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Objective: The authors tested whether neural synchronization
deficits were present in subjects with schizophrenia and schizo-
typal personality disorder.

Method: Amplitude-modulated tones were used to evaluate
auditory steady-state evoked potential entrainment in a com-
bined group of 21 subjects with schizophrenia or schizoaffec-

tive disorder, 11 subjects with schizotypal personality disorder,
and 22 nonpsychiatric comparison subjects.

Results: The schizophrenia or schizoaffective disorder group
exhibited decreased power compared to the schizotypal per-
sonality disorder and nonpsychiatric comparison groups. There
were no differences between groups in N100 amplitude.

Conclusions: Subjects with schizophrenia but not subjects with
schizotypal personality disorder have deficits in steady-state re-
sponses to periodic stimuli, despite an intact response to sensory-
evoked potentials (N100). These deficits reflect aberrant neural
synchronization or resolution and may contribute to disturbed
perceptual and cognitive integration in schizophrenia.

(Am J Psychiatry 2003; 160:2238–2240)

Neural synchronization in the beta (12 to 25 Hz) and
gamma (greater than 25 Hz) ranges may be associated
with perceptual binding and cognitive integration in
animals and humans (1). Several investigators (2, 3) have

suggested that disturbed neural synchronization may
contribute to the failures of perceptual and cognitive inte-
gration observed in schizophrenia. The capacity of sen-
sory-neural circuits to synchronize at specific frequencies
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can be tested using steady-state evoked-potential para-
digms (4). Kwon et al. (5) found reduced gamma range
power to click stimuli at 40 Hz but not at lower rates of
stimulation in schizophrenia.

It is not known whether these disturbances of synchro-
nization are specific to schizophrenia or might also appear
in related disorders, such as schizotypal personality disor-
der. Schizotypal personality disorder is associated with
symptoms, cognitive deficits, familial risk, and neurobio-
logical abnormalities similar to those observed in schizo-
phrenia (6). In the present study, amplitude-modulated
tones were used to elicit the auditory steady-state evoked
potential (4) across a wide range of frequencies (11 to 82
Hz) in patients with schizophrenia or schizoaffective dis-
order, schizotypal personality disorder, and nonpsychiat-
ric comparison subjects.

Method

We tested 21 subjects with schizophrenia or schizoaffective dis-
order (three women), 11 subjects with schizotypal personality dis-
order (eight women), and 22 nonpsychiatric comparison subjects
(nine women). Exclusion criteria for all subjects included serious
head injury, treatment with ECT, neurological disorders, and cur-
rent substance abuse or dependency. Written informed consent
was obtained from all subjects. Schizophrenia and schizoaffective
patients were evaluated with the Structured Clinical Interview for
DSM-IV Axis I Disorders and a review of clinical records to obtain
a DSM-IV diagnosis. Eight of the schizophrenia and schizoaffec-
tive participants had a history of substance abuse. All but three pa-
tients were taking antipsychotic medication.

The subjects with schizotypal personality disorder and the com-
parison subjects were recruited through newspaper advertise-
ments and were excluded from participation if they had a history of
substance abuse or dependency. Neither group had first-order rel-
atives with schizophrenia, met criteria for an axis I disorder, or were
receiving pharmacological treatment at the time of testing. None of
the nonpsychiatric subjects met criteria for an axis II disorder,
while three of the subjects with schizotypal personality disorder
met criteria for other cluster A personality disorders.

The combined schizophrenia and schizoaffective and nonpsy-
chiatric groups did not significantly differ in age (subjects with
schizophrenia or schizoaffective disorder: mean=45.6, SD=6.2;
nonpsychiatric comparison subjects: mean=39.7, SD=12.6). The
subjects with schizotypal personality disorder did not differ sig-
nificantly in age from the nonpsychiatric subjects (schizotypal
personality disorder: mean=32.0, SD=11.3); however, they were
significantly younger than the subjects with schizophrenia and
schizoaffective disorder (t=4.39, df=30, p<0.01).

Eight amplitude-modulated tones were presented at an aver-
age intensity of 86 dB. Two tones were presented simultaneously,
one to each ear, and administered in four randomly ordered blocks.
Tone-modulation rates were paired as follows: left ear, 11 Hz;
right ear, 62 Hz; left ear, 31 Hz; right ear, 82 Hz; left ear, 51 Hz; right
ear, 22 Hz; left ear, 71 Hz; and right ear, 42 Hz. Stimuli to the left
ear were delivered with a 1000-Hz carrier pitch and stimuli to the
right ear with a 500-Hz carrier pitch. Tones were presented for
1024 msec, with a 200-msec interstimulus interval. Electrode
placement followed the 10–20 system, with use of a 16-channel
electrode cap with a left-ear reference. All impedances were be-
low 10 kΩ. EEG was filtered with 1-Hz high-pass and 200-Hz low-
pass filters and were sampled at 1000 Hz. EEG data were seg-
mented into 1024-msec epochs, with no prestimulus interval. Af-
ter artifact rejection, fast Fourier transformation was used to

compute power at the frequency of stimulation in each condition
at midline electrode sites (Fz, Cz, and Pz). Log10-EEG power val-
ues were used for analyses.

N100 amplitude measurements were taken from averaged
waveforms. The data were filtered with a zero-phase-shifted, 24-
Hz, low-pass filter (24 dB/octave), and the most negative voltage
between 50 and 250 msec after stimulus onset was recorded at Fz,
Cz, and Pz.

Results

A mixed-model analysis of covariance (ANCOVA) com-
paring the log10-EEG power and gender between groups at
electrode sites Fz, Cz, and Pz, with age as a covariate, indi-
cated a main effect of group (F=4.05, df=2, 47, p<0.03), a
group-by-gender interaction (F=3.77, df=2, 47, p=0.03),
and a group-by-frequency interaction (F=2.04, df=14, 336,
p<0.02). Age was not a significant covariate (t=0.07, df=47,
p=0.95). To investigate group differences further, addi-
tional analyses of variance (ANOVAs) were conducted be-
tween two groups only. The patients with schizophrenia or
schizoaffective disorder showed reduced power across all
frequencies of stimulation, as indicated by a main effect of
group (F=5.26, df=1, 41, p<0.03), with no interactions. An
ANOVA between the subjects with schizotypal personality
disorder and the subjects with schizophrenia or schizo-
affective disorder revealed a main effect of group (F=5.13,

FIGURE 1. Log10-EEG Power at Electrode Site Fz During
Stimulation and in the Absence of Stimulation for Each
Frequency of Interest in Patients With Schizophrenia or
Schizoaffective Disorder, Schizotypal Personality Disorder,
and Healthy Comparison Subjects
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df=1, 30, p<0.04) and a group-by-frequency interaction
(F=3.13, df=7, 210, p=0.004) (Figure 1).

In an effort to determine whether the group differences
were obtained as a result of differences in resting EEG un-
related to stimulus frequency, a mixed-model ANCOVA
comparing the log10-EEG power and the gender of the
subjects with nonstimulated frequencies with age as a co-
variate was computed. Analyses revealed no main effect
of group or interactions involving group factors, indicat-
ing that EEG power at nonstimulated frequencies did not
differ between groups (Figure 1).

A mixed-model ANOVA measuring N100 amplitude in-
dicated no significant differences between groups (F=1.32,
df=2, 51, p=0.28), no group-by-frequency interaction (F=
0.36, df=6, 153, p=0.91), and no group-by-site interaction
(F=0.95, df=4, 102, p=0.44).

Discussion

Consistent with previous studies of neural synchroni-
zation in schizophrenia, patients exhibited lower power
in response to steady-state auditory stimuli compared to
nonpsychiatric subjects (5). This deficit may reflect less
efficient local neural synchronization to external stimuli
in the sensory cortex or in thalamic-sensory oscillations.
In the present study, there were no group differences in
amplitude of the N1 evoked related potential in response
to amplitude-modulated tones. The N1 component re-
flects synchronous activation of large neuronal popula-
tions in the primary auditory cortex (3). Therefore, differ-
ences in neural entrainment to the amplitude-modulated
tones were most likely not due to deficits of early auditory
sensory processing in the patients with schizophrenia or
schizoaffective disorder. In contrast to the patients with
schizophrenia or schizoaffective disorder, the subjects
with schizotypal personality disorder showed no deficits
in synchronization at any frequency of stimulation. These

findings suggest that steady-state synchronization defi-
cits may only occur with the appearance of psychosis and
may contribute to failures of perceptual and cognitive in-
tegration (1, 5). There are several limitations to this study
that should be addressed in future research, including the
role of medication, arousal, and genetic risk on neural
synchronization.
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