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Objective: The schizophrenia spectrum includes individuals with schizophrenia, their
relatives, and individuals with schizotypal personality disorder. Subjects in the schizophre-
nia spectrum have disorders of attention, cognition, and information processing. Attention
and information processing can be assessed by testing suppression of the P50 event-
related potential; the amplitude of the P50 wave is measured in response to each of two au-
ditory clicks. In normal subjects, the P50 wave following the second click is suppressed, or
“gated.” Schizophrenic patients and their relatives show less suppression of the second
P50 wave. Deficits in P50 suppression have high heritability and show linkage to the alpha-
7 subunit of the nicotinic cholinergic receptor gene in families with schizophrenia, suggest-
ing that deficits in P50 suppression are trait markers for gating abnormalities in schizophre-
nia spectrum subjects. Although schizotypal subjects have been shown to have deficits in
sensorimotor gating as measured by prepulse inhibition, to the authors’ knowledge P50
sensory gating in schizotypal personality disorder has yet to be reported. Method: P50
suppression in 26 subjects with schizotypal personality disorder and 23 normal subjects
was assessed through auditory conditioning and testing. Results: The subjects with
schizotypal personality had significantly less P50 suppression than did the normal sub-
jects. Conclusions: Subjects with schizotypal personality disorder may have trait-linked
sensory gating deficits similar to those in patients with schizophrenia and their relatives.
Because these subjects may manifest sensory gating deficits without overt psychotic
symptoms, it is likely that these deficits represent a core cognitive dysfunction of the
schizophrenia spectrum. 

(Am J Psychiatry 2000; 157:55–59)

The schizophrenia spectrum of disorders includes
schizophrenic patients and their relatives. The relatives
are thought to have a genetic predisposition to schizo-
phrenia but do not necessarily demonstrate full or any
clinical manifestations of the disorder. Schizotypal per-
sonality disorder is phenomenologically, and perhaps
genotypically, linked to schizophrenia and is also
thought to be part of the schizophrenia spectrum (1).
The DSM criteria for schizotypal personality disorder

were developed on the basis of careful study of the
symptoms that appear most commonly in affected rel-
atives of schizophrenic patients and as prodromal
symptoms of schizophrenia (2). The empirically based
diagnostic criteria for schizotypal personality disorder
continue to be refined with the goal of establishing cri-
teria that identify individuals who are genotypically
linked to persons with schizophrenia (3). Over the past
two decades, family-genetic studies have determined
that not only do relatives of schizophrenic patients
have a higher than normal risk of schizotypal person-
ality disorder (4–10) but relatives of subjects with
schizotypal personality disorder have high rates of
both schizophrenia (11, 12) and schizotypal personal-
ity disorder (13).

The study of vulnerability markers in clinically un-
affected relatives of schizophrenic patients and sub-
jects with schizotypal personality disorder has become

 Received May 4, 1999; revision received Aug. 9, 1999; accepted
Aug. 11, 1999. From the Department of Psychiatry, University of Cal-
ifornia, San Diego. Address reprints to Dr. Cadenhead, Department
of Psychiatry, 0804, University of California, San Diego, 9500 Gilman
Dr., La Jolla, CA 92093-0804; kcadenhead@ucsd.edu (e-mail).

Supported by NIMH grants MH-01124 and MH-42228, and the
Department of Veterans Affairs (Mental Illness Research Educa-
tion and Clinical Center, Veterans Integrated Service Network 22)
supported preparation of this article. Dr. Geyer has an equity inter-
est in San Diego Instruments, Inc.



56 Am J Psychiatry 157:1, January 2000

SENSORY GATING IN SCHIZOTYPAL PERSONALITY

increasingly important because it provides a means of
assessing phenotypic traits of the schizophrenia spec-
trum that may not be grossly evident clinically (14).
Subjects with schizotypal personality (and relatives of
schizophrenic patients) do not have many of the con-
founding variables seen in schizophrenic patients
because they are typically unmedicated, not overtly
psychotic, and not chronically mentally ill. If vulnera-
bility markers that are specific to these nonpsychotic
schizophrenia spectrum disorders can be identified, it
may be possible to “disentangle and isolate the contin-
gent pathophysiological processes involved in schizo-
phrenic disorders” (15).

Schizophrenia is commonly conceptualized as a dis-
order of attention, cognition, and information process-
ing (16). Attention and information processing can be
assessed psychophysiologically with measures such as
the P50 event-related potential test of sensory gating,
in which the amplitude of the P50 wave is measured in
response to each of two auditory clicks (conditioning
and test) (17). In normal subjects, the second P50 wave
is suppressed, or “gated,” because of the inhibitory ef-
fects of the first click. Impaired suppression of the P50
wave has been identified as a vulnerability marker for
the sensory gating deficits observed in schizophrenic
patients and their relatives (18–20). In normal sub-
jects, P50 suppression has been shown to have high
heritability (21) and to be stable in repeated test ses-
sions (22, 23). Schizophrenic patients (24–26) and
their relatives (19, 20) have impaired suppression of
the P50 wave in this test. Findings from animal testing
of P50 gating implicate nicotinic cholinergic receptors
in the inhibitory mechanism (27), and in genetic link-
age studies of humans (14), these deficits have been
linked to the alpha-7 subunit of the nicotinic cholin-
ergic receptor gene.

To our knowledge, P50 suppression has not been re-
ported for schizotypal personality disorder. We previ-
ously reported (28) that individuals with schizotypal
personality disorder have impaired prepulse inhibition
of the startle response, a distinct although conceptually
related operational model of sensorimotor gating. We
hypothesized that subjects with schizotypal personality
would have deficits in P50 suppression similar to those
observed in schizophrenic patients and their relatives.

METHOD

Subjects

We included 23 normal subjects (12 men, 11 women) who had no
history of axis I or II disorders, as assessed by the Structured Clinical
Interview for DSM-IV Axis I Disorders—Non-Patient Edition
(SCID-I/NP) (29) and the Structured Clinical Interview for DSM-IV
Axis II Disorders (30), and no family history of psychiatric illness.
The established interrater reliability for the SCID-I/NP in our labo-
ratory is 0.98 (31). All of the normal subjects were recruited through
newspaper advertisements and were excluded from participation if
they reported a history of major medical or neurological disorders
(seizures, head injury). None of the normal or schizotypal subjects
reported substantial drug abuse in the past month. In addition, they

were screened for current drug use through urine toxicology screen-
ing (no subject was excluded on this basis).

Twenty-six subjects with schizotypal personality disorder (14
men, 12 women) were recruited from the inpatient and outpatient
facilities at the University of California, San Diego, Medical Center
(N=3), at the La Jolla Veterans Affairs Medical Center (N=5), and at
Balboa Naval Hospital, San Diego (N=1). Additional subjects with
schizotypal personality disorder (N=14) were recruited by using
newspaper advertisements for “people who had experiences with the
paranormal,” “a UCSD ESP study,” and “people who are shy, have
difficulty with trust and few friends.” The advertisements were
designed to identify individuals with both the positive symptoms
(magical thinking, perceptual abnormalities, ideas of reference) and
negative symptoms (few friends, social anxiety) of schizotypal per-
sonality disorder. Additional schizotypal subjects (N=3) were identi-
fied through screening of potential normal subjects.

Before entry into the study, all subjects provided written informed
consent after receiving an explanation of the study.

There was a significant difference in age between the normal sub-
jects (mean=32.0 years, SD=9.8) and the subjects with schizotypal
personality disorder (mean=38.6, SD=10.2) (t=–2.31, df=47, p<
0.05). The two groups also differed in years of education (normal:
mean=15.1, SD=2.3; schizotypal: mean=13.5, SD=2.3) (t=2.39, df=
47, p<0.05).

All of the subjects with schizotypal personality disorder were as-
sessed with the SCID-I/NP and with the Structured Interview for
DSM-IV Personality (32). All subjects met the DSM-IV criteria for
schizotypal personality disorder, and any subject with a history of a
psychotic illness, current major depression, or major medical or
neurological illness was excluded (N=3). Five of the 26 subjects were
receiving psychotropic medication: two were receiving low-dose
neuroleptics (thiothixene, 2 mg/day; perphenazine, 2 mg/day), two
were receiving antidepressants, and one was receiving valproate and
clonazepam.

All of the schizotypal subjects were queried regarding family his-
tory of psychiatric illness. Specifically, questions regarding a family
history of psychiatric hospitalization, suicide, treatment with psy-
chotropic medication, and nervous breakdown were asked in regard
to first-, second-, and third-degree relatives. Subjects were then que-
ried further regarding any identified family member to determine
whether the identified symptoms and chronicity met the criteria for
an axis I disorder. Of the 26 schizotypal subjects, 14 reported a fam-
ily history of schizophrenia, paranoia, nervous breakdown, suicide,
or chronic psychiatric hospitalization. Each subject was classified as
having a “possible” or “probable” family history of schizophrenia
on the basis of the information he or she was able to provide. A
“probable” family history of schizophrenia was assigned to five sub-
jects who had relatives diagnosed with schizophrenia or who de-
scribed symptoms consistent with schizophrenia (delusions, halluci-
nations, withdrawal) that were chronic in nature. A “possible”
family history of schizophrenia was assigned to nine individuals who
were unable to provide sufficient information to make a psychiatric
diagnosis for relatives who committed suicide or who returned to
normal functioning after one brief episode of emotional disturbance
requiring hospitalization. Because their relatives were not assessed
and other family members were not interviewed, it was not possible
to determine whether the subjects with schizotypal personality disor-
der had a definite family history of schizophrenia or other psychotic
disorder. Seven other schizotypal subjects reported a family history
of depression or anxiety disorders.

The subjects with schizotypal personality disorder had a mean of
6.2 (SD=1.1) schizotypal symptoms and a mean of 1.4 (SD=1.5)
other personality disorders. They had mean scores of 55.3 (SD=12.4)
on the Global Assessment of Functioning Scale, 5.2 (SD=3.8) on the
Scale for the Assessment of Negative Symptoms (33), 6.5 (SD=2.5) on
the Scale for the Assessment of Positive Symptoms (34), and 33.0
(SD=10.8) on the Schizotypal Personality Questionnaire (35).

Measurement of P50 Event-Related Potential

The P50 sensory gating test used a signal generator and data ac-
quisition system (San Diego Instruments, San Diego, Calif.) and am-
plifiers (Grass, West Warwick, R.I.) to record the EEG data accord-
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ing to our established methods (20, 24). The subject was seated in a
comfortable recliner in a quiet, lighted room while wearing head-
phones for presentation of the auditory stimuli. The subject was in-
structed to relax, to keep his or her eyes open, and to focus on a fix-
ation point. All subjects were monitored for signs of sleep by visual
observation and EEG monitoring. When a subject was observed to
be drowsy, the examiner would briefly interact with the subject. Eye
movements were recorded by using electro-oculography (EOG) with
Ag/AgCl electrodes placed at the outer canthus of the left eye and be-
low the right eye. Electrodes were used at seven recording sites (Fz,
Cz, Pz, F3, F4, C3, C4, according to the 10/20 system) with a fore-
head ground and referenced to linked earlobes. All electrode resis-
tances were less than 5 kΩ. The stimuli were generated by means of
computer-driven pulses with a 1-msec duration by using a signal
generator and data acquisition system for the recording of EEG
waveforms. To control background noise during stimulus presenta-
tion, 60-dB[A] broadband white noise was presented continuously
throughout the session. The auditory clicks consisted of flat broad-
band (250 Hz to 50 kHz) square waves of 1-msec duration (rise time
of 12–15 µsec) with an average resulting click of 89 dB[A]. The in-
terpair interval was varied between 8 and 12 seconds in 1-second in-
crements. The stimuli were 120 click pairs (stimulus 1 and stimulus
2) with a 500-msec interclick interval. The EEG responses were am-
plified and band-pass filtered with an analog filter of 0.01 to 300 Hz
and no 60-Hz notch filter, at a sampling rate of 1000 Hz, for a total
of 1000 msec (100 msec before to 400 msec after the stimuli with a
500-msec gap between stimulus 1 and stimulus 2). The P50 compo-
nent was identified and quantified according to the established
methods of Nagamoto et al. (26) and our laboratory (20, 24). The
data were then digitally low-pass filtered at 100 Hz before artifact
screening, to eliminate any residual electrical noise. After acquisition
of the data, the EEG and EOG channels were screened for artifact,
and trials containing artifact (plus or minus 50 µV EOG or EEG
channel deflection) were not included in the waveform averaging.
Artifact-free epochs were averaged and digitally band-pass filtered
(5–50 Hz). The filter had 12-dB/octave high- and low-pass slopes
similar in gain characteristics to those reported by Jerger (36) and is
consistent with previously reported methods from our laboratory
(37). The P50 component was identified as the most positive deflec-
tion 40 to 80 msec following stimulus presentation. The P50 ampli-
tude is the absolute difference between the P50 peak and the preced-
ing negative trough (24, 38). The data from the Cz site are reported
because this is the best site for discriminating schizophrenic patients
from normal subjects when using this electrode array (39). The per-
centage of P50 suppression was calculated by using the formula [1 –
(stimulus 2 amplitude/stimulus 1 amplitude)] × 100. A minimum of
–100% suppression (or 100% facilitation) was used to prevent out-
liers from disproportionately affecting the group means, consistent
with the methods of Nagamoto et al. (38).

Data Analysis

The demographic and event-related potential data were assessed
by using effect sizes, to accurately demonstrate group discrimina-
tion, and t tests. If homogeneity of variance assumptions were not
met (Levene’s test), then separate variance t tests were performed. All
t tests were two-tailed. To analyze the effects of age and gender on
measures of event-related potentials, a univariate analysis of vari-
ance (ANOVA) was used.

RESULTS

As shown in table 1, the groups did not differ signif-
icantly in the amplitude or latency of the P50 wave in
response to the first or second stimulus. Nevertheless,
there was a significant difference in P50 suppression,
as shown in table 1 and figure 1. Because the two
groups differed significantly in age, age was used as a
covariate in a univariate ANOVA that also assessed the
effect of gender on P50 suppression. There was no sig-
nificant gender, age, or interaction effect, and the
group main effect approached significance only when
the effects of gender and age were accounted for (F=
3.69, df=1, 48, p=0.06).

The subjects with schizotypal personality disorder
were divided into those who reported no family history
of psychotic disorders (N=12), those with a possible
family history of schizophrenia (N=9), and those with
a probable family history of schizophrenia (N=5). Al-
though there were no significant differences between

TABLE 1. Amplitude and Latency of the P50 Wave Evoked by
Two Sequential Auditory Stimuli in Normal Subjects and Sub-
jects With Schizotypal Personality Disorder

Measure

Normal
Subjects
(N=23)

Subjects 
With

Schizotypal
Personality

Disorder
(N=26) Effect

SizeMean SD Mean SD

Stimulus 1
P50 amplitude (µV) 2.3 1.3 1.8 1.1 0.39
P50 latency (msec) 57.7 6.1 58.3 7.2 0.10

Stimulus 2
P50 amplitude (µV) 0.8 1.3 1.1 1.2 0.23
P50 latency (msec) 56.0 6.9 57.3 7.6 0.19

Percent P50 suppressiona 63.6b 44.7 28.5b 73.0 0.79
a The percentage of P50 suppression was calculated as [1 – (stim-

ulus 2 amplitude/stimulus 1 amplitude)] × 100.
b Significant difference between groups (t=2.1, df=42.1, p<0.05).

FIGURE 1. Individual Percentages of Suppression of P50 Wave
Evoked by Second Auditory Stimulus in Normal Subjects and
Subjects With Schizotypal Personality Disordera

a The percentage of P50 suppression was calculated as [1 – (stim-
ulus 2 amplitude/stimulus 1 amplitude)] × 100. The horizontal
lines represent mean values.
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these subgroups in P50 suppression (probably owing
to reduced power from small groups), the subjects with
a probable family history of schizophrenia appeared to
have the worst suppression (mean=–6.5, SD=82.8),
followed by those with a possible family history of
schizophrenia (mean=21.6, SD=77.3) and those with
no family history of psychotic disorders (mean=48.3,
SD=65.2) (figure 1).

DISCUSSION

These findings confirm the hypothesis that subjects
with schizotypal personality disorder have sensory gat-
ing deficits as assessed by a test of the P50 event-re-
lated potential. Because the P50 suppression test may
identify an intermediate phenotypic marker for the
sensory gating deficits of schizophrenia spectrum dis-
orders (14), these data support the idea that subjects
with schizotypal personality disorder are related geno-
typically to individuals with schizophrenia and their
relatives. Additional studies are needed to determine
whether the abnormalities in P50 suppression ob-
served in schizotypal subjects are most prominent in
individuals with a definite family history of schizo-
phrenia. The present data are consistent with those
from studies of schizotypal personality disorder that
demonstrate deficits in sensorimotor gating and infor-
mation processing as assessed by prepulse inhibition
and habituation of the startle response (28). Prepulse
inhibition and P50 suppression are both thought to be
measures of inhibitory processes (40). People with
schizotypal personality disorder have also been noted
to have abnormalities in attention and executive func-
tioning (41–46), suggesting that similar deficits ob-
served in schizophrenic patients may represent a pri-
mary dysfunction related to core cognitive deficits
rather than artifacts due to psychosis, medication, or
generalized psychopathology.

It has long been noted that schizophrenic patients
have a cognitive dysfunction that may be primary to
the disorder (16, 47–49). Measures of cognitive func-
tioning are better predictors of the clinical and func-
tional outcomes of schizophrenic patients than are the
more overt positive symptoms seen in the disorder (50,
51). Subjects with schizotypal personality disorder and
clinically unaffected relatives of schizophrenic patients
exhibit deficits in attention and information processing
on a variety of measures without manifesting the more
overt psychotic symptoms of schizophrenic patients
(18, 20, 28, 52–55). Further work is needed to deter-
mine whether the information processing dysfunction
in schizotypal subjects is related to their functional or
clinical outcome. For example, it would be interesting
to know whether schizotypal subjects with informa-
tion processing abnormalities have a higher than nor-
mal risk for developing other cognitive and functional
disabilities and ultimately schizophrenia. The idea of
identifying markers for vulnerability to schizophrenia

is intriguing but clearly needs to be developed further
by means of a multifaceted approach that assesses he-
reditary, genetic, and outcome variables in persons
with schizophrenia spectrum disorders, such as schizo-
typal personality disorder.
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