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Highlights: 

 Total sleep time and Sleep latency are impaired in all stages of Bipolar Disorder. 

 Increased REM density may precede the onset of the disease. 

 Microarchitecture is a poorly studied, especially sleep spindles. 

 Psychotic versus non-psychotic subjects and within-subject analyses are required. 

 

ABSTRACT 

 

Sleep disturbances are highly prevalent across all stages of Bipolar Disorder. Despite a wealth of 

research on the neurophysiological features of sleep in this population, progress in this field has 

been slow. We aimed to review the literature on sleep electroencephalography (EEG) studies in 

Bipolar Disorder, considering sleep architecture and microstructural oscillatory activity. 
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We included a total of 22 studies: six on sleep during manic episodes, seven during depressive 

episodes, seven in euthymic patients and two in high-risk individuals. The most consistent 

findings were increased SOL and REM density across all stages of the disorder. Only two studies 

reported a reduced spindle count during bipolar depression and euthymia, respectively. Although 

not specific for Bipolar Disorder, SOL and REM density have been repeatedly found to be 

increased across all stages of illness in this population. Whereas the former reflects a difficulty 

initiating sleep, the latter can be considered a neurophysiological signature of patients’ overall 

reduced sleep need, independent of illness stage. 

 

Keywords: Sleep need; REM density; Insomnia; Circadian rhythms; Bipolar Depression; Sleep 

oscillations 

 

1. Introduction 

 

Bipolar Disorder (BD) is a chronic and disabling psychiatric illness, characterized by the recurrence 

of depressive and manic and/or hypomanic episodes. Sleep disturbances in BD are highly 

prevalent during all stages of illness, namely prodromal, relapse and remission periods (Jackson 

et al., 2003; Bauer et al., 2006; Harvey, 2009), and change in sleep need is among the diagnostic 

criteria of BD (American Psychiatric Association, 2013). Sleep disturbances have been significantly 

correlated with a more severe and chronic illness course (Eidelman et al., 2010), and they have a 

negative impact on quality of life, symptom burden, treatment outcomes and overall functioning 

(Giglio et al., 2010; Sylvia et al., 2012).  
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The close inter-relation between sleep and BD can be illustrated by several research and clinical 

findings. Sleep disturbances are frequently early signs of relapse in BD and often precede a mood 

episode recurrence. A recent meta-analysis concluded that changes in sleep, mainly insomnia 

and decreased need for sleep, were among the most prevalent prodromal symptoms of mood 

episodes, with the former anticipating almost 60% of manic and 20% of depressive recurrences, and the 

latter almost 40% and 10%, respectively (Van Meter et al., 2016). Of interest, experimentally induced 

sleep deprivation is associated with the onset of hypomania or mania in BD (Wehr, Sack, & 

Rosenthal, 1987; Lewis et al., 2017), and sleep deprivation has been explored as a potential 

treatment for bipolar depression with promising results (Boland et al., 2017). Circadian cycle 

disturbances have also been investigated in BD with a focus on sleep-wake patterns, alterations 

in melatonin, body temperature, cortisol rhythms, variations of clock genes and chronotype 

(Abreu et al., 2015).  

Among the most common tools employed to explore sleep and circadian abnormalities, 

subjective reports such as sleep diaries are probably the easiest and most widely used. However, 

their reliability in detecting sleep variation is limited by recollection bias. Instead, actigraphy 

offers prolonged and objective measures of sleep/wake activity through wrist movements. 

Actigraphic findings in BD have recently been reviewed and meta-analysed in two studies. 

Geoffroy et al. (2015) concluded that compared to healthy subjects, during euthymic phases BD 

patients show significant differences in sleep latency, increased awakenings after sleep onset 

(WASO), greater variability of sleep–wake parameters and reduced sleep efficiency. The lack of 

consistency in the methodology employed to assess sleep and circadian rhythms was highlighted 
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amongst the limitations of their study. De Crescenzo et al. (2017) found that BD patients have 

reduced mean day activity, increased sleep duration and a more disturbed pattern of sleep 

compared to healthy controls. These differences appear to occur during both mood relapses and 

remission phases. 

Despite its unequivocal utility, actigraphy cannot be used for the investigation of sleep 

architecture, thereby limiting insight into the neurobiological pathways of mental disorders. 

Indeed, the study of the sleeping brain can shed light on complex pathophysiological mechanisms 

of clinical syndromes, offering the opportunity to investigate neural activity while minimizing 

wake-related confounds such as fluctuating attention and motivation, external stimuli, cognitive 

processes and interfering symptoms such as hallucinations. As an objective, non-invasive and 

low-cost procedure, electroencephalography (EEG) is considered an invaluable tool to investigate 

sleep brain activity, and it remains a gold-standard for sleep assessment. EEG abnormalities have 

been studied extensively in depressive disorders, with conflicting results. Observed architectural 

differences in Major Depression include impaired sleep continuity (i.e. increased sleep latency, 

sleep fragmentation, early morning awakenings, reduced sleep efficiency, decreased total sleep 

time; Benca et al., 1992) and altered sleep architecture. The latter includes decreased REM 

latency and increased REM density, modifications in non-REM sleep, such as reduced slow wave 

sleep (SWS), slow wave activity (SWA) and sleep stage 2 (N2) (Borbély et al., 1984; Kupfer et al., 

1984; Kupfer et al., 1986; Armitage et al., 1995; Benca et al., 1997).  

Advances in EEG technology also fostered a new wave of sleep EEG studies in Schizophrenia. After 

decades of conflicting findings, high-density EEG was recently used to identify significantly 

impaired sleep spindle activity during NREM in Schizophrenia (Ferrarelli et al., 2007) as well as in 
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unaffected first-degree relatives (Schilling et al., 2017; D’Agostino et al., 2018). Altered sleep 

spindle activity is now considered a stable trait reflecting dysfunctional thalamocortical 

communication that can be studied as a new candidate endophenotype of the disorder (Ferrarelli 

& Tononi, 2017). More recently, abnormality of SWA has also been identified as a potential 

marker in Schizophrenia research (D’Agostino et al., 2018; Kaskie et al., 2019). Given the role of 

spindling and slow oscillations in plasticity and memory consolidation mechanisms, a link with 

cognitive symptoms of Schizophrenia has been hypothesized (Manoach & Stickgold, 2019). 

Indeed, there is considerable evidence that Schizophrenia and BD may share overlapping 

aetiological determinants, pathophysiological mechanisms and phenotypical presentation, 

suggesting disorders should not be viewed as separate categorical entities but rather on a 

diagnostic continuum (Sorella et al., 2019). Beyond the specificity of its clinical presentation, BD 

can be conceptually distinguished from Schizophrenia by its phasic and relapsing course. 

Although many studies have addressed the EEG characteristics of sleep in the different phases of 

BD, a comprehensive review to identify trait- or state-dependent features is lacking. 

In order to clarify available evidence, we reviewed the literature on sleep patterns, architecture 

and micro-architecture from sleep EEG studies in BD during prodromal, manic, depressive and 

euthymic phases, as well as in high-risk subjects such as unaffected relatives. 

 

2. Methods 

 

2.1 Search strategy 
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A narrative review of the literature was undertaken to identify all of the relevant studies 

concerning patients with bipolar disorder and EEG evaluation of their sleep pattern. An electronic 

search up to 30th June 2019 was performed on PubMed. The following search terms were 

variously combined “bipolar”, “mania”, “manic” and “depression”, “EEG”, 

“electroencephalography”, “sleep”, “REM”, “NREM”, “nonREM”. 

A manual search was performed from the reference lists of included studies and reviews on the 

topic to identify potentially eligible publications. 

 

2.2 Inclusion criteria 

Studies which fulfilled the following three criteria were included: 1) recruitment of patients with 

BD, regardless of disease state (i.e. manic episode, depressive episode, mixed state, euthymia), 

or high-risk individuals, as defined by the original authors; 2) execution of sleep-EEG; and 3) 

evaluation of sleep pattern. No restriction on the type of study, manuscript language or 

publication year was applied.  

Studies evaluating sleep only by means of actigraphy or subjective parameters (e.g. scales or 

questionnaires) were excluded. Studies presenting data on mixed populations, i.e. patients with 

different diagnoses, were only included when data on bipolar patients could clearly be retrieved. 

 

2.3 Study selection and data extraction 

Three authors (CC, FD, CZ) performed title/abstract and full text screening against eligibility 

criteria. Any issue was resolved by discussion with a senior author (ADA). All included studies 

were read in order to collect relevant details, and the following information were extracted by 
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two authors (AS, CZ): first author, year, diagnosis, state, comparator (if applicable), sample size, 

presence or absence of medication, main EEG findings. 

 

3. Results 

 

3.1 Overview of the included studies 

After the screening process, a total of 22 studies (n= 309) were included (Table 1). Of these, six 

investigated sleep in cases of mania, seven in cases of depression, seven in euthymic patients 

and two in high-risk individuals. Of them, 13 studies had less than 20 participants, while the 

largest sample size was of 28 individuals. 

The majority of the studies (n=17) compared BD patients to healthy controls, while 12 reported 

comparisons with individuals with other psychiatric disorders. In particular, one study compared 

BD patients to patients with Attention Deficit Hyperactivity Disorder (ADHD) (Estrada-Prat et al., 

2019), while 11 studies compared bipolar patients during different states to depressed patients 

(Asaad et al., 2016; de Maertelaer et al., 1987; Duncan et al., 1979; Fossion et al., 1998; Giles et 

al., 1986; Hudson et al., 1992; Linkowski et al., 1986; Mendelson et al., 1987; Mendels et al., 1971; 

Nakamura et al., 1993; Rao et al., 2002). Moreover, one study investigated differences between 

BD types I and II (Giles et al., 1986). We also included a study comparing eight depressed patients 

to matched healthy controls, although one patient was reported to have unipolar depression 

(Mendelson et al., 1987). 

Of all 22 studies, four studies (Hudson et al., 1988; Hudson et al., 1992; Modell et al., 2003; Friess 

et al., 2008) used the DSM-III-R, two studies (Asaad et al., 2016; Eidelman et al., 2010) used the 
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DSM-IV, three studies (Talbot et al., 2009; Soehner et al., 2018; Ritter et al., 2018) used the DSM-

IV-TR, one study (Estrada-Prat et al., 2019) used the DSM-V, seven studies (Linkowski et al., 1986; 

Duncan et al., 1979; Giles et al., 1986; Mendelson et al., 1987; de Maertelaer et al., 1987; Foisson 

et al., 1998; Rao et al., 2002) used the Research Diagnostic Criteria (Spitzer et al., 1978), one study 

(Sitaram et al., 1982) used a modified version of the Research Diagnostic Criteria and four studies 

made no mention of any diagnostic criteria used (Mendels et al., 1971; Jernajczyk, 1986; Knowles 

et al., 1986; Nakamura et al., 1993).  

Across the 20 studies of this review investigating phases of BD, six studies recruited patients 

during the course of pharmacological treatment (Nakamura et al., 1993; Talbot et al., 2009; 

Eidelman et al., 2010, Soehner et al., 2018; Ritter et al., 2018; Estrada-Prat et al., 2019) and 14 

studies measured EEG characteristics during a medication-free period (Mendels et al., 1971; 

Linkowski et al., 1986; Hudson et al., 1988; Hudson et al., 1992; Assad et al., 2016; Duncan et al., 

1979; Jernajczyk, 1986; Giles et al., 1986; Mendelson et al., 1987; de Maertelaer et al., 1987; 

Foisson et al., 1998; Rao et al., 2002; Sitaram et al., 1982; Knowles et al., 1986). 

 

3.2 Sleep architecture in euthymic patients 

3.2.1 Total sleep time 

The only included study reporting data on Total Sleep Time (TST) in euthymic bipolar patients 

fails to find any different between recruited patients and HC (Soehner et al., 2018). 
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3.2.2 Sleep onset latency 

Only two studies reported Sleep Onset Latency (SOL) in cases of euthymic BD (Knowles et al., 

1986; Talbot et al., 2009). In patients recovering from a depressive episode, Knowles et al. (1986) 

observed significantly greater between-subject variance for SOL, as well as for total minutes 

awake after sleep onset, as compared to control subjects. The original authors argued that this 

finding may be attributed to an unusually low between-subject variance in the control group. 

Talbot et al. (2009) measured laboratory sleep in twenty-four BDI patients, four BDII patients and 

twenty-four healthy controls, for two baseline nights as well as one happy and one sad mood 

induction nights. In comparison to healthy controls, BD patients showed respectively a 

significantly longer SOL within the happy mood induction night, while both groups presented a 

significantly shorter SOL within the sad mood induction night. In baseline nights, no significant 

differences were observed between either group. 

3.2.3 Non–REM sleep 

Findings from Knowles et al. (1986) suggested that in BD patients recovering from a depressive 

episode there was a greater between-subject variance for percentage of N1 when compared to 

healthy controls. However, this same observation was not present in all other sleep stages. In 

cases of euthymic BD amongst adolescents, the BD patients have shown a significantly shorter 

N2 than healthy controls (Estrada-Prat et al., 2019). 

In Eidelman et al. (2010) the amount of N2 sleep was negatively correlated with symptoms of 

mania and mood-regulated functional impairment at three months. Conversely, amount of SWS 
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was positively associated with the same parameters. No association was found for healthy 

controls. 

Furthermore, in a recent EEG study, BD patients and healthy controls underwent mood induction 

nights, including a neutral, happy and sad induction night (Soehner et al., 2018). Over the course 

of the mood induction nights, overnight mood regulation in BD was not significantly different 

from the controls. However, the induction of a positive mood state prior to sleep increased SWA 

relative to baseline (i.e. neutral mood induction) across all participants. Moreover, lower SWA 

was linked to a reduced regulation of negative mood overnight in BD patients. 

3.2.4 REM sleep 

When comparing patients with remitted BD to healthy controls, Sitaram et al. (1982) observed a 

greater total percentage of REM sleep in BD patients. Findings from Eidelman et al. (2010) 

suggested that the duration of the first REM period was positively correlated to manic symptoms 

and mood-related functional impairment in BD patients at three months, though sleep 

architecture was not correlated with any concurrent mood symptoms. In comparison to patients 

with ADHD, BD patients have been reported to exhibit a longer duration of the first episode of 

REM sleep (Estrada-Prat et al., 2019). In the same study, no difference was reported between 

ADHD or BD patients and healthy controls for REM latency. Notably, Eidelman et al. (2010) 

reported that patients who took a medication which suppressed REM exhibited longer latency to 

the first REM stage than patients whose medications enhanced REM or had no effect on REM at 

all. 
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Within the first period of REM sleep, Sitaram et al. (1982) reported significantly greater density 

of eye movements in BD patients as compared to healthy controls. REM density was also found 

to be heightened in euthymic BD as compared to both ADHD patients and healthy controls 

(Estrada-Prat et al., 2019) confirming the previous findings by Eidelman et al (2010). In the latter 

study, REM density was reported to be positively correlated with depressive symptoms and 

mood-related functional impairment at three months of follow-up. In contrast to this, the control 

group exhibited a negative correlation between REM density and impairment following a three-

month follow-up. In an investigation measuring the effects of pre-sleep mood inductions, Talbot 

et al. (2009) observed increased REM density in both BD patients and healthy controls on the 

night of sad mood induction when compared to baseline nights. However, as compared to 

controls, BD patients showed higher REM density on both nights of happy and sad mood 

induction. 

 

3.3 Sleep spindles in euthymic patients 

Only one study has so far investigated prevalence of sleep spindles in euthymic BD patients (Ritter 

et al., 2018). The authors observed a reduced density and a lower mean frequency of fast spindles 

in patients compared to controls. In both frontal and central derivations, BD patients had lower 

fast spindles (density >13 Hz) within N2 sleep as compared to controls. In addition, BD patients 

exhibited a reduced mean spindle frequency for fast spindles in derivation F4, as well as in both 

central derivations. When analysing fast spindle amplitude and duration, no significant 

differences were found. Amongst lithium-treated patients, no association was found between 
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treatment and fast spindle parameters. In terms of slow spindles (density <13 Hz), no significant 

differences were found across all parameters. Spectral analysis showed lower EEG power in the 

high sigma band in BD patients compared to HC, only in central derivation C3-M2. 

 

3.4 Sleep architecture in manic patients  

3.4.1 Total Sleep Time 

Three studies reported shorter TST for manic BD patients compared to healthy controls (Hudson 

et al., 1992; Mendels, 1971; Linkowski et al., 1986). When compared to MDD and controls, BD 

manic patients exhibit the least amount of TST (Hudson et al., 1992). However, the comparison 

of TST across phases of BD showed no significant difference between manic and depressed 

patients (Linkowski et al., 1986). 

3.4.2 Sleep onset latency 

Only three studies investigated sleep continuity and sleep latency in manic patients (Assad et al., 

2016; Hudson et al., 1992; Linkowski et al., 1986). Sleep continuity is shown to be notably 

disturbed in the manic phase of BD (Linkowski et al., 1986; Hudson et al., 1992). Manic patients 

were characterized by lower sleep efficiency than healthy subjects and had considerably longer 

latency compared to healthy controls and unipolar depressed subjects but not bipolar depressed 

patients (Linkowski et al. 1986). In this line, one study reported an increase of sleep latency in 

hypomanic patients as compared to controls (Assad et al., 2016). 

3.4.3 Non–REM sleep 
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In a study by Hudson et al. (1988), no significant differences were reported between sleep 

architecture in patients with mania. Conversely, in a study by the same author (Hudson et al., 

1992), a greater percentage of both N1 and N3 was found in cases of manic BD in comparison 

with healthy controls. No significant differences in N4 were reported. Finally, studies of 

hypomanic patients reported a reduction in N3-N4 sleep compared to healthy controls (Mendels 

et al., 1971; Assad et al., 2016).  

3.4.4 REM sleep 

When comparing onset of REM latency across BD patients, Linkowski et al. (1986) observed 

normal REM latencies in both manic and bipolar depressed groups compared to healthy controls. 

However, subsequent studies (Hudson et al., 1988; Assad et al., 2016) on slightly bigger samples 

of hypomanic/manic BD patients reported a significantly shortened REM latency. These findings 

were further supported by Hudson et al. (1992), with patients of BD and MDD showing similarly 

decreased REM latency compared to controls. On the other hand, more recent evidence (Assad 

et al., 2016; Nakamura et al., 1993) found BD hypomanic patients to show a longer REM latency 

than unipolar depressed patients. 

As for REM density, it was found higher in comparison to healthy controls (Asaad et al., 2016; 

Hudson et al., 1988; 1992) while differences between BD and MDD are unclear. Indeed, Hudson 

and colleagues (1992) reported no significant differences between the two groups, while Assad 

et al. (2016) found that patients with MDD showed greater REM density than hypomanic BD 

patients. Furthermore, Linkowski et al. (1986) found no significant differences in REM density 
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among patients with bipolar depression and unipolar depression, and healthy controls. Unipolar 

patients however showed a trend towards a higher REM density. 

 

3.5 Sleep architecture in depressed patients 

3.5.1 Total Sleep Time 

Mendelson et al. (1987) reported less TST in depressed patients compared to healthy controls. A 

trend towards reduced TST was also observed in Linkowski et al. (1986). Compared to MDD, BDII 

patients showed greater TST (Fossion et al., 1998; Giles et al., 1986), with total non-REM (NREM) 

time suggested to account for the increased sleep time (Giles et al., 1986).  

3.5.2 Sleep continuity and sleep onset latency 

One study (Linkowski et al., 1986) found disturbed sleep continuity in depressed bipolar 

individuals.  

Research into SOL of bipolar depression features in three studies (Duncan et al., 1979; Mendelson 

et al., 1987; de Maertelaer et al., 1987). BD depressed patients showed longer SOL (de Maertelaer 

et al., 1987; Duncan et al., 1987; Mendelson et al., 1987) and more early morning awakening in 

comparison to healthy controls (Duncan et al., 1987). Similarly, de Maertelaer et al. (1987) 

reported longer SOL in BD patients as compared to patients with MDD.  

Finally, two studies (Linkowski et al., 1986; Mendelson et al., 1987) reported less efficient sleep 

in subjects with bipolar depression. 

3.5.3 Non–REM Sleep 
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De Maertelaer et al. (1987) reported that in depressed patients, the duration of N2 sleep was 

lower than in healthy controls. There was no reported difference between unipolar and bipolar 

depressed patients. A reduction in NREM and delta sleep was reported also by Mendelson et al. 

(1987).  

Amongst adolescents with a depressive episode retested after 7 years, Rao et al. (2002) observed 

more N1 sleep and a trend towards diminished N4 sleep in BD, though not in MDD, suggesting a 

SWS deficit only in Bipolar patients. In a study comparing four separate subgroups (i.e. mania, 

bipolar depression, unipolar depression and healthy controls), although a decreasing trend for 

SWS was observed in both bipolar and unipolar depression groups, Linkowski et al. (1986) 

reported no significant differences in percentage of NREM stages 1-4 (N1-N4). This is in line with 

the report of Giles et al. (1986) that found no significant differences in any stages comparing BDI, 

BDII and unipolar depressed individuals.  

 

3.5.4 REM sleep 

Lower REM efficiency (i.e. minute of actual REM sleep in a REM period divided by the time of the 

total REM period) was found in BD compared to both HC and unipolar patients (Duncan et al., 

1979). 

Findings on REM latency are more uncertain. Indeed, two studies found a reduced REM latency 

in BD when compared to controls (de Maertelaer et al., 1987; Duncan et al., 1979), but findings 

from Jernajczyk (1986) and Mendelson et al. (1987) failed to prove significant differences in REM 

latencies. The former attributes this to the minor intensity of depressive symptoms, as previously 
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observed by Duncan et al. (1979), who found REM latencies to be less affected in milder cases of 

depression. In addition to this, REM latencies in BD and MDD patients were found similar (de 

Maertelaer et al., 1987; Duncan et al., 1979). Furthermore, Foisson et al. (1998) reported REM 

latency distribution in BDI to differ significantly from both BDII and unipolar patients, having 

more similar lower latencies. The authors suggested this may be due to more extreme REM 

latency values within the BDI group. However, in a prior study, patients with BDII showed greater 

REM latency as compared to cases of unipolar depression (Giles et al., 1986). Moreover, Rao et 

al. (2002) reported that BD depressed adolescents showed longer REM latency compared to MDD 

subjects, as well as to healthy controls. 

No differences between the length of the first REM period in depressed patients as compared to 

healthy controls were found. Interestingly, the authors also reported that number and density of 

sleep spindles were negatively correlated with REM latency in BD, though not in unipolar 

depression. 

Few studies have investigated REM densities either within phases of BD or across patient groups 

of other disorders. Within the literature, findings from de Maertelaer et al. (1987) suggested REM 

density to be higher in depressed patients in comparison to healthy controls. Furthermore, Rao 

et al. (2002) observed that subjects with MDD exhibit greater REM density than depressed 

adolescents which later converted to BD. Mendelson et al. (1987) on the other hand, found no 

differences in REM density between patients with BD and healthy controls. Across BDI and BDII, 

Giles et al. (1986) found no significant differences in REM density. In depressed BD compared to 

MDD as well as healthy controls, Duncan et al. (1979) also found no such significant differences 

in REM density. 
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3.5.6 Sleep spindles in depressed patients 

The only study that reported a specific analysis of sleep spindles in bipolar depressed patients 

found a lower number and density of spindles in depressed patients compared to controls (de 

Maertelaer et al., 1987). 

 

3.6 Sleep architecture in High-Risk Subjects 

3.6.1 NREM sleep 

Only one study reported on NREM sleep variables in high-risk subjects (Friess et al., 2008). A 

marginally significant increase of sigma power in NREM sleep was observed, in the low sigma 

frequency range, compared to the control group. No significant differences were observed 

between the two groups for the SWS parameters analysed. 

3.6.2 REM sleep 

In an investigation by Modell et al. (2003), relatives of unipolar depressed patients showed higher 

REM density indices in comparison to relatives of BD patients, as well as healthy controls. Beyond 

REM density, no significant differences were observed between relatives of unipolar and BD 

patients. Friess et al. (2008) similarly reported no significant differences in sleep architecture 

variables between high-risk and control subjects, apart from increased REM density in high-risk 

subjects over an entire night’s sleep. In the first sleep cycle, a trend towards higher REM density 

and shorter REM sleep period was also suggested. 
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4. Discussion 

Our review summarised the available evidence on sleep pattern, architecture and micro-

architecture of patients with BD and high-risk subjects. Disturbances in sleep pattern are frequent 

in every stage of BD. In particular, findings suggest differences in TST across phases of BD, with 

shorter TST in mania in comparison to healthy controls, bipolar depression and MDD. Moreover, 

patients during both manic and depressive episodes showed an increased sleep latency 

compared to healthy controls. This consolidates the view that difficulty in initiating sleep is a 

common prodromal sign of any mood episode (Van Meter et al., 2016). Intriguingly, increased 

SOL was also found in euthymic patients after an induced happy mood state but not after an 

induced sad mood state (Talbot et al., 2009). Although further research is needed, this might 

depend on state-dependent affective regulatory processes that are known to be impaired in BD 

(Krueger et al., 2003; Johnson, 2005). 

In terms of architecture, a large discrepancy was found between findings on REM latency in BD 

patients compared to MDD patients and healthy controls. This probably reflects the limited 

sample size across studies. Conversely, consistent results are observed in REM density in BD, with 

higher REM density observed in euthymia, mania, and depression. Included studies also 

consistently reported a higher REM density in MDD compared to BD. Notably, increased REM 

density was also observed in high-risk individuals, suggesting this alteration may precede the 

onset of the disease. Some authors suggested that REM density can be used as a measure of 

sleep need, with a higher density associated with a reduction in sleep need in healthy subjects 

(Lucidi et al., 1996). Moreover, using a forced desynchrony protocol, which is capable of 

distinguishing sleep- and circadian-dependent modulation, Khalsa and colleagues (2002) found 
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that REM density is not related to circadian rhythm, but it changes as a function of sleep time. 

This supports the idea of REM density as a marker of sleep satiety (Aserinsky,1969). Further 

research is needed to clarify the clinical significance of this neurophysiological marker, which 

appears to be shared with PTSD and MDD (Simor et al., 2019). Although increased REM density 

might reflect a reduction of sleep need in individual patients with BD, hypersomnia and insomnia 

across stages are both highly prevalent at a population level (Steinan et al., 2016; Grigolon et al., 

2019; Kanady et al., 2015). Therefore, available evidence on the relationship between sleep need 

and REM density cannot be considered conclusive. 

The reported length of sleep stages (most notably SWS during N3-N4) presents markedly mixed 

findings both within and between phases, compared across studies. No relevant differences were 

observed comparing BD with MDD and high-risk probands. SWS modifications appear to be 

associated with mood induction and mood-regulated functional impairment in euthymia. 

Eidelman et al. (2010) offer the possible explanation that SWS could potentially be influential in 

BD, overcompensating for the need of regularization of depressed mood and causing a shift along 

the mood spectrum where manic symptoms are more present. This suggestion lends support to 

the S-deficiency hypothesis (Borbély, 1987) which posits that deficient SWS may sustain 

depressed mood. Further, less SWS sleep on the night of a sad mood induction in BD patients 

observed by Soehner et al. (2018) was associated with variations in overnight mood regulation 

and may have a specific role in overnight regulation of negative mood and impoverished negative 

effect (Soehner et al., 2018; Cheng et al., 2015). 

Despite few studies investigating sleep spindles in BD, results from euthymic and depressed 

patients suggest reduced density and frequency of fast and slow spindles in BD as compared to 
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healthy controls. No spindle analysis has been conducted in manic patients so far. One study 

failed to observe differences in spindle parameters with healthy control subjects when 10 BD 

patients were pooled together with 4 MDD, 2 Post-Traumatic Stress Disorder (PTSD), 2 Panic 

Disorder and 2 Generalized Anxiety Disorder patients (Ferrarelli et al., 2010). The same study 

confirmed a marked, whole-night deficit of sleep spindle activity in Schizophrenia patients 

(Ferrarelli et al., 2010). Although these findings were not reviewed because no information was 

given on phase of illness nor subgroup spindle parameters, they suggest further research is 

needed to clarify whether spindle abnormalities are shared between BD and Schizophrenia. 

Despite significant rates (16%-50%) of psychotic symptoms in patients with bipolar depression 

(Endicott et al., 1985; Dilsaver et al., 1997; Black & Nasrallah, 1989; Serretti et al., 1999), only one 

sleep study (Hudson et al., 1992) compared psychotic and non-psychotic bipolar patients. While 

diagnostic manuals categorically diagnose BD patients into distinct phases of the disorder (APA, 

2013), research has suggested bipolar symptomatology to lie on a dimensional spectrum (Akiskal 

& Pinto, 1999; Angst, 2007), with different degrees of severity plresent across different clinical 

cases (Möller, 2003). In spite of the unresolved debate between dimensional and categorical 

diagnoses in psychiatry, many evidences suggest BD and Schizophrenia patients to exhibit 

psychotic symptoms on a continuum. Many authors proposed that such a continuum may be 

shared between both disorders (Möller, 2003; Kuswanto et al., 2013; Tamminga et al., 2014; 

Keshavan et al., 2011). Given the preliminary evidence that slow wave abnormalities are 

associated with the severity of positive symptoms in early–stage psychosis (Kaskie et al., 2019), 

future studies should investigate sleep oscillations in BD in relationship to patients’ illness stage 

and history of psychotic symptoms. 
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Moreover, none of the studies included in this review use a within-subjects paradigm to compare 

sleep in BD across different phases, which may reduce the confounding effects of medication 

that characterize between-subject studies. As patients diagnosed with BD usually undergo 

different phases throughout their lives, more research should focus on comparing sleep within-

subjects at different clinical stages of the disorder. This approach would allow a more thorough 

assessment of whether sleep disturbances change accordingly with the phase of the disease and 

the symptomatology. Finally, the impact of circadian rhythm and chronotype, known for being 

disrupted in BD patients (Takaesu, 2018), should be further analysed to understand their impact 

on the sleep pattern and architecture. 

 

 

4.1 Limitation 

The main limitation of this work is the heterogeneity of methods applied and findings reported 

in the included studies. First of all, in six studies patients were not drug-free. Additionally, of the 

studies investigating patients in a medication-free period, not all studies used the same 

timeframe for such period. This could have differently affected the sleep pattern, contributing to 

the variety of the EEG findings between studies. Indeed, psychotropic medication has been 

identified as a confounder of sleep research in BD (Harvey et al., 2009). Second, the sample size 

of many studies was relatively small, with the majority of the studies recruiting less than 20 

individuals. Third, EEG techniques widely improved over time with the introduction of more 

accurate and sophisticated instruments and methods of analysis, such as high-density EEG. 
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Fourth, sleep staging also changed over time with a modification in the American Association of 

Sleep Medicine (AASM) criteria. From 2007, N3 and N4 of NREM sleep have been considered 

together as SWS (AASM, 2007). Hence, differences in the used instrument or in the applied 

scoring criteria might partly explain the heterogeneity among the collected evidence. Fifth, since 

the reports were published between 1979 and 2019, diagnostic criteria used over time varied 

considerably. Although the majority of studies used DSM, diagnostic criteria changed among 

different versions. Most notably, the distinction made between BDI and BDII was introduced in 

DSM-IV, therefore former studies (which used the DSM-III) did not perform this separation. 

Although BDI and BDII present differences in their clinical presentation and courses, only one 

study so far compared EEG sleep characteristics between BDI and BDII depressed patients, finding 

no differences (Giles et al., 1986). Regarding stage of illness, several studies adopted similar 

criteria, although some variability might have limited the possibility of comparing findings overall. 

As shown in Table 1, some older studies considered clinical judgment rather than structured 

criteria and euthymia in particular was variously defined on the basis of rating scales, structured 

interviews, or remission from the prior episode. 

Future studies should specify the exact nature of the diagnosis of patients to further investigate 

possible differences between these subtypes.  

Finally, current uncertainty on the association and the direction of causality between circadian 

rhythm disruption, mood and functioning (Bradley et al., 2017) is likely to complicate the 

interpretation of sleep EEG findings between individual patients and across cohorts. 
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5. Conclusion 

Sleep is a complex phenomenon and most BD studies thus far have employed a broad lens to 

analyse macrostructural abnormalities in sleep architecture. The results of this review indicate 

the majority of findings to be inconsistent, with the exception of increased SOL and REM density 

across all stages of illness, suggesting the method employed to detect biomarkers in BD sleep 

might not have sufficient sensitivity. However, preliminary evidence on sleep spindle 

abnormalities suggests the use of emerging novel techniques which provide a more accurate 

evaluation of microstructures of sleep may yield valuable findings in future research. 

 

Conflict of Interest Statement: All authors declare none conflict of interest. 

 

Acknowledgments 

 

No financial support was taken for this project. 

 

  

Jo
ur

na
l P

re
-p

ro
of



References 

1. Abreu, T., Bragança, M. (2015). The bipolarity of light and dark: A review on Bipolar 

Disorder and circadian cycles. J Affec. Disord, 185, 219-29. 

2. American Psychiatric Association. (2013). Diagnostic and statistical manual of mental 

disorders (DSM-5®). American Psychiatric Pub. 

3. Akiskal, H. S., Pinto, O. (1999). The evolving bipolar spectrum: prototypes I, II, III, and IV. 

Psychiatr Clin North Am, 22(3), 517-534. 

4. Armitage, R., Hoffmann, R., Fitch, T., Morel, C., Bonato, R. (1995). A comparison of period 

amplitude and power spectral analysis of sleep EEG in normal adults and depressed 

outpatients. Psych Res, 56(3) 245-56. 

5. Angst, J. (2007). The bipolar spectrum. Br J Psychiatry, 190(3), 189-191. 

6. Asaad, T., Okasha, T., Ramy, H., Fekry, M., Zaki, N., Azzam, H., ... & Refaat, O. (2014). 

Correlates of psychiatric co-morbidity in a sample of Egyptian patients with bipolar 

disorder. J. A.  Journal of affective disorders, 166, 347-352. 

7. Asaad, T., Sabry, W., Rabie, M., El-Rassas, H. (2016). Polysomnographic characteristics of 

bipolar hypomanic patients: Comparison with unipolar depressed patients. J Affect 

Disord, 191, 274-9. 

8. Aserinsky, E. (1969). The maximal capacity for sleep: rapid eye movement density as an 

index of sleep satiety. Biol Psychiatry, 1(2), 147-59. 

9. Bauer, M., Grof, P., Rasgon, N., Bschor, T., Glenn, T., & Whybrow, P. C. (2006). Temporal 

relation between sleep and mood in patients with bipolar disorder. Bipolar disorders, 8(2), 

160-167. 

Jo
ur

na
l P

re
-p

ro
of



10. Benca, R.M., Obermeyer, W.H., Thisted, R.A., Gillin, J.C. (1992). Sleep and psychiatric 

disorders. A meta-analysis. Arch Gen Psychiatry, 49(8), 651-68, discussion 669-70. 

11. Benca, R.M., Okawa, M., Uchiyama, M., Ozaki, S., Nakajima, T., Shibui, K., Obermeyer, 

W.H. (1997). Sleep and mood disorders. Sleep Med Rev, 1(1), 45-56. 

12. Black, D.W., Nasrallah, A. (1989). Hallucinations and delusions in 1715 patients with 

unipolar and bipolar affective disorders. Psychopathology, 22, 28–34. 

13. Boland, E.M., Rao, H., Dinges, D.F., Smith, R.V., Goel, N., Detre, J.A., Basner, M., Sheline, 

Y.I., Thase, M.E., Gehrman, P.R. (2017) Meta-Analysis of the Antidepressant Effects of 

Acute Sleep Deprivation. J Clin Psychiatry, 78(8), e1020-e1034. 

14. Borbély, A.A., Tobler, I., Loepfe, M., Kupfer, D.J., Ulrich, R.F., Grochocinski, V., Doman, J., 

Matthews, G. (1984). All-night spectral analysis of the sleep EEG in untreated depressives 

and normal controls. Psychiatry Res, 12(1), 27-33. 

15. Borbély, A.A. (1987). The S-deficiency hypothesis of depression and the two-process 

model of sleep regulation. Pharmacopsychiatry, 20(1), 23-9. 

16. Bradley, A. J., Webb-Mitchell, R., Hazu, A., Slater, N., Middleton, B., Gallagher, P., 

McAllister-Williams, H., & Anderson, K. N. (2017). Sleep and circadian rhythm disturbance 

in bipolar disorder. Psychological medicine, 47(9), 1678–1689. 

https://doi.org/10.1017/S0033291717000186 

17. Cheng, P., Goldschmied, J., Casement, M., Kim, H. S., Hoffmann, R., Armitage, R., & Deldin, 

P. (2015). Reduction in delta activity predicted improved negative affect in Major 

Depressive Disorder. Psychiatry Research, 228(3), 715-718. 

Jo
ur

na
l P

re
-p

ro
of



18. D'Agostino, A., Castelnovo, A., Cavallotti, S., Casetta, C., Marcatili, M., Gambini, O., 

Canevini, M., Tononi, G., Riedner, B., Ferrarelli, F., Sarasso, S. (2018). Sleep 

endophenotypes of schizophrenia: slow waves and sleep spindles in unaffected first-

degree relatives. NPJ Schizophr, 4(1), 2. 

19. De Crescenzo, F., Economouc, A., Sharpley, A.L., Gormez, A., Quested, D.J. (2017). 

Actigraphic features of bipolar disorder: A systematic review and meta-analysis. Sleep 

Medicine Reviews, 33, 58-69. 

20. de Maertelaer, V., Hoffman, G., Lemaire, M., Mendlewicz, J. (1987). Sleep spindle activity 

changes in patients with affective disorders. Sleep, 10(5), 443-51. 

21. Dilsaver, S. C., Chen, Y. W., Swann, A. C., Shoaib, A. M., Tsai-Dilsaver, Y., & Krajewski, K. J. 

(1997). Suicidality, panic disorder and psychosis in bipolar depression, depressive-mania 

and pure-mania. Psychiatry research, 73(1-2), 47-56. 

22. Duncan, W.C. Jr, Pettigrew, K.D., Gillin, J.C. (1979). REM architecture changes in bipolar 

and unipolar depression. Am J Psychiatry, 136(11), 1424-7. 

23. Eidelman, P., Talbot, L.S., Gruber, J., Hairston, I., Harvey, A.G. (2010). Sleep architecture 

as correlate and predictor of symptoms and impairment in inter-episode bipolar disorder: 

taking on the challenge of medication effects. J Sleep Res, 19(4), 516-24.  

24. Endicott, J., Nee, J., Andreasen, N., Clayton, P., Keller, M., Coryell, W. (1985). Bipolar II. 

Combine or keep separate? J Affect Disord, 8, 17–28. 

25. Estrada-Prat, X., Álvarez-Guerrico, I., Batlle-Vila, S., Camprodon-Rosanas, E., Martín-

López, L.M., Álvarez, E., Romero, S., Elices, M., Pérez, V. (2019). Sleep alterations in 

pediatric bipolar disorder versus attention deficit disorder. Psychiatry Res, 275, 39-45.  

Jo
ur

na
l P

re
-p

ro
of



26. Ferrarelli, F., Huber, R., Peterson, M.J., Massimini, M., Murphy, M., Riedner, B.A., Watson, 

A., Bria, P., Tononi, G. (2007). Reduced sleep spindle activity in schizophrenia patients. 

Am J Psychiatry, 164(3), 483-92.  

27. Ferrarelli, F., Peterson, M.J., Sarasso, S., Riedner, B.A., Murphy, M.J., Benca, R.M., Bria, P., 

Kalin, N.H., Tononi, G. (2010). Thalamic dysfunction in schizophrenia suggested by whole-

night deficits in slow and fast spindles. Am J Psychiatry, 167(11), 1339-48. 

28. Ferrarelli, F., Tononi, G. (2017). Reduced sleep spindle activity point to a TRN-MD 

thalamus-PFC circuit dysfunction in schizophrenia. Schizophr Res, 180, 36-43. 

29. Fossion, P., Staner, L., Dramaix, M., Kempenaers, C., Kerkhofs, M., Hubain, P., Verbanck, 

P., Mendlewicz, J., Linkowski, P. (1998). Does sleep EEG data distinguish between UP, BPI 

or BPII major depressions? An age and gender controlled study. J Affect Disord, 49(3), 181-

187. 

30. Friess, E., Modell, S., Brunner, H., Tagaya, H., Lauer, C.J., Holsboer, F., Ising, M. (2008). The 

Munich vulnerability study on affective disorders: microstructure of sleep in high-risk 

subjects. Eur Arch Psychiatry Clin Neurosci, 258(5), 285-91. 

31. Geoffroy, P.A., Scott, J., Boudebesse, C., Lajnef, M., Henry, C., Leboyer, M., Bellivier, F., 

Etain, B. (2015). Sleep in patients with remitted bipolar disorders: a meta-analysis of 

actigraphy studies. Acta Psychiatr Scand, 131(2), 89-99. 

32. Giglio, L.M., Magalhães, P.V., Kapczinski, N.S., Walz, J.C., Kapczinski, F. (2010). Functional 

impact of biological rhythm disturbance in bipolar disorder. J Psychiatr Res, 44(4), 220-3. 

33. Giles, D. E., Rush, A. J., Roffwarg, H. P. (1986). Sleep parameters in bipolar I, bipolar II, and 

unipolar depressions. Biological Psychiatry, 21(13), 1340–1343. 

Jo
ur

na
l P

re
-p

ro
of



34. Grigolon, R. B., Trevizol, A. P., Cerqueira, R. O., Lee, Y., Mansur, R. B., McIntyre, R. S., & 

Brietzke, E. (2019). Hypersomnia and Bipolar Disorder: A systematic review and meta-

analysis of proportion. Journal of affective disorders, 246, 659–666. 

35. Harvey, A. G., Talbot, L. S., & Gershon, A. (2009). Sleep disturbance in bipolar disorder 

across the lifespan. Clinical Psychology: Science and Practice, 16(2), 256-277. 

36. Hudson, J.I., Lipinski, J.F., Frankenburg, F.R., Grochocinski, V.J., Kupfer, D.J. (1988). 

Electroencephalographic Sleep in Mania. Arch Gen Psychiatry, 45(3), 267–273. 

37. Hudson, J.I., Lipinski, J.F., Keck, P.E. Jr, Aizley, H.G., Lukas, S.E., Rothschild, A.J., 

Waternaux, C.M., Kupfer, D.J. (1992). Polysomnographic characteristics of young manic 

patients. Comparison with unipolar depressed patients and normal control subjects. Arch 

Gen Psychiatry, 49(5), 378-83. 

38. Jackson, A., Cavanagh, J., Scott, J. (2003). A systematic review of manic and depressive 

prodromes. J Affect Disord, 74(3), 209-17. 

39. Jernajczyk, W. (1986). Latency of eye movement and other REM sleep parameters in 

bipolar depression. Biol Psychiatry, 21, 465–472. 

40. Johnson, S. L. (2005). Mania and dysregulation in goal pursuit: A review. Clinical 

psychology review, 25(2), 241-262. 

41. Kanady, J. C., Soehnera, A. M., & Harvey, A. G. (2015). A Retrospective Examination of 

Sleep Disturbance across the Course of Bipolar Disorder. Journal of sleep disorders & 

therapy, 4(2), 1000193. 

42. Kaskie, R.E., Gill, K.M., Ferrarelli F. (2019). Reduced frontal slow wave density during sleep 

in first-episode psychosis. Schizophr Res, 206, 318-324. 

Jo
ur

na
l P

re
-p

ro
of



43. Keshavan, M. S., Morris, D. W., Sweeney, J. A., Pearlson, G., Thaker, G., Seidman, L. J., ... 

& Tamminga, C. (2011). A dimensional approach to the psychosis spectrum between 

bipolar disorder and schizophrenia: the Schizo-Bipolar Scale. Schizophrenia research, 

133(1-3), 250-254. 

44. Khalsa, S.B.S., Conroy, D.A., Duffy, J.F., Czeisler, C.A., Dijk, D.J. (2002). Sleep- and 

circadian-dependent modulation of REM density. J Sleep Res, 11, 53-59. 

45. Knowles, J.B., Cairns, J., MacLean, A.W., Delva, N., Prowse, A., Waldron, J., Letemendia, 

F.J. (1986). The sleep of remitted bipolar depressives: comparison with sex and age-

matched controls. Can J Psychiatry, 31(4), 295-8. 

46. Krüger, S., Seminowicz, D., Goldapple, K., Kennedy, S. H., & Mayberg, H. S. (2003). State 

and trait influences on mood regulation in bipolar disorder: blood flow differences with 

an acute mood challenge. Biological Psychiatry, 54(11), 1274-1283. 

47. Kupfer, D.J., Ulrich, R.F., Coble, P.A., Jarrett, D.B., Grochocinski, V., Doman, J., Matthews, 

G., Borbély, A.A. (1984). Application of automated REM and slow wave sleep analysis: I. 

Normal and depressed subjects. Psychiatry Res, 13(4), 325-34. 

48. Kupfer, D.J., Reynolds, C.F. 3rd, Ulrich, R.F., Grochocinski, V.J. (1986). Comparison of 

automated REM and slow-wave sleep analysis in young and middle-aged depressed 

subjects. Biol Psychiatry, 21(2), 189-200. 

49. Kuswanto, C. N., Sum, M. Y., & Sim, K. (2013). Neurocognitive functioning in schizophrenia 

and bipolar disorder: clarifying concepts of diagnostic dichotomy vs. continuum. Frontiers 

in psychiatry, 4, 162. 

Jo
ur

na
l P

re
-p

ro
of



50. Lewis, K.S., Gordon-Smith, K., Forty, L., Di Florio, A., Craddock, N., Jones, L., Jones, I. 

(2017=. Sleep loss as a trigger of mood episodes in bipolar disorder: individual differences 

based on diagnostic subtype and gender. Br J Psychiatry, 211(3), 169-174. 

51. Linkowski, P., Kerkhofs, M., Rielaert, C., Mendlewicz, J. (1986). Sleep during mania and 

manic-depressive males. Eur Arch Psychiatr Neurol Sci, 235, 339-341. 

52. Lucidi, F., Devoto, A., Violani, C., De Gennaro, L., Mastracci, P., Bertini, M. (1996). Rapid 

eye movements density as a measure of sleep need: REM density decreases linearly with 

the reduction of prior sleep duration. Electroenceph Clin Neurophysiol, 99, 556-561. 

53. Manoach, D.S., Stickgold, R. (2019). Abnormal Sleep Spindles, Memory Consolidation, and 

Schizophrenia. Annu Rev Clin Psychol, 15, 451-479. 

54. Mendels, J., Hawkins, D.R. (1971). Longitudinal Sleep Study in Hypomania. Arch Gen 

Psychiatry, 25(3), 274-277. 

55. Mendelson, W.B., Sack, D.A., James, S.P., Martin, J.V., Wagner, R., Garnett, D., Milton, J., 

Wehr, T.A. (1987). Frequency analysis of the sleep EEG in depression. Psychiatry Res, 

21(2), 89-94. 

56. Modell, S., Huber, J., Holsboer, F., Lauer, C.J. (2003). The Munich Vulnerability Study on 

Affective Disorders: risk factors for unipolarity versus bipolarity. J Affect Disord, 74(2), 

173-84. 

57. Möller, H. J. (2003). Bipolar disorder and schizophrenia: Distinct illness or a continuum? 

The Journal of clinical psychiatry, 64(Suppl. 6), 23-7, discussion 28. 

58. Nakamura, S., Yamadera, H., Kimura, M., Suzuki, H., Yamaguchi, T., Mori, T., Endo, S., 

Kajimura, N. (1993). Clinical EEG Study of Biological Rhythm on Manic State and Remission 

Jo
ur

na
l P

re
-p

ro
of



State in MDI Case (Compared to Monopolar Depression Case). The Japanese Journal of 

Psychiatry and Neurology, 47(2). 

59. Rao, U., Dahl, R.E., Ryan, N.D., Birmaher, B., Williamson, D.E., Rao, R., Kaufman, J. (2002). 

Heterogeneity in EEG sleep findings in adolescent depression: unipolar versus bipolar 

clinical course. J Affect Disord, 70(3), 273-80. 

60. Riemann, D., Voderholzer, U., & Berger, M. (2002). Sleep and sleep-wake manipulations 

in bipolar depression. Neuropsychobiology, 45(Suppl. 1), 7-12. 

61. Ritter, P.S., Schwabedal, J., Brandt, M., Schrempf, W., Brezan, F., Krupka, A., Sauer, C., 

Pfennig, A., Bauer, M., Soltmann, B., Nikitin, E. (2018). Sleep spindles in bipolar disorder 

– a comparison to healthy control subjects. Acta Psychiatr Scand, 1-10. 

62. Serretti, A., Lattuada, E., Cusin, C., Gasperini, M., Smeraldi, E. (1999). Clinical and 

demographic features of psychotic and nonpsychotic depression. Compr Psychiatry, 40, 

358–362. 

63. Schilling, C., Schlipf, M., Spietzack, S., Rausch, F., Eisenacher, S., Englisch, S., et al. (2017). 

Fast sleep spindle reduction in schizophrenia and healthy first-degree relatives: 

association with impaired cognitive function and potential intermediate phenotype. Eur 

Arch Psychiatry Clin Neurosci, 267(3), 213-224. 

64. Simor, P., van Der Wijk, G., Gombos, F., Kovács, I. (2019). The paradox of Rapid Eye 

Movement sleep in the light of oscillatory activity and functional synchronization during 

phasic and tonic microstates. Neuroimage, 202, 116066. 
Jo

ur
na

l P
re

-p
ro

of



65. Sitaram, N., Nurnberger, J.I., Gershon, E.S., Gillin, J.C. (1982). Cholinergic regulation of 

mood and REM sleep: potential model and marker of vulnerability to affective disorder. 

Am J Psychiatry, 139(5), 571-576. 

66. Soehner, A.M., Kaplan, K.A., Saletin, J.M., Talbot, L.S., Hairston, I.S., Gruber, J., Eidelman, 

P., Walker, M.P., Harvey, A.G. (2018). You'll feel better in the morning: slow wave activity 

and overnight mood regulation in interepisode bipolar disorder. Psychol Med, 48(2), 249-

260.  

67. Sorella, S., Lapomarda, G., Messina, I., Frederickson, J.J., Siugzdaite, R., Job, R., Grecucci, 

A. (2019). Testing the expanded continuum hypothesis of schizophrenia and bipolar 

disorder. Neural and psychological evidence for shared and distinct mechanisms. 

Neuroimage Clin, 23, 101854.  

68. Sylvia, L.G., Dupuy, J.M., Ostacher, M.J., Cowperthwait, C.M., Hay, A.C., Sachs, G.S., 

Nierenberg, A.A., Perlis, R.H. (2012). Sleep disturbance in euthymic bipolar patients. J 

Psychopharmacol, 26(8), 1108-12. 

69. Spitzer, R.L., Endicott, J., Robins, E. (1978). Research Diagnostic Criteria: rationale and 

reliability. Arch Gen Psychiatry, 35, 773-782 

70. Grigolon, R. B., Trevizol, A. P., Cerqueira, R. O., Lee, Y., Mansur, R. B., McIntyre, R. S., & 

Brietzke, E. (2019). Hypersomnia and Bipolar Disorder: A systematic review and meta-

analysis of proportion. Journal of affective disorders, 246, 659-666. 

71. Takaesu, Y. (2018). Circadian rhythm in bipolar disorder: A review of the literature. 

Psychiatry Clin Neurosci, 72: 673-682. doi:10.1111/pcn.12688 

Jo
ur

na
l P

re
-p

ro
of



72. Talbot, L.S., Hairston, I.S. (2009). The Effect of Mood on Sleep Onset Latency and REM 

Sleep in Interepisode Bipolar Disorder. J Abnorm Psychol, 118(3), 448–458. 

73. Tamminga, C. A., Pearlson, G., Keshavan, M., Sweeney, J., Clementz, B., & Thaker, G. 

(2014). Bipolar and schizophrenia network for intermediate phenotypes: outcomes across 

the psychosis continuum. Schizophrenia bulletin, 40(Suppl. 2), S131-S137. 

74. Van Meter, A.R., Burke, C., Youngstrom, E.A., Faedda, G.L., Correll, C.U. (2016). The 

Bipolar Prodrome: Meta-Analysis of Symptom Prevalence Prior to Initial or Recurrent 

Mood Episodes. J Am Acad Child Adolesc Psychiatry, 55(7), 543-55. 

75. Wehr, T. A., Sack, D. A., & Rosenthal, N. E. (1987). Sleep reduction as a final common 

pathway in the genesis of mania. The American journal of psychiatry, 144(2), 201-204. 

76. Wehr, T. A., Goodwin, F. K., Wirz-Justice, A., Breitmaier, J., & Craig, C. (1982). 48-hour 

sleep-wake cycles in manic-depressive illness: naturalistic observations and sleep 

deprivation experiments. Archives of general psychiatry, 39(5), 559-565. 

  

Jo
ur

na
l P

re
-p

ro
of



Figure 1. Significant sleep abnormalities in different stages of Bipolar Disorder. 

Abnormalities are grouped according to three categories and connecting arrows are dashed or 

continuous to reflect the strength of reported findings. Simple dashed line: only one study 

reporting abnormality. Continuous line: at least two studies reported the abnormality. Dot-and-

line dash: more than two studies with opposite findings. Red = Increased in BD; Blue = Decreased 

in BD; Grey: Uncertain. 
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Table 1 EEG characteristics of individuals with Bipolar Disorder. 

 
Table 1a EEG characteristics of euthymic patients. BD= Bipolar Disorder type I (BDI) and type II (BDII); HC= Healthy Controls; HR = High Risk individuals; P= Patients; ADHD= Attention Deficit Hyperactivity Disorder; SWA= Slow Wave Activity; N2= non-REM sleep Stage 2. BDI = Beck 
Depression Inventory; IDS-C = Inventory of Depressive Symptomatology–Clinician Rating; Y-MRS = Young Mania Rating Scale; Altman Self Rating Scale (ASRM); CDI: Children ́s Depression; Inventory; CMRS-P: Child Mania Rating Scale – Parent version; CMAS-R: Children’s Manifest Anxiety 
Scale - Revised. 

STUDY YEAR PATIENTS STATE STATE DEFINITION CLINICAL RATING VERSUS CLINICAL RATING FINDINGS SAMPLE SIZE DRUGS 

SITARAM 1982 BD EUTHYMIA Clinical remission for 
at least 3 months. 

n.a. HC/HR n.a. Higher density of eye movements during first REM 
period. 
Higher %REM sleep. 

14 BD + 15 HC + 
5 HR 

Drug free 
for 2 
weeks. 

KNOWLES 1986 BD EUTHYMIA 
(RECOVERY 
FROM 
DEPRESSIVE 
EPISODE) 

Recovery from a 
major depressive 
episode. 

BDI = 1.4 ± 1.8 
HAM–D = 2.4 ± 2.2 

HC BDI = 0.8 ± 1.1 
HAM–D = 3.2 ± 4.0 

Between-subjects variance greater in BD for sleep 
onset latency, minutes awake after sleep onset and 
%stage 1 sleep. 

10 P + 10 HC Drug free 
for 3 
weeks. 

TALBOT 2009 BD EUTHYMIA A score of less than 7 
on the Young Mania 
Rating Scale and a 
score of less than 12 
on the Inventory of 
Depressive 
Symptomatology–
Clinician Rating. 

IDSC–C = 7.00 ± 3.71 
Y–MRS = 0.88 ± 1.40 

HC IDSC–C = 2.67 ± 2.39 
Y–MRS = 2.81 ± 2.17 

Longer sleep onset latency after happy mood 
induction in BD and shorter in HC. 

28 P (24 BDI + 4 
BDII) + 28 HC 

Yes 

Shorter sleep onset latency after sad mood induction 
in both groups. 

Increased REM density after sad mood induction in 
both groups. 

Increased REM density in BD in both nights. 

EIDELMAN 2010 BDI/BDII EUTHYMIA A score of less than 7 
on the Young Mania 
Rating Scale and a 
score of less than 12 
on the Inventory of 
Depressive 
Symptomatology–
Clinician Rating. 

IDSC–C = 5.55 ± 5.11 
Y–MRS = 2.09 ± 2.20 

HC IDSC–C = 2.36 ± 1.79 
Y–MRS = 0.55 ± 1.06 

Higher REM density in BD. 22 P + 22 HC Yes 

SWS and duration of first REM period related with 
manic symptoms at 3 months follow up. 

REM density related with depressive symptoms at 3 
months follow up. 

SOEHNER 2018 BD EUTHYMIA A score of less than 7 
on the Young Mania 
Rating Scale and a 
score of less than 12 
on the Inventory of 
Depressive 
Symptomatology–
Clinician Rating. 

IDSC–C = 2.80 ± 2.60 
Y–MRS = 5.59 ± 6.23 

HC IDSC–C = 0.56 ± 0.92 
Y–MRS = 1.65 ± 1.60 

No differences in total sleep time. 20 P + 23 HC Yes 

Overnight mood regulation in interepisode BD did not 
significantly differ from healthy adults. 

 

Inducing a positive mood state prior to sleep 
increased SWA relative to baseline across all 
participants. 

 

Lower SWA was associated with attenuated overnight 
regulation of negative mood, but not positive mood, 
in bipolar patients. 

 

RITTER 2018 BDI/BDII EUTHYMIA Exclusion of a current 
episode using 
Structured Clinical 
Interview for DSM, 
affective disorder 
section. 

ASRM <5 
BDI <8 

HC ASRM <5 
BDI <8 

Lower fast spindles (>13 Hz) density within N2 sleep in 
both frontal and central derivations in BD compared 
to HC. 

23 P + 25 HC Yes 

Reduced mean spindle frequency for fast spindles in 
derivation F4 and both central derivations in BD. 

No significant differences in fast spindle amplitude 
and duration. 

No significant differences in slow spindle parameters. 
Lower EEG power in the high sigma band for BD in 
central derivation C3-M2. 
No association between lithium treatment and fast-
spindles parameters. 

ESTRADA-
PRAT 

2019 BDI/BDII/BD 
NOS 
(Adolescents) 

EUTHYMIA Defined as euthymic; 
Children’s Depression 
inventory and the 
Child Mania Rating 
Scale-Parent version 
were used to assess 
depressive and manic 
symptoms. 

CDI = 24.3 ± 3.49 
CMRS-P = 21.92 ± 
2.48 
CMAS-R = 16.23 ± 
1.91 

HC/ADHD HC: n.a. 
ADHD: CDI = 12.15 ± 
1.82 
CMRS-P = 16.46 ± 
2.23 
CMAS-R = 14.46 ± 
1.49 
 

Shorter N2 time in BD compared to HC and ADHD. 13 P + 13 ADHD 
+ 26 HC 

Yes 

Higher REM density in BD compared to HC and ADHD. 

No differences in REM latency. 

Longer first episode of REM duration in BD compared 
to ADHD. 
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Table 1b EEG characteristics of manic patients. BD= Bipolar Disorder type I (BDI) and type II (BDII); HC= Healthy Controls; MDD = Major Depressive Disorder; UD=Unipolar Depression; P= Patients; REM= Rapid Eye Movement; NREM: Non-Rapid Eye Movement; BMS = Beigel-Murphy scale; 
HAM-D = Hamilton Depression Scale; BPRS-A = Brief Psychiatric Rating Scale with 9 additional items for mania; BDI = Beck’s Depression Inventory.  

STUDY YEAR PATIENTS STATE STATE DEFINITION CLINICAL RATING VERSUS CLINICAL RATING FINDINGS SAMPLE SIZE DRUGS 

MENDELS 1971 BDII HYPOMANIA Clinical judgment. n.a. HC n.a. Shorter total sleep time. 1 BDII + 15 HC + 
4 psychotic 
depression 

No drugs 
during 2 
weeks of 
registration. 

  Reduction in stage 3 and 4. 

  Reduction in REM sleep. 

Depression n.a. Similar changes in total sleep time and sleep 
architecture. 

LINKOWSKI 1986 BD/MDD MANIA/ 
DEPRESSION 

Research Diagnostic 
Criteria for manic 
episode. 

BMS = 196 ± 88 
(manic patients) 
HAM-D = 35 ± 3 
(depressed patients). 

HC n.a. Shorter total sleep time.  18 P (6 manic + 6 
bipolar 
depressed + 6 
unipolar 
depressed) + 6 
HC 

Manic, drug 
free for 1 
week. 
Depressed, 
drug free 
for 2 weeks. 

Decreased sleep efficiency in all 3 groups of patients. 

Longer sleep time in manic and unipolar depressed 
patients. 

Normal REM latencies both in manic and bipolar 
depressed groups. 

No differences in REM density. 

HUDSON 1988 BD MANIA Structured Clinical 
Interview for DSM-III-
R for manic episode. 

BPRS-A = 48-105 HC n.a. Shortened REM latency. 9 P + 18 HC Alcohol and 
drug free 
for 2 weeks. Higher total REM density and for all each REM period. 

No reduction in delta sleep. 

HUDSON 1992 BD MANIA Structured Clinical 
Interview for DSM-III-
R for manic episode. 

BPRS-A = 61.7±15.5 
HAM-D = 10.2±5.4 

MDD/HC HC: n.a. 
MDD: 
BPRS-A = 61.2±15.0 
HAM-D = 23.6±9.9 

Both BD and MDD show disturbed sleep continuity. 19 BD + 19 MDD 
+ 19 HC 

Alcohol and 
drug free 
for 1 week. Shorter total sleep time in BD than MDD. 

Both BD and MDD show increased percentage of 
stage 1 sleep. 

Higher percentage of stage 3 in BD, but no difference 
in total stage 3 time. 

Both BD and MDD show shortened REM latency and 
increased REM density 

No differences between psychotic and non-psychotic 
patients. 

NAKAMURA 1993 MDI MANIA/ 
EUTHYMIA 

Clinical judgment. n.a. UD n.a. Longer REM latencies in mania (but not in recovery) in 
MDI than UD. 

1 BD + 1 UD Yes 

ASAAD 2016 BD II HYPOMANIA Structured Clinical 
Interview for DSM-IV 
for hypomanic 
episode. 

Y-MRS = 22.00  
1.777. 

HC n.a. Increased sleep latency. 20 BDII + 20 
MDD + 20 HC 

Alcohol and 
drug free 
for 1 week.   Increased percentage of stages 1 and 2, decreased 

percentage of stage 3–4. 
  Increased REM density, density of first (1st) REM, 

decreased REM latency and increased apnea 
appendix. 

MDD HAM-D= 22.10  
5.409. 

Abnormalities in BDII are intermediate between HC 
and patients with MDD. 

Table 1c EEG characteristics of patients during depression state. BD= Bipolar Disorder type I (BDI) and type II (BDII); HC= Healthy Controls; MDD = Major Depressive Disorder; P= Patients; SWS= Slow Waves Sleep; REM= Rapid Eye Movement; NREM: Non-Rapid Eye Movement. 

STUDY YEAR PATIENTS STATE STATE DEFINITION CLINICAL RATING VERSUS CLINICAL RATING FINDINGS SAMPLE SIZE DRUGS 

DUNCAN 1979 BD DEPRESSION Clinical judgment. n.a. HC n.a. Longer sleep latency and more early morning wake. 22 BD+ 36 MDD 
+ 36 HC 

Drug free 
for 2 
weeks.   Reduce REM efficiency (i.e. minute of REM sleep in a 

REM period divided by the time of the total REM 
period). 

  Shorter first NREM period. 

MDD n.a. No difference in sleep architecture between MDD and 
BD. 

JERNAJCZYK 1986 BD DEPRESSION Clinical judgment. BDI = 13 - 37 
HAM-D = 12 - 29 

HC n.a. No differences in REM latency maybe due to mild 
depression symptoms. 

10 P + 10 HC Drug free 
for 2 
weeks. 

GILES 1986 BDII DEPRESSION Research Diagnostic 
Criteria for bipolar 
depressive episode. 

HAM-D = 22.1  5.0 BDI HAM-D = 25.9   5.2 No differences. 10 BD I + 12 BDII 
+ 22 MDD 

Drug free 
for 2 
weeks. MDD HAM-D = 26.3  4.3 

(group 1) 

24.4  4.8 
(group 2) 

More total sleep time in BDII. 

More NREM sleep. 

Longer REM sleep latency. 

MENDELSON 1987 BDI/BDII/UD DEPRESSION Research Diagnostic 
Criteria for bipolar 
depressive episode. 

HAM-D = 25.4  4.1 HC n.a. Less total sleep time. 8 P (4 BDI + 3 
BDII + 1 UD) + 8 
HC 

Alcohol 
and drug 
free for 2 
weeks. 

 Increased sleep latency. 

Less NREM sleep. 
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No differences in REM density, latency and length of 
first REM period. 

Less delta sleep. 

DE 
MAERTELAER 

1987 BD/UD DEPRESSION Research Diagnostic 
Criteria for bipolar 
depressive episode. 

HAM-D = 33  8 HC HAM-D = 37  2 Longer sleep onset in patients vs HC (BD > MDD) 19 P (11 BD + 8 
UD) + 9 HC 

Stop AP, 
Lithium 
and IMAO 
for at 
least 1 
months 
and TCA 
for at 
least 2 
weeks. 

Decreased stage 2 in patients. No difference between 
unipolar/bipolar. 

Shorter REM latencies but higher REM density. No 
difference between unipolar/bipolar. 

Lower number and density of sleep spindles in 
patients vs HC. (MDD < BD) 

FOSSION 1998 BDI/BDII/UD DEPRESSION Research Diagnostic 
Criteria for bipolar 
depressive episode. 

BDI: HAM-D = 27.4 

8.7 

BDII: HAM-D = 26.2  
7.6 
UD: HAM-D = 24.5 

4.4 

  Longer SPT in BDII vs MDD 14 BDI + 14 BDII 
+ 14 UD 

Alcohol 
and drug 
free for 2 
weeks. 

REM sleep more fragmented in BDI vs BDII. 

Higher REM latencies in BDI. 

RAO 2002 BD Adolescent 
with 
depressive 
episode 
retest after 
7 years 

Clinical judgment. n.a. MDD/HC n.a. More stage 1 sleep and diminished stage 4 in BD but 
not in MDD. 

28 P + 35 HC Alcohol 
and drug 
free for 2 
weeks. 

Reduced REM latency, higher REM density, and more 
REM sleep (specifically in the early part of the night) in 
unipolar patients than adolescents who converted to 
BD and HC 

SWS deficit in BD but not in MDD. 

 

 

 
Table 1d EEG characteristics of individuals at high risk (HR) of developing bipolar disorder. BD= Bipolar Disorder type I (BDI) and type II (BDII); HC= Healthy Controls; MDD = Major Depressive Disorder; SWS= Slow Waves Sleep; REM= Rapid Eye Movement; NREM: Non-Rapid Eye Movement. 

STUDY YEAR PATIENTS STATE DEFINITION CLINICAL RATING VERSUS CLINICAL RATING FINDINGS SAMPLE SIZE DRUGS 

MODELL 2003 HR First-degree relatives 
of BD/MDD patients, 
without 
current/lifetime 
diagnosis of any 
psychiatric disorder 

n.a. HC n.a. Elevated REM density indices in relatives of unipolar 
patients compared to both the relatives of bipolar 
patients and HC. 

75 HR (48 HR-
MDD + 27 HR-
BD) + 49 HC 

 No 

FRIESS 2007 HR First-degree relatives 
of BD patients, 
without 
current/lifetime 
diagnosis of any 
psychiatric disorder 

n.a. HC n.a. Increased REM density. 
Increased sigma power during NREM sleep. 
No differences in SWS. 

21 HR + 13 HC No 
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