m. (74.83)"

Note.

Mean values are presented. Standard deviations are in parentheses. Means having the same subscript are

not significantly different at p < .05. All values are in minutes unless otherwise noted.
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Table 3
Mood Parameters From the Profile of Mood States Across Groups
Group
Variable Bipolar Insomnia Control
Morning
Positive mood 4.20 (4.38)* 4.86 (4.08)* 6.17 (4.07)*
Negative mood 13.78 (10.96)* 12.58 (9.52)* 5.13 (5.83)°
Evening
Positive mood 4.05 (3.79)* 3.90 (3.41)* 4.60 (3.68)*
Negative mood 13.53 (12.57)* 11.47 (9.08)* 4.76 (6.96)°

Note.
not significantly different at p < .05.

icant intercepts were expected and paralleled the results exhibited
by the MANOV As described above. The lack of significant slopes
indicated that time did not differentially affect sleep or mood
across the groups. These analyses confirm that the previously
conducted MANOV As did not obscure group differences in time
pattern over the course of the study.

Sleep—Mood Relationships

Sleep—subsequent morning mood relationship.  Hierarchi-
cal multiple regression models were used to examine the sleep and
mood relationships. When morning positive mood was regressed
on previous night’s total wake time for the full sample, including
time variables (Days 1-7) as predictors, more total wake time was
associated with lower morning positive mood, p < .01. When
bipolar and insomnia diagnostic group status were added as pre-
dictors, both bipolar (p < .001) and insomnia (p < .05) group
status predicted lower morning positive mood. Hence, both total
wake time and group status were significant predictors of morning
positive mood.

To examine whether the total wake time-morning positive mood
relationship differed by diagnostic group, two interaction terms
were added to the regression analysis (bipolar X total wake time

Table 4

Mean values are presented. Standard deviations are in parentheses. Means having the same subscript are

and insomnia X total wake time). Neither interaction term was
significant, indicating that diagnostic status did not moderate the
total wake time-morning positive mood relationship.

Next, morning negative mood was regressed on previous night’s
total wake time for the full sample, including time variables (Days
1-7) as predictors. More total wake time was associated with
higher morning negative mood, p < .001. When bipolar and
insomnia diagnostic group status were added as predictors, both
bipolar (p < .001) and insomnia (p < .001) group status predicted
higher morning negative mood. Hence, both total wake time and
group status were significant predictors of morning negative mood.

To examine whether the total wake time—-morning negative
mood relationship differed by diagnostic group, two interaction
terms were added to the regression analysis (bipolar X total wake
time and insomnia X total wake time). The bipolar interaction term
was significant (p < .05), indicating that bipolar disorder diag-
nostic status moderated the total wake time—morning negative
mood relationship. The insomnia interaction term was not signif-
icant. See Table 4 and Figure 1.

Evening mood-subsequent sleep relationship.  Next, re-
gression analyses were conducted in the second direction to ex-
amine the degree to which evening mood affects subsequent total

Models: Morning Positive and Negative Mood Predicted by Previous Night’s Total Wake Time

Model 1 Model 2 Model 3

B B SE B B SE B B SE
Morning positive mood predicted by total wake time
Total wake time (previous night) -0.01™" —0.10  0.01 —0.01 0.003  0.01 —0.01 —0.14 001
Bipolar —-1.66""  —0.15 044  —148"" —-0.13 046
Insomnia -1.10 —0.09 048  —1.19" —0.10 051
Bipolar X total wake time (previous night) 0.003 0.02  0.01
Insomnia X total wake time (previous night) 0.01 0.10  0.01
R? 0.02 0.03 0.04
Morning negative mood predicted by total wake time
Total wake time (previous night) 0.03"" 0.19  0.01 0.02"" 0.10 0.01 0.00 0.00  0.01
Bipolar 7.88" 0.31 0.96 8.32" 033  0.10
Insomnia 6.20" 0.23 1.06 6.78" 0.25 1.11
Bipolar X total wake time (previous night) 0.03* 0.11 0.02
Insomnia X total wake time (previous night) 0.02 0.06  0.02
R? 0.06 0.14 0.14

p<.05 Tp<.0l "p<.001.
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Figure 1. Total wake time (in minutes) predicting morning negative
mood, moderated by group status. The estimated sleep—mood relationships
based on the regression equations for each group are presented. Lines are
depicted only to the maximum value for the independent variable in each
group. The bipolar X total wake time interaction is significant (p < .05).
Note that the control group slope = 0.00 and hence no line is depicted.

wake time. When total wake time was regressed on evening
positive mood for the full sample, evening positive mood was not
associated with subsequent total wake time. When bipolar and
insomnia diagnostic group status were added as predictors, both
bipolar (p < .001) and insomnia (p < .001) group status predicted
total wake time. Hence, group status, but not evening positive
mood, was a significant predictor of total wake time.

To examine whether the evening positive mood—total wake time
relationship differed by diagnostic group, two interaction terms
were added to the regression analysis (bipolar X evening positive
mood and insomnia X evening positive mood). The insomnia
interaction term was significant (p < .05), indicating that insomnia
diagnostic status moderated the evening positive mood-total wake
time relationship. The bipolar interaction term was not significant.
See Table 5 and Figure 2.

Table 5
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Figure 2. Evening positive mood predicting subsequent total wake time
(in minutes), moderated by group status. The estimated sleep—mood rela-
tionships based on the regression equations for each group are presented.
Lines are depicted only to the maximum value for the independent variable
in each group. Only the insomnia X evening positive mood interaction is
significant (p < .01).

When total wake time was regressed on evening negative mood
for the full sample, more evening negative mood was associated
with more subsequent total wake time (p < .001). When bipolar
and insomnia diagnostic group status were added as predictors,
both bipolar (p < .001) and insomnia (p < .001) group status
predicted total wake time. Hence, both evening negative mood and
group status were significant predictors of subsequent total wake
time.

To examine whether the evening negative mood—total wake
time relationship differed by diagnostic group, two interaction
terms were added to the regression analysis (bipolar X evening
negative mood and insomnia X evening negative mood). Both
interaction terms were significant (bipolar, p < .01; insomnia, p <
.05), indicating that group status moderated the evening negative
mood-total wake time relationship. See Table 5 and Figure 3.

Models: Total Wake Time Predicted by Previous Evening’s Positive and Negative Mood

Model 1 Model 2 Model 3

B B SE B B SE B B SE
Total wake time predicted by evening positive mood
Evening positive mood —0.33 —0.02 0.50 0.07 0.01 0.47 —0.42 —0.03 0.77
Bipolar 33.94" 0.24 5.27 33.55" 0.23 5.25
Insomnia 53.67° 0.35 5.66 54.67° 0.36 5.65
Bipolar X evening positive mood (previous night) —0.60 —0.03 1.07
Insomnia X evening positive mood (previous night) 3.17" 0.11 1.24
R? 0.02 0.12 0.13
Total wake time predicted by evening negative mood
Evening negative mood 0.66™" 0.13 0.18 0.26 0.05 0.18 —0.82 —0.146 043
Bipolar 32.58" 0.23 5.57 36.40™" 0.25 5.79
Insomnia 50.58" 0.33 5.82 55.62" 0.36 6.05
Bipolar X evening negative mood (previous night) 1.44™ 0.19 .50
Insomnia X evening negative mood (previous night) 1.13* 0.12 0.53
R? 0.03 0.12 0.13

p<.05 Tp<.0l. "p<.001
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Figure 3. Evening negative mood predicting subsequent total wake time
(in minutes), moderated by group status. The estimated sleep—mood rela-
tionships based on the regression equations for each group are presented.
Lines are depicted only to the maximum value for the independent variable
in each group. The bipolar X evening negative mood (p < .01) and
insomnia X evening negative mood (p < .05) interactions are significant.

Discussion

The present study was designed to clarify and extend the current
literature on sleep and mood, and their relationship, in bipolar
disorder and insomnia. The first prediction was that the bipolar and
insomnia groups would exhibit greater sleep disturbance than the
control group. In support, both the insomnia and interepisode
bipolar groups demonstrated more awakenings, longer total wake
time, and reduced sleep efficiency compared with the control
group but did not differ from each other. Moving on to the other
sleep variables, the insomnia group exhibited longer sleep onset
latency and more wake after sleep onset than the bipolar and
control groups; the bipolar group in turn exhibited longer sleep
onset latency and more wake after sleep onset than the control
group. Combined, these results replicate previous research indi-
cating that individuals with interepisode bipolar disorder experi-
ence sleep that is often as disturbed as those with insomnia
(Harvey et al., 2005) and also draw attention to the severity of
sleep disturbance in insomnia (Ohayon, 2002). In contrast, there
were no differences across the three groups in terminal wakeful-
ness, total sleep time, bedtime, waketime, final arising time, or
time in bed, providing support for the current insomnia diagnostic
criteria which emphasize difficulty initiating and maintaining sleep
(American Psychiatric Association, 2000; Edinger et al., 2004).
Moreover, the data extend the transdiagnostic two-factor structure
of sleep complaints (Koffel & Watson, 2009) to interepisode
bipolar disorder and insomnia, suggesting sleep disturbance in
these disorders is characterized by the insomnia factor (i.e., wa-
ketime). The relevance of the lassitude factor (i.e., hypersomnia,
fatigue, and sleepiness) in these populations should be further
assessed.

Our second prediction was that the bipolar and insomnia groups
would exhibit greater negative mood than the control group and
further that the bipolar group would exhibit greater negative and
positive mood than the insomnia and control groups. Consistent
with the first part of this hypothesis, the bipolar and insomnia
groups experienced more morning and evening negative mood

compared with the control group. These results align with previous
research that has observed heightened negative effect in the inte-
repisode period in bipolar disorder (Yurgelun-Todd et al., 2000)
and more negative mood in insomnia (Bonnet & Arand, 1997).
Clinically, the findings raise the possibility that mood disturbance
may be an important target for the development of novel treat-
ments for insomnia (Harvey et al., 2010). Interestingly, and con-
trary to our hypothesis, there were no differences in negative mood
between the bipolar and insomnia groups, consistent with the
proposed importance of transdiagnostic or universal processes
(Barlow, Allen, & Choate, 2004; Fairburn, Cooper, & Shafran,
2003; Harvey, Watkins, Mansell, & Shafran, 2004). Importantly,
mood in the insomnia group was not influenced by comorbid
psychiatric disorders; mood parameter analyses comparing the
subgroups without comorbidities (z = 15) and with comorbidities
(n = 19) yielded no differences. With regard to positive mood,
also contrary to our hypothesis, the bipolar group did not demon-
strate more positive mood than the insomnia and control groups,
suggesting that in a naturalistic context negative mood may be
more prevalent than positive mood in interpisode bipolar disorder.
It is possible that the POMS vigor scale does not adequately
measure the type of positive mood disturbance characteristic of
interepisode bipolar disorder. It is also possible that the one-week
length of the study may not have been sufficient to observe
elevated positive mood in bipolar participants, as such elevations
may not be demonstrated at a trait level (for review see Watson &
Naragon-Gainey, 2010) but rather may be linked to goal-
attainment life events (Johnson et al., 2008). Indeed, in laboratory
studies interepisode bipolar participants demonstrate elevated af-
fective response to positive mood inductions (Farmer et al., 2006)
but in the absence of a mood induction exhibit reduced attentional
biases toward positive stimuli compared to healthy participants
(Jongen, Smulders, Ranson, Arts, & Krabbendam, 2007). Hence,
the growing literature reveals nuanced positive affect patterns that
a one-week diary may not adequately capture.

The final aim was to examine the proposed bidirectional rela-
tionship between sleep and mood in bipolar disorder and insomnia.
Sleep disturbance was operationalized as total wake time. We
predicted that sleep disturbance would be associated with greater
subsequent morning negative mood in the bipolar and insomnia
groups compared with the control group. Consistently, bipolar
group status moderated the effect of total wake time on subsequent
morning negative mood. These results align with previous research
showing that negative mood in bipolar disorder is adversely af-
fected by sleep disturbance (Perlman et al., 2006). Neurobiological
pathways may explain this effect of sleep on next morning mood.
For example, healthy individuals who were sleep deprived exhib-
ited increased amygdala activity and decreased activity in the
medial-prefrontal cortex, a region known to exert top-down con-
trol on the limbic area (Yoo, Gujar, Hu, Jolesz, & Walker, 2007).
It is possible that in bipolar disorder the threshold at which this
effect occurs is lower (Leibenluft, Charney, & Pine, 2003).
Cognitive—behavioral mechanisms may also underlie the effect of
sleep on subsequent morning mood. For example, learned help-
lessness may occur when individuals with chronic sleep distur-
bance attempt to make “helpful” behavioral changes (e.g., extend
time in bed) which actually perpetuate the sleep disturbance,
resulting in a feeling of powerlessness to improve sleep (e.g.,
Riemann et al., 2010). Accordingly, the data from the present
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study suggest that two of the most empirically supported treat-
ments for insomnia, stimulus control and sleep restriction, may be
relevant for bipolar disorder given the emphasis within these
treatment approaches on de-conditioning and consolidated sleep
(e.g., Morin et al., 2006). These interventions should be applied
moderately and cautiously to avoid a shift toward hypomania or
mania (e.g., Harvey, 2008b; Smith, Huang, & Manber, 2005).

For the insomnia group, the finding that sleep disturbance does
not predict morning negative mood adds to the accruing evidence
that the daytime impairments that are reported by patients with
insomnia may be, at least in part, independent of poor sleep
(Neitzert Semler & Harvey, 2005). Hence, this finding adds to the
calls within the literature for a detailed examination of daytime
functioning among insomnia patients (Espie, 2002; Harvey, 2005).
Clinically, if replicated, interventions may be needed to reduce
expectations of negative consequences among insomnia patients
after poor sleep. One cognitive model of insomnia posits that such
expectations may exacerbate actual consequences (Harvey, 2005).

We also predicted that sleep disturbance would be associated
with greater subsequent morning positive mood in the bipolar
group compared with the insomnia and control groups. This hy-
pothesis was not supported. Bipolar disorder group status did not
moderate the relationship between total wake time and subsequent
morning positive mood (nor did insomnia group status). It is
possible that many participants did not experience severe enough
sleep disturbance within the one-week reporting period to influ-
ence morning positive mood. We note that the average total wake
time for the bipolar group was 1.25 hours and that total sleep time
averaged 7.5 hours. Perhaps moderate sleep disturbance is associ-
ated with subsequent morning negative mood, while more severe
sleep disturbance is associated with subsequent morning positive
mood disturbance (e.g., Wehr et al., 1987).

Moving on to the other direction of the sleep—mood cycle, our
hypothesis was that evening negative mood disturbance would be
associated with greater subsequent sleep disturbance in the insom-
nia group, compared with the bipolar and control groups, and that
evening positive mood would be associated with greater subse-
quent sleep disturbance in the bipolar group, compared with the
insomnia and control groups. Results indicated that both the bipo-
lar and insomnia groups moderated the relationship between eve-
ning negative mood and subsequent sleep disturbance. This is
consistent with the proposal that negative mood is likely to impact
subsequent sleep (Espie, 2002). That this pattern of results held for
both the bipolar and insomnia groups lends support for a transdi-
agnostic account (e.g., Barlow et al., 2004). Hence, theories of
insomnia emphasizing physiologic activation, cognitive arousal,
and failure to de-arouse before sleep (e.g., Bonnet & Arand, 2010;
Espie, Broomfield, MacMahon, Macphee, & Taylor, 2006; Har-
vey, 2005) may also be relevant to interepisode bipolar disorder. It
will be important for future research to delineate which of these
potential contributors comprise universal processes and which are
disorder-specific features (Harvey et al., 2004).

Interestingly, the association between evening positive mood
and increased total wake time was moderated by the insomnia, but
not bipolar disorder, group. The potential cognitive and physio-
logical arousal associated with a positive mood state may have
been antithetical to sleep in the insomnia group (Espie, 2002).
However, it is surprising that this effect was not observed in the
bipolar group, in contrast to previous findings (Talbot et al., 2009).

While the already-highlighted concern about the measurement of
positive mood remains an issue, it is also possible that the content
of the positive mood in the present study differed from the previ-
ous study. The previous study included a mood induction with a
positive autobiographical recall component, perhaps leading indi-
viduals to consider past experiences of success and reward (John-
son, 2005) with a consequent arousing effect before sleep. In
contrast, the naturalistic aspect of the present study may have
contributed to a less intense positive mood, with a lower likelihood
of impacting sleep. Future research could elicit descriptions of
mood content from participants to examine these potential differ-
ences.

Several limitations are important to consider. First, the relatively
small sample size may have limited statistical power. Second, the
overall predictive power of the significant interactions was low,
explaining 13-14% of the variance, and the significant interactions
explained only .5-1% of the variance beyond the group effects.
Hence, it will be important to continue to examine additional
factors affecting sleep and mood in bipolar disorder and insomnia.
Third, to maximize the likelihood of attaining a response from
participants, a range of time was available for participants to
complete the evening mood measure (between 4 p.m. and bed-
time). The majority of participants telephoned their entries and
completion within this window of time was recorded. However,
future research should (a) consider the use of mobile devices for
sleep and mood measures with monetary incentives to encourage
timely entries, and (b) more precisely record the time of comple-
tion to evaluate the impact of earlier versus later evening moods on
subsequent sleep. We further recommend that future studies in-
clude an assessment of chronotype to control for the impact of
circadian factors on sleep and mood (e.g., Hasler, Mehl, Bootzin,
& Vazire, 2008).

In addition, the present study used subjective measures because
insomnia is currently defined based on self-report (Edinger et al.,
2004). However, previous research has sometimes demonstrated a
discrepancy between objectively- and subjectively estimated sleep
both in good sleepers and those with psychiatric disorders (Morin,
2000; Tang & Harvey, 2006). Hence, we recommend that future
research include an objective estimate of sleep to help establish the
biological and perceptual contributions to the sleep—mood cycle.
We also note that previous research suggests that 2-3 weeks are
necessary for some sleep variable averages because of their within-
subject variability (Wolgemuth, Edinger, Fins, & Sullivan, 1999).
We recommend that future studies collect data for a longer period
of time. Similarly, it would be valuable to gather more frequent
daytime mood and sleep assessments (e.g., napping) to more fully
assess the relationship between sleep and mood. The latter two
recommendations need to be balanced with a consideration of
participant burden and compliance.

A final limitation is that sleep-related side effects of the psy-
chotropic medications are a potential confound. We acknowledge
that medication effects could contribute to increased or decreased
wake time and may also influence morning and evening mood.
However, research on medication-free bipolar samples is unrepre-
sentative and lacks generalizability (Philips, Travis, Fagiolini, &
Kupfer, 2008) and would severely limit progress on understanding
serious mental illness across many areas including sleep, neuro-
psychology (Clark & Goodwin, 2004), and neuroimaging (Philips
et al., 2008). Following previous research (Talbot et al., 2009), we
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elected to not control for possible medication effects for several
reasons. Nearly all bipolar participants were medicated, and they
were taking a heterogeneous group of medications. As such, there
would be minimal statistical power to examine the effects of
individual medications through subgroup analyses. Additionally,
numerous medications can have either sedating or alerting side
effects (e.g., aripiprazole, risperidone, venlafaxine, sertraline,
zonisamide; Physicians’ Desk Reference Staff, 2007), making it
difficult to create sedating-medication and alerting-medication
subgroups. Finally, the majority of bipolar participants were taking
several psychotropic medications, potentially creating unknown
interaction effects. We note, however, that the prevalence of sleep-
related side effects are relatively low (e.g., between 4 and 37% for
the medications taken in the present study’s bipolar sample; Phy-
sicians’ Desk Reference Staff, 2007). Additionally, many individ-
uals experience side effects only early in treatment (Ketter &
Wang, 2002). Nonetheless, there is a need for future research to
either adapt research designs or develop statistical approaches to
allow for continued progress. Finally, we note that for consistency
across groups we did not control for medications in the insomnia
group, though this issue applied to only two of the 34 participants.

In sum, consistent with the proposed importance of transdiag-
nostic or universal processes, the current study provides evidence
that in both interepisode bipolar disorder and insomnia sleep is
significantly disturbed, negative mood is heightened, and there is
a relationship between negative mood and subsequent sleep dis-
turbance. Together, these results are congruent with the theory that
disruptions in nighttime sleep and daytime mood may be mutually
maintaining (Benca et al., 1992; Harvey, 2008b) and extend the
current literature by suggesting that negative mood and sleep
disturbance are bidirectionally related in interepisode bipolar dis-
order.
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