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Sleep Architecture in Schizophrenia Patients
¢
Sinan YETKiN', Hamdullah AYDIN?, Fuat OZGEN?, Levent SUTCIGIL?, Ali BOZKURT?®

SUMMARY

Objective: Sleep disorders are a common and important part of schizophrenia’s clinical Picture; however, the number of polysomnography-based
studies of schizophrenia is limited and there is a lack of consensus regarding a specific sleep pattern in schizophrenia patients. As such, the aim of
the present study was to investigate the sleep architecture in non-medicated schizophrenia patients.

Method: The study included 13 adult male inpatients with schizophrenia, undifferentiated type, (based on DSM-IV-TR criteria) and an age- and
sex-matched group of normal controls. The participants were studied during 2 consecutive nights in the sleep laboratory. The Brief Psychiatric Ra-
ting Scale (BPRS), Scale for Negative Symptoms (SANS), and Scale for Positive Symptoms (SAPS) were used for clinical assessment. Polysomnog-
raphic recordings obtained on the second night were used for analysis.

Results: Compared to the controls, the schizophrenic patients had less total sleep time, lower sleep efficiency, longer sleep latency, more awake-
nings, and increased duration of awakenings after falling asleep. In terms of sleep architecture, the schizophrenia patients showed no evidence of
abnormal-slow wave sleep, but the percentage of REM sleep was reduced. REM sleep measures, including REM latency and density, did not signi-
ficantly differ between the 2 groups. Based on correlation analysis between the sleep parameters and clinical symptoms, slow-wave sleep was inver-
sely correlated with formal thought disorder.

Conclusion: The findings indicate that in addition to decreased REM sleep time, disturbances in sleep initiation and maintenance were prominent
in the non-medicated schizophrenia patients. The correlation between decreased decreased REM sleep and, slow-wave sleep, and formal thought
disorder we observed in the patients might have been related to the underlying pathophysiology of schizophrenia.
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INTRODUCTION tive for clarifying the pathophysiology of schizophrenia with-

in the dimensions of sleep physiology (Krystal et al. 2000).

Sleep disturbances are common in schizophrenia patientsand ¢ .| sleep studies have been performed with schizophre-

are usually an important part of the clinical picture during pe- . patients in an effort to understand the pathophysiology

riods of exacerbation. When the clinical picture remits, slee . . . .
P » SI€P - of schizophrenia; however, a specific sleep pattern associated

disturbances, such as sleep-wake disturbances due to abnor- . . . .
’ P with schizophrenia has not been described. The most con-

mal sleep-wake patterns and insomnia, also persist (Haffmans

1994) sistently reported polysomnographic findings in these stud-

ies relate to changes in sleep initiation and maintenance,

Sleep research provides an opportunity to analyze the sleep
architecture and changes in the sleep stages at the macro and
micro level. Such research has provided a different perspec-
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such as reduced total sleep time (Tandon et al. 1992; Lauer
et al. 1997; Keshavan et al. 1998), prolonged sleep latency
(Jus et al. 1973; Kempenaers et al. 1988; Benson et al. 1991;
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1996; Van Cauter et al. 1991; Poulin et al. 2003; Yang and
Winkelman 2006), and poor sleep efficiency (Benson and
Zarcone 1993, Hudson et al. 1993, Nishino et al. 1998, Yang
and Winkelman 2006).

Older sleep studies were performed based on the hypoth-
esis that there is a possible link between hallucinations and
abnormal REM sleep; however, inconsistent results were
obtained regarding REM sleep variables (particularly REM
latency and REM density). Some studies reported reduced
REM latency in patients with schizophrenia (Jus et al. 1973;
Benson et al. 1991; 1993; Tandon et al. 1992; Hudson et
al. 1993; Roschke et al. 1998; Poulin et al. 2003), whereas
other sleep studies did not support this finding (Gaillard et
al. 1984; Ganguli et al. 1987; Lauer et al. 1997; Keshavan et
al. 1998; Hoffmann et al. 2000; Sekimoto et al. 2006; Yang
and Winkelman 2006). Most studies that examined REM
density did not report any differences between schizophren-
ics and normal controls (Ganguli et al. 1987; Lauer et al.
1997; Keshavan et al. 1998; Poulin et al. 2003; Yang and
Winkelman 2006), yet some studies reported a correlation
between positive symptoms and REM density (Benson and
Zarcone 1993; Yang and Winkelman 20006).

Findings related to slow-wave sleep (stage 3 and 4 sleep)
abnormalities have also been inconsistent. Some studies re-
ported decreased slow-wave sleep (Benson et al. 1991; 1996;
Benson and Zarcone 1993; Sekimoto et al. 2006; Yang et al.
2006), while others did not observe such deficits (Ganguli
et al. 1987; Kempenaers et al. 1988; Tandon et al. 1992;
Hudson et al. 1993; Lauer et al. 1997; Keshavan et al. 1998;
Poulin et al. 2003). Only 1 study reported that schizophrenic
patients had increased slow-wave sleep (Nishino et al. 1998).

The discrepancy in findings in studies is considered to be
the result of methodological shortcomings and participant
heterogeneity of subjects. Moreover, patients with different
subcategories of schizophrenia, and differences in illness du-
ration, age, gender, and medications used during the studies
are considered other confounding factors. In particular, use of
neuroleptics is an important confounding factor, as they have
profound effects on sleep architecture.

In consideration of these methodological aspects, the present
study aimed to investigate the sleep architecture in a homog-
enous group of schizophrenia patients. In order to increase
the clinical homogeneity of the study sample, only drug-free
adult male patients with undifferentiated type schizophrenia
were included.

METHODS
Participants

The study included schizophrenia patients admitted to the
schizophrenia inpatient unit of Giilhane Military Medical
Academy (GMMA), Ankara, Turkey between 2002-2006.
Inclusion criteria for the patients and controls included
medication-free status, independent medical disorders, and a
primary sleep disorder (including sleep apnea syndrome, peri-
odic limb movements, restless legs syndrome, parasomnia and
narcolepsy) independent of the abuse of drugs or alcohol, and
no use of alcohol for at least 2 weeks prior to the beginning
of the study. Females were not included in the study because
primary sleep disorders -including insomnia- are more com-
mon in females than in males and changes in the hormone
profile associated with the menstrual cycle can have profound
effects on sleep structure (Driver 2006).

In all, 16 patients that met DSM-IV (American Psychiatric
Association, 1994) criteria for schizophrenia, undifferentiated
type were included in the study. Ten of the patients stopped
taking their medication at least 2 months earlier noncompli-
ance with treatment. The 6 other patients had never taken
psychotropic medication.

The control group consisted of 13 age- and sex- matched
healthy volunteers without a history of psychiatric disorder
and no history of first-degree relatives with a psychiatric dis-
order. None of the controls had a major medical, neurologi-
cal, or primary sleep disorder.

The study protocol was fully explained to the participants and
each provided written informed consent. The study proto-
col was approved by the GMMA Ethics Committee. Prior
to beginning the study all the participants were screened
for DSM Axis I psychiatric disorders using the Structured
Diagnostic Interview for DSM-IV (SCID-I), (First et al.
1997; Corapgioglu et al. 1999) and were screened for sleep

disorders using a sleep questionnaire form.

Patients that met the inclusion criteria and agreed to partic-
ipate in the study underwent sleep study during their first
week of hospitalization. Among the 16 schizophrenia pa-
tients, 3 were excluded from the study because they did not
complete the first night of polysomnographic recordings. 2
of them refused to continue during the first night recording
because they were disturbed by the electrodes and the third
patients removed his electrodes himself and left the labora-
tory. Thusly, the 13 patients that completed the study proto-
col were included in our analysis. Mean age of 13 patients was
24.4 + 5.9 years (range: 19-36 years) versus 25.3 + 5.0 years
(range: 20-34 years) for the controls.



Assessment instruments

The severity of illness among the schizophrenic patients was
assessed using the Brief Psychiatric Rating Scale (BPRS).
The scale was developed by Overall and Gorham (1962)
and Soykan (1989) reported that it is reliable for use with
the Turkish population. The BPRS includes some rate-based
items according to direct observation during the interview
process and some items based on clinical observations during
the previous 3 days. The BPRS has 18 items, each of which
is scored from 0 - 6 points; total score is the sum of the 18
items’ scores.

The Scale for Assessment of Negative Symptoms (SANS)
was used to determine the severity of negative symptoms.
The scale was developed by Andreasen (1983) and Erkog et
al. (1991a) reported that it is reliable and valid for use with
the Turkish population. The scale contains 25 items on
5 subscales, including blunted affect, poverty of thought
(alogia), apathy-avolition, anhedonia, and inattentiveness,
and scored based on clinical observations during the previ-
ous week.

The Scale for Assessment of Positive Symptoms (SAPS),
developed by Andreasen (1984), was used to determine the
severity of positive symptoms. The scale was reported to
be reliable and valid for use with Turkish population by
Erkog et al. (1991b). The 34 items on its hallucinations,
delusions, bizarre behavior and formal thought disorder
subscales are answered based on clinical observations dur-
ing the previous week.

The sleep questionnaire form for sleep disorders used in
the present study was developed for use in general sleep
studies by the GMMA sleep laboratory. It was designed to
screen sleep hygiene, sleep-wake habits, and sleep disor-
ders, including insomnia, hypersomnia, parasomnia, sleep
related breathing disorders, and sleep-related movement
disorders (restless legs syndrome, periodic limb movement,
bruxism).

Each of the scales were administered by each patient’s doc-
tor the day of the first-night polysomnographic recording.

Polysomnographic recording and scoring

The participants underwent polysomnography on 2 con-
secutive nights in the sleep laboratory. Recordings were
made using a 16-channel polygraph (SomnoStar Alpha
Series 4, Sensormedics, Yorba Linda, CA, USA). The first
night was accepted as the adaptation night, and served to
screen for primary sleep disorders; therefore, on the first
night of the study, full-montage polysomnograms were re-

corded, consisting of an electroencephalogram (EEG) (C,,
C, O,, O,), electrooculogram (EOG), submental electro-
myogram (EMG), electrocardiogram (ECG), respiratory
monitoring (nasal thermistor, abdominal and chest strain
gauges, and pulse oximetry), and an electromyogram of the
anterior tibialis muscle. On the second night of the study
only standard recording procedures were used, including
EEG (Cs’ C,0,,0,), EOG, and submental EMG. As the
recordings obtained the first night were considered adapta-
tion recordings, only data acquired on the second night
were analyzed.

Trained raters blinded to the diagnosis of patients visu-
ally scored the recordings using a 30-s epoch, according to
the criteria of Rechtschaffen and Kales (1968). The sleep
variables evaluated were divided into 3 groups: sleep con-
tinuity (sleep efficiency, total sleep time, sleep period time,
sleep latency, and number of awakenings), sleep architec-
ture (the percentages of sleep stages 1, 2, 3, and 4, and
REM sleep), and REM measures (REM latency and REM
density).

Sleep efficiency (SE) was defined as the percentage of time
spent asleep divided by the total recording period. Total
sleep time (TST) was defined as total minutes of sleep
obtained during the recording period. Sleep period time
(SPT) was defined as the time from the onset of sleep to
the final awakening during the recording. Sleep latency
(SL) was defined as the time from the beginning of the
recording period to the onset of stage 2 sleep that con-
tininued for at least 10 uninterrupted minutes of stage 2,
3, or 4 sleep. The number of awakenings (NA) was de-
fined as the number of awakenings with at least 1 epoch
of the awakening stage during the sleep period time. The
percentages of stage 1, 2, 3, and 4, and REM sleep were
defined as the ratio of the time spent in each stage: the
sleep period time. REM latency was defined as the time be-
tween sleep onset and the first 3 min of REM sleep minus
the time awake during the interval. Rapid eye movements
were determined using visual scoring based on the criteria
of excursions of at least 25 pvolts within 200 ms (Benson
and Zarcone 1993). The REM densities were calculated by
dividing the number of eye movements by the minutes of
REM sleep.

Statistical analysis

Non-parametric analysis was used due to the small sam-
ple size and large standard deviations for many of the vari-
ables. The significance of differences between groups was
assessed using the Mann-Whitney U test. Non-parametric



Spearman’s Rho coefficients (two tailed) were used to test
the relationships between the sleep variables and clinical
measures. P values < 0.05 were considered significant.

RESULTS

The sleep variables for second-night polysomnography in the
schizophrenia patients and controls are presented in Table 1.
The schizophrenia patients had significantly impaired sleep
continuity, as compared to the controls. The patient group had
less total sleep time (P = 0.002), lower sleep efficiency (P <
0.001), longer sleep latency (P = 0.026), more awakenings (P =
0.006), and longer duration of awakenings after falling asleep
(P < 0.001) than did the control group. With regard to sleep
architecture, no significant differences were observed in the
percentages of stage 1, 2, 3, or 4 sleep measures between the
groups; however, the percentage of REM sleep in the patients
group was less than that in the control group. Significant differ-
ences were not observed in REM sleep latency or REM density
between the patient and control groups.

Significant differences in sleep variables between the drug-
naive patients (n = 6) and those previously treated (currently
drug free) (n = 7) were not observed, except for sleep period
time (z = — 2.14, P = 0.035). the drug-naive schizophrenia
patients had significantly lower sleep efficiency (z = — 2.58,
P = 0.008), longer duration of awakenings (z = —2.15, P =
0.035) and less REM sleep (z = — 2.38, P = 0.014) than the

control group. The drug-free patients had significantly lower
sleep efficiency (z = —2.75, P = 0.004), less total sleep time (z
=—2.49,P = 0.011), longer duration of awakenings (z = —
2.69, P = 0.004) and less REM sleep (z = — 2.83, P = 0.002)
than the controls. There werent any statistical differences
in symptom severity scores (BPRS, SANS and SAPS total
scores) between the drug-naive and drug-free schizophrenia
patients (Table 2).

Correlation analysis between the severity of clinical symp-
toms and sleep variables showed that there was a positive
correlation between BPRS score and the percentage of stage
2 sleep (r=0.630, P = 0.021) and an inverse correlation be-
tween SANS score and REM latency (r=—0.722,P = 0.005).
Formal thought disorders were inversely correlated with the
percentage of slow-wave sleep (r = — 0.699, P = 0.011) and
the sleep variables were not correlated with illness duration

(Table 3).

DISCUSSION

The results of the present study show that the patients that
were drug-free patients for a minimum 2 months and the
drug-naive patients had sleep continuity disturbances (lower
sleep efficiency, less total sleep time, longer sleep latency, and
more awakenings) and less REM sleep. There was no differ-
ence in slow-wave sleep between the patient and normal con-
trol groups.

TABLE 1. Comparison of mean sleep variable values between the patient and control groups.

Schizophrenia Group (n = 13)

Control Group (n = 13)

Sleep Variables Mean + SD Mean + SD z P
Age (years) 244 +5.9 25.3+5.0 —0.61 0.599
Duration of diseases (months) 55.4 + 62.6

BPRS 32.2+£6.6

SANS 44.4 +£20.9

SAPS 29.8 £18.3
Total sleep time (min) 324.4 +59.9 404.9 + 51.7 —2.98 0.002*
Sleep period time (min) 378.7 + 48.7 400.7 + 49.9 —1.30 0.277
Sleep efficiency (%) 78.3 £ 16.0 95.2 + 1.8 —3.75 0.001*
Number of awakenings 21.1+83 12.6 + 4.7 —2.67 0.006*
Duration of awakenings (min) 54.3 +51.7 9.3+3.7 —3.48 0.001*
Sleep latency (min) 59.1 £ 74.3 12.1+9.8 —223 0.026*
Stage 1 (%) 24+15 2414 —0.03 0.910
Stage 2 (%) 67.8 £ 10.6 59.6 £ 6.2 — 1.80 0.072
Stage 3 (%) 6.6+2.4 6917 —0.23 0.820
Stage 4 (%) 10.8 + 10.4 13.2+5.3 —0.90 0.392
Stage 3-4 (%) 17.4 + 10.4 20.3 £ 6.2 —0.81 0.424
REM sleep (%) 12.1+3.9 17.5+2.5 —3.18 0.001*
REM latency (min) 93.0 + 47.7 103.5 + 37.1 —0.89 0.392
REM density 5.9+3.4 53+1.8 —0.14 0.910

BPRS: Brief Psychiatric Rating Scale; SANS: Scale for Assessment of Negative Symptoms; SAPS: Scale for Assessment of Positive Symptoms; SD: standard de-

viation. *P < 0.05.



TABLE 2. Comparison of sleep variables between the drug-naive/drug-free patients and controls.

Drug-naive Drug-free Normal Control Group Pairwise comparison
Schizophrenia Group Schizophrenia Group (n=7)
(n=06) (n=7) C
A B
Sleep Variables Mean + SD Mean + SD Mean + SD P
Age (years) 24,0+ 4.4 248+7.3 242 +4.6
Duration of diseases (months) 25.1 +28.1 81.4 +73.9
BPRS 35.5+5.6 29.4+6.4
SANS 34.6 £ 15.9 52.8+22.1
SAPS 39.8 +18.1 21.3 £ 14.5
Total sleep time (min) 350.5 + 29.4 302.1 +72.1 399.9 + 62.3 B<C
Sleep period time (min) 410.8 +41.3 351.3 + 37.6 388.8 £ 56.0 A>B
Sleep efficiency (%) 833+114 74.0 + 18.9 95.0 + 2.1 A<CB<C
Number of awakenings 21.6+5.9 20.6 £ 10.4 143 +5.0
Duration of awakenings (min) 60.3 + 58.4 49.2 £ 49.5 10.3 £+ 3.7 A>C,B>C
Sleep latency (min) 28.2+ 21.7 85.6 + 94.3 14.2 +10.7
Stage 1 (%) 3.1+2.0 1.8 £0.7 24+ 1.1
Stage 2 (%) 70.2 £12.5 65.8+9.3 59.8 +7.5
Stage 3 (%) 6.1+14 7.0+ 3.1 6.1+1.4
Stage 4 (%) 8.6+10.9 12.7 + 10.6 13.3+5.4
Stage 3-4 (%) 14.8 £ 9.7 19.7 £ 11.2 19.7 + 6.4
REM sleep (%) 11.8 + 4.8 123 +£3.5 18.0 £2.5 A<C,B<C
REM latency (min) 102.2 + 52.6 85.1 +45.8 101.1 + 34.4
REM density 6.1+22 5.7 + 4.4 53+22

BPRS: Brief Psychiatric Rating Scale; SANS: Scale for Assessment of Negative Symptoms; SAPS: Scale for Assessment of Positive Symptoms; SDj standard de-

viation. *P < 0.05.

TABLE 3. Correlation between the sleep variables and clinical symptoms in the patient groups.

Sleep Variables Delusion Hallucination Attention  Formal Thought Di- ~ SANS SAPS BPRS Duration of
sorder Disease
t (p) t (p) r (p) r (p) t (p) r (p) r (p) r (p)
Number of awakenings 0.124 -0.096 0.252 -0.068 0.177 0.161 0.122 -0.330
(0.702) (0.766) (0.430) (0.835) (0.562) (0.600) (0.692) (0.271)
Duration of -0.530 -0.103 0.410 -0.417 0.355 -0.371 -0.533 -0.205
awakenings (0.076) (0.751) (0.185) (0.177) (0.234) (0.212) (0.061) (0.501)
Stage 1 -0.089 0.112 0.279 -0.132 0.234 -0.050 -0.312 -0.354
(SPT, %) (0.783) (0.730) (0.380) (0.683) (0.442) (0.871) (0.299) (0.235)
Stage 2 0.543 0.062 -0.372 0.694* -0.383 0.413 0.630* 0.131
(SPT, %) (0.068) (0.848) 0.234 (0.012) (0.197) (0.160) (0.021) (0.671)
Stage 3 + 4 -0.225 -0.030 0.390 -0.699* 0.264 -0.229 -0.523 -0.164
(SPT, %) (0.481) (0.926) (0.210) (0.011) (0.383) (0.452) (0.067) (0.593)
REM Sleep -0.124 0.120 0.067 0.159 0.139 -0.003 0.268 0.228
(SPT, %) (0.701) (0.711) (0.836) (0.622) (0.652) (0.993) (0.375) (0.454)
REM latency 0.397 0.151 -0.350 0.497 -.0722* 0.426 0.102 0.324
(0.201) (0.640) (0.264) (0.100) (0.005) (0.147) (0.741) (0.281)
REM Density -0.386 -0.333 0.277 -0.163 0.176 -0.127 -0.099 0.022
(0.215) (0.291) (0.383) (0.614) (0.565) (0.680) (0.748) (0.943)

BPRS: Brief Psychiatric Rating Scale; SANS: Scale for Assessment of Negative Symptoms; SAPS: Scale for Assessment of Positive Symptoms; SD; standard de-

viation; SPT: Sleep Period Time.

*P <0.05.



The results of the present study, including lower sleep efficien-
cy, less total sleep time, longer sleep latency, and more awaken-
ings among schizophrenia patients are consistent with most of
the puplished results of sleep studies on schizophrenia (Jus et
al. 1973; Ganguli et al. 1987; Kempenaers et al. 1988; Benson
etal. 1991, 1996; Van Cauter et al. 1991; Tandon et al. 1992;
Benson and Zarcone 1993; Hudson et al. 1993; Lauer et al.
1997; Keshavan et al. 1998; Nishino et al. 1998; Poulin et al.
2003; Yang and Winkelman 2006). Sleep continuity distur-
bances are also frequently observed in other psychiatric disor-
ders and neurological disorders. As such, they are not regarded
as alterations specific to schizophrenia; however, it has been
proposed that the presumed over-activity of the dopaminergic
system in schizophrenia and the involvement other neurotrans-
mitter systems, such as the GABAergic system, may play a role
in disturbances in sleep initiation and maintenance.

In the present study schizophrenia patients had less total REM
sleep than the controls. The number of sleep studies on the
effects of dopaminergic over-activity, which is the presumed
essential neurochemical pathology in schizophrenia, on REM
sleep is limited. In experimental studies the dopamine D, ago-
nists apomorphine, pergolide, and bromocriptine were shown
to enhance wakefulness and reduce REM sleep (Monti et al.
1988; Stenberg and Porka-Heiskanen 1990). These studies
showed that reduced REM sleep in schizophrenia might be
explained by increased D2 recepror activity.

In the present study REM latency did not differ between the
patient and control groups, as was reported in other studies
(Gaillard et al. 1984; Ganguli et al. 1987; Lauer et al. 1997;
Keshavan et al. 1998; Hoffmann et al. 2000; Sekimoto et al.
2006; Yang and Winkelman 2006). Some studies reported
that schizophrenia patients have shortened REM latency
(Jus et al. 1973; Benson et al. 1991, 1993; Tandon et al.
1992; Hudson et al. 1993; Roschke et al. 1998; Poulin et
al. 2003); however, shortened REM latency in schizophre-
nia has not been interpreted in the light of the data available
from structural, neurochemical, and neuroendocrine studies
(Chouinard et al. 2004). As such, alteration in REM latency
is not considered specific to schizophrenia.

REM density in the present study did not differ between the
schizophrenia patients and controls, as was previously re-
ported (Ganguli et al. 1987; Lauer et al. 1997; Keshavan et
al. 1998; Poulin et al. 2003; Yang and Winkelman 2006). It
has been proposed that alterations in REM density might be
associated with the disturbance of sleep continuity and night-
by-night differences in the sleep architecture (Riemann et al.
1994); however, although sleep continuity was impaired in
the schizophrenia patients in the present study, REM density
did not differ between the patients and controls.

In the present study total slow-wave sleep in the schizophrenic
patients and controls did not differ. This result is consistent
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with that of other studies (Ganguli et al. 1987; Kempenaers
et al. 1988; Tandon et al. 1992; Hudson et al. 1993; Lauer et
al. 1997; Keshavan et al. 1998; Poulin et al. 2003); however,
some studies reported less slow-wave sleep (Benson et al. 1991,
1996; Benson and Zarcone 1993; Sekimoto et al. 2006; Yang
and Winkelman 2006) and it has been proposed that reduced
slow-wave sleep may be a typical and pathognomonic sleep al-
teration in schizophrenia. Additionally, it has been known that
slow-wave sleep is affected in some chronic neurodegenerative
disorders. Along with schizophrenia being a long-term disor-
der, it is possible that some of its features, such as chronicity,
the residual effects of the drugs, or symptomatology, might af-
fect slow-wave sleep. A meta-analysis of sleep in schizophrenia
indicated that disturbances in slow-wave sleep might be related

to the duration of illness and symptomatology (Chouinard et
al. 2004).

The effects of neuroleptics and anticholinergic drugs on sleep
structure and especially REM sleep are unclear. The effects of
neuroleptics on sleep could vary, depending on the molecu-
lar structure, dose, and the duration of drug use (short-term
vs. long-term (Neylan et al. 1992). Positron emission tomo-
graphic scanning studies report that neuroleptic binding to
dopamine receptors disappears from the brain within 2 weeks
of neuroleptic withdrawal (Campbell and Baldessarini 1985;
Tamminga et al. 1988). Furthermore, according to some
studies, a single dose of haloperidol can have an antidopamin-
ergic effect, even after 40 days (Antelman et al. 1986; van
Sweden 1987), and that metabolites of neuroleptics may still
be detectable in patients several months after neuroleptic
withdrawal (Campbell et al. 1985). As such, the long-term
effects of neuroleptics on sleep should not to be excluded in
sleep studies on schizophrenia.

In consideration of the above-mentioned data, the present
study included previously medicated schizophrenia patients
that were drug-free for at least 2 months and drug-naive
schizophrenia patients. When both schizophrenia patient
subgroups were compared with the control group the patients
exhibited sleep continuity disturbances and reduced REM
sleep (Table 2). Similar findings in both patient subgroups
indicate that sleep continuity disturbances and reduced REM
sleep may be characteristic of schizophrenia.

Correlation analysis between the clinical findings and sleep
variables showed that the severity of negative symptoms was
negatively correlated with REM latency. This finding is con-
sistent with previous reports (Thaker et al. 1990; Taylor et
al.1991; Tandon et al. 1992). In addition, some studies re-
ported a correlation between REM latency, and the severity of
global symptoms and positive symptoms (Taylor et al.1991;
Tandon et al. 1992; Lauer et al. 1997); however, although
short REM latency is associated with depressive symptoma-
tology, the clinical significance of REM sleep abnormalities in
schizophrenia remains unclear.



Some studies reported an association between reduced slow-
wave sleep and the severity of negative symptoms (Ganguli et
al. 1987; Tandon et al. 1989; Keshevan et al. 1995; Yang and
Winkelman 2006). It has also been proposed that reduced
slow-wave sleep has a a association with formal thought dis-
order or cognitive dysfunction, which might indicate fron-
tal cortex dysfunction (Yang and Winkelman 2006). In the
present study, a relationship between negative symptoms total
score and slow-wave sleep was not observed: yet, a negative
correlation was observed between formal thought disorders
and reduced slow-wave sleep. This finding might indicate
that there is frontal cortex dysfunction in schizophrenia.
The frontal cortex appears to play an important role in the
generation of slow-wave sleep activity and it is thought that
slow-wave sleep may play a critical role in memory consolida-
tion (Gais and Born 2004). Although correlational studies on
sleep abnormalities reported a relationship between reduced
slow-wave sleep and cognitive dysfunction, these results were
based on symptom severity scales, such as BPRS, SANS, and
SAPS; therefore, additional research based on comprehensive
neuropsychological tests are necessary in order to obtain more
conclusive data.

In the present study a relationship between longer stage 2
sleep, and the severity of negative symptoms and formal
thought disorders was observed. This finding might be re-
lated to increased stage 2 sleep as a consequence of reduced
slow-wave sleep. Some studies reported that hallucinations
and delusions were associated with reduced REM latency
(Tandon et al. 1992; Lauer et al. 1997; Poulin et al. 2003)
and increased REM density (Benson and Zarcone 1993);
however, a significant relationship between hallucinations
and delusions, and sleep variables were not observed in the
present study.

To the best of our knowledge the present study is the first
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