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Sleep spindles in people with schizophrenia, =

schizoaffective disorders or bipolar disorders:
a pilot study in a general population-based
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Abstract

Background: Sleep spindles have been involved in sleep stabilization and sleep-related memory mechanisms and
their deficit emerged as possible biomarker in schizophrenia. However, whether this sleep phenotype is also present
in other disorders that share psychotic symptoms remains unclear. To address this gap, we assessed sleep spindles in
participants of a prospective population-based cohort who underwent psychiatric assessment (CoLaus|PsyCoLaus)
and polysomnographic recording (Hypnolaus).

Methods: Sleep was recorded using ambulatory polysomnography in participants (N=1037) to the PsyColaus
study. Sleep spindle parameters were measured in people with a lifelong diagnosis of schizophrenia (5Z), schizoaf-
fective depressive (SAD), schizoaffective manic (SAM), bipolar disorder type | (BP-I) and type Il (BP-II). The associa-
tions between lifetime diagnostic status (independent variables, SZ, SAD, SAM, BPD-I, BPD-II, controls) and spindle
parameters (dependent variables) including density, duration, frequency and maximum amplitude, for all (slow and
fast), slow- and fast-spindle were assessed using linear mixed models. Pairwise comparisons of the different spindle
parameters between the SZ group and each of the other psychiatric groups was performed using a contrast testing
framewaork from our multiple linear mixed models.

Results: Our results showed a deficit in the density and duration of sleep spindles in people with SZ. They also
indicated that participants with a diagnosis of SAD, SAM, BP-I and BP-Il exhibited different sleep spindle phenotypes.
Interestingly, spindle densities and frequencies were different in people with a history of manic symptoms (SAM, BP-I,
and BP-lI) from those without (SZ, SAD).

Conclusions: Although carried out on a very small number of participants due to the low prevalence of these dis-
orders in general population, this pilot study brought new elements that argued in favor of a deficit of sleep spindles
density and duration in people with schizophrenia. In addition, while we could expect a gradual change in intensity
of the same sleep spindle parameters through psychotic diagnoses, our results seem to indicate a more complex
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situation in which the frequency of sleep spindles might be more impacted by diagnoses including a history of mania
or hypomania. Further studies with a larger number of participants are required to confirm these effects.

Keywords: Psychosis, EEG, Manic symptoms, Endophenotype, Non-REM stage 2, Sigma frequency band

Background

Sleep and psychiatric disorders are often comorbid and
sleep symptoms are even part of the diagnostic criteria
for manic and depressive episodes. Macroarchitecture
impairments such as total sleep time reduction, increase
in sleep onset latency, changes in rapid eye movement
(REM)-sleep, have been observed in patients with various
psychiatric disorders including major depressive disorder,
autism, bipolar disorders, and schizophrenia spectrum
disorders [1]. However, alterations of sleep microarchi-
tecture (i.e sleep stage-dependent oscillatory rhythms)
reflecting particular brain networks alterations, appear
to be more restricted to specific disorders and could be
used as biomarkers, as suggested for sleep spindles in
schizophrenia [2]. Sleep spindles, known as brief events
detected in sleep electroencephalographic (EEG) record-
ings, constitute, together with K-complexes, the hall-
marks of the N2 stage of non-REM (NREM) sleep. They
correspond to EEG oscillations in the sigma range (10-
16 Hz) characterized by a gradual increase in amplitude
(“waxing “) followed by their decrease (“waning”). Fur-
thermore, based on their main frequency, we can distin-
guish slow spindles (<14 Hz) and fast spindles (>14Hz)
which exhibit a specific brain topography with slow
spindles predominating over frontal and central regions
whereas fast spindles predominating over centro-pari-
etal and occipital areas [3]. The origin of sleep spindles
has been extensively described [4—6] and involves local
thalamo-cortical loops including GABAergic neurons of
the thalamic reticular nucleus (TRN), thalamo-cortical
glutamatergic neurons of the thalamus (TC) and cortical
glutamatergic neurons (mainly from cortical layer VI). In
these networks, the capacity to generate bursts of activity
at the origin of cortical spindles is thought to be mainly
due to the low-threshold Ca*" channels, more specifi-
cally Cay3.3 channels [7], and to the Ca*"-dependent K"
channels of SK2-type [8], both present on the dendrites
of GABAergic cells of the TRN.

Sleep spindles gained attention mainly due to their
involvement in memory-related sleep mechanisms
and their association with cognitive skills in humans
[9-12]. Electrophysiological experiments in rodents
and humans indicated that spindles, up-states of corti-
cal slow oscillations (<1Hz) and hippocampal sharp
wave-ripples (brief 80—-200Hz bursts at CA1 location)
displayed a time-locked occurrence [13-16]. Based
on these results, sleep spindles are thought to mediate

the hippocampal-neocortical dialogue involved in the
engram formation [15, 17]. As people with schizophre-
nia spectrum disorders frequently experience sleep prob-
lems and cognitive impairment, many investigations
focused on the association between these disorders and
sleep spindle parameters. When computerized methods
were used to quantify sleep spindles, the vast majority of
studies found spindle density to decrease in people with
schizophrenia when compared to healthy controls [18—
24]. Similar decrease has also been reported for spindle
amplitude and spindle duration [23, 25], which have also
been shown to be associated with cognitive dysfunction
[19, 26, 27]. However, it remains unclear whether sleep
spindle deficiency is a specific marker for schizophrenia
or whether it also occurs more broadly in people with
schizophrenia spectrum disorder such as schizoaffective
disorders. Although existence of schizoaffective disorders
as real and operative diagnostic entity remains controver-
sial [28-30], their diagnosis corresponds to patients who
display a mixture of psychotic features related to schizo-
phrenia and of mood symptoms related to bipolar disor-
ders. Therefore, this diagnosis can include a diversity of
symptoms fluctuating between schizophrenia (SZ) and
mood disorders. According to the DSM-5 [31], schizoaf-
fective disorders can be sub-divided into a depressive
(SAD) and a bipolar (or manic) subtype (SAM) depend-
ing on the lifetime occurrence of manic and depressive
mood symptoms.

Several studies suggest that schizophrenia and bipo-
lar disorders partially share etiological factors at genetic
and biological levels. Therefore, investigating sleep spin-
dle in bipolar disorders might help us to know whether
patients with bipolar disorders reveal alterations of sleep
spindle characteristics similar to those observed in those
with schizophrenia. Only two studies with conflicting
results have so far compared sleep spindles characteris-
tics in bipolar patients and controls. One of them did not
find a significant differences in any spindle parameters
between patients with bipolar disorders and controls [32]
whereas the other one revealed a decrease in fast-spin-
dle density and mean intra-spindle frequency in bipolar
outpatients [33]. In addition, these two studies did not
distinguish between the bipolar I (BP-I) and bipolar II
(BP-II) subtypes.

To our knowledge, no community study has vyet
assessed the specific associations of schizophrenia spec-
trum and bipolar disorder with sleep spindles. To bridge
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this gap, we assessed sleep spindles in participants of a
population-based cohort who underwent both a psychi-
atric evaluation and an ambulatory polysomnographic
recording (PSG). We compared the various parameters
of sleep spindles across people with lifetime diagnoses of
SZ, SAD, SAM, BP-1, BP-II and controls.

Methods

Participants

CoLaus|PsyCoLaus is a prospective cohort study
designed to investigate mental disorders and their associ-
ation with cardiovascular risk factors in the general pop-
ulation [34, 35]. The initial cohort of 6734 participants
was randomly selected from the residents of the city of
Lausanne (Switzerland) aged between 35 and 75years
in 2003 according to the civil registry. After the baseline
investigation involving physical and psychiatric evalua-
tions, participants were followed-up after approximately
5 (follow-up 1, FU1), 9 (follow-up 2, FU2) and 13years
(follow-up 3, FU3).

Between 2009 and 2013 (FU1), 2162 participants
among the participants to CoLaus|PsyCoLaus, also
underwent a full-night polysomonographic recording
at home to assess objective sleep variables (HypnoLaus
study) [36]. In order to determine the diagnosis at the
moment of PSG, psychiatric information was used from
the subsequent psychiatric evaluation (FU1 or FU2). Par-
ticipants with incomplete sleep investigation (n=6) or
subsequent psychiatric information (n=232) and those
who met lifetime criteria for major depressive disorder
(n=887) were excluded from the present analysis leaving
a final sample of 1037 participants (41.7% women, mean
(s.d.) age at sleep evaluation 59.8 (11.3) years). Among
this 1037 participants, the number of people in the differ-
ent groups were: SZ n =7, SAD n =12, SAM n =4, BP-1
n=17,BP-1ln =9 and CTL n =988.

Psychiatric evaluation

Participants were interviewed by psychologists, who
were trained over a one- to two-month period. In order
to provide ongoing supervision throughout the study, an
experienced senior psychologist reviewed each interview.
Diagnostic information on mental disorders at baseline
and follow-up was collected using the semi-structured
Diagnostic Interview for Genetic Studies (DIGS) [37].
The French version of the DIGS revealed excellent inter-
rater and fair to good test—retest reliability for psychotic
and mood disorders [38, 39]. At follow-up, a shortened
version of the DIGS was used, which assessed the occur-
rence of psychopathology since the last assessment.
Cumulative lifetime diagnoses at the time point of the
HypnoLaus visit were assigned according to the combina-
tion of information from available subsequent diagnostic
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interviews with a participant. Non-mood diagnoses were
defined according to the DSM-IV, whereas diagnoses of
mood disorders were defined according to the DSM-5.

Sleep recordings and sleep parameters analysis

A full night ambulatory PSG was performed using a port-
able sleep/wake recording system (EMBLA Titanium®,
Embla systems, Inc., Broomfield, CO, USA). Electroen-
cephalogram (EEG) from frontal (F3, F4), central (C3,
C4), and occipital (01, O2) areas, right and left elec-
tro-oculogram (EOG) and submental electromyogram
(EMG) were recorded for sleep parameter analysis (see
Supplement 1 for more details). From these recordings,
usual sleep variables were calculated (see Supplement 2).
The total sleep time (TST) and the percentage (relative to
TST) of Non-REM stage 2 (N2%) as well as the apnea/
hypopnea index (AHI) scored according to the American
Association of Sleep Medicine rules (2013) were included
as independent variables in our linear mixed models for
sleep spindles analysis.

Sleep spindles analysis
Sleep spindles during N2 were detected automatically
from the EEG signal using an algorithm adapted from a
previous study [25]. The EEG signal was average-refer-
enced, downsampled to 128Hz and bandpass-filtered
between 11 and 16 Hz (~3dB at 10 and 17 Hz). A b-spline
wavelet was applied to the filtered data of each channel
separately. The power of the signal was then measured
by squaring and smoothing the data with a 100ms slid-
ing window. We first defined spindles as sections with
a power above two times and under six times the mean
of the subject’s detection in each channel power (sub-
ject-based bound). In a second step, since some events
that were not identified as spindles upon visual inspec-
tion remained, we selected spindles with duration of 0.5
to 3seconds and amplitude less than or equal to the 3rd
quartile + 1.5 times the interquartile range of the distri-
bution of amplitude values measured in all HypnoLaus
participants (population-based upper bound).
Intra-spindle frequency (Hz) (named “spindle fre-
quency” in following parts of the manuscript) and
density (i.e. number of spindles/min) were also calcu-
lated. According to their mean frequency, spindles in
the slow (mean frequency<14Hz) and fast (mean fre-
quency>14Hz) ranges were also separately analyzed
from the EEG signal recorded at F3, F4, C3 and C4 loca-
tions. Such a threshold was already used by Ferrarelli
et al. for spindles analysis on people with schizophrenia.
Data from O1 and O2 were omitted from the analysis to
avoid artefacts due to contamination by bursts of alpha
activity over occipital cortices that may mimic spindles.
We used a mixed model including electrodes location in
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the fixed part of the model accounting for the area spe-
cific effect in the brain.

Other assessments

Medication collected during CoLaus|PsyCoLaus investi-
gations was coded according to the World Health Organi-
zation ATC classification (http://www.whocc.no/atcddd).
We considered hypnotics (ATC code: NO5CF), benzodi-
azepines or derivates (NO5BA, NO5CD, NO3AE), antide-
pressants (NO6A) and neuroleptics (NO5A) as the drug
categories with a potential effect on sleep. Since nicotine
may increase spindles [40], we also considered whether
participants were smokers at the time of the sleep record-
ings. In addition, current smoking status and body mass
index (BMI) (i.e. self-reported weight (kg) divided par the
square of height (m)) were collected at the time of the
sleep recordings.

Statistical analysis

Univariate between-group analyses were performed
using chi-square tests or ANOVA/Wilcoxon tests as
appropriate. The mean (standard deviation) and median
(interquartile range) of spindle density, duration, fre-
quency, maximum amplitude as well as the Spearman’s
rho correlation coefficients between electrodes loca-
tion were provided. The associations between lifetime
diagnostic status (independent variables, SZ, SAD,
SAM, BPD-I, BPD-II, controls) and spindle parameters
(dependent variables) including density, duration, fre-
quency and maximum amplitude, for all (slow and fast),
slow- and fast-spindle were assessed using linear mixed
models. These models were serially adjusted by add-
ing the confounding variables in our models and a ran-
dom intercept to account for the intra-class correlation
between the repeated observations of each participant: 1)
Model 1 was adjusted for age, sex, BMI, current smok-
ing status and electrode location; 2) Model 2 was addi-
tionally adjusted for sleep variables, (TST, N2%, AHI)
and medication use (hypnotics, antidepressants, antipsy-
chotics and neuroleptics). Since residuals obtained from
the entire sample (n=1037) did not follow normal dis-
tribution, density (fast) and duration (all, slow) were log-
transformed and duration (fast) and maximum amplitude
(all, slow, fast) were transformed using Box-Cox trans-
formation to render the data more normal distribution
like. To test whether participants with SAD, SAM, BP-I
or BP-II differed from the participants with SZ, we used
the contrast testing framework on the fitted models
(see Supplement 3 for details). In addition, the adjusted
p-values using stepwise Bonferroni-Holm were reported
to account for multiple testing (see Supplement 3). Sta-
tistical analyses were conducted using Prism 9.1 for Win-
dows (GraphPad Software Inc., San Diego, CA, USA) and
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the Statistical Analysis System (SAS Institute Inc., Cary,
NC, USA) version 9.4 for Windows.

Results
Characteristics of participants
Table 1 presents the participants’ characteristics for the
whole sample as well as by lifetime diagnostic groupings.
The AHI scores, the current smoking status and the pres-
ence of medication differed between diagnostic groups.
Measures given the sleep macroarchitecture are sum-
marized in Supplementary Table 1 (see supplement 2 for
terms definition). Remarkably, no significant difference
between groups was observed excepted for the TRT that
corresponds to the time from the moment the lights have
been switched off and switched back on (Kruskall-Wallis
test, Fs 1937 =13.0; p=0.023).

Sleep spindle analysis

The distribution of different sleep spindle features in the
different lifetime diagnostic groups measured at F4 loca-
tion that is representative of other electrodes which dis-
played a good correlation (see Supplementary Table 4), is
presented in Fig. 1. Mean and median values of spindle
features measured at each electrode location in partici-
pants with different disorders are presented in Supple-
mentary tables 2 and 3 in the Additional file 1.

People with a life time diagnosis of SZ displayed a
marked decrease in all sleep spindle density (50-66%
depending on the electrode location; Fig. 1 and supple-
mentary tables 2 and 3 in the Additional file 1). The asso-
ciations between lifetime diagnosis of SZ, SAD, SAM,
BP-1 and BP-II and spindle parameters were presented
in Table 2. After adjustment for age, sex, BMI, smoking
status, electrode location, TST, N2%, AHI and medica-
tion, spindle density and duration for all spindles were
significantly decreased in SZ group compared to the
comparison probands. This effect is mainly supported by
the decrease in slow spindle density and duration. While
the density of fast spindle displayed only a tendency to
decrease, their duration exhibited a slight but significant
increase. No difference between the SZ and the com-
parison groups was observed for frequency and maximal
amplitude whatever the type of spindles.

Lifetime diagnosis of SAD induced only a small
decrease in the duration of fast spindles compared to the
control group and no other spindle parameter was asso-
ciated to this disorder. In contrast, people diagnosed with
SAM showed differences in many parameters of the sleep
spindles. These differences were generally in the opposite
direction of those seen in the SZ group with an increase
in slow spindle density, a decrease in fast spindle density,
an increase in duration of all and slow spindles, a marked
decrease in spindle frequency of all types of spindle as
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Table 1 Characteristics of participants by lifetime diagnosis
Lifetime diagnosis
ALL Sz SAD SAM BP-1 BP-II CTL X*/F p-value

N 1037 7 12 4 17 9 988
Socio-demographic factors

Age (yrs), mean (sd) 59.8(11.3) 63.2(12.6) 582(12.4) 54.2 (6.7) 57.0(11.0) 57.1(9.9) 599 (11.3) Fs=07 0.624

Males, % 583 714 41.7 100.0 70.6 55.6 58.1 Xs=58 0324
Somatic characteristics

BMI (kg/mz), mean (sd)  25.7 (4.0) 26.1(7.5) 25.1(4.3) 284 (3.6) 264 (4.2) 24.7 (4.7) 256 (4.0) Fs=0.7 0.642
Sleep characteristics

TST (min), mean (sd) 3944 (70.1)  373.1(1279) 3864 (786) 3284(469) 398.2(97.5) 404.1(72.1) 3948(69.0) F;=09 0.468

N2 (%), mean (sd) 46.7 (106)  454(129) 41.6(9.5) 431(12.1)  446(122)  456(93) 469105  F;=09 0.508

AHI, mean (sd) 16.7 (16.9) 36.8 (47.4) 8.8(6.7) 86 (3.7) 144 (8.9) 15.0 (12.0) 16.8 (16.7) F;=28 0.016
Behavioral characteristics

Current smokers, % 15.6 14.3 333 50.0 471 1.1 14.8 X25 =199 0.001
Medication

Any medication?, % 6.1 429 250 250 353 0.0 5.1 x25=5‘8 <0.001

SZ Schizophrenia, SAD Schizoaffective disorder - depressive type, SAM Schizoaffective disorder - bipolar type, BP-I Bipolar type | disorder, BP-Il Bipolar type Il disorder,
CTL Comparison participants, yrs years, min minutes, BMI Body mass index, sd standard deviation, TST Total sleep time, N2% of NREM-stage 2, AHI Apnea hypopnea

index

@ Medication including hypnotics (ATC code: NO5CF), benzodiazepines or derivates (NO5BA, NO5CD, NO3AE), antidepressants (NO6A) and neuroleptics (NO5A)

well as a tendency to decrease in the maximum spindle
amplitude.

Compared to comparison probands, people with a
lifetime diagnosis of BP-I and BP-II exhibited contrast-
ing differences almost exclusively limited to spindle fre-
quency (Table 2). The BP-I diagnosis is associated to a
slight increase in all spindles and slow spindles frequen-
cies, while BP-II diagnosis is associated with a weak
decrease in all spindles and slow spindles frequencies. In
addition, a marginal increase in the maximal amplitude
of fast spindles was also associated to BP-II diagnosis
compared to comparisons probands.

Pairwise comparisons between schizophrenia group

and people with schizoaffective and bipolar disorders

To determine whether differences in sleep spindle meas-
ures were specific for SZ, we performed pairwise com-
parisons of the different spindle parameters between
the SZ group and each of the other psychiatric groups
using a contrast testing framework from our multiple
linear mixed model. Results were presented in Table 3.
All and slow spindle densities were significantly lower
in subjects with a diagnosis of SZ compared to those of
people with a diagnosis of SAM, BP-I or BP-1I. Following
transformation of data, all and slow spindle durations in
people with a lifetime diagnosis of SAM and BP-II were
significantly lower to those observed in people with SZ.
The decrease in duration of slow spindles in people with
SZ compared to those with SAD or BP-I failed to reach

statistical significance after adjustment for multiple test-
ing. Duration of fast spindle was significantly higher only
in people with a lifetime diagnosis of SAD. The frequency
of all, slow and fast spindle exhibited significant differ-
ences only for the SAM diagnosis. No difference between
SZ and the other psychiatric diagnosis was observed for
the maximal amplitude of the spindles.

Discussion

The pilot study presented herein provides novel infor-
mation on the association of various psychotic disorders
with sleep spindle parameters in a general population-
based cohort. Our results highlight the decrease in all
spindle density and duration parameters as biomarkers of
schizophrenia and indicate different sleep spindle pheno-
type in participants with schizoaffective disorders. Fur-
thermore, our results suggest that the spindle (slow and
fast) densities were more elevated in people with a his-
tory of maniac symptoms (SAM, BP-I and BP-II) than in
those without (SZ, SAD).

In an original way, this study presents some specifici-
ties in terms of target population and method of sleep
recording. Indeed, while most studies on the effects of
psychiatric disorders on sleep spindles have been carried
out on clinical cohorts of in- and out-patients selected by
diagnosis, our study was performed in people from the
community. Participants were thus older (about 60years)
than in most other studies investigating sleep spindles,
which are known to have lower density and duration
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Fig. 1 Distribution of the different sleep spindle parameter values in each diagnostic group measured at F4
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when age increases [41, 42]. Our linear regression models
used to compare diagnosis effects on spindle parameters
include this parameter even if age distribution was not
significantly different between diagnoses (Table 1).

Another interesting specificity of our study is that sleep
EEG recordings have been performed “at home” with an
ambulatory system while most of other studies were real-
ized in hospital or in sleep laboratory. Such more “nat-
uralistic” recording conditions reduced various stress
factors such as a new environment as well as the psycho-
logical impact of being observed during sleep. Although
sleep with an ambulatory system does not exactly reflect
usual nighttime sleep, this technique has been described
as reducing the “first-night-effect” usually observed fol-
lowing the first night of recordings at hospital and char-
acterized by a reduction in sleep quality [43—45]. This
constitutes a relevant issue regarding the expected sen-
sitivity of people with psychiatric disorders to the various
stressors involved in “first-night-effect”.

These specificities of our study may explain why no sig-
nificant difference in sleep variables between participants
with and without psychiatric diagnosis was observed
(Supplemental Table 4). Indeed, this is unexpected since
sleep disturbances are usually associated to schizophre-
nia spectrum disorders [46—48] as well as to bipolar dis-
orders [49, 50] in clinical cohorts. However, as suggested
by previous study with HypnoLaus cohort [51], 30-45%
of subjects without psychiatric diagnosis may have some
sleep disturbances, regardless of the severity of the dis-
turbances. Hence, comparisons of sleep parameters
between SZ, SAD, SAM, BP-I, BP-II groups and the con-
trol group likely cannot give significant difference.

The analysis of sleep spindle parameters provides new
information on their phenotypes in different psychotic
disorders. First of all, in agreement with other studies
in schizophrenia (see review [52]), we showed that peo-
ple with a lifetime diagnosis of schizophrenia displayed
a significant decrease in spindle density and duration
when compared to other groups (Fig. 1; Table 2). Curi-
ously, this reduction in spindle density observed was
significant for all (slow and fast) and for slow spindles
but not for fast spindles for which, only a tendency
was present (Table 2). This may suggest a differen-
tial effect of lifetime diagnosis of SZ on the different
thalamo-cortical circuits at the origin of the fast and
slow spindles. Previous studies reported a decrease in
sleep spindles at early stage of psychosis in medicated
as well as naive patients [26, 53-55]. Interestingly, since
people with schizophrenia were in an older age-range
(63.2+12.6y) in our study, our data suggest a persis-
tence of spindle deficit throughout life, even in long
term stabilized patients. Thus, our results strengthen
the idea that sleep spindles deficit could constitute an
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early and persistent biomarker of schizophrenia (i.e. an
endophenotype). Spindle deficits in healthy first-degree
relatives [56] and genetic studies showing an associa-
tion of the gene CACNALII (that encode for the subunit
Cay3.3 channel) with schizophrenia [57, 58], also sup-
port the hypothesis of a genetic risk factor involved in
the thalamo-cortical system deficiency at the basis of
spindle alteration.

Compared to the other groups, spindle frequency was
the main parameter affected in bipolar I and -II disor-
ders (Table 2). Only a small but significant increase in
fast spindle amplitude is the other change observed in
the BP-II group. Contrary to Ritter et al. who reported
a decrease in density and frequency of fast spindles in
frontal and central derivations [33], our results indicated
that only frequency of all spindles and slow spindles
were changed in BP-I or BP-II groups. However, these
discrepancies should be treated with caution since Rit-
ter and collaborators considered fast spindle when intra-
spindle frequency was >13Hz while we applied a cutoff
at >14Hz. Thus, we reported a mean value of 13.09 Hz
for slow-spindles in BP-I group and of 13.26 Hz in BP-II
group, both considered as fast-spindles in Ritter’s study.
Noteworthy, in BP-I and BP-II groups, spindle frequency
changed in opposite directions (Table 2). These opposite
variations likely participate also to the difference between
our results and those in which participants with BP-I and
BP-II were not differentiated [32, 33]. This heterogene-
ity in sleep spindle parameters is consistent with that
reported between bipolar disorders sub-types in term of
clinical features, cognition and brain structure [59-61] as
well as susceptibility to sleep disturbances [62].

To the best of our knowledge, our study is the first to
investigate the sleep spindles in people with a diagnosis
of sub-types of schizoaffective disorders. Compared to
other participants, densities of the slow and fast spindles
are respectively increased and decreased in SAM group.
Duration of all and slow spindles were higher and fre-
quency of all types of spindles was decreased. Although
these effects are statistically significant, the small num-
ber of participants in this group should prompt us to
be cautious about the interpretation of these results. In
SAD group, only duration of fast spindles were slightly
decreased (Table 2). Consequently, with regard to the
sleep spindle phenotype, schizoaffective disorders seem
to be more heterogeneous than BP-I and BP-II disorders.
In view of the specific alterations in sleep spindles across
diagnostic groups, our results may suggest that a history
of manifestations of mania or hypomania leaves a “foot-
print” on the sleep spindles characterized by an alteration
in their frequency rather than in their density. How-
ever, since direction of frequency changes in these three
groups was different (i.e. increase for BP-I and decrease
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for SAM and BP-II), the impact of mania on sleep spindle
parameter remains difficult to explain.

Comparisons of participants with schizophrenia with
those having other diagnoses showed divergent results
for spindle duration, frequency and amplitude (Table 3).
However, considering the density of sleep spindles (all-
and slow-spindles), people with SAD cannot be con-
sidered as different from those with a schizophrenia
diagnosis (Table 3). Given the role of the thalamo-cortical
circuits in the genesis and modulation of sleep spindles,
our results might suggest the existence of different dis-
turbances of these circuits in schizophrenia and SAD on
one hand and in SAM and bipolar disorders on the other.
Some differences between SAD and SAM sub-types have
been already reported in a longitudinal study in which
neuropsychological evaluation and functional magnetic
resonance imaging (fMRI) were performed during epi-
sodes or following remission [63]. Results showed that
remitted people with SAD exhibit persistent impairments
of memory and have dysfunction of the default mode
network similar to people with schizophrenia, whereas
remitted people with SAM improve their memory and
normalize fMRI signal in medial frontal gyrus suggesting
a deeper and more lasting impairment of brain networks
in people with SAD as compared to those with SAM.

Our results could also have some implications in term
of cognitive differences between diagnoses. Indeed, sleep
spindles are thought to play a key role in sleep-related
memory mechanisms [17] and their number are posi-
tively correlated to cognitive abilities in healthy people as
well as in schizophrenia patients [11, 27]. Therefore, we
could expect that memory was less impaired in partici-
pants with diagnosis of SAM, BP-I, and BP-II than in par-
ticipants with schizophrenia and SAD. Although a recent
meta-analysis indicates that schizophrenia patients have
more severe cognitive impairments than bipolar patients
[64], no evidence of difference in sleep-related memory
consolidation between these diagnosis groups were
available.

Our study has several limitations. First, due to the low
prevalence of these disorders in general population, the
number of participants with a schizophrenia spectrum
and bipolar disorders was small. Accordingly, statisti-
cal power was low and associations that did not have
a large effect size could not be identified. In addition,
although we still found significant differences after cor-
recting for multiple testing, the risk of false positive can-
not be ruled out, particularly in the SAM group. Second,
the cross-sectional nature of the data impeded us to draw
conclusions regarding the directions of the observed
associations. Third, the measurement of sleep spindles
relied on only four electrodes. This was likely to lead to
an underestimation of fast-spindles and impeded us from
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precisely localizing effects related to diagnoses. Such
a technical limitation is inherent to ambulatory PSG
recordings that enabled sleep parameters determination
in a population-based sample.

Taking into account all these limitations, our pilot
study, using with an original way a general population-
based cohort, brought new elements that argued in
favor of a deficit of sleep spindles density and duration
in people with schizophrenia. In addition, while we
could expect a gradual change in intensity of the same
sleep spindle parameters through psychotic diagnoses,
our results seem to indicate a more complex situation
in which the frequency of sleep spindles might be more
impacted by diagnoses including a history of mania or
hypomania manifestations. Since our study included a
small number of participants with such a psychiatric
diagnosis, further studies are required to confirm these
effects and to determine underpinning mechanisms.
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