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symptoms. Additionally, the two main nonrapid eye 
movement (non-REM) sleep rhythms, slow waves and 
spindles, refl ect the activity of complementary thalamo-
cortical circuits. Slow waves are 1-Hz oscillations charac-
terized by large amplitude, positive-negative defl ections, 
which are generated by cortical neurons and propagated 
by intracortical and cortico-thalamo-cortical circuits (7). 
Sleep spindles are waxing/waning 12- to 16-Hz oscilla-
tions, which are initiated by the thalamic reticular nucleus 
and regulated by thalamo-thalamic and thalamo-cortical 
circuits (8). Thus, the identifi cation of reduced slow wave 
and/or spindle parameters may help determine defi cits in 
specifi c brain circuits in schizophrenia.

We previously found that sleep spindles were reduced 
in the fi rst non-REM episode of 18 medicated schizophre-
nia patients (9). Schizophrenia patients showed defi cits 
in spindle amplitude, duration, and number relative to 
healthy and depressed subjects. Furthermore, integrated 
spindle activity, which was calculated by integrating the 
amplitude of each spindle over time, was reduced in 16 of 
18 schizophrenia patients (9).

In the present study, we extended these results by per-
forming whole-night high-density EEG recordings in 49 
schizophrenia patients. To assess medication effects on 
spindles, we investigated spindle activity in nonschizo-

Schizophrenia is a disabling, chronic illness, which 
has marked socioeconomic effects on the patients and the 
entire community (1). Despite considerable efforts, the 
neurobiology of schizophrenia remains elusive (2), and its 
diagnosis is based exclusively on descriptive symptoms. 
To date, a symptom-based approach has not increased 
our understanding of schizophrenia. This is because clini-
cal symptoms vary across the course of the illness, thus 
complicating the identifi cation of underlying neurobio-
logical mechanisms (3).

An alternative approach employed in schizophrenia 
research involves measuring cognitive/neurophysiologi-
cal parameters in healthy subjects and schizophrenia 
patients (4). Defi cits in these parameters can reveal dys-
functions in neuronal mechanisms that are stable over 
time and largely symptom-independent in individuals 
with schizophrenia (5). Moreover, these dysfunctions 
likely implicate specifi c brain circuits, which may help to 
identify better genetic/molecular targets for the diagnosis 
and treatment of schizophrenia (6).

Sleep offers important advantages for investigating 
possible dysfunctions in brain circuits in schizophre-
nia patients. Sleep recordings minimize waking-related 
confounding factors, including fl uctuation in atten-
tion, reduced cognitive ability, and presence of active 
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Objective: Slow waves and sleep spin-
dles are the two main oscillations occur-
ring during non-REM sleep. While slow 
oscillations are primarily generated and 
modulated by the cortex, sleep spindles 
are initiated by the thalamic reticular nu-
cleus and regulated by thalamo-reticular 
and thalamo-cortical circuits. In a recent 
high-density EEG study, the authors found 
that 18 medicated schizophrenia patients 
had reduced sleep spindles, compared 
with healthy and depressed subjects, 
during the fi rst non-REM episode. In the 
present study, the authors investigated 
whether spindle defi cits were present in 
a larger sample of schizophrenia patients, 
were consistent across the night, were re-
lated to antipsychotic medications, and 
were suggestive of impairments in spe-
cifi c neuronal circuits.

Method: Whole-night high-density EEG 
recordings were performed in 49 schizo-
phrenia patients, 20 nonschizophrenia 

patients receiving antipsychotic medica-
tion, and 44 healthy subjects. In addition 
to sleep spindles, several parameters of 
slow waves were assessed.

Results: Schizophrenia patients had 
whole-night defi cits in spindle power 
(12–16 Hz) and in slow (12–14 Hz) and fast 
(14–16 Hz) spindle amplitude, duration, 
number, and integrated activity in the 
prefrontal, centroparietal, and temporal 
regions. Integrated spindle activity and 
spindle number had the largest effect siz-
es (effect size: ≥2.21). In contrast, no slow 
wave defi cits were found in schizophrenia 
patients.

Conclusions: These results indicate that 
spindle defi cits can be reliably established 
in schizophrenia, are stable across the 
night, are unlikely to be due to antipsy-
chotic medications, and point to defi cits 
in the thalamic reticular nucleus and thal-
amo-reticular circuits.

Thalamic Dysfunction in Schizophrenia Suggested by 
Whole-Night Defi cits in Slow and Fast Spindles
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for all included channels. This montage was used for computing 
power spectra of non-REM epochs (9).

Spindle Analysis

Non-REM epochs were fi ltered between 11 and 16 Hz, and rec-
tifi ed fi ltered signals were used as time series for each channel. 
Because signal amplitude varied considerably across channels, 
thresholds relative to the mean amplitude of each channel were 
used. For each spindle, the amplitude was the maximum above 
an upper threshold, while the beginning and end were the points 
preceding or following this maximum (≥0.25 second) when the 
amplitude dropped below a lower threshold. The lower threshold 
was set at two times the mean amplitude of the channel signal. 
The upper threshold was set at the lesser of either eight times the 
mean amplitude or the average between this value and an aver-
age upper threshold value calculated for each channel in a group 
of healthy subjects (N=12). For each spindle, the duration, ampli-
tude, number, and integrated spindle activity were measured (9). 
To characterize spindles in slow (12–14 Hz) and fast (14–16 Hz) 
ranges, spindle parameters were calculated from non-REM data 
fi ltered in these two frequency bands. Slow and fast spindles have 
different topography and likely involve different thalamo-corti-
cal modules. By exploring both ranges, we investigated whether 
spindle defi cits were generalized or rather restricted to specifi c 
thalamo-cortical modules.

Slow Wave Analysis

To detect slow waves, we employed a recently developed pro-
cedure (11). Briefl y, each EEG signal was referenced to the average 
of the two earlobes and band-pass fi ltered at 0.5–4.0 Hz. Then, 
waves were detected as negative defl ections between two zero 
crossings. The zero crossing detection was chosen because of the 
high degree of variability in positive defl ections relative to the 
stability of negative defl ections. Only waves with 0.25- to 1.0-sec-
ond consecutive zero crossings detected in artifact-free non-REM 
epochs were considered slow waves. Total incidence of waves, 
negative peak amplitude, and average slopes for each wave were 
determined. Average slopes were defi ned as the negative peak 
amplitude divided by the time from the previous zero crossing 
(down slopes) or until the next zero crossing (up slopes).

Statistical Analyses

To compare demographic characteristics, sleep architecture, 
and EEG power between groups, one-way analyses of variance 
(ANOVAs) followed by post hoc unpaired t tests were performed. 
Group differences in spindle amplitude, duration, number, and 
integrated activity or in slow wave incidence, amplitude, and 
down and up slopes were assessed with statistical nonparametric 
mapping (12). For spindle parameters, we also calculated Cohen’s 
d (13). Finally, we performed correlation analyses between spin-
dles and several clinical parameters of schizophrenia patients, 
including PANSS scores.

Results

Sleep Architecture

The three groups did not differ in sleep architecture 
(Table 1), except for sleep latency (one-way ANOVA: 
F=4.8, df=2, 110, p=0.01). Specifi cally, post hoc t tests 
showed increased sleep latency in schizophrenia patients 
relative to healthy comparison subjects (p<0.01). No dif-
ference was found between schizophrenia patients and 
nonschizophrenia patients receiving antipsychotics or 
between patients and healthy subjects (p≥0.1).

phrenia patients receiving antipsychotics. Additionally, 
to establish whether spindle defi cits primarily refl ect 
impairments of thalamic reticular nucleus and intratha-
lamic circuits, we analyzed several sleep slow wave 
parameters.

Method

Participants

Forty-nine schizophrenia patients, 44 healthy subjects, and 
20 nonschizophrenia patients receiving antipsychotic medica-
tion were recruited. All subjects were between 18 and 55 years 
of age. Exclusion criteria were substance abuse/dependence 
within the last 6 months, identifi able neurological disorders, or 
diagnosed sleep disorders. Healthy subjects with fi rst-degree 
relatives with psychiatric diagnoses were also excluded. Demo-
graphic and clinical variables were similar across groups except 
for gender, body mass index, and medication doses (see Table 1 
in the data supplement accompanying the online version of this 
article). A psychiatrist interviewed all participants and admin-
istered the Structured Clinical Interview for DSM-IV to confi rm 
or exclude psychiatric diagnoses and further evaluated schizo-
phrenia patients with the Positive and Negative Syndrome Scale 
(PANSS). Schizophrenia patients were diagnosed as paranoid 
(N=35), undifferentiated (N=5), disorganized (N=5), or residual 
subtype (N=4). They were receiving second-generation (N=35), 
fi rst- and second-generation (N=10), or fi rst-generation (N=4) 
antipsychotics. They were also receiving benzodiazepines 
(N=10), antidepressants (N=22), and mood stabilizers (N=11). 
Patients with schizophrenia were outpatients with a mean dura-
tion of illness of 15 years (SD=8) and a mean total PANSS score 
of 88.5 (SD=12.7).

Nonschizophrenia patients had various psychiatric diagno-
ses as follows: major depression (N=4), bipolar affective disor-
der (N=10), posttraumatic stress disorder (N=2), panic disorder 
(N=2), and generalized anxiety disorder (N=2). Seventeen were 
receiving second-generation antipsychotics, and three were 
receiving fi rst-generation antipsychotics. Additionally, fi ve were 
receiving benzodiazepines, seven were receiving antidepressants, 
and three were receiving mood stabilizers.

EEG Recordings

Whole-night high-density EEGs were performed with 256-elec-
trode nets designed to improve electrode contact with the scalp, 
thereby enabling long-duration recordings (EGI, Eugene, Ore-
gon). EEGs were performed at the Wisconsin Psychiatric Institute 
and Clinic. The study was approved by the University of Wiscon-
sin’s Institutional Review Board. After a complete description of 
the study, written informed consent was obtained. The partici-
pants were then placed in a sleep suite and allowed to sleep at 
their self-reported bedtime until morning.

EEG Analysis

EEG signals were band-passed (0.5–50 Hz) and digitized at 500 
Hz. After excluding electrodes located on the neck/face region 
and channels with impedances >150 KOhms, 175–185 channels 
per subject were retained. Sleep stages were scored on C3A2 
and C4A1 derivations by two authors, who were blind to sub-
jects’ identity, using the American Academy of Sleep Medicine 
criteria (10). Interrater reliability was  >90%.  Artifacts were visu-
ally excluded during scoring. Additional artifacts were removed, 
rejecting 20-second epochs, which exceeded thresholds based on 
the mean power for each channel in 0.75- to 4.5-Hz bands and 20- 
to 30-Hz bands. Signals were then re-referenced to the average 



FERRARELLI, PETERSON, SARASSO, ET AL.

Am J Psychiatry 167:11, November 2010  ajp.psychiatryonline.org 1341

cal nonparametric mapping, p≤0.001 [Figure 2]). We 
found no difference in slow spindle amplitude across 
the three groups or between healthy and medicated 
comparison subjects in other slow spindle parameters. 
Defi cits in fast spindle duration (prefrontal), amplitude 
(centroparietal), and number and integrated activity 
(both prefrontal and centroparietal) were found in the 
schizophrenia group relative to the healthy and medi-
cated comparison groups (statistical nonparametric 
mapping, p≤0.001). Additionally, schizophrenia patients 
had reduced fast spindle number and integrated activ-
ity in the left temporal cortex (statistical nonparametric 
mapping, p≤0.0004). No difference was observed in fast 
spindle parameters between the healthy and medicated 
comparison groups.

To determine the magnitude of spindle defi cits in 
schizophrenia patients, Cohen’s d, which measures effect 
size, was calculated for spindle parameters. Cohen’s d 
analysis showed that prefrontal (for spindle duration), 
centroparietal (for spindle amplitude, number, and inte-
grated activity), and left temporal (for spindle number 
and integrated activity) areas were the most affected in the 
schizophrenia group. Moreover, Cohen’s d values ranged 
from an effect size equal to 1.4 for spindle amplitude to an 
effect size ≥2.21 for spindle number and integrated activity.

Slow Wave Analysis

In addition to slow wave activity (slow wave activity: 
1–4.5 Hz), we computed slow wave incidence, negative 
peak amplitude, and down and up slopes. In a previ-
ous investigation, we demonstrated that each of these 
parameters represents different aspects of cortical syn-
chronization during slow waves (11). The topography of 
these parameters showed similar antero-posterior gradi-
ents across groups, with clear peaks in prefrontal areas, 
where slow wave activity is usually maximal, and lowest 
values in posterior parietal and occipital areas (Figure 3). 
No signifi cant difference for any slow wave parameter 
was found across groups (statistical nonparametric map-
ping, p≥0.2).

EEG Power Analysis

Whole-night non-REM EEG power was calculated 
between 0.5 and 40 Hz for the three groups (Figure 1). 
One-way ANOVA revealed group differences in the spindle 
range (12–16 Hz; F≥3.5, df=2,110, p≤0.03). Post hoc t tests 
showed power reductions in schizophrenia patients com-
pared with healthy subjects (12–16 Hz, p≤0.03) and non-
schizophrenia patients receiving antipsychotics (12–16 
Hz, p≤0.02) but no difference between nonschizophrenia 
patients and healthy subjects. Power defi cits were present 
in each sleep cycle and restricted to spindle range.

Spindle Analysis

An initial analysis was performed for spindle ampli-
tude, duration, number, and integrated activity in 12–16 
Hz; the frequency range decreased in schizophrenia 
patients. The topography of each parameter was similar 
across groups, with peaks in prefrontal and centroparietal 
areas. Spindle parameters in these regions were mark-
edly reduced in schizophrenia patients (Figure 1). Spin-
dle amplitude was decreased in schizophrenia patients 
relative to healthy comparison subjects and medicated 
nonschizophrenia comparison subjects in centropari-
etal areas (statistical nonparametric mapping, p<0.0004), 
while spindle duration was decreased in schizophrenia 
patients relative to healthy and medicated comparison 
subjects in prefrontal regions (statistical nonparametric 
mapping, p<0.0002). Schizophrenia patients also showed 
defi cits in spindle number and integrated activity relative 
to healthy (statistical nonparametric mapping, p<0.0001) 
and medicated comparison subjects (statistical nonpara-
metric mapping, p<0.0001) in prefrontal and centropa-
rietal regions. No difference was found between healthy 
and medicated comparison subjects for any spindle 
parameter.

Additional analyses were performed for slow (12–14 
Hz) and fast (14–16 Hz) spindles. Schizophrenia patients 
showed defi cits in slow spindle duration, number, and 
integrated activity in prefrontal regions relative to both 
healthy and medicated comparison subjects (statisti-

TABLE 1. Sleep Architecture in Schizophrenia Patients, Nonschizophrenia Patients Receiving Antipsychotic Medication, 
and Healthy Subjectsa

Variable

Healthy Comparison Subjects 
(N=44)

Schizophrenia Patients 
(N=49)

Medicated Comparison Subjects 
(N=20)

Mean SD Mean SD Mean SD

Total sleep time (minutes) 447.6 62.0 472.5 91.0 465.8 75.8
Sleep onset latency (minutes)b 14.1 1.5 26.7 3.6 20.5 4.3
Sleep maintenance (%)c 90.8 9.0 91.2 10.5 92.8 9.6
Non-REM stage 1 (%) 6.3 1.3 5.7 1.3 7.9 1.9
Non-REM stage 2 (%) 51.6 4.4 55.5 5.6 52.5 6.3
Non-REM stage 3 (%) 21.5 3.6 19.9 5.3 19.6 5.0
REM (%) 20.6 2.5 18.9 2.65 20.0 2.8

a There were no signifi cant differences except for one-way analysis of variance followed by post hoc two-tailed unpaired t test between 
schizophrenia patients and healthy comparison subjects (p<0.01) for sleep onset latency between these two groups.

b Sleep onset latency indicates the time from the beginning of the EEG recording until the fi rst stage 2 non-REM sleep epoch.
c Sleep maintenance indicates the total sleep time divided by the total EEG recording time minus sleep onset latency.
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healthy subjects (N=19), and nonschizophrenia patients 
receiving antipsychotics (N=12) were administered a com-
puterized version of the Ravens Progressive Matrices Test 

Cognitive Ability and Spindles

To establish possible correlations between general cog-
nitive ability and spindles, schizophrenia patients (N=20), 

FIGURE 1. Spindle Range Activity  Par ameters in Schizophrenia Patients, Nonschizophrenia Patients Receiving Antipsy-
chotic Medication, and Healthy Subjectsa
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a Schizophrenia patients had defi cits in spindle range (12–16 Hz) power and other spindle parameters. A) Mean EEG power spectra in 0.25-Hz 
resolution of whole-night non-REM sleep among schizophrenia patients and medicated (nonschizophrenia patients receiving antipsychot-
ics) and healthy comparison subjects is shown. One-way ANOVA revealed signifi cant differences between the three groups, from 12 to 16 
Hz (F>3.61, df=2, 106, p<0.05). B) Post hoc t tests showed statistically signifi cant differences between schizophrenia patients and healthy 
comparison subjects from 12.5 to 15.75 Hz and between schizophrenia patients and medicated comparison subjects from 12 to 16 Hz. 
(blue bars). C) Color plots depict the topography of several spindle parameters in schizophrenia patients, healthy comparison subjects, and 
medicated comparison subjects. Noncolor plots depict topographic distribution of the electrodes showing a signifi cant reduction (gray area, 
statistical nonparametric mapping [p<0.0004]) in spindle parameters in schizophrenia patients versus healthy comparison subjects, schizo-
phrenia patients versus medicated comparison subjects, and healthy versus medicated comparison subjects.
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FIGURE 2. Slow and Fast Spindle Range Activity in Schizophrenia Patients, Nonschizophrenia Patients Receiving Antipsy-
chotic Medication, and Healthy Subjectsa
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a Defi cits in slow (12–14 Hz) sleep spindle duration, number, and integrated activity in schizophrenia patients relative to both medicated (non-
schizophrenia patients receiving antipsychotics) and healthy comparison subjects were established in a prefrontal region (statistical non-
parametric mapping, p≤0.001). No signifi cant reduction in slow spindle amplitude across the three groups as well as between healthy and 
medicated comparison subjects in the other slow spindle parameters was found. Defi cits in fast (14–16 Hz) sleep spindle duration (prefrontal) 
and amplitude (centroparietal) as well as in number and integrated spindle activity (both prefrontal and centroparietal) were assessed in schizo-
phrenia patients relative to both healthy and medicated comparison subjects (statistical nonparametric mapping, p≤0.001). Additionally, for 
fast spindle number and integrated spindle activity, a signifi cant reduction in the left temporal cortex was established (statistical nonparametric 
mapping, p≤0.001). No signifi cant reduction in any fast spindle parameter was found between healthy and medicated comparison subjects.
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parameters in the schizophrenia group (Table 2). 
Spindle number was inversely related to age (r=–0.33, 
p=0.021) and stereotyped thinking (N7) of PANSS 
negative symptoms (N7: r=–0.32, p=0.028). Moreover, 
both integrated spindle activity and spindle number 
were inversely related to positive symptoms of PANSS 
(integrated spindle activity: r=–0.40, p=0.005; spindle 
number: r=–0.37, p=0.01). Specifically, spindle num-
ber was correlated only with conceptual disorganiza-
tion (P2) (P2: r=–0.34, p=0.03) and hallucinations (P3) 
(P3: r=–0.4, p=0.01), while integrated spindle activity 
was correlated exclusively with hallucinations (r=–0.48, 
p=0.002).

(14), which is widely used in research/clinical settings to 
measure intelligence (15). We found that schizophrenia 
patients (mean score: 36 [SD=9]) and medicated compari-
son subjects (mean score: 37.5 [SD=13]) had similar Ravens 
Progressive Matrices Test scores (p=0.94), but both had lower 
scores relative to healthy subjects (mean score: 44 [SD=9]). 
Moreover, Ravens Progressive Matrices Test scores of schizo-
phrenia patients did not correlate with integrated spindle 
activity (r=0.18, p=0.42) or spindle number (r=0.17, p=0.48).

Clinical and Spindle Parameters in Schizophrenia 
Patients

We also performed multiple regression/correlation 
analyses between clinical characteristics and spindle 

FIGURE 3. Slow Wave Parameters in Schizophrenia Patients, Nonschizophrenia Patients Receiving Antipsychotic Medica-
tion, and Healthy Subjectsa
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a The images illustrate that slow wave parameters are not defective in schizophrenia. A) Slow waves occurring during whole-night non-REM sleep 
were detected using an automated algorithm, and several slow wave parameters, including incidence (waves/min), amplitude (microV), and 
down and up slopes (microV/msec), were measured. B) No signifi cant difference (p<0.05) in the topography of each of these slow wave param-
eters was found across the three groups.
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that spindle defi cits may not merely refl ect reduced day-
time experience, since slow waves are a highly reliable 
measure of daytime plastic changes. Specifi cally, a recent 
study in rats showed that more exploratory behavior dur-
ing wakefulness determined increased slow wave activity 
during subsequent sleep and that slow wave activity cor-
related with levels of brain-derived neurotrophic factor, a 
molecular marker of plasticity (24). Moreover, numerous 
studies in humans reported that learning specifi c tasks 
increases slow wave activity in task-related cortical areas, 
while reducing inputs to specifi c cortical areas determines 
reduced slow wave activity in these areas (25).
Spindle activity defi cits in schizophrenia

In the present as well as prior high-density EEG investi-
gations, we found defi cits in the spindle activity of schizo-
phrenia patients. Only a handful of studies, based on a few 
EEG channels and a limited number of subjects, have pre-
viously investigated spindles in individuals with schizo-
phrenia. One study reported higher spindle counts during 
the fi rst non-REM episode in fi ve schizophrenia patients 
relative to healthy comparison subjects (19). Schizophre-
nia patients also had a signifi cant increase in stage 2 sleep, 
when spindles mostly occur, which is the likely explana-
tion for the increased spindles incidence. Two other stud-
ies, of nine (26) and 11 (27) schizophrenia patients and 
healthy subjects found no difference in spindle parame-
ters, but this may be a consequence of the limited number 
of channels (C3 and C4) and of the spindle range (slow: 
12–14 Hz) analyzed. Indeed, in our previous high-density 
EEG study, we found that spindle defi cits were localized 
medial to C3 and C4 (9), while in the present study we 
have established that slow spindle defi cits were restricted 
to prefrontal regions.

Spindle defi cits are present throughout the night

We previously reported reduced sleep spindles in 
schizophrenia patients during the fi rst non-REM epi-
sode (9). In the present study, we have established that 
spindle defi cits were present throughout the night and 
did not refl ect differences in the time course of spindle 
activity between schizophrenia patients and healthy 
subjects (28).

Spindle defi cits are unlikely a result of antipsychotics

Since studying large numbers of unmedicated schizo-
phrenia patients presents ethical/logistical challenges, we 

Discussion

Schizophrenia patients had whole-night defi cits in spin-
dle amplitude, duration, number, and integrated activity. 
Spindle number and integrated spindle activity were the 
most affected (effect size: ≥2.21) and were inversely cor-
related with clinical symptoms. No spindle abnormali-
ties were found in nonschizophrenia patients receiving 
antipsychotics, suggesting that medications are unlikely 
to be responsible for spindle defi cits. In sharp contrast to 
changes in spindles, schizophrenia patients were no dif-
ferent from the two groups of comparison subjects in sev-
eral slow wave parameters.

Slow Wave Findings in Schizophrenia

Slow waves are EEG manifestations of periods of syn-
chronous fi ring and silence of cortical neurons at 1–4 
Hz. Slow waves are cortically generated by intrinsic con-
ductances and cortico-cortical connections, although 
thalamo-cortical neurons also contribute to the synchro-
nous onset of cortical fi ring. Slow waves are prominent 
in non-REM stage 3, also known as slow wave sleep (10). 
While sleep architecture, including time spent in slow 
wave sleep, has been extensively explored in schizophre-
nia (16), slow wave activity, the integrated EEG power at 
1–4 Hz, has been scantily investigated, with confl icting 
reports. Two studies reported negative fi ndings (9, 17), 
and three studies found reduced slow wave activity in 
schizophrenia patients to be associated with marked slow 
wave sleep decrease (18–20). Slow wave sleep defi cits have 
not been consistently found in schizophrenia patients 
(21), occur more often in institutionalized patients with 
profound cognitive impairment (22), and have been 
established in other psychiatric groups (23). We found 
no slow wave sleep or slow wave activity reduction in our 
schizophrenia group, which consisted of outpatient sub-
jects with moderate cognitive defi cits. Additionally, none 
of the other slow wave parameters measured (including 
incidence, amplitude, and up and down slopes), each 
refl ecting different aspects of cortical synchronization, 
differed between schizophrenia patients and the two 
groups of comparison subjects. These fi ndings confi rm 
previous reports that slow wave defi cits may involve just 
a subgroup of schizophrenia patients (21). The absence 
of slow wave impairments in schizophrenia also suggests 

TABLE 2. Correlations Between Clinical and Spindle Parameters in Schizophrenia Patients

Parameter

Spindle Number Integrated Spindle Activity

r pa r pb

Duration of illness –0.25 0.09 –0.15 0.31
Hospitalizations 0.09 0.53 0.18 0.21
Age –0.33 0.02 –0.09 0.51
Medication dose –0.18 0.20 –0.13 0.38
Positive symptoms –0.40 0.005 –0.37 0.01
Negative symptoms –0.32 0.02 –0.28 0.06
General symptoms –0.20 0.17 –0.19 0.20

a Signifi cance was achieved for age, positive symptoms, and negative symptoms.
b Signifi cance was achieved for positive symptoms.
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spindle pacemaker and that thalamic reticular nucleus/
thalamus circuits can generate spindles in isolation, 
although cortical inputs may contribute to initiate/
amplify spindle oscillations (8). Thus, spindle defi cits 
in schizophrenia may result from impairments in either 
thalamic reticular nucleus/thalamus circuits or in corti-
cothalamic afferents to these intrathalamic circuits. Of 
all spindle parameters, the number, which likely refl ects 
the pacemaker activity of thalamic reticular nucleus/
thalamus circuits, was the most reduced in schizophre-
nia patients and correlated with both positive and nega-
tive symptoms. Moreover, our cohort of schizophrenia 
patients had no defi cits in slow waves, cortically gener-
ated oscillations that are synchronized and propagated 
by cortico-thalamic connections. Altogether, these fi nd-
ings suggest that a dysfunction within thalamic reticular 
nucleus/thalamus circuits may be primarily responsible 
for spindle defi cits in schizophrenia. However, cortico-
thalamic afferents may also play a role, as suggested by 
neuroimaging (34), electrophysiological (35), and post-
mortem (36) studies reporting cortico-thalamic connec-
tivity defi cits in schizophrenia.

The thalamic reticular nucleus is uniquely placed 
between the thalamus and the cortex, since it receives 
excitatory afferents from both cortical and thalamic neu-
rons and sends gamma aminobutyric acid (GABA)-ergic 
inhibitory projections to all thalamic nuclei. Cortical 
afferents to the thalamic reticular nucleus far outweigh 
thalamic projections, and recent fi ndings revealed diffuse 
prefrontal projections to frontal as well as sensory tha-
lamic reticular nucleus sectors, which may regulate the 
ability to perform tasks in an environment with compet-
ing sensory inputs (37). These data, together with evidence 
showing an involvement of the thalamus in cortico-corti-
cal communication (38), suggest that thalamic reticular 
nucleus-thalamus circuits may play a critical role in cogni-
tive functions, including working memory, language, and 
sensorimotor integration, which require a high degree of 
cortico-cortical coordination/synchronization and are 
defective in schizophrenia (15). The thalamic reticular 
nucleus is also a strategic hub where peripheral stimuli 
can be blocked or selectively enhanced on their way to 
the cortex. Recent evidence has shown directly that the 
thalamic reticular nucleus is implicated in sensory gating 
and attentional modulation. Intracranial recordings in pri-
mates showed that visual attention involves both increased 
activity in the lateral geniculate nucleus and reduced fi ring 
of the thalamic reticular nucleus, which sends inhibitory 
efferents to the lateral geniculate nucleus (39). Further-
more, pharmacologically induced reductions in thalamic 
reticular nucleus activity, established with intracellular 
recordings, induce P50 auditory gating defi cits, refl ected 
in increased test/conditioning auditory response ratios 
(40). Importantly, sensory gating and attention defi cits 
occur in several groups of schizophrenia patients, includ-
ing fi rst-break and medication-naive patients (41, 42), and 

recruited nonschizophrenia patients to evaluate the effects 
of antipsychotics on spindles. These patients showed no 
difference in spindle activity compared with healthy sub-
jects, thus suggesting that antipsychotics unlikely explain 
the spindle defi cits in schizophrenia patients. Few stud-
ies have investigated the effects of antipsychotics on sleep 
EEG in healthy subjects and schizophrenia patients. In 
healthy subjects, one study reported no difference in sleep 
EEG power after single doses of olanzapine (29). Another 
study found that single doses of haloperidol or risperi-
done had no effects on sleep EEG, while olanzapine led 
to decreased high frequency (>10 Hz) power during the 
second and fourth sleep episodes (30). One study, where 
schizophrenia patients were randomly assigned to receive 
placebo or single-dose olanzapine, found that the olan-
zapine group showed reduced spindle density compared 
with baseline nights (31). Another study investigating 
long-term effects of olanzapine on sleep EEG in schizo-
phrenia reported no difference in spindle power after 4 
weeks of treatment (32). Altogether, these results suggest 
that olanzapine may be the antipsychotic medication that 
affects spindle activity in acute but not chronic doses. In 
the present study, only three schizophrenia patients were 
receiving olanzapine, and schizophrenia patients showed 
no correlation between duration/dosage of antipsychotics 
and spindle parameters.

Spindle defi cits are unrelated to reduced general cogni-
tive ability

We also investigated possible correlations between spin-
dles and general cognitive ability assessed with Raven’s 
Progressive Matrices Test, a test employed in research/
clinical settings to measure intelligence. Both schizophre-
nia patients and antipsychotic-medicated comparison 
subjects showed lower test scores than healthy subjects, 
yet only schizophrenia patients had spindle defi cits. 
Moreover, these test scores of schizophrenia patients 
did not correlate with spindle parameters. These results 
suggest that spindle defi cits in schizophrenia are unre-
lated to reduced general cognitive ability. However, these 
fi ndings do not exclude possible correlations between 
spindle reduction and defi cits in specifi c neurocognitive 
paradigms in schizophrenia. Certain neurocognitive para-
digms of attention and memory have been examined as 
putative endophenotypes for schizophrenia (4). Further-
more, some studies have shown that spindles are asso-
ciated with these cognitive functions (33). Thus, future 
investigations exploring the relationship between spindle 
defi cits and specifi c neurocognitive defi cits in schizophre-
nia may provide further insight into the neural circuits 
underlying such impairments.
Altered spindles suggest thalamic/thalamic reticular nu-
cleus dysfunctions in schizophrenia

Animal studies have shown conclusively that the neu-
ronal substrates of spindles involve a cortex-thalamic 
reticular nucleus-thalamus circuit. Specifi cally, it is well 
established that the thalamic reticular nucleus is the 
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