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Delta wave deficits during sleep have been observed in
patients with schizophrenia. Decreased slow-wave sleep
is reported to be associated with negative symptoms. Fron-
tal lobe dysfunction is also believed to underlie negative
symptoms of schizophrenia. This study was designed to
identify functional abnormalities in schizophrenia mani-
fested on patients’ electroencephalograms. Polysomno-
graph examinations were performed in 12 healthy male
volunteers and 11 male outpatients with schizophrenia.
We investigated the laterality of frontal cortical delta
waves in patients with schizophrenia and in healthy control
subjects. Laterality of frontal cortex delta wave counts dur-
ing all-night sleep was investigated by computer analysis.
Total delta wave counts were lower in patients with schizo-
phrenia than in control subjects. Control subjects showed
significantly higher delta wave counts in the right frontal
cortex than in the left. This asymmetry was not observed
in patients with schizophrenia. These findings suggest that
reduced right frontal delta wave dominance is involved in
the pathophysiology of schizophrenia.
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Introduction

Traumatically and surgically induced frontal lobe lesions
in humans can result in apathy, affective flattening, im-
poverished speech, and lack of spontaneity.1 Similarities
between negative symptoms of schizophrenia and se-

quelae of frontal lobe lesions have been reported since
the beginning of the 20th century, and the negative
symptom complex of schizophrenia is believed to reflect
frontal lobe dysfunction.2,3

Deficits of delta wave sleep have been reported in
patients with schizophrenia.4,5 Based on quantitative elec-
troencephalographic analysis, delta wave count during
sleep was significantly less in patients with schizophrenia
than in healthy volunteers.6 Negative symptoms have
been reported to be associated with decreased slow-
wave sleep (SWS) and delta wave count during sleep in
patients with schizophrenia.7,8 We have reported a signif-
icant inverse correlation between the higher amplitude
delta wave count in the central cortical region and
negative symptom score.9

A few studies have shown functional frontal lobe lat-
erality at rest in patients with schizophrenia.10 However,
few studies have examined lateral asymmetry of brain
function, such as that reflected by electroencephalogra-
phy during sleep in patients with schizophrenia. We
reported interhemispheric asymmetry of the delta wave
count during all-night sleep in normal subjects.11 In
the present study, to identify functional abnormalities
in patients with schizophrenia shown on the electroen-
cephalogram (EEG), we compared male outpatients
with schizophrenia and healthy male volunteers by
all-night polysomnography and investigated delta wave
laterality in the frontal cortex.

Methods

Subjects

Twelve healthy, right-handed male volunteers (18–39
years of age; mean age, 30.3 years; SD, 7.4) and 11 male,
right-handed, medically treated outpatients with schizo-
phrenia (17–39 years of age; mean age, 30.6 years; SD,
7.8) served as the subjects of this study. All subjects
showed right-handedness according to the Annett Hand
Preference Test.12 The diagnosis of schizophrenia was
based on Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition13 criteria; 8 patients showed dis-
organized-type schizophrenia, and 3 showed undifferen-
tiated-type schizophrenia. Duration of illness ranged from
3 to 23 years (mean duration, 10.7 6 6.3 years). Subjects
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with a history of drug or alcohol abuse or of significant
medical or neurologic problems were excluded from the
study. Of the 11 patients, 3 were drug naive, and 8 were
clinically stable and had been taking a fixed dose of a typ-
ical neuroleptic drug (such as chlorpromazine, haloperi-
dol, or levomepromazine) without anticholinergic drugs
for more than 8 weeks before entering the study. Neuro-
leptic drug dosage, converted to that of chlorpromazine
according to the method of Davis,14 ranged from 0 to
301 mg/d (mean dosage, 172.4 mg/d). Written informed
consent was obtained from all subjects prior to the study.

Experimental Procedure

To exclude the ‘‘first-night effect,15’’ each subject partic-
ipated in an adaptation night in the sleep laboratory
before polysomnography. Disc electrodes were attached
to the subject at 2000 hours. Polygraphic recording was
initiated at a usual bedtime between 2200 hours and
2300 hours and was discontinued at 0700 hours the
next morning.

Polygraphic Recording

Polysomnograms (PSGs) were recorded according to the
method of Rechtscahaffen and Kales.16 Polygraphic re-
cordings included an EEG, an electro-oculogram (EOG),
and a submental muscle electromyogram (EMG).
EEGs were recorded from disc electrodes placed at bilat-
eral frontal (F3, F4) and central (C3) (10–20 electrode
system) sites with the use of A1 and A2 as reference sites.
Monopolar EOGs were recorded from both canthi, and
bipolar EMGs were recorded from the chin. EEGs and
EOGs were recorded with a time constant of 0.3 seconds
to allow for measurement of electroencephalographic
delta components, sensitivity of 10 lV/mm, and a high-
cut filter of 120Hz; Electromyographic conditions were
0.003 seconds, 3.5 lV/mm, and 500 Hz, respectively.
Electrical impedances were kept below 3 kX. PSGs
were recorded on paper as well as by analog tape recorder
for further computerized analysis. All sleep was scored
visually on the C3 EEG for each 20-second time-code
PSGs delimited epoch according to Rechtscahaffen
and Kales.16 Polygraphic data were scored by trained
raters blinded to diagnosis by removal of subjects’ names.
The sleep variables monitored in this study were total
sleep time (excluding periods of waking and movement),
sleep latency (latency of initial stage 2), rapid eye move-
ment (REM) latency, and percentage of each sleep stage
relative to the total sleep time (% stage).

Delta Half-Wave Analysis

Period-amplitude analysis was performed by the zero-
crossing method using the Medilog Sleep Analyzing
Computer (SAC: DEE-1100, Oxford Instruments,
Oxford, UK).17 The delta wave count from the begin-
ning of sleep (initial stage 2) to the end of sleep (the last

awakening), exception of awake times of more than 3
minutes after sleep onset, was analyzed as the half-
wave count used for SWS in the SAC sleep staging al-
gorithm (0.5–2.0 Hz ^31 lV).

Clinical Assessments

Patients were rated on the 18-item Brief Psychiatric Rat-
ing Scale (BPRS)18 by the same 2 psychiatrists each time.
The psychiatrists rated patients’ symptoms indepen-
dently, and the scores were later determined by mutual
agreement. Positive symptom severity was assessed by
the sum of the scores of the following 4 BPRS items: con-
ceptual disorganization, suspiciousness, hallucinatory
behavior, and unusual thought content. Negative symp-
toms were assessed by the sum of the scores of the follow-
ing 3 items: emotional withdrawal, motor retardation,
and blunted affect.19

Statistical Analysis

Student t test (2 tailed) was used for statistical analysis
of the PSG results (sleep variables). To reduce the pos-
sibility of type I errors, we used analysis of variance
(ANOVA) with repeated measures for frontal cortex
delta half-wave results. This was a 2-way ANOVA for
independent groups (patients with schizophrenia and
healthy subjects) and repeated measures for hemisphere
(right and left). Where group-by-hemisphere interaction
was significant, paired t test was used to identify the ef-
fect. The asymmetry index (AI) in the frontal region was
taken as a (right – left)/(right þ left) ratio of delta half
waves during all-night sleep. Student t test (2 tailed)
was used for statistical analysis of AI results. Spearman
rank-order correlation coefficients (2 tailed) were used to
test the relation between frontal cortex delta half-wave
results and symptom ratings. Data were analyzed
with the use of SPSS statistical procedures (SPSS Inc.,
Chicago, IL).

Results

Sleep Variables

Sleep variables of the healthy volunteers and the patients
with schizophrenia are listed in table 1. Patients showed
a significant increase in % stage 2 and a marked decrease
in the amount of SWS compared with those in the control
subjects. There was no significant difference in total sleep
time, sleep latency, REM latency, or total awakening
time between patients with schizophrenia and control
subjects.

Delta Half-Wave Analysis

Total delta half-wave counts during all-night sleep in con-
trol subjects and in patients with schizophrenia are shown
in figure 1. Repeated-measures ANOVA showed schizo-
phrenia to be a significant main effect (F = 4.49, df = 1, 21,
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P = .04). Patients showed lower total delta half-wave
counts during all-night sleep than control subjects. The
group-by-hemisphere interaction was significant (F =
17.09, df = 1, 21, P < .001). Control subjects showed sig-
nificantly higher delta half-wave counts in the right fron-
tal cortical region than in the left. This asymmetry was
not identified in patients with schizophrenia. AI results
in the frontal cortical region are shown in figure 2. AIs in
the control subjects were significantly larger than those
in the patients with schizophrenia.

Correlation Between BPRS Scores and Delta
Wave Counts

Delta half-wave counts in the bilateral frontal cortical
regions were inversely correlated with BPRS negative

symptom scores (table 2). Delta wave counts in the bilat-
eral frontal cortical regions were not correlated with
BPRS total scores or positive symptom scores. AIs of
delta wave counts in frontal cortical regions were not
related to BPRS total scores, negative symptom scores,
or positive symptom scores.

Discussion

We found that patients with schizophrenia showed lower
total frontal cortex delta wave counts (an indicator of
SWS) during all-night sleep than did control subjects
and that control subjects showed a right-dominant asym-
metry of delta wave count, which was reduced in patients
with schizophrenia. Several studies of cerebral blood flow
and glucose metabolism by positron emission tomogra-
phy have reported decreased functional activity in the
frontal lobes in patients with schizophrenia.20,21 Patients
with schizophrenia show a left-dominant asymmetry of
glucose metabolism in the medial frontal cortex at rest
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Fig. 1. Total delta half-wave counts during all-night sleep in control
subjects (left) and patients with schizophrenia (right). Statistically
significant differences between left (F3) and right (F4) cortical
regions is indicated by an asterisk (2-tailed t test. *P < .001).
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Fig. 2. Asymmetry index (AI) of delta wave counts during all-
night sleep. Horizontal bars represents means. The AI was taken
as (L – R)/(L þ R), where L and R were the delta wave counts
on the left and right frontal regions, respectively (*P 5 .008 by
Student t test).

Table 1. Sleep Variables in Control Subjects and
Schizophrenia Patients

Sleep Variable
Control
Subjects

Schizophrenia
Patients

Total sleep time, min 429.7 6 22.6 423.0 6 71.1

Sleep latency, min 17.5 6 27.6 28.1 6 30.2

REM latency, min 90.8 6 41.6 129.0 6 67.4

Total awakening time, min 16.7 6 16.0 24.2 6 44.8

Sleep efficiency 92.7 6 5.8 89.6 6 14.9

% Stage 1 8.5 6 4.5 10.4 6 5.9

% Stage 2* 57.4 6 3.7 66.3 6 8.1

% Stage 3 þ 4* 14.1 6 5.1 6.1 6 5.7

% Stage REM 20.1 6 4.1 17.2 6 4.6

Note: REM, rapid eye movement. Each value represents the
mean 6 SD of the values in subjects. The existence of
statistically significant differences between control subjects and
patients with schizophrenia is indicated by the asterisks.
(*P < .001).

Table 2. Spearman Rank-Order Correlation Coefficients
between Brief Psychiatric Rating Scale positive or negative
symptom scores and delta wave counts or asymmetry index in
patients with schizophrenia

Correlation Coefficient

Positive Symptom Scores Negative Symptom Scores

Spearman Spearman

Rho P< Rho P<

Frontal
Left 0.12 NS –0.86 0.02
Right 0.01 NS –0.77 0.04
AI 0.12 NS –0.16 NS

Note: NS, not significant.
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that is virtually absent in control subjects.10 Patients with
predominantly negative symptoms show a lower rate of
glucose metabolism in the right hemisphere, particularly
in the ventral prefrontal and temporal cortices, compared
with patients with predominantly positive symptoms.22

Patients with deficit syndrome show significantly lower
regional cerebral blood flow perfusion ratios in the right
superior and inferior frontal cortices than did patients
without deficit syndrome.23 Wolkin et al24 identified
a close relation between negative symptoms and prefron-
tal hypometabolism, particularly in the right dorsolateral
convexity.

It has been suggested that age-related changes in delta
wave amplitude during sleep correlate closely with the
rate of glucose metabolism in the cerebral cortex during
wakefulness; the greater the metabolic rate during wake-
fulness, the higher the delta wave amplitude.25 Given
these previous results, it is reasonable for us to consider
that a decrease in the frontal cortex delta wave count dur-
ing all-night sleep in our patients may be associated with
hypometabolism of frontal cortical regions, and the ab-
sence of right delta wave count dominance in our patients
may be associated with hypometabolism of the right fron-
tal cortical region. Underactivation of the right frontal
cortex may also be involved.

Significant inverse correlations were observed between
BPRS negative symptom scores and delta wave counts in
the bilateral frontal regions. Several studies have shown
that decreased SWS is associated with negative symp-
toms, larger lateral ventricles, and impaired attention
in schizophrenia.26–28 Delta wave activity during SWS
was inversely related to the magnitude of the negative
symptom; the worse the type 2 schizophrenia, the lower
the delta count.7 These findings are in good agreement
with the results of the present study.

Although AIs of frontal delta wave counts in patients
with schizophrenia differed significantly from those in
control subjects, AIs were unrelated to positive or nega-
tive BPRS scores in the present study. Laterality theories
have been prominent in hypotheses of the pathophysiol-
ogy of psychotic symptoms.29 Gruzelier and Manchanda30

hypothesized that the balance of left-right cortical activ-
ity determines positive and negative symptoms. Changes
of interhemispheric EEG power asymmetry in the theta
and delta bands have been associated with improvements
of affective symptoms such as hostility-suspiciousness.31

However, there are few data regarding laterality of fron-
tal cortical function and negative symptoms. A signifi-
cantly greater correlation between negative symptoms
and right dorsolateral frontal metabolism than between
negative symptoms and contralateral regions of interest
has been reported.24 Although there was no significant
correlation between negative symptoms and laterality
of frontal delta wave counts in the present study, it is
of note that the ability to express affect is believed to
be localized in the right hemisphere.32

Eight patients in the present study took typical neuro-
leptics throughout the study, and 3 patients were drug
naive. There are no reports addressing the role of neuro-
leptics on delta wave laterality during sleep. It is possible
that neuroleptics were a confounding factor in the present
study. Neuroleptics affect delta power in spectral elec-
troencephalographic analysis.33 Therefore, delta wave
counts during sleep may have been affected by neurolep-
tics. In addition, medication with typical antipsychotics
may have increased negative symptom scores secondary
to medication. For this reason, we investigated whether
typical antipsychotics affected delta wave counts, AIs of
delta wave counts, and negative symptoms. However, no
significant correlation was found between typical anti-
psychotic dosage and the delta wave count, AIs of
delta wave counts, or BPRS negative symptom scores.
Furthermore, the 3 drug-naive patients showed lower
delta counts than did control subjects as well as a left-
dominant asymmetry in frontal cortex delta wave counts.
These findings support the concept that absence of right
frontal cortical dominance of delta wave counts during
sleep is associated with the pathophysiology of schizo-
phrenia. Future studies will investigate the relation
between interhemispheric asymmetry and regional differ-
ences in delta waves and clinical symptoms in larger num-
ber of drug-naive patients with schizophrenia.
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