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Abstract

Patients diagnosed with schizophrenia (SZ) show major deficits in cognitive functioning and
sleep spindle activity. As much indicates that sleep spindle activity is related to cognitive
performance, this literature review intended to investigate the degree of their relationship in
patients with SZ. The eligible criteria for the studies were that they measured sleep spindle
activity and cognitive functioning in patients with SZ and included a non-clinical control
group. Studies with comorbid diagnoses were excluded. Searches were conducted between
the 5th and 6th of March 2023 on PsycINFO, PubMed, Web of Science, and Medline
databases. Seven studies met the eligibility criteria. The studies were written in English and
published between 2007 and 2022. The quality of the studies was assessed using the JBI
Critical Appraisal Checklist for Analytical Cross-Sectional Studies. The results were
synthesized by following a structured narrative and tables. The total number of participants
with SZ was 141 and 149 in the non-clinical control group. The age of the participants ranged
between 18 and 65 and were mainly men. Patients with SZ showed significantly reduced
sleep spindle activity and cognitive performance compared to the control group. Several
studies found positive correlations between cognitive performance and spindle density in
both groups. Some correlations were only significant for patients with SZ, indicating that
sleep spindle activity affects cognitive performance up to one point. A suggestion for further
studies is to investigate the possibility to assess cognitive impairments in patients with SZ by
inducing sleep spindle density.

Keywords: schizophrenia, sleep spindles, cognitive functions, cognitive performance,
consolidation

Sammanfattning

Patienter diagnostiserade med schizofreni (SZ) uppvisar nedsättning i både kognitiv förmåga
och aktiviteten av sömnspindlar. Då mycket tyder på att sömnspindlar är relaterade till
kognitiv prestation, så ämnade denna systematiska litteraturstudie att undersöka denna
relation hos patienter med SZ. Kriterierna för kvalificering var att studierna utförde
mätningar av sömnspindel aktivitet och kognitiv förmåga hos patienter med SZ, samt
inkluderade en frisk kontrollgrupp. Studier med komorbida diagnoser exkluderades.
Litteratursökningar utfördes mellan den 5e och 6e mars 2023 på databaserna PsycINFO,
PubMed, Web of Science, och Medline. Det var 7 studier som uppfyllde kriterierna. Studierna
var skrivna på engelska och var publicerade mellan år 2007 och 2022. Kvaliteten av de
inkluderade studierna bedömdes med JBI Critical Appraisal Checklist for Analytical
Cross-Sectional Studies. Resultaten syntetiserades med ett strukturerat narrativ och tabeller.
Det totala antalet deltagare med SZ var 141 och 149 i kontrollgruppen. Deltagarna var främst
män mellan 18 och 65 år. Deltagarna med SZ visade signifikant lägre sömnspindel aktivitet
samt kognitiv prestation jämfört med kontrollgruppen. De flesta studierna fann signifikanta
positiva korrelationer mellan spindeldensitet och kognitiv förmåga för både SZ och
kontrollgruppen. Vissa resultat var endast signifikanta för patienter med SZ vilket tyder på att
sömnspindel aktivitet endast påverkar kognitiv prestation upp till en viss nivå. Förslag för
framtida studier är att undersöka möjligheten att inducera spindeldensiteten hos patienter med
SZ för att förhöja den kognitiva förmågan.

Nyckelord: schizofreni, sömnspindlar, kognitiva funktioner, kognitiv prestation
konsolidering
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Sleep spindles and cognition in patients with schizophrenia: A systematic review

Schizophrenia (SZ) is a severe mental disorder that affects 1 in 300 people around the
world (World health organization [WHO], 2022). The disorder comes with a high economic
burden for the patients and society. The social costs for one individual patient with SZ are
counted to be above five hundred thousand Swedish kronor yearly in Sweden, which is the
highest expense compared to all other psychiatric disorders (Ekman et al., 2014). A reason
for the high costs might be due to insufficient healthcare (Chong et al., 2016).

The Diagnostic and Statistical Manual of Mental Disorders (DSM) is a handbook that
contains descriptions and symptoms for diagnosing mental disorders. The DSM-5-TR defines
SZ as including at least one of five symptoms: delusions, hallucinations, disorganized
thinking and speech, grossly disorganized or abnormal motor behavior, and negative
symptoms (American Psychological Association [APA], 2022). The symptoms are divided
into positive and negative symptoms (National Institute of Mental Health [NIMH]). Positive
symptoms include changes in behavior, thoughts, delusions, and hallucinations.
Hallucinations are when an individual sees, hears, tastes, or smells something that is not
there. Delusions involve beliefs that others perceive as false or irrational. Negative symptoms
include withdrawal from social interactions, feeling less motivated, and appearing
emotionless (NIMH).

The disorder has a major impact on social relationships, education, and work-life
(WHO, 2022). Several studies have revealed that these negative consequences on everyday
functioning are related to cognitive impairments that are associated with the disorder (Fett et
al., 2011; Fervaha et al., 2014). Cognition is defined by APA (2023) as “the performance of
the mental processes of perception, learning, memory, understanding, awareness, reasoning,
judgment, intuition, and language”. The cognitive deficits in SZ sustain through treatment as
the impairments are similar and significant in all cognitive functions in both medicated
(Schaefer et al., 2013) and drug-naive patients (Fatouros-Bergman et al., 2014).

Cognition and SZ
The Measurement and Treatment to Improve Cognition in SZ (MATRICS) is an

initiative developed by NIMH. MATRICS distinguishes several cognitive functions in
patients with SZ to be impaired. These are processing speed, attention/vigilance, working
memory, verbal learning, visual learning, reasoning and problem-solving, and social
cognition. The MATRICS Consensus Cognitive Battery (MCCB) aims to measure all of these
functions (Kern et al., 2011). Results of the MCCB concluded that patients with SZ had
impairments in all areas, foremost in working memory and processing speed (Kern et al.,
2011).

Working memory is a short-term memory with a limited capacity to manipulate and
hold information. Baddeley and Hitch's (1974) model of working memory consists of three
systems: the phonological loop, the visuospatial sketchpad, and the central executive. The
phonological loop serves as short-time storage for auditory (e.g., speech) and phonological
information (e.g., written words). The visuospatial sketchpad temporarily holds visual and
spatial information, such as images and shapes. The central executive is responsible for
coordinating and manipulating the information. Some of its core functions are updating
information, shifting between tasks, and inhibiting (e.g., suppressing impulsive behaviors).
Later, a fourth component, the episodic buffer, was added to the model (Baddeley, 2000). The
episodic buffer is a limited storage that combines information from the other systems with
long-term memory. Studies investigating working memory in patients with SZ found
significant deficits in working memory compared to the non-clinical control group (Forbes et
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al., 2009). The impairments were also unrelated to the severity of negative and positive
symptoms and differences in intelligence quotient (IQ) test results (Forbes et al., 2009).

Processing speed is defined as the speed of responding to information, such as
executing a cognitively demanding task (Dickson et al., 2007). Dickson et al. (2007)
meta-analysis revealed that SZ patients had deficits in processing speed measured with a digit
symbol coding task. The task is to, under a limited time, match symbols to numbers using a
key. The authors also concluded that the deficits were unrelated to medication and the
severity of the disorder (Dickson et al., 2007). Although, a later meta-analysis by Knowles et
al. (2010) found that increased dosage of the antipsychotic medicine chlorpromazine related
to greater impairments of processing speed.

Impairments in attention in SZ have been brought up since the early 19th century
(Kraepelin, 1919). In a study by Orellana et al. (2012), they investigated three attentional
networks in first-episode SZ patients: alerting, orienting, and executive attention. Alerting
refers to sustaining an alert state, orienting is the capability to direct attention, and executive
attention refers to the control of thoughts, actions, and feelings (Orellana et al., 2012). The
attentional networks were estimated with the Attention Network Test in which the participant
stated the direction of an arrow that appears on a screen. The study found that the patients had
significant impairments in executive attention, but not in orienting and alerting (Orellana et
al., 2012).

Memory deficits are common in SZ (Grimes et al., 2017). These deficits have been
shown consistently in different tests that measure both verbal and visual memory (Grimes et
al., 2017). Manglam and Das's (2013) study assessed verbal learning and memory in SZ with
the Rey-Auditory Verbal Learning Task (RAVLT). Patients with SZ had significantly
decreased results in RAVLT compared to the control group. After six weeks of treatment, SZ
performed better, although there were still significant deficits. Their results showed that
impairments in memory decreased but sustained throughout treatment and reduction of
negative symptoms (Manglam & Das, 2013).

An important process for social functioning is social cognition which refers to the
ability to draw conclusions about one's own and others' beliefs, emotions, and behaviors
(Salva et al., 2013). Patients with SZ show severe impairments in emotion perception (i.e.,
identifying emotional expressions), theory of mind (i.e., understanding others' mental state),
and emotion processing (i.e., understanding emotions) (Salva et al., 2013). These
impairments are unaffected by the severity of negative symptoms (Kalin et al., 2015).

Cognition and sleep spindles
The American Academy of Sleep Medicine (AASM) is an organization focused on

sleep medicine. In the AASM manual for the scoring of sleep and associated events, they
define sleep as four different stages (Iber et al., 2007). These stages are distinguished by
physiological measures, mainly with polysomnography (PSG). A PSG includes several
measurements of bodily activity during sleep, such as brain activity with an
electroencephalography (EEG), eye movements with an electrooculography (EOG), and heart
rhythm with an electrocardiography (ECG). Stage N1 is a Non-Rapid Eye Movement
(NREM) sleep stage characterized by a low amplitude frequency of 4-7 Hz. The NREM sleep
N2 stage follows this stage consisting of sleep spindles. Afterward comes NREM stage N3
which has slow frequency waves between 0.5-2Hz. The fourth stage, called R, consists of
REM sleep which involves an increase in eye movements (Iber et al., 2007).

Several studies show the importance of sleep spindles in cognitive functioning
(Schabus et al., 2008; Naismith & Mowszowski, 2018). Sleep spindles are oscillatory neural
activity that occurs in a frequency range between 11 and 16 Hz (Iber et al., 2007). Two types
of sleep spindles can be distinguished: slow spindles with a frequency of around 9-12 Hz and



3
fast spindles with a frequency of around 12–16 Hz. The spindles usually have a duration of
.5-2 seconds (Iber et al., 2007). Sleep spindle activity can be measured by the number of
spindles, density (i.e., the number of spindles per minute), amplitude, duration, sigma power,
peak frequency, and integrated sleep spindle frequency (i.e., the integral of the activity).

It is not clear which cognitive function is affected by sleep spindle activity and by
which characteristics of the spindles. Increased slow sleep spindle activity at 11-13 Hz has
been related to higher general cognitive abilities and declarative memory of words
(Hoedlmoser et al., 2014). After motor procedural learning the density and duration of sleep
spindles increased, indicating that sleep spindles are related to memory consolidation, a
process where memory becomes steadier (Fogel & Smith, 2006). In a study by Fogel et al.
(2007), they investigated the relationship between sleep spindles and IQ. Higher results on
performance IQ tests were related to an increased number and sigma power of sleep spindles.
No relation to verbal IQ was found (Fogel et al., 2007). It has been shown that attention and
processing speed are associated with sleep spindle activity in patients with psychotic
disorders (Au & Harvey, 2020). Although, the severity of the positive and negative symptoms
was not related to sleep spindle activity as the results were inconclusive (Au & Harvey,
2020).

Patients with SZ show major sleep disturbances such as lower sleep efficiency,
experiencing insomnia, and changes in circadian rhythm (Chan et al., 2016). A consistent
feature of sleep impairments in SZ is deficits in sleep spindle activity (Lai et el., 2022). It is
suggested that sleep spindles originate from the thalamic reticular nucleus (TRN) (Ferrarelli
& Tononi, 2011). The TRN is located between the thalamus and the cortex. The structure
consists only of the inhibitory gamma-aminobutyric acid (GABA) neurons and regulates
information as it receives and inhibits excitatory projections from the thalamocortical circuit,
an interaction between the thalamus and cerebral cortex (Ferrarelli & Tononi, 2011). There
are several theories on why patients with SZ show deficits in sleep spindle activity. It might
be a result of impaired neural activity in the TRN (Thankachan et al., 2019). Abnormalities of
the thalamus could also explain the reduction. A meta-analysis of fMRI studies revealed that
the volume of the thalamus was significantly reduced in both chronic and first-episode SZ
patients (Adriano et al., 2010). This reduction in thalamic volumes might decrease sleep
spindle activity in SZ as it has been shown that a reduced volume is related to deficits, such
as fewer sleep spindles (Buchman et al., 2014).

Aim
As SZ patients show significant deficits in cognitive functioning in combination with

decreased sleep spindle activity, it seems reasonable to suggest a relationship. The cognitive
impairments in SZ are related to impaired daily functioning and the cognitive deficits stay
consistent throughout treatment and decrease in symptoms. Assessing the cognitive
impairments is crucial for the outcome of the disorder and for lessening social costs. Further
investigating the relationship is therefore important in achieving effective healthcare.

A way to develop a deeper understanding of the relationship between the variables is
by comparing the results from several individual studies in a systematic review. Systematic
reviews that focus on SZ, sleep spindle activity, and cognitive performance with a
non-clinical control group are scarce. Therefore, a systematic review is conducted. The aim is
to address the degree of relationship between cognitive performance and sleep spindle
activity in SZ. It is hypothesized that there is a positive correlation between sleep spindle
activity and cognitive performance. It is also hypothesized that patients with SZ show
decreased sleep spindle activity and cognitive performance compared to the non-clinical
control group.
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Method

Study design
The study followed the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) (Page et al., 2021). The PRISMA guidelines consist of a checklist
of 27 items that are preferred to be included in a systematic review, such as headlines and
information. It also includes a flow diagram that describes the literature searches in several
steps. There was no preparation of a protocol for this systematic review and the study was not
registered.

Eligibility criteria
There were several eligibility criteria for the studies that had to be fulfilled to be

included in this systematic review. The eligibility criteria were based on the Population,
Intervention, Comparison, Outcome, and Study design (PICOS) guidelines (Higgins et al.,
2022). The inclusion criteria for the studies were: 1) that they were peer-reviewed, 2) that
they included measurement of sleep spindle activity, 3) involved cognitive testing, and 4)
utilized a non-clinical control group.

The following exclusion criteria for the eligibility of the studies were in addition
considered: 1) diagnosis of other comorbid disorders, such as other psychotic disorders or
major depressive disorder, and 2) review articles. The language of the studies was restricted
to Swedish and English and they were not limited to publishing dates.

Search strategy
Extensive literature searches were conducted between the 5th and 6th of March 2023.

The searches were done on PsycINFO, PubMed, Web of Science, and Medline databases. The
aim was to investigate the degree of relationship between sleep spindle activity and cognitive
deficits in SZ. The main terms that reflected the aim were “sleep spindles”, “cognition”, and
“schizophrenia” (see Appendix 1 for a complete search strategy). No filters or limitations
were used during the literature searches.

The screening and retrieval of the studies were conducted independently by the author
of this systematic review. The Zotero research tool was used for identifying and eliminating
duplicates. The eligibility of the studies was based on the mentioned criteria for inclusion and
exclusion. For the complete process of selecting the articles see the PRISMA flow diagram in
Figure 1.



5
Figure 1

PRISMA flow diagram for the current study.

Data extraction
The collection of the data was done independently by the author without any

automation tools. General characteristics that were assessed included sample size, age, sex,
duration of illness, if they were medicated, technical details of sleep spindle measurements,
and the severity of symptoms based on the Positive and Negative Syndrome Scale (PANSS).
PANSS consists of three scales, a negative, a positive, and a general. The positive and
negative scales have a range between 7-49 and the general has a range between 16-112.
Higher scores indicate more severe symptoms. Several studies did not include all of the
general characteristics that were collected. The most credible information was in those cases
the data retrieved.

The data extraction included measurements and results of cognitive performance and
results of statistical analyses of the relationship between sleep spindle activity and cognitive
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performance. Further results of differences in spindle activity and cognitive performance
between patients with SZ and the control groups were retrieved.

Quality and risk of bias
Biased results can lead to an underestimation or overestimation of the results (Green

et al., 2008). It is therefore important to avoid biased studies to decrease the risk of
ambiguous results. A systematic review is sensitive to a biased selection of studies, this was
avoided by having clear arguments for the eligibility criteria of the studies that were included
or excluded. One independent reviewer assessed the quality and the risk of bias of the
included studies. The studies were evaluated with the JBI Critical Appraisal Checklist for
Analytical Cross-Sectional Studies (Moola et al., 2017). The checklist consists of 8 questions
that are relevant for evaluating the quality and the risk of bias for each study. The final score
ranges from 1 to 8, whereas a higher score indicates better study quality. The studies in this
systematic review had scores ranging between 6 and 8 (see Appendix 2 for the checklist and
all scores). Scores between 4 and 6 were classified as medium quality and scores above 6
were classified as high quality.

Data synthesis
The data were considered heterogeneous as a range of different incompatible

cognitive tests were used. Therefore a meta-analysis was not conducted. The data was
presented by following a structured narrative and an overview of the retrieved results was
presented in tables.

Ethical considerations
Ethical considerations for conducting research were taken into account to avoid

ethical deficiency. This systematic review was based on already published studies. The data
consisted therefore of analyses of whole populations and not of individuals. All studies
except one (Ferrarelli et al., 2010) mentioned informed consent and approval by an ethics
committee. Three studies (Forest et al., 2007; Göder et al., 2015; Weinhold et al., 2022) also
mentioned following the principles of the Declaration of Helsinki (Rickham, 1964).

Results

A total of 183 studies were identified. Following removal of 115 duplicates 68 studies
were screened. During screening 23 studies were excluded due to non-human studies, other
psychotic diagnoses than SZ, or other. There were 45 studies that were assessed for
eligibility. The 38 excluded assessed studies were either reviews, not studying the
relationship between cognition and sleep spindles in patients with SZ, did not include a
non-clinical control group, studied the same dataset as another included study, or had patients
with SZ that were under 18 years old. The studies that filled the eligibility criteria and were
included in this systematic review were in total 7 studies.

Characteristics of the studies
The studies were written in English and published between 2007 and 2022. The

sample size of all participants was 340, whereas 141 were patients with SZ, and 149 were in
the non-clinical control group. Table 1 shows the characteristics of the studies including
participants, age, sex, if they were medicated or not, symptoms, illness duration, and
technical details of the material used during the data collection.
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Table 1

Characteristics of the studies (N = 7).

Study Participants Age Sex Medication Symptoms Illness Technical
(M/F) duration details

Ferrarelli et al. (2010) 49 SZ 18 to 55 N/A Medicated PANSS 15 ± 8 Single night.
44 CG Total High-density EEG
20 medicated 88.5 ± 12.7
without SZ

Forest et al. (2007) 8 SZ 31 ± 19.9 6/2 Drug-naive PANSS N/A Two nights.
8 CG 21.4 ± 4.9 6/2 Positive EEG

21 ± - C3/C4
Negative
23.3 ± -

Göder et al. (2015) 16 SZ 29.4 ± 6.4 9/7 Medicated PANSS 6 ± 4 Two nights.
16 CG 28.3 ± 6.1 7/9 Total PSG

57 ± 8 C3/C4

Manoach et al. (2014) 15 SZ 28 ± 8 11/4 Drug-naive N/A N/A Two nights.
25 CG 27 ± 7 16/9 PSG
19 relatives 14 ± 4 10/9
11 other 27 ± 7 5/6
psychotic
disorders

Manoach et al. (2010) 14 SZ 41 ± 7 11/3 Medicated PANSS 16 ± 8 Single night
15 CG 42 ± 6 11/4 Positive PSG

15 ± 7 C3/C4
Negative
15 ± 5

Wamsley et al. (2012) 21 SZ 34 ± 9 17/4 Medicated PANSS 10 ± 8 Two nights
17 CG 36 ± 7 14/3 Positive PSG

12 ± 5
Negative
15 ± 5

Weinhold et al. (2022) 18 SZ N/A N/A Medicated N/A N/A Two nights
24 CG PSG

C3/C4

PSG=polysomnography, EEG=electroencephalography, PANSS=Positive, and Negative Syndrome Scale, N/A=not applicable, CG=control
group, SZ=schizophrenia

The age of the participants ranged between 18 and 65 and were mainly men. Ferrarelli
et al. (2010) included a healthy control group of 20 participants medicated with
antipsychotics. Manoach et al. (2014) included 19 relatives of patients with SZ and a group
with other psychotic disorders with 11 participants. Most of the studies had SZ patients that
were medicated. Two studies had patients that had their first psychotic episode, the patients
were therefore drug-naive (Forest et al., 2007; Manoach et al., 2014). The illness duration for
the remaining studies ranged between 2 and 24 years.

Table 1 shows that the main areas analyzed with EEG were C3 and C4, based on the
International 10-20 system which contains descriptions and locations for applying electrodes.
Three of the studies measured sleep spindles with EEG for a single night. The rest of the
studies used PSG for two nights.
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Sleep spindle activity and cognitive function

Most of the studies measured spindle density (n = 6). Other characteristics of sleep
spindles that were measured were spindle number (n = 3), sigma power (n = 3), spindle
duration (n = 2), spindle amplitude (n = 2), peak frequency (n = 2), and integrated spindle
activity (n = 1) (see Table 2).

Table 2 shows the different cognitive functions that were tested. Five were of
memory, including declarative and non-declarative memory. One study tested attention, two
tested executive functioning, and one tested reasoning. Many of the studies found that there
was a relationship between sleep spindle activity and cognitive performance in patients with
SZ and the control groups (see Table 2). The sleep spindle parameters that correlated with
cognitive performance included density (Forest et al., 2007; Göder et al., 2015; Manoach et
al., 2014; Wamsley et al., 2012), spindle number (Wamsley et al., 2012), and spindle
amplitude (Manoach et al., 2014). The correlations were found in both SZ and the control
group. Except in spindle amplitude in Manoach et al. (2014), and density and spindle number
in Wamsley et al. (2012), whereas the correlation was only significant in SZ. All of the
correlations indicated that increased spindle activity was associated with an increase in
cognitive performance.

Forest et al. (2007) used a selective attention task where the test was to detect a
certain stimulus amongst other stimuli. The test was conducted in the morning after the
second night of EEG measurement. The correlation was calculated with Spearman's rho (ρ),
and there were negative correlations between sleep spindle density and selective attention
times in SZ (ρ = -.75, p < .05) and the control group (ρ = -.71, p <. 05). No correlation was
found for sustained attention.

Göder et al. (2015) showed emotional and neutral pictures in two sets. Before sleep,
110 pictures (55 emotional and 55 neutral) were shown to the participants. The day after the
participants were shown the pictures from the day before together with 110 new ones (55
emotional and 55 neutral). The task was to recognize as many of the pictures from the first
session. Sleep spindle density had a significant positive correlation with recognizing accuracy
for neutral pictures in SZ (r = .58, p <. 05) and the control group (r = .57, p <. 05).

Manoach et al. (2014) used several cognitive tests to measure cognitive performance.
After conducting regression analyses they found that increased spindle density predicted
better performance in executive functions measured with Trail Making Test (TMT) A and B,
and Wisconsin Card Sorting Test (WCST) in all groups. Spindle density also predicted better
performance in Wide Range Achievement Test-Revised (WRAT-R), and verbal IQ for all
groups. Increased spindle amplitude predicted better performance in Block Design Test
(BDT) (R² = .31, p = .005), TMT B (R² = .56, p <. 0001), and WCST (R² = .17, p = .05) for
patients with SZ and other psychotic disorders.

Wamsley et al. (2012) employed a finger-tapping Motor Sequence Task (MST) to
assess the non-declarative procedural memory. The results revealed that spindle density (r =
.45, p = .04) and spindle number (r = .46, p = .04) had a significant positive correlation with
the performance of the MST in patients with SZ. No significant results were found for the
other spindle characteristics. Manoach et al. (2010) also conducted an MST, although their
findings showed no significant correlation between the performance of MST, spindle density,
and sigma power.

No significant correlations were found between abstract reasoning measured with
Raven's Progressive Matrices Test (RPMT) and spindle number and integrated spindle
activity in Ferrarelli et al. (2010). Weinhold et al. (2022) showed no significant correlations
between measurements of working memory with a Digit Span Forward Test (DSFT),
measurements of declarative memory with a word pair learning task, and spindle density and
spindle number.
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Table 2

Sleep spindles and cognitive functions (N = 7).

Study Cognitive Spindle Spindle Sigma Spindle Spindle Peak Integrated
function density number power duration amplitude frequency spindle activity

Ferrarelli et al. (2010) RPMT (abstract reasoning) N/A No relation. N/A N/A N/A N/A No relation.

Forest et al. (2007) Selective and sustained Increased spindle density N/A N/A N/A N/A N/A N/A
attention task. correlated with selective

attention times in both groups.
SZ (ρ = -.75, p < .05)
CG (ρ = -.71, p < .05)

Göder et al. (2015) Memory task with Positive correlation in both N/A N/A N/A N/A N/A N/A
neutral and emotional groups for remembering
pictures. neutral pictures.

SZ (r = .58, p < .05)
CG (r = .57, p < .05)

Manoach et al. (2014) CVLT (verbal memory), Predicted better performance N/A No relation. No relation. Predicted better No relation. N/A
WCST (executive functioning), in all groups for TMT AB, performance in
TMT AB (executive functioning), WCST, WRAT-R, and verbal IQ. SZ and other for
BDT (spatial visualization, and TMT B, BDT, and WCST.
motor skill), WRAT-R, verbal IQ.

Manoach et al. (2010) MST (procedural memory) No relation. N/A No relation. N/A N/A N/A N/A

Wamsley et al. (2012) MST (procedural memory) Positive correlation Positive correlation No relation. No relation. No relation. No relation. N/A
for SZ. for SZ.
(r = .45, p = .04) (r = 46, p = .04)

Weinhold et al. (2022) DSFT (working memory) No relation. No relation. N/A N/A N/A N/A N/A
Word pair learning task
(declarative memory)

PSG=polysomnography, EEG=electroencephalography, N/A=not applicable, SZ=schizophrenia, CG=control group, AIM=Abstraction, Inhibition, and Working Memory task, MST=Motor Sequence Task,
RPMT=Raven's Progressive Matrices Test, CVLT=California Verbal Learning Task, WCST=Wisconsin Card Sorting Test, TMT=Trail Making Test, BDT=Block Design Test, WRAT-R=Wide Range Achievement
Test-Revised, DSFT= Digit Span Forward Test
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Differences in spindle activity
All of the studies, except Forest et al. (2007), reported differences in sleep spindle

activity between the groups. Studies that reported differences in spindle activity had a
non-clinical control group, one study included a healthy control group medicated with
antipsychotics, and one study included patients with other psychotic disorders. Significant
reductions in spindle activity were found in all studies between patients with schizophrenia
and the comparison groups. These were found in spindle number (n = 2), density (n = 5),
integrated spindle activity (n = 1), amplitude (n = 1), duration (n = 1), and sigma power (n =
2).

In Ferrarelli et al. (2010), the SZ patients showed significant deficits in amplitude (p <
.001), spindle duration (p < .001), spindle number (p < .001), and integrated spindle activity
(p < .001) compared to the control group and the healthy medicated with antipsychotics
control croup. No significant differences were found between the control group and the
healthy control group medicated with antipsychotics. Ferrarelli et al. (2010) divided the sleep
spindles into slow (12-14 Hz) and fast (14-16 Hz) spindles. The patients with SZ showed
significantly decreased duration, amplitude, number, and integrated spindle activity in both
fast and slow sleep spindles compared to the two other groups.

Göder et al. (2007) found that sleep spindle density was significantly reduced in
patients with SZ (p < .001) compared to the non-clinical control group. Manoach et al. (2014)
found that patients with SZ had significantly decreased spindle density and sigma power
compared to the healthy control group (p < .01) and the group with other psychotic disorders
(p < .01). In Manoach et al. (2010) the patients with SZ had a significantly lower spindle
frequency (p = .001) compared to the control group. Spindle density (p = .05) and sigma
power (p = .05) were significantly decreased compared to the control group (Manoach et al.,
2010). Wamsley et al. (2012) revealed that patients taking the antipsychotic medication
clozapine had significantly (p = .02) decreased spindle density compared to the other patients.
The antipsychotic chlorpromazine or illness duration did not correlate with spindle activity
(Wamsley et al., 2012). Spindle density was significantly decreased (p < .01) in patients with
SZ compared to the control group (Wamsley et al., 2012). In Weinhold et al. (2022) the SZ
patients had significantly reduced spindle number (p < .001) and spindle density (p < .001)
compared to the control group.

Differences in cognitive performance
Differences in cognitive performance between groups were reported in all studies,

except for Manoach et al. (2014). All studies reported that the healthy control group
performed better on the tests compared to the patients with SZ.

Ferrarelli et al. (2010) found that patients with SZ (36 ± 9) and the healthy medicated
comparison group (37.5 ± 139) had similar test results on RPMT. The healthy control group
had better results than the other groups (44 ± 9). In Forest et al. (2007) SZ had a higher
percentage of errors in median reaction times for selective (2.9 ± .4%) and sustained (12.9 ±
.5%) attention compared to the control group (selective 1.4 ± .5%, sustained 1.4 ± 1.4%). In
Göder et al. (2015) SZ had significantly reduced overall recognition accuracy of pictures
compared to the control group (p < .001). In Manoach et al. (2010) patients with SZ showed
no improvements in MST after a night's sleep, while the control group had significant
improvements after sleep. These results were similar to Wamsley et al. (2012) where the
control group showed significant overnight improvements in MST (p = .0002) while patients
with SZ did not (p = .76). In the paired word test in Weinhold et al. (2022) patients with SZ
remembered significantly fewer words compared to the control group in the evening (p = .02)
and in the morning (p = .001).
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Discussion

This systematic review aimed to examine the degree of relationship between spindle
activity and cognitive performance in patients with SZ. The hypotheses were that there would
be a positive correlation between the variables and that patients with SZ show impaired
spindle activity and cognitive performance compared to a non-clinical control group.

The results revealed that patients with SZ had remarkably decreased performance in
all cognitive tests compared to the non-clinical control group. These results were expected as
the cognitive impairments in SZ are consistent in the literature (Kern et al., 2011). The results
also showed that spindle activity was significantly reduced in patients with SZ compared to
the control group in all of the studies. This was also in line with former literature (Lai et al.,
2022).

In Ferrarelli et al. (2010) study they included a healthy control group that was taking
antipsychotic medicine. Patients with SZ showed significantly decreased spindle activity
compared to this group, which indicates that the reduction of sleep spindle activity is not a
result of medical treatment. Although, in Wamsley et al. (2012) the SZ patients taking the
antipsychotic medicine clozapine showed significantly reduced spindle density compared to
the other patients. When the group was excluded the SZ patients still showed a significant
reduction in spindle density.

The main parameter measured was spindle density. There was a positive correlation
between spindle density and performance on cognitive tasks that measured memory,
executive functioning, verbal IQ, selective attention, and procedural memory. A positive
correlation was found in patients with SZ and the control group, except for procedural
memory whereas a significant correlation was only found in patients with SZ (Wamsley et al.,
2012). Spindle number had also a positive correlation with procedural memory only in
patients with SZ (Wamsley et al., 2012). Spindle amplitude predicted better performance in
executive functioning only in patients with SZ (Manoach et al., 2014). That some correlations
were only significant for patients with SZ, combined with deficits in cognitive performance
and sleep spindle activity compared to the control group, suggests that the relationship
between sleep spindle activity and cognitive functioning might be current to some degree.
Whereas lower spindle activity significantly impairs cognitive functioning and increased
spindle activity only leads to better cognitive performance up to one point.

The positive correlations that were found in the memory of neutral pictures (Göder et
al., 2015), and procedural memory (Wamsley et al., 2012), indicate that sleep spindles are
associated with memory consolidation. After learning sleep spindles increase, this has been
shown in both declarative learning (Ruch et al., 2012) and non-declarative procedural
learning (Fogel & Smith, 2006). Sleep spindles association with consolidation might be a
result of slow oscillations and sleep spindles reactivating hippocampal memory formation
(Staresina et al., 2015). Both Wamsley et al. (2012) and Monoach et al. (2010) studied
procedural memory with MST. Their result was inconsistent as only Wamseley et al. (2012)
had significant results. Manoach et al. (2010) had fewer participants than Wamsley et al.
(2012) which might explain the differences in the results.

Manoach et al. (2014) found that spindle density and amplitude predicted better
performance in executive functioning. Mainly in shifting, measured with WCST and TMT B,
and psychomotor ability and attention measured with TMT A and B. Forest et al. (2007) also
found that increased spindle density was associated with improved selective attention. Former
studies have shown a similar relationship between executive functions including flexibility,
inhibition, attention, working memory, and sleep spindle density in healthy older adults.
Whereas increased spindle density was related to increased performance in executive
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functions (Guadagni et al., 2021). Spindle activity has also been shown to be positively
correlated with executive performance in healthy young adults (Reynolds et al., 2018).

The non-significant correlations between abstract reasoning and spindle number in
Ferrarelli et al. (2010) are surprising as other studies have found a positive correlation
between spindle number and sigma power and performance IQ (Fogel et al., 2007), which is
associated with abstract reasoning. Although the only characteristics that were measured were
spindle number and integrated spindle activity, making it difficult to draw any conclusions.

Limitations
There are some limitations of the review processes that should be noted. The literature

searches and selection of studies were done singlehandedly by the author of this study. A
single person doing the literature searches and selection increases the risk of bias during
searches and the selection of the literature. There might also be relevant studies that were not
included as they could have been overlooked. Several sources were used during the literature
searches, which decreased the risk of overlooking relevant studies.

The studies included measured different cognitive functions, which limited the
possibility of making an overall statement on which cognitive function is impaired by deficits
in sleep spindle activity. Another limitation of the included studies was that most of them did
not measure all of the characteristics of sleep spindles, it was therefore not possible to answer
which characteristic is associated with cognitive functioning.

Conclusions and implications
This systematic review demonstrated a significant association between several

cognitive functions and sleep spindle activity, mainly spindle density. All significant
correlations showed that spindle activity was positively associated with cognitive
performance. Increasing spindle activity in patients with SZ might decrease the cognitive
impairments associated with the disorder. There are several non-invasive methods available
for inducing spindle activity. A former study by Izuno et al. (2022) used Transcranial
Magnetic Stimulation (TMS) to increase spindle density in patients diagnosed with major
depressive disorder. The results showed that the treatment resulted in significantly increased
sleep spindle density (Izuno et al., 2022). Another study used oscillating white noise during a
90 min nap. The results showed an increase in slow sleep spindles during the condition with
12 Hz and fast sleep spindles during the 15 Hz condition (Antony & Paller, 2017). A
suggestion for further studies is to investigate the possibility of assessing cognitive deficits by
increasing spindle activity in patients with SZ using TMS or oscillating white noise.

As only a few studies measured all of the sleep spindle characteristics, another
suggestion for further studies is to measure all characteristics. Investigating if there is a
pattern between cognitive performance and specific parameters of sleep spindle activity.
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Appendix 1
Literature search strategy

Source Date Search terms Items

PubMed 2023-03-05 (“cognition” OR
“cognitive impairments”
OR “cognitive
performance”) AND
“schizophrenia” AND
“sleep spindles”

86

PsycINFO 2023-03-05 (“cognition” OR
“cognitive impairments”
OR “cognitive
performance”) AND
“schizophrenia” AND
“sleep spindles”

20

Web of Science 2023-03-06 (“cognition” OR
“cognitive impairments”
OR “cognitive
performance”) AND
“schizophrenia” AND
“sleep spindles”

75

Medline 2023-03-06 (“cognition” OR
“cognitive impairments”
OR “cognitive
performance”) AND
“schizophrenia” AND
“sleep spindles”

2
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Appendix 2
JBI Critical Appraisal Checklist for Analytical Cross-Sectional Studies

1. Were the criteria for inclusion in the sample clearly defined?
2. Were the study subjects and the setting described in detail?
3. Was the exposure measured in a valid and reliable way?
4. Were objective, standard criteria used for the measurement of the condition?
5. Were confounding factors identified?
6. Were strategies to deal with confounding factors stated?
7. Were the outcomes measured in a valid and reliable way?
8. Was appropriate statistical analysis used?

Table of JBI Critical Appraisal Checklist for Analytical Cross-Sectional Studies for all included studies.

Study 1 2 3 4 5 6 7 8 Total

Ferrarelli et al. (2010) Y N Y Y Y N Y Y 6/8

Forest et al. (2012) Y Y Y Y Y Y Y Y 8/8

Göder et al. (2015) Y Y Y Y Y Y Y Y 8/8

Manoach et al. (2014) Y Y Y Y Y N Y Y 7/8

Manoach et al. (2010) Y Y Y Y Y Y Y Y 8/8

Wamsley et al. (2012) Y Y Y Y Y Y Y Y 8/8

Weinhold et al. (2022) Y N Y Y Y Y Y Y 7/8

Y=Yes; N=No.


