1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Affect Disord. Author manuscript; available in PMC 2018 January 15.

-, HHS Public Access
«

Published in final edited form as:
J Affect Disord. 2017 January 15; 208: 248-254. doi:10.1016/j.jad.2016.08.076.

An actigraphy study investigating sleep in bipolar | patients,
unaffected siblings and controls

Sanne Verkooijenl”, Annet H. van Bergenl, Stefan E. Knapen?2, Annabel Vreekerl:34, Lucija
Abramovicl, Lucia Pagani®, Yoon Jung’, Rixt Riemersma van der Lek?8, Robert A.
Schoevers?, Joseph S. Takahashi®®, René S. Kahn!, Marco P. M. Boks?, and Roel A.
Ophoffl.7

1Department of Psychiatry, Brain Center Rudolf Magnus, University Medical Center Utrecht,
Utrecht, The Netherlands 2Department of Psychiatry , University Medical Center Groningen,
University of Groningen, Groningen, The Netherlands 3Netherlands Institute of Mental Health and
Addiction (Trimbos Institute), Drug Information and Monitoring System, Department of Drug
Monitoring, Utrecht, The Netherlands “Department of Psychology, Leiden University, Leiden, The
Netherlands ® Department of Neuroscience, University of Texas Southwestern Medical Center,
Dallas, TX, USA 8Howard Hughes Medical Institute, University of Texas Southwestern Medical
Center, Dallas, TX, USA “Center for Neurobehavioral Genetics, University of California Los
Angeles, Los Angeles, CA, USA 8Lentis FACT, Winschoten, The Netherlands

Abstract

Objectives—Disturbances in sleep and waking patterns are highly prevalent during mood
episodes in bipolar disorder. The question remains whether these disturbances persist during
phases of euthymia and whether they are heritable traits of bipolar disorder. The current study
investigates objective sleep measures in a large sample of bipolar | patients, non-affected siblings
and controls.

Methods—A total of 107 bipolar disorder | patients, 74 non-affected siblings, and 80 controls
were included. Sleep was measured with actigraphy over the course of 14 days. Seven sleep
parameters were analyzed for group differences and their relationship with age at onset, number of
episodes and psychotic symptoms using linear mixed model analysis to account for family
dependencies.

Results—Patients had a longer sleep duration and later time of sleep offset compared to the non-
affected siblings but these differences were entirely attributable to differences in mood symptoms.
We found no difference between patients and controls or siblings and controls when the analyses
were restricted to euthymic patients. None of the bipolar illness characteristics were associated
with sleep.
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Limitations—Medication use was not taken into account which may have influenced our
findings and controls were younger compared to non-affected siblings.

Conclusions—In the largest study to date, our findings suggest that recovered bipolar | patients
and their siblings do not experience clinically significant sleep disturbances. Sleep disturbances
are primarily a reflection of current mood state, but are unrelated to the course of the disorder.
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Introduction

Bipolar disorder is a chronic psychiatric disorder characterized by severe fluctuations in
mood, which affects 1-2 % of the general population (Belmaker, 2004). According to the
DSM-V criteria, one prominent manifestation of a mood episode is a shift in sleep-wake
behavior (American Psychiatric Association, 2013). The majority of patients experience
insomnia or hypersomnia during depression and a reduced need for sleep during mania
(Harvey, 2008). These disturbances are thought to be a hallmark of a current mood episode,
and often precede mood episodes, suggesting utility as a marker of prodromal symptoms
(Jackson et al., 2003).

Studies focusing on bipolar patients have tried to delineate whether these sleep disturbances
can be considered as more than a state marker of the disorder and represent a general
deregulation of the endogenous circadian cycle independent from current episodes. In
accordance with that idea, phase advances, phase delays and general phase instabilities have
been reported for several measures of rhythmicity, such as body temperature, nocturnal
cortisol levels and peak melatonin time in euthymic bipolar patients (Milhiet et al., 2011;
Nurnberger et al., 2000). Sleep (the most evident behavioral reflection of circadian rhythms)
has also been reported to be disturbed during non-clinical phases of the disorder. According
to Harvey et al. (2005), 70% of euthymic patients reported clinically significant sleep
problems, with 55% of patients also meeting the criteria for insomnia. Several other studies
using self-report measures identified worse sleep quality and more disturbed sleep-timing
preferences in non-clinical bipolar patients compared to controls (Cretu et al., 2016; Rocha
et al., 2013; Seleem et al., 2015). Actigraphy has proven to be an indispensable tool in the
objective assessment of sleep-wake parameters (Sadeh et al., 1995). Actiwatches are wrist-
worn devices that continuously record movement and allow for measurements in a natural
environment over several weeks. Validation showed better performance compared to
observational measurements, sleep logs and diaries (Ancoli-1srael et al., 2003). When
assessed in a bipolar sample, actigraphy showed high correlations with polysomnography
and high to moderate correlations with subjective measures of sleep (Boudebesse et al.,
2014). Nevertheless, studies using actigraphy in the analysis of sleep in bipolar disorder
have come up with conflicting results. While some studies found differences between
bipolar patients and controls on several sleep parameters (e.g. sleep duration, sleep onset
latency, sleep efficiency) (Geoffroy et al., 2014; Harvey et al., 2005; Millar et al., 2004;
Salvatore et al., 2008), other studies failed to replicate these findings (Jones et al., 2005;
Kaplan et al., 2012; St-Amand et al., 2013). These contradictory results can potentially be
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explained by differences in methodology. Measurement periods varied between 2 and 54
nights and different diagnostic criteria may have resulted in heterogeneous patient samples.
Moreover, sample sizes were generally small (<36 cases and controls), raising the possibility
that some studies were underpowered. Recently, two meta-analyses concluded that bipolar
patients differed from controls on measures of sleep duration, sleep onset latency and wake
after sleep onset (Geoffroy et al., 2015a; Ng et al., 2014). Sleep efficiency of bipolar patients
was significantly lower in only one of the two meta-analyses . According to the authors, the
number of actigraphy studies in bipolar disorder is limited and lags behind similar research
in depression and ADHD. Furthermore, Geoffroy et al. pointed to heterogeneity in
methodologies and found that age matching, level of depressive symptoms and actigraphy
device potentially influence the actigraphy analyses and should be taken into account in
future research (Geoffroy et al., 2015a, 2015b). Moreover, associations between objective
sleep parameters and bipolar illness characteristics have so far not been studied. If sleep
disturbances indeed reflect a continuous aberration of the circadian rhythm, it is conceivable
that these disturbances correlate with an unfavorable course of the disorder.

Although the presence of sleep disturbances in bipolar patients has gained increasing
attention, the question whether disturbances in sleep patterns can be considered as a
heritable trait of bipolar disorder, has scarcely been investigated. As of yet, only two studies
objectively studied the difference in sleep-wake behavior between bipolar patients and their
relatives. Jones et al. (2006) studied children of bipolar patients and concluded that sleep
onset latency and sleep fragmentation were lower in children of bipolar parents compared to
control children. However, when affected bipolar offspring was excluded the effects were no
longer significant. Pagani et al. (2015) analyzed 26 pedigrees ascertained for bipolar |
disorder and showed that bipolar patients slept longer and woke up later compared to their
non-affected relatives. The authors also provided evidence that a number of sleep measures
are heritable. Extending this pedigree study by also including independent control subjects
gives the opportunity to study the sleep-wake pattern in individuals who are genetically
susceptible for the disorder, but lack the direct illness and its sequelae such as medication
use. If first-degree relatives indeed show disturbed sleep patterns similar to probands, it
would support the hypothesis that the sleep-wake pattern is a trait of bipolar disorder.

The current study aims at extending previous research in a large, homogenous sample of
bipolar | patients using an elaborate collection of objective measures of sleeping behavior.
First, the question will be addressed whether euthymic bipolar patients show differences in
sleep pattern compared to controls and whether the non-affected siblings display similar
patterns of sleeping behavior. Sleep duration, timing of sleep onset, timing of sleep offset,
sleep onset latency, sleep efficiency, wake after sleep onset (WASQ) and sleep inertia will be
measured objectively using actigraphy. Subsequently, the association with current mood
symptom level and life-time illness characteristics (i.e. age at onset, number of mood
episodes, presence of psychotic symptoms and history of suicidal behavior) will be
analyzed.
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The current study is a follow up of the Dutch Bipolar Cohort (DBC) study, which is a
collaboration between the University Medical Center Utrecht (UMCU), various health care
institutes in the Netherlands and the University of California Los Angeles (UCLA). In short,
the DBC study is designed to provide a deep-phenotype characterization of bipolar | patients
and their first-degree relatives. The cohort included 1700 bipolar | patients, 586 relatives and
265 controls. After completion of the DBC protocol, a subgroup of patients, siblings and
controls were re-approached to participate in the actigraphy protocol. Both the DBC study
and the current study were approved by the medical ethical committee of the UMCU and
were in accordance with the Helsinki Declaration. Written informed consent was obtained
from all participants prior to participation.

All participants had a minimum age of 18, at least three grandparents of Dutch descent.
Exclusion criteria for all participants were self-reported major somatic illness (e.g. sleep
apnea) and pregnancy. Inclusion criteria for patients was a bipolar | diagnosis, verified using
the Structural Clinical Interview for DSM-1V (SCID-I) (First et al., 1997) and no current
admission for their bipolar illness. None of the patients reported being in a current mood
episode. However, 17 patients scored above the IDS-SR threshold for mild depressive
symptoms. Additionally, 4 patients had an ASRM score indicative of a manic or hypomanic
state. Siblings and control subjects with a diagnosis of bipolar disorder or other psychotic
disorders were excluded, as were control subjects who had a first or second degree relative
with such diagnoses. Both siblings and controls were assessed using the Mini-International
Neuropsychiatric Interview (M.1.N.I) (Sheehan et al., 1998). In total, 466 eligible candidates
were approached for participation via telephone, post or e-mail. 106 subjects did not respond
to our invitation, 57 subjects refused to participate and 17 subjects did not show up for their
appointment. In 5 participants with an appointment the Actiwatch never started recording
and in 5 participants the data showed consecutive nights in which the minimum activity
never reached 0, indicative of measurement errors. These 10 participants were excluded
from further analyses. After excluding participants who did not meet the inclusion criteria
(sleep apnea n=3, other somatic illness n=1, non-compliance to the protocol due to a mood
episode n=3, sibling not meeting diagnostic criteria n=7, controls not meeting diagnostic
criteria n=1) the sample consisted of 107 patients, 74 siblings and 80 controls.

Actigraphy recordings and sleep logs

Sleep-wake measurements were recorded with the Actiwatch 2 (Philips Respironics Inc,
Murrysville, PA, USA). The Actiwatch has a solid state piezo-electric accelerometer and a
lithium rechargeable battery. It records wrist movements and the sum of wrist movements is
scored in epochs of 1 minute. All participants were instructed to wear the Actiwatch for a
period of 14 consecutive days on their non-dominant wrist and only to remove it when
exposed to water for long periods of time (e.g. swimming). During the 14-day recording
period, participants kept a sleep diary in which bed times, nap times and off-wrist periods
were noted. All Actiwatches were subjected to two calibration protocols prior to initial data
collection and after every battery service (for details, see Pagani et al., 2015).
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Actigraphy data analysis

To calculate the 7 sleep phenotypes, a series of algorithms in R statistical package (R
Development Core Team, 2014) were used according to the procedure developed by Pagani
et al. (2015). First, alterations had to be made for the recording days in which daylight
saving time (DST) either set the clock back with one hour (fall) or set the clock forward with
one hour (spring). After adjusting the time of the subsequent recordings so that it would
match the new social time, the Saturday prior to DST, the Sunday of DST and the following
Monday were discarded. This way, any jet lag caused by the shift in time was excluded from
analyses.

In the next algorithm, the rest period was set for every 24-hr period. The starting point of
rest was defined as the first moment after 6 PM when the participant started resting. A
threshold was set (the median of overall activity, not exceeding 50 counts per epoch), which
was used to identify consecutive epochs with low activity. The beginning of the rest interval
was defined as the epoch that was preceded by consistent activity above the threshold,
followed by a minimum of 15 epochs of activity below the threshold, allowing 2 minutes to
be above threshold. The end of the rest interval was similarly defined as the epoch that was
followed by consistent activity above the threshold and preceded by a minimum of 15
epochs of activity below the threshold, also allowing 2 minutes to be above threshold. The
reported rest intervals from the sleep logs were used to cross-check the identified intervals
set by R. To prevent daytime naps to get incorporated in the rest intervals, the script
excluded intervals that had a rest period beginning 120 minutes before 6 PM. Also, when
participants reported an off-wrist interval in their sleep logs, the recording was checked for 5
consecutive epochs or more with an activity count of 0 in the reported interval minus and
plus 60 minutes. 24 hour-periods with more than 60 minutes defined as off-wrist were
discarded.

After the rest period was defined, the sleep algorithm was used to calculate sleep duration,
timing of sleep onset, timing of sleep offset, sleep onset latency, sleep efficiency (i.e.
minutes asleep divided by minutes in bed), wake after sleep onset (WASO) and sleep inertia
(wake interval between sleep offset and time out of bed). This algorithm was based on the
Respironics Software Actiware.

Disease characteristics

Patients were assessed using several (semi)structured clinical interviews. The Questionnaire
for Bipolar Disorder (Leverich et al., 2001; Suppes et al., 2001) was used to inquire age at
onset of the disorder (defined as age of first medication). The presence of psychotic
symptoms during mood episodes, the number of episodes and presence of rapid cycling in
previous year were evaluated with the SCID-I (First et al., 1997). The Comprehensive
Assessment of Symptoms and History (CASH) was used to screen for history of attempted
suicide (Andreasen et al., 1992)

At the start of the actigraphy measurement period and after 7 days, depressive symptoms
were assessed using the Inventory for Depressive Symptoms - Self Report (IDS-SR) (Rush
et al., 2000) and manic symptoms were assessed using the Altman Self-Rating Mania Scale

J Affect Disord. Author manuscript; available in PMC 2018 January 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Verkooijen et al.

Page 6

(ASRM) (Altman et al., 1997). For symptom measurement, the average of both time points
was used in the analyses.

Statistical analysis

Results

Participants

All analyses were carried out using either the R statistical package or IBM SPSS Statistics
21.0. Assumptions were checked and in case of significant outliers, sensitivity analyses were
performed to assess the impact of the outliers on the overall model. Demographic data,
group differences on continuous variables were analyzed using analysis of variance
(ANOVA) with Bonferroni post hoc tests. Group differences on categorical variables were
analyzed using chi-square analyses. Possible measurement bias of the sleep measurements
by distribution of Actiwatch devices was assessed using multivariate analysis of variance
(MANOVA).

To analyze differences in actigraphy sleep pattern between patients, siblings and controls,
mixed-effects model analyses were conducted. Per outcome measure (means and standard
deviations of sleep duration, sleep onset, sleep onset latency, WASO, sleep efficiency, sleep
offset, sleep inertia) two separate models were used. One for the comparison of patients and
siblings versus controls and one for patients and controls versus siblings. A random factor
for relatedness was used, along with age and gender as covariates. A second series of
analyses tested the possible confounding effect of depression and work by adding IDS-SR
score and the number of workdays as covariate to the previous described mixed-effects
models. The association between the illness characteristics and actigraphy sleep pattern was
analyzed using linear regression.

Means and standard deviations from a recent meta-analysis by Geoffroy et al. (2015) were
combined with the means and standard deviations from the current study in order to assess
the effect sizes of sleep duration, sleep onset latency, WASO and sleep efficiency.
Standardized mean differences (SMD) were calculated with Comprehensive Meta-Analysis
3.3.070 (Pierce, 2008), using random effects models. Only subjects from the current study
with IDS-SR scores < 26 and ASRM scores < 6 were included in the meta-analysis.

A total of 107 patients, 74 siblings and 80 controls were included with a mean measurement
period of 14.4 days. Patients, siblings and controls had an equal male-female ratio, but
groups differed on mean age, with siblings being significantly older than controls (F[2, 258]
= 6.66, p = 0.001). All groups reported similarly low levels of manic symptoms. Current
depressive symptoms were significantly higher in patients (F[2, 257] = 35.72, p < 0.001).
The total number of workdays during the measurement period was lowest in patients, while
siblings and controls worked an equal humber of days (F[2, 258] = 4.05, p = 0.02). See
table 1 for additional sample characteristics. Compared to the overall DBC cohort, the
sample of patients, siblings and controls participating in the actigraphy study did not differ
onage (F[1,1501] =0.21,p=0.64 & F[1,661] =0.56,p=0.46 & F[1,344]=0.14,p=

J Affect Disord. Author manuscript; available in PMC 2018 January 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Verkooijen et al. Page 7

0.71) and gender (x2 [1, 1503] = 0.02, p = 0.92 & 2 [1, 663] = 0.20, p = 0.70 & x? [1, 346]
=0.01, p = 1.00).

At time of inclusion, 3 patients did not use any form of psychotropic medication, whereas
the remaining patients used between 2 to 5 types of medication (median = 2). 58 patients
received lithium, 36 patients received other mood stabilizers, 22 patients received
antidepressants, 35 patients received antipsychotics (atypical = 29, typical = 6) and 29
patients received benzodiazepines. With the exception of 2 patients, all subjects used the
same type of medication for at least 3 months. None of the subjects reported doing shift
work during the measurement period.

Group differences

Table 2 shows the sleep parameters of the three groups and table 3 the summary of mixed-
effect models. We found no differences between patients and controls on any of the sleep
parameters. Compared to the non-affected siblings, patients slept significantly longer and
had a later timing of sleep offset. Adjusting for depression symptom score by adding IDS-
SR score as covariate, rendered the differences between patients and siblings non-significant
at a Bonferroni-corrected significance level of 0.007. Adjusting for IDS-SR score in the
remaining non-significant models (i.e. sleep onset, sleep onset latency, sleep efficiency,
WASO and sleep inertia) did not change the results. Adding number of workdays as
additional covariate in all previous models did not change any of the results. We
subsequently analyzed whether the groups differed on variability in sleep measures, but
found no significant differences between patients and controls, patients and siblings or
siblings and controls (see supplementary table 1). Since Actiwatch device was not associated
with the sleep measurements (V=0.73, A192,1368]=0.99, p=0.54), we decided not to add it
to the analyses as covariate. Supplementary figure 1 shows examples of actograms of a
bipolar patient (1A), sibling (1B) and control (1C).

Relation current depressive symptoms with sleep

The direct association between sleep duration and IDS score was tested in linear regression
analyses with age and gender as covariates. For patients and siblings, a significant
association was found (see figure 1). To prevent circular reasoning, the analyses were
repeated after questions regarding sleep were eliminated from the IDS-SR score. The
association between depression score and sleep duration remained significant in both
patients and sibling ($=0.28, t=3.01, p=0.003 and p=0.33, t=2.90, p=0.005). Linear
regression analyses testing the direct relation between sleep offset and DS score showed a
significant association in patients and controls (see figure 2). The association also remained
significant after elimination of the sleep questions from the IDS score (=0.21, t=2.25
p=0.03 and p=0.29, t=2.75, p=0.008).

Differences in sleep parameters compared to euthymic patients only

To account for the relatively large dispersion in current mood symptomatology, the analyses
were repeated in participants scoring under the cut-off indicative of mild depressive and
manic symptoms (IDS-SR < 26 and ASRM < 6)(Altman et al., 2001; Karsten et al., 2010).
This subsample consisted of 87 patients, 71 siblings and 75 controls. Current depression
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symptom score was not significantly different between groups (IDS-SR mean + sd ; patients:
11.8 £7.3, siblings: 6.2 £ 5.2 and controls: 5.7 + 5.0). Also, no group differences on manic
symptoms were found (ASRM mean + sd ; patients: 1.6 + 1.5, siblings: 1.1 + 1.2 and
controls: 1.2 + 1.5), nor on the number of days work (patients 4.4 + 3.8, siblings 5.2 + 3.6,
5.6 + 4.0). When comparing the groups on the sleep parameters, the only significant
difference we found was between patients and siblings on timing of sleep offset (3=38.66,
t=3.61 p=0.002). However, after adjusting for IDS-SR score, the group difference in the
sleep offset model did not reach the required Bonferroni-corrected significance level of
0.007 (= 23.30, t=2.06, p = 0.05). Adjusting for IDS-SR score in the 6 remaining models
(i.e. sleep duration, sleep onset, sleep onset latency, sleep efficiency, WASO and sleep
inertia) did not change the results. Adding number of work days as covariate to all previous
models did not change any of the results.

Life-time illness characteristics

None of the actigraphy sleep pattern variables was significantly associated with age at onset
of the bipolar illness. Also, a history of psychotic symptomatology during episodes was not
related with the sleep pattern variables. Total number of mood episodes was not related to
the sleep pattern variables, as were number of episodes by polarity and presence of rapid
cycling. Only WASO was significantly associated with history of suicidal behavior. See table
4 and supplementary table 2 for a summary of the regression models. Analyses in the
euthymic subsample resulted in a non-significant association between WASO and suicidal
behavior (B=0.26, p=0.05) and similar non-significant associations between sleep and the
remaining illness characteristics.

Meta-analysis

To facilitate the interpretation of our findings we pooled the data of all available studies
using actigraphy. We calculated the standardized mean differences (SDM) between patients
and controls of sleep duration, sleep onset latency, WASO and sleep efficiency. The meta-
analysis of sleep duration (10 studies; N= 289), showed a significant difference in SMD
between bipolar patients and controls of 0.52 (SE=0.13, z=3.86, p<0.001). Sleep onset
latency (8 studies; N=239) was higher in bipolar patients compared to controls with an SMD
of 0.31 (SE=0.09, z=3.38, p=0.001). Sleep efficiency was lower in patients compared to
controls (8 studies, N=239), with an SMD of —-0.30 (SE=0.09, z=-3.17, p=0.002). Lastly,
bipolar patients had a higher WASO compared to controls (8 studies; N=239) with an SMD
of 0.24 (SE=0.09, z=2.61, p=0.009). Current levels of manic and depressive symptoms were
not accounted for in this meta-analysis.

Discussion

Investigating a large bipolar | sample with a long actigraphy measurement period of 14 days,
the current study aimed to expand previous findings on sleep disturbances in bipolar
disorder. We found a longer sleep duration and later timing of sleep offset in patients
compared to non-affected siblings, but these findings were attributable to differences in
current depressive symptoms. Euthymic bipolar patients and healthy controls did not differ
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on any of the sleep parameter, nor was there a relation between sleep pattern and bipolar
illness characteristics after adjusting for depressive symptoms.

When combining our data with results from the recent meta-analysis by Geoffroy et al.
(2015) the overall evidence points in the direction of a lower sleep efficiency and higher
sleep duration, WASO and sleep onset latency in bipolar patients. This would indicate that
bipolar disorder patients do show trait-like differences in sleep pattern compared to controls.
Nevertheless, the effect sizes from the meta-analysis are small, with the exception of sleep
duration that showed a medium effect size. Whether such longer sleep duration is indicative
of a sleep disorder is questionable, considering that the mean sleep duration never exceeded
9 hours, which is still within the range of recommended sleep for adults (Hirshkowitz et al.,
2015). A previous meta-analysis by Ng et al. (2014) found similar effect sizes for sleep
duration, WASO and sleep onset latency, but no difference in sleep efficiency between
bipolar patients and controls. Also, bipolar patients did not show any deviations on the
polysomnography measures, suggesting that sleep of remitted bipolar patients has similar
restorative qualities as compared to controls. These results suggest that any differences in
sleep pattern between bipolar patients and controls, is of disputable clinical importance. Of
note is that a retrospective study found persisting sleep disturbances across all phases of
bipolar disorder, including the inter-episode months (Kanady et al., 2015). However, as this
study selectively included bipolar patients with a comorbid insomnia diagnosis, these results
may not reflect the sleep pattern of bipolar patients in general.

The direct association between measures of depression and sleep pattern in patients suggests
that sleep disturbances are a state-dependent phenomenon. Given that sleep disturbances are
a core feature of depression (Harvey, 2008), it is not surprising that we found depressive
symptoms to be associated with longer sleep duration and later sleep offset. These
associations also held after removing sleep symptoms items from depression assessment.
The direct relationship between sleep and mood symptomatology is in keeping with previous
actigraphy studies: Gershon et al. (2012) found coupling of sleep disturbances and negative
affect in interepisodic patients and Bauer et al. (2006) found changes in sleep and bed rest to
precede changes in mood, with an average latency of one day. Moreover, a meta-analysis of
actigraphy in patients with depression concluded that these patients showed higher sleep
efficiency and lower sleep duration after treatment of depressive symptoms (Burton et al.,
2013). The coupling between sleep duration and depressive symptoms appears stronger for
bipolar patients and their siblings as compared to controls, which is in accordance with the
longitudinal measures by Gershon et al. (2012). However, a similar association between
sleep offset and depressive symptoms was absent in siblings, suggesting that mood and sleep
are not indisputably related in siblings.

By including non-affected siblings of bipolar patients, we addressed the question whether
sleep disturbances are a heritable trait of bipolar disorder. Bipolar disorder has as an
estimated heritability of roughly 80% and several disorder characteristics are expressed at a
higher rate in non-affected relatives than in the general population (Barnett and Smoller,
2009). The extensive pedigree analysis by Pagani et al. (2015) revealed that several sleep
phenotypes, among which sleep duration and sleep offset, are significantly heritable. In
agreement with our observations, they also found that bipolar patients slept longer and woke
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up later compared to non-affected relatives. However, we found no difference between
patients, non-affected siblings and controls, after adjustments for current mood symptom
levels. These findings suggest that the sleep phenotypes, although being heritable traits, are
mood state-related rather than a trait of bipolar disorder.

The current findings need to be interpreted in the context of several limitations. First,
although sleep in bipolar patients was not affected in our study, we cannot conclude that
general circadian rhythmicity is not at all altered in bipolar patients. Clinical guidelines on
the maintenance treatment of bipolar disorder recommend restoring behavioral rhythmicity
and sleep by, for example, prescribing sleep-promoting medication and social rhythm
therapy (Hirschfeld, 2005). Perhaps, our sample of bipolar patients consisted of successfully
treated bipolar patients who do not show overt signs of circadian rhythm disturbances, while
other manifestations of circadian rhythms (nocturnal body temperature, sleep architecture,
hormone secretion) may still show irregularities. Future studies could address this question
by combining both behavioral and biological measures of circadian rhythmicity.

Second, the effect of pharmacological treatment is one of the hardest hurdles to overcome
when studying sleep in bipolar disorder. Bipolar patients, even after being functionally
recovered, are advised to continue psychotropic medication to prevent relapse (Hirschfeld,
2005). Possibly, bipolar patients did not differ from controls due to the sedative side-effects
of antipsychotic medication and benzodiazepines or the normalizing effect of lithium on the
24-hour endogenous rhythmicity (Klemfuss, 1992). Given that the majority of patients used
more than one type of medication, delineating the specific effect per medication type was
not possible. Studying non-affected siblings could serve as a reliable way of overcoming the
problem of medication. It is noteworthy that these genetically susceptible individuals were
not using lithium or antipsychotic medication and also did not show any signs of sleep
disturbances. A third limitation could be the selection of patients in our sample. While this is
an inherent problem of all cross-sectional studies, our sample consisted of patients who were
fit to participate in an elaborate assessment and were willing to participate in a follow-up
actigraphy study. Although we cannot rule out selection bias, there is also no reason to
assume this, as the patients in the current actigraphy study did not differ from the overall
sample of DBC-participants on demographic characteristics. Furthermore, a potential
limitation is the difference in age between siblings and controls. Age is known to influence
sleep characteristics, with older subjects experiencing a lower sleep efficiency and a higher
rate of insomnia (Ancoli-Israel, 2009). However, it is unlikely that this age difference has
masked an effect in the sibling-control comparison, since controls were on average younger
compared to the average age of siblings. We also need to point out that other than sleep
apnea, we did not inquire other somatic or psychological conditions that may have resulted
in distorted sleep in the participants. Finally, by selectively including patients with bipolar
disorder type | we studied sleep in a clinically homogeneous sample. We cannot, however,
extend our findings to other types of mood disorders.
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In a large homogeneous sample of bipolar | sample, we did not identify persisting sleep
disturbances in bipolar patients other than related to increased depressive symptoms. The
meta-analysis points in the direction of longer sleep duration, WASO and sleep onset latency
and lower sleep efficiency in bipolar patients. The majority of these differences in the meta-
analysis were however small, the overall number of participants limited and the question
remains whether they reflect clinically significant sleep disturbances. Furthermore, non-
affected siblings showed normal sleep-wake patterns. Overall in our data sleep disturbances
are a state marker of mood symptomatology which underscores the need for further study of
the persistence of disturbance in sleep-wake patterns in euthymic bipolar disorder patients
and in patients before disease onset.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. We found no difference in sleep pattern between patients, non-affected
siblings and controls, after adjustments for current mood symptom
levels.

. We found no relation between sleep pattern and bipolar illness
characteristics.

. Measures of depression and sleep pattern were directly associated in
patients.

. Our data suggests that sleep disturbances are primarily a state marker

of mood symptomatology.
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Figure 1.
Association between mean sleep duration and IDS score
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Figure 2.
Association between mean sleep offset and IDS score
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Table 1

Sample characteristics.

Patients Siblings Controls

N =107 N=74 N =80
Gender male n (%) 47 (43.9%) 29 (39.2%) 39 (48.8%)
Age M (Sd)a 50.3(11.6) 54.7(12.1) 46.8(16.3)
Altman M (sd) 1.9 (1.9) 1.2 (1.4) 1.6 (2.2)
IDS M (sd)b 15.2 (11.1) 6.9 (6.5) 5.8 (4.9)
Waist circumference M (sd) 95.8(13.9) 91.3(12.3) 91.4(12.8)

Days Work M (sd)° 4137  50(36)  56(3.9)

Age at onset 33.8(13.3) - -
Number of episodes 15.5 (24.5) - -
History of psychotic symptoms N (%) 73 (69.5%) - -

aDifference siblings and controls significant (p < 0.01)
bDifference patients and siblings and patients and controls significant (p < 0.001)

cDifference patients and controls significant (p < 0.05)

J Affect Disord. Author manuscript; available in PMC 2018 January 15.

Page 17



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Verkooijen et al.

Table 2

Means (standard deviations) for sleep measures

Patients Siblings Controls

Sleep duration
Sleep onset

Sleep onset latency
Sleep efficiency
WASO

Sleep offset

Sleep inertia

47516 (82.68)  444.00 (55.47)  452.10 (44.53)
-354(76.22) -16.86 (54.45)  9.59 (74.13)
5.32 (5.50) 5.33 (7.91) 6.01 (13.00)
86.20 (6.32)  85.95(6.42)  87.17 (4.41)
5472 (23.15)  50.95(16.99)  49.60 (18.15)
47163 (79.52) 427.14 (44.90)  461.69 (77.64)
5.89 (5.78) 6.87 (7.63) 4.92 (5.36)
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Analysis of differences in sleep parameters between groups in crude model vs model adjusted for current level

of depression

A

Patients vs Siblings

Patients vs Controls

Siblings vs Controls

B p B p B p
1 *
Sleep duration 31.75 0.003 22.20 0.03 9.55 0.37
Sleep onset 7.34 0.49 -8.02 0.44 15.36 0.17
Sleep onset latency ~ 0.01 1.00 -0.70 0.61 0.70 0.64
Sleep efficiency 0.48 0.59 -1.18 0.18 1.66 0.08
WASO 0.56 0.83 5.03 0.11 -4.47 0.18
*

Sleep offset 4030 0.001 15.15 0.16 25.15 0.03
Sleep inertia -1.27 0.19 1.22 0.20 -2.49 0.02
B

Sleep duration
Sleep onset

Sleep onset latency
Sleep efficiency
WASO

Sleep offset

Sleep inertia

Patients vs Siblings

B
10.90

12.60
0.30
0.33

-2.02

24.47

-1.11

p
0.28

0.27
0.84
0.73
0.48
0.03
0.29

B
0.63

-2.18
-0.37
-1.35
2.13
-0.23
1.50

Patients vs Controls

p
0.95

0.85
0.81
0.17
0.52
0.98
0.16

Siblings vs Controls

B
10.27

14.77
0.67
1.68

-4.15

24.70

-2.60

p
0.31

0.19
0.66
0.08
0.20
0.03
0.01

Beta (B) and p-values of patients vs siblings, patients versus controls and siblings versus controls;

Table A: Random factor: relatedness; Covariates: age and gender

Table B: Random factor: relatedness; Covariates: age, gender and IDS-SR score

*
Significant at Bonferroni-corrected significance level of 0.007
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Association of sleep with illness characteristics

Table 4

Age at onset Psychosis Total nr of episodes ~ Suicidal behavior
B p B p B p B p

Sleep duration 012 031 -005 063 -0.04 0.71 0.10 0.39
Sleep onset -0.15 0.19 0.02 085 -0.01 0.92 0.04 0.75
Sleep onset latency  0.08 0.52 -0.09 0.39 -0.19 0.08 -0.07 0.57
Sleep efficiency 011 033 0.08 041 0.23 0.03 -0.26 0.03

-] - —_ *
WASO 0.09 044 -0.13 019 0.22 0.05 0.38 0.001
Sleep offset -0.03 0.83 -0.03 0.75 -0.06 0.61 0.15 0.20
Sleep inertia 0.05 066 0.01 0.90 -0.17 0.12 0.13 0.27

Beta (B) and p-values of association between illness characteristics and sleep pattern.

*
Significant at Bonferroni-corrected significance level of 0.007.

J Affect Disord. Author manuscript; available in PMC 2018 January 15.

Page 20



	Abstract
	Introduction
	Methods
	Sample
	Actigraphy recordings and sleep logs
	Actigraphy data analysis
	Disease characteristics
	Statistical analysis

	Results
	Participants
	Group differences
	Relation current depressive symptoms with sleep
	Differences in sleep parameters compared to euthymic patients only
	Life-time illness characteristics
	Meta-analysis

	Discussion
	Limitations
	Conclusion

	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4

