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Double Trouble: Weekend Sleep Changes are Associated with
Increased Impulsivity among Adolescents with Bipolar |
Disorder

Anda Gershonl, Sheri L. Johnson?, Leigh Thomas?, and Manpreet K. Singh?
1Department of Psychiatry and Behavioral Sciences, Stanford University School of Medicine

2Department of Psychology, University of California, Berkeley

Abstract

Objectives—Both sleep disruption and impulsivity are important predictors of the course of
bipolar disorder (BD). Although sleep disruption has been shown to intensify impulsivity, little
research has considered how these two important domains interact within BD. Adolescence is a
critical period for the onset of BD, and often associated with increases in impulsivity and
substantial changes in sleep. We tested the hypothesis that disruptions in sleep would increase
impulsivity among adolescents, and that this effect would be more pronounced among those with
BD.

Methods—Thirteen to nineteen-year olds diagnosed with BD | (=33, 16.2 years old +1.66
years, 54.5 % female) and psychiatrically healthy controls (/7= 26, 15.5 years old £1.45 years,
55.6 % female) reported their past-week bedtime, rise time, and sleep duration, separately for

school days and weekends, and completed a self-report questionnaire on impulsivity. Stepwise
regression was used to examine the effects of sleep on impulsivity, and the moderation of this

effect by BD status.

Results—Adolescents with BD reported significantly higher impulsivity, later and more variable
rise time, and more variable time in bed and sleep duration on school days, than did controls.
Greater change in sleep duration between school days and weekends was associated with
significantly more impulsivity among adolescents with BD as compared to controls.

Conclusions—These findings highlight the importance of sleep on impulsivity among
adolescents with BD and add to the growing evidence that establishing sleep routines may be an
important therapeutic target for youth with BD.
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Bipolar disorder (BD) is a serious and chronic disorder that affects approximately 2 to 4% of
the U.S. population (1). Onset occurs by adolescence in at least half of cases (2). Onset
during childhood or adolescence is related to particularly devastating long-term outcomes,
including higher rates of rapid cycling, recurrences, suicidality, and comorbidities compared
to adult onset (2-4). Such findings highlight the critical need for targeted early interventions
for youth with BD. Identification of modifiable risk factors is required if progress is to be
made in developing effective interventions to improve long-term outcomes for bipolar youth.

Among youth and adult samples, sleep and circadian disturbances are common and
persistent features of BD (5, 6). A growing body of research has documented sleep
differences in young people with BD relative to controls persist outside of acute periods of
(7-9). A large body of work indicates that sleep disturbance predicts functioning and illness
course among adults with BD (10). In parallel, the few available studies of youth with BD
indicate that sleep disturbances, such as sleep loss and irregular sleep rhythms, predict
symptom worsening over time (7, 9). ..

One particular BD correlate that may relate to sleep disturbances is heightened impulsivity.
Indeed, one of the criteria for mania involves impulsive engagement in pleasurable activities
without regard to potential danger (11). Elevated impulsivity is observed not only during
mood episodes (12). but also during remission in BD (13-16) and has been found to predict
the onset of BD in young adulthood among those with mild sub-threshold manic symptoms
in two studies (17, 18). Elevated impulsivity has been linked to a variety of negative
outcomes in individuals with BD, including poorer cognitive function, poorer quality of life,
lower medication adherence, greater substance abuse, higher suicide risk, greater risk of
non-suicidal self-injury, suicidal ideation, suicide attempts, and more sustained aggression
after remission (12, 19-23). Although there are very few available studies of impulsivity in
youth with BD, one study of bipolar spectrum youth found that impulsivity was significantly
associated with parent-reported suicidal threats (21).

While impulsivity involves a number of components, several studies have now highlighted
the importance of one specific facet of impulsivity, the pursuit of rewarding experiences
without regard for the potential consequences of these actions, which is measured by the
Fun-Seeking subscale of the Behavioral Activation Scale (BAS) (24). Specifically, in a 4.5
year longitudinal study assessing rates of conversion to BD-I or 1l among 18-24 year olds
diagnosed with cyclothymia and BD not otherwise specified (BD-NOS), the Fun-Seeking
scale emerged as the primary significant predictor of conversion to BD-11 among the
personality variables tested, after controlling for family history of BD, baseline mood
symptoms, and treatment seeking status (18). In this study, the BAS-Fun Seeking scale also
predicted progression to BD | among those diagnosed with BD 11, cyclothymia, or BD-NOS
(18). Another longitudinal study found that higher BAS-Fun Seeking scores uniquely
fluctuated with manic symptom increases among 63 youth (17 to 20 year old) (25). Given
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that the Fun Seeking component of impulsivity is a unique risk factor for mood episodes, it
is critical to understand which etiological factors contribute to increased impulsivity.

Multiple sources of nonclinical data suggest that sleep may be a critical mechanism that
guides fluctuations in impulsivity. Sleep disturbances have been consistently linked to
impairment in a range of cognitive functions including decision-making (26). Of more direct
relevance, sleep loss has been shown to impair performance on behavioral measures of
impulsivity, such as response inhibition (27, 28). Consistent with the idea that even a modest
loss of sleep can adversely impact impulsivity, one nonclinical study showed that eight year-
old children were rated by their teachers as displaying more restless and impulsive behavior
after a sleep restriction protocol of less than one hour per night for five nights (29). More
general assessment of sleep disturbances, measured with items such as “sleeps too much” or
“overtired”, also related to greater impulsivity in healthy 10-16 year old youth (30). In sum,
considerable research suggests that sleep disruptions predict increases in impulsivity.
Despite these important links, research in BD has considered sleep and impulsivity
separately.

With the growing recognition that sleep and impulsivity are core facets of mood
vulnerability, and that these two variables have important interactions in nonclinical
samples, understanding the relations between them may lead to important discoveries about
how BD develops. To our knowledge, no studies have examined the effects of sleep on
impulsivity in BD. This is the primary aim of the current study. Our goal was to understand
whether youth with BD would be differentially sensitive to the effects of sleep disturbances
on impulsivity. Given that adolescence is a vulnerable period for BD onset and is a period of
increased impulsivity and sleep change (31), examining the effects of sleep on impulsivity in
youth with BD is important.

Thus, in this study, we consider the interface among sleep, impulsivity, and BD in an
adolescent sample. Adolescents tend to show later bedtimes compared to children, possibly
due to a natural biological shift in the intrinsic circadian timing system, and/or due to a
psychosocial shift towards increased autonomy and increased social activities (32). On
school days, early rise times combined with delayed bedtimes often curtail sleep duration,
whereas on weekends, adolescents may have more of an opportunity to “catch up” on sleep.
However, it is unclear whether such attempts at weekend sleep recovery are sufficient (33).
We hypothesized that both BD and healthy control adolescents would report significantly
delayed bedtimes and rise times, and longer sleep duration, on weekends relative to school
days. We further hypothesized that shifts between school day and weekend sleep duration
may represent a marker of sleep disturbance that predicts increased impulsivity. However,
we hypothesized that greater changes in sleep duration between weekends and school days
would be associated with increased impulsivity, and that those diagnosed with BD would be
particularly susceptible to these effects. The current study is unique in considering
individuals within one year of their first episode of mania, to avoid the confounds of
prolonged illness such as excessive medication exposure, co-occurring substance use or
other psychiatric conditions.
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Method

Participants

Participants were 59 post-pubertal adolescents, 13-19 years old and fluent in English,
recruited from the Stanford University Pediatric Mood Disorders Program or the
surrounding San Francisco Bay Area community. Thirty-three were adolescents diagnosed
with bipolar | disorder (16.2 years old +1.66 years, 54.5 % female) and 26 were healthy
adolescents without a personal or family history of any psychiatric disorders (15.5 years old
+1.43 years, 57.7 % female). The University research ethics board approved all study
procedures. Those age 18 and older provided written informed consent. If under the age of
18, youth provided assent and parents provided written informed consent.

Participants were included in the BD group if they met diagnostic criteria for bipolar |
disorder based on the Diagnostic and Statistical Manual (DSM IV-TR) (34), as measured by
the Washington University in St. Louis Kiddie-Schedule for Affective Disorders and
Schizophrenia (WASH-U KSADS) (35), and had experienced their first manic episode in the
past year. Control group individuals were eligible if they did not meet diagnostic criteria for
any DSM-1V Axis | disorder and had no first- or second-degree relative with a history of
mood disorders or psychosis. Exclusion criteria included a history of neurological or
developmental disorders, head injury with loss of consciousness for over 5 minutes, 1Q of
less than 80, or seizures. Exposure to psychotropic medications was an exclusion criterion
for control group participants. Adolescents in the BD group were not excluded for current
use psychotropic medication treatment because cessation of medication posed a potential
risk of mood destabilization. In addition, because BD disorder often co-occurs with other
psychiatric disorders (36), youth in the BD group were not excluded on the basis of current
comorbid psychiatric diagnoses, with the exception of alcohol or substance abuse or
dependence in the previous six months.

Measures

Demographic information—~Parents and adolescents were asked to report age, gender,
and ethnicity. The Hollingshead Four Factor Index (37) was used to assess family
socioeconomic status.

Pubertal development—The Pubertal Development Scale (38) is a 5-item self-report
scale that assessed pubertal status. Items assess for changes in body hair, changes in voice
(for boys) or breast development (for girls), skin change, growth spurts, and facial hair (for
boys) and menarche (for girls). In a large sample of sixth- and seventh-grade boys and girls
(N=253), the measure was shown to have good reliability (a = 0.68 to 0.87) and high
correlations between a questionnaire version and physician ratings (= 0.61 to 0.67) (38).

Psychiatric diagnosis and current symptoms—To assess for current and lifetime
psychiatric disorders, the Washington University in St. Louis Kiddie-Schedule for Affective
Disorders and Schizophrenia (WASH-U KSADS) (35) was administered separately to
participants and their parents. The WASH-U KSADS has been shown to have high inter-
rater reliability for both BD diagnosis and individual mania items (39). A board-certified
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child and adolescent psychiatrist (MKS) and Master’s level researchers reviewed diagnoses
by consensus for the present study (K > 0.90 for all diagnoses). Youth in the control group
were required to have no personal or family history of mood disorders or psychosis in first
or second-degree relatives as verified by the Family History-Research Diagnostic Criteria
(FH-RDC) (40).

Children’s Global Assessment Scale (C-GAS). Current global overall functioning was
assessed by interviewers using the Children’s Global Assessment Scale (C-GAS). The
reliability and validity of the C-GAS have been established (41).

The Children’s Depression Rating Scale-Revised (CDRS-R) (42), a 17-item clinician-
administered scale, was administered to assess depression symptom severity in participants.
Total scores range from 17 to 113. Higher scores indicate greater depression severity. The
CDRS-R has demonstrated good reliability and validity in adolescents 7-18 years old (43).

The Young Mania Rating Scale (YMRS) (44), an 11-item clinician-administered scale, was
used to assess mania symptom severity. Total scores range from 0 to 60. Higher scores
indicate greater symptom severity. The measure is widely used and has exhibited good
psychometric properties (44), including validation for use with children as young as 5 years
old, with demonstrated reliability for measuring mania symptoms and excellent ability to
separate bipolar from non-bipolar cases (45, 46).

Sleep—Adolescents were asked to complete self-report questionnaires to measure the
average bedtime, rise time, and total sleep time for the past week, assessing these variables
separately for weekdays versus weekends.

Impulsivity—Adolescents were administered the Fun-Seeking subscale of the Behavioral
Activation Scale (BAS) (24). The BAS Fun-seeking subscale is at trait measure of the
tendency to pursue new and potentially rewarding experiences (e.g., “I will often do things
for no other reason than that they might be fun™) and to act reflexively during goal pursuit
(e.g., “I often act on the spur of the moment”) without regard for the potential consequences
of these actions. Impulsivity is often guided by poor decision-making. Scores range from 4
to 16. Higher scores indicate greater impulsivity. The BAS scales have been validated
against psychiatric diagnoses (47), neural response to reward (48), and more specific to the
current study, have been found to predict the onset and course of BD (18, 49).

Statistical Analysis

To evaluate for potential confounds, preliminary analyses examined group differences on
demographic variables (age, gender, ethnicity, socioeconomic status, and pubertal
development) using t-tests for continuous variables and chi-square tests for categorical
variables. For chi-square analyses, Fisher’s exact test was used when the expected cell size
was < 5. We also considered group differences on clinician-rated symptom severity scales
(CDRS-R and YMRS) and function (C-GAS) using t-tests. Then, to consider whether
impulsivity and sleep related to diagnostic status, t-tests were used to examine group
differences in self-reported bedtimes, rise times, time in bed, and total sleep time for school
days and weekends separately, and the BAS Fun-Seeking scale. Pearson product correlations
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were used to examine inter-correlations of sleep and impulsivity measures. To examine the
primary hypothesis that those with BD would be particularly sensitive to the effects of sleep
disruption on impulsivity, we conducted a regression model with BAS Fun-seeking scores as
the outcome index. Diagnostic group, the effects of bedtime on school days, time in bed on
school days, and change in total sleep time between school days and weekends, were entered
using forced entry, and the three interactions of Diagnostic group x Sleep variables were
entered using forward selection. Variables were z-transformed before entry in regression
models. Within-group correlations were used to describe the form of the interaction between
sleep and impulsivity. All tests were completed using SPSS for Windows (\Version 23.0;
SPSS v22.0, IBM Corporation, Armonk, New York).

Kolmogorov-Smirnov tests for normality indicated non-normal distributions for bedtime on
school days (p = 0.036), rise time on school days (p < 0.001), time in bed on school days (o
= 0.013), bedtime on weekend days (p < 0.001), rise time on weekend days (o = 0.001), total
sleep time on weekend days (p < 0.001), and BAS-Fun Seeking (p= 0.017). Rise time on
school days and total sleep time on weekend days both had kurtosis values > 1.5. Log
transformations were used to normalize the non-normal distributions; the transformed
variables were used in analysis.

Demographic and clinical characteristics are presented in Table 1. The BD and control
groups were well matched, in that they did not differ significantly in age, gender, ethnicity,
socioeconomic status, or pubertal development status. As expected, BD group participants
scored significantly lower on the C-GAS, and significantly higher on the YMRS and CDRS-
R than did control group participants. Twenty-seven of 33 BD group participants (81.8%)
and 0% of the control participants were taking psychotropic medications. These included
antipsychotics, anticonvulsants, selective serotonin reuptake inhibitors (SSRIs), stimulants,
lithium, bupropion, serotonin antagonist reuptake inhibitors (SARIS), tricyclic
antidepressants (TCAS), tetracyclic antidepressant (TeCAs), or two or more of these.
Seventeen of 33 BD group participants (51.5%) and 0% of the control group had at least one
comorbid psychiatric diagnosis, including attention deficit and hyperactivity disorder (n7=
9), past substance abuse or dependence (/7= 8), anxiety disorders (/7= 5), oppositional
defiant disorder (7= 5), dysthymia (7= 4), conduct disorder (7= 1), and bulimia nervosa (7
=1).

Diagnostic group differences in sleep and impulsivity

As shown in Table 2, on school days, BD group participants reported a significantly later
rise time than did controls. Psychotropic medication use (antipsychotics, anticonvulsants,
SSRiIs, stimulants, lithium, bupropion, SARIs, TCAs, TeCAs, or two or more of these) was
not significantly related to rise time on school days (s range from —0.15 to 0.29, n = 33).
The groups did not differ in the mean values of any other sleep variables. However, relative
to control group, the BD group showed significantly more variable rise time, time in bed,
and total sleep time on school days. Although the BD group was more varied on the BAS
Fun Seeking scale, their mean score was not significantly different than the control group.
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Effects of sleep on impulsivity

Before testing for the effects of sleep on impulsivity we examined the inter-correlations of
our measures. As shown in Table 3, sleep variables showed expected correlations. That is, on
school days, both bedtime and rise time were significantly positively correlated with time in
bed. School day rise time and time in bed were also significantly positively correlated with
school day sleep duration. School day bedtime was significantly negatively correlated with
school day sleep duration and with weekend time in bed. Weekend rise time was positively
correlated with weekend time in bed. Weekend sleep duration was negatively correlated with
school day rise time, school day time in bed, and school day sleep duration, and positively
correlated with weekend rise time. As predicted, impulsivity was significantly related to
change in sleep duration between school days and weekend days for both groups.

Regression models were constructed to test whether sleep effects differed by diagnostic
group. As noted above, we found no group differences in demographic variables and
therefore did not include them in our regression models. As shown in Table 4, the change in
sleep duration between school days and weekends was significantly related to Fun Seeking,
and the significant interaction of Group indicated that this effect was moderated by
diagnostic group. Follow-up correlations were conducted to examine the role of change in
sleep duration on impulsivity in each diagnostic group. Change in sleep duration was
significantly related to greater Fun Seeking in adolescents with BD (r=.503, p=.005, n=
26), but not in controls (r=-.018, p=.93, n=25).

Discussion

As predicted, adolescents with BD did not differ from control youth on most of the sleep
indices measured. However, a greater change in sleep duration between school days and
weekends was associated with greater impulsivity in adolescents with BD but not in
controls. Our study is the first to show that an otherwise normative developmental change in
sleep, whereby adolescents tend to sleep longer or “catch up” on sleep during the weekends
relative to school days, may be associated with negative outcomes for BD relative to control
youth. Specifically, our finding suggests that for youth with BD, the change in sleep duration
between school days and weekends is associated with increased impulsivity and, as such,
may require closer monitoring to address sleep schedule patterns that may be detrimental to
impulse control among BD youth.

In this study, adolescents with BD showed a very specific profile of sleep disturbance
compared to control youth. That is, they did not differ in their report of most of the sleep
variables assessed with the exception that adolescents with BD reported significantly later
rise times (nearly one hour later) on school days relative to controls. Significantly later rise
times on school days may reflect a more pronounced circadian phase delay among BD youth
relative to controls. Although circadian phase was not systematically assessed in the current
study, studies have consistently suggested an association between BD and delayed circadian
phase, that is, a preference for later rather than earlier timing of sleep and daily activities
(50). Although adolescents with BD had near significantly longer time in bed on school days
(p=.052), there was no group difference in sleep duration, consistent with previous reports
of adequate sleep duration in youth with BD (6, 51). Importantly, however, our findings
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show that adolescents with BD exhibit significantly greater variability in rise time, time in
bed, and total sleep time on school nights than do controls. Variability in sleep rhythms has
been documented in previous studies of youth with BD (9) and may represent an important
marker of individual differences to consider in future research.

Interestingly, we did not find an association between sleep disturbance and impulsivity in the
control group. It may be the case that sleep disturbance in the control group is associated
with other functional outcomes that are related to impulsivity. Previous reports have found
that sleep disturbances in healthy youth is associated with emotion regulation deficits (52),
poorer academic performance (53), and increased delinquency (54). At the same time,
researchers have found that in psychiatrically healthy populations, it takes greater
neurocognitive disturbance to lead to impulsive behavior than it does in psychiatric
populations (55). That is, we might have observed effects of sleep disturbances on
impulsivity had we captured more severe sleep disruptions in the healthy controls.

Several limitations should be noted. First, sleep indices were assessed via self-report and, as
such, susceptible to memory bias. We assessed sleep over the past week to reduce the
potential for this bias. Nevertheless, our assessment would have benefitted from the addition
of objective measures of sleep (e.g., actigraphy). Second, our small sample size limited
power, and could have contributed to some of the null effects observed in comparing sleep
and impulsivity between those with and without BD. Third, given the cross-sectional design,
we cannot delineate the direction of effects. It is possible that impulsivity may be driving
sleep disruption, rather than sleep disruption driving impulsivity. Fourth, we measured
impulsivity using a single self-report scale. Although the BAS-Fun Seeking scale was
chosen due to its demonstrated unique relation to BD vulnerability, future studies should
incorporate a more comprehensive assessment of impulsivity, including behavioral tasks
such as the Balloon Analogue Risk Task (56). Fifth, chronotype (preference for timing of
sleep and daily activities) could play a role in the effects of sleep dysregulation on
impulsivity. Future research should examine chronotype in relation to impulsivity in BD
samples. Finally, due to the absence of a psychiatric comparison group, we cannot ascertain
whether the identified between-group sleep differences are due to general psychopathology
rather than BD, per se (57). It is possible that sleep problems contribute to the impulsivity
that is increasingly documented transdiagnostically (58).

Despite these limitations, the findings underscore that the change in sleep duration that
occurs between school days and weekends may be an important target for treatment in youth
with BD. Several techniques have been developed to address to irregular or delayed sleep
schedules. These include administration of melatonin to address later bed times and rise
times (59) and behavioral modifications, such as maintenance of a consistent sleep schedule
across the days of the week (60). Current findings suggest that these types of interventions
may be particularly important to consider in BD. Indeed, recent findings in adults such that
CBT for insomnia is promising in reducing mood symptoms in BD (61), but effects of such
interventions on reducing impulsivity remain unknown. Future interventions may need to
consider the important relations between sleep and impulsivity in order to yield tractable
outcomes for adolescent patients with BD.
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