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Objective: This study examined whether
early or late processes in semantic net-
works were abnormal in women with a
diagnosis of schizotypal personality disor-
der. The N400 component of the EEG
event-related potentials was used as a
probe of semantic processes.

Method: Word pairs were presented with
short and long stimulus-onset asynchro-
nies to investigate, respectively, early and
late semantic processes in 16 women
with schizotypal personality disorder and
15 normal female comparison subjects.
Event-related potentials were recorded in
response to the last words in a pair.

Results: With the short stimulus-onset
asynchrony, the N400 amplitude was less
negative in the schizotypal personality

disorder group than in the normal
comparison group. No group differences
were found with the long stimulus-onset
asynchrony.

Conclusions: The finding of a less nega-
tive than normal N400 amplitude with
the short stimulus-onset asynchrony in
women with schizotypal personality dis-
order supports the hypothesis that per-
sons with this disorder evince an overacti-
vation of semantic networks. The absence
of group differences with the long stimu-
lus-onset asynchrony, which is primarily
sensitive to processes involved in context
integration, suggests that in this group of
schizotypal personality disorder subjects,
additional demands on working memory
may be necessary to bring out the seman-
tic dysfunction.

(Am J Psychiatry 2002; 159:1767-1774)

Language dysfunction in schizophrenia has been re-
garded a cardinal symptom of this disorder for almost a
century (1). Clinical reports abound with examples of
speech samples characterized by loose associations, lack
of sensitivity to context, defective use of pronouns (2-4),
or the inability to carry on a conversation bound by a
theme (5). More recently, it has been proposed that lan-
guage abnormalities in schizophrenia are mediated by
dysfunctional processes in semantic memory. Specifically,
it has been suggested that processes of activation and/or
context utilization may be abnormal.

Although several studies have investigated semantic
processes in schizophrenia, few studies have evaluated
schizotypal personality disorder. Persons with a diagnosis
of either schizotypal personality disorder or schizophrenia
share the same genetic diathesis (6, 7). However, persons
with schizotypal personality disorder do not have the po-
tentially confounding history of psychosis or hospitaliza-
tion. Furthermore, studies of cognitive functions in sub-
jects with schizotypal personality disorder have reported
impairments similar to but less severe than those ob-
served in schizophrenic subjects (8-11).

Semantic memory can be thought of in terms of its
structure and the processes that operate on it. Recent for-
mulations postulate that the structure of semantic mem-
ory is instantiated by a network of semantic features, such
that words close in meaning, such as “water,” “fish,” and

Am | Psychiatry 159:10, October 2002

“ocean,” are well connected with each other, and words of
distant meanings, such as “water,” “pen,” and “free,” are
not well connected (12, 13). The activation of one of the
words in the network “spreads” to related items: for exam-
ple, the activation of “water” will partially activate “fish”
and “ocean” but not “pen” or “free” (14). The spread of ac-
tivation is limited either by a process of decay or by inhibi-
tion, thereby not permitting the activation to propagate
across large portions of the network. It is generally postu-
lated that the initial spread of activation is automatic and
dominates the first 500 msec of word processing. Beyond
this time window, controlled processes come into play.
They include expectancy (15, 16), which involves generat-
ing word sets before the appearance of a target, and se-
mantic matching, which involves contextually based word
choices.

Semantic priming has been used to assess processes in
semantic networks. In a semantic priming paradigm, a
subject sees word pairs and decides whether a target let-
ter-string is a real word or a nonword, or pronounces a tar-
get word. If the first (prime) and second (target) word in a
pair are related, e.g., “water” and “fish,” shorter reaction
times and/or fewer errors are observed in response to the
target (“fish”) relative to when the two words are not re-
lated, e.g., “water” and “pen.” In behavioral experiments,
these savings in reaction times are called priming. Experi-
mental designs that use short stimulus-onset asynchro-
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nies and a low proportion of related to unrelated word
pairs are believed to assess early processes of activation,
while designs that use longer stimulus-onset asynchronies
are believed to assess controlled processes.

Much of the debate about semantic dysfunction in
schizophrenia focuses on whether the loci of dysfunction
are in the automatic spreading of activation or in the later
stage of controlled processes. The hypothesis of dysfunc-
tion in automatic activation within semantic networks as-
sumes that the initial activation is faster acting and/or
spreads too far, which results in loose associations and de-
railed thinking (17-20). The hypothesis of disturbed con-
trolled processes assumes that semantic dysfunction
manifests itself later, when the processes of integrating a
prior semantic context come into play (21-27). This inabil-
ity to maintain the prior context or task-relevant informa-
tion could produce speech marked by loose and bizarre
associations. Thus, similar clinical manifestations, e.g.,
loose associations and derailed thinking processes, are ex-
plained by two opposing theoretical frameworks.

Some of the difficulties in resolving the debate lie in
methodological differences across studies, including the
use of different stimulus-onset asynchronies, differences
in the proportion of related and unrelated primes, and the
use of lexical-decision rather than word-pronunciation
tasks. Another important variable is the subject popula-
tion chosen. Inclusion of medicated, chronically ill schizo-
phrenic subjects may influence the results (18, 25), e.g., by
complicating correct computations of reaction times for
the schizophrenic and comparison groups.

Finally, all of the studies discussed in this section used
behavioral measures as their dependent variables. Inevi-
tably, areaction time or an accuracy measure is a final out-
come variable in that it is the summation over all pro-
cesses that occur between the presentation of the stimulus
and a response. Accordingly, in the present study we have
turned to the use of EEG event-related potentials to pro-
vide a more direct measure of semantic processing dys-
function in female subjects with schizotypal personality
disorder.

Measurement of event-related potentials allows one to
observe and quantify changes in electrophysiological re-
sponse to a stimulus (e.g., a word) as they unfold over time
from the millisecond a target word is presented to a sub-
ject. The N400 event-related potential has been associated
with semantic processes. It is sensitive to the ease of gain-
ing access to semantic/lexical memory networks and as
such is a good index of different types of priming (28, 29),
i.e., the more difficult it is to relate a word to the previous
context, the larger the N400 amplitude. For example, in
word-pair paradigms, N400 is elicited by both related and
unrelated words, and the degree of negativity (i.e., the diffi-
culty of fitting a word into context) distinguishes between
the related-word and unrelated-word targets conditions.

It is believed that several semantic processes may im-
pinge on the N400 latency and amplitude. For example,
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the N400 effect in schizophrenia crucially depends on the
stimulus-onset asynchrony used in the study. With a short
stimulus-onset asynchrony, the N400 reflects, while not
being a direct index of, initial processes of activation. With
a long stimulus-onset asynchrony, the N400 reflects pro-
cesses of context integration. Thus, in the debate between
hypotheses focused on late, inefficient use of context, as
opposed to early overactivation, the following predictions
can be made: 1) the hypothesis of inefficient use of context
in a clinical population predicts a more negative N400 in
sentence processing and long stimulus-onset asynchrony
word-pair paradigms; 2) the hypothesis of early overacti-
vation in a clinical population predicts a less negative
N400 in short stimulus-onset asynchrony word-pair para-
digms; 3) if both of these hypotheses are correct, the N400
will be either less or more negative in a clinical group, rel-
ative to normal comparison subjects, depending on the
paradigm, i.e., the semantic processes explored in the
study.

To our knowledge, most studies that have used event-re-
lated potentials to examine language processing in schizo-
phrenia have included both sentence and long stimulus-
onset asynchrony word-pair paradigms, i.e., probed late,
context integration processes. In most of these studies,
more negative N400 amplitude has been found in schizo-
phrenic subjects relative to normal comparison subjects,
especially for related-word targets, where minimal N400
amplitude is usually found in normal comparison subjects
(11, 30, 31). Similar, but less severe, impairment in pro-
cessing final words in sentences has been found in sub-
jects with schizotypal personality disorder (32). Thus,
these results lend support for the hypothesis that both
persons with schizophrenia and those with schizotypal
personality disorder make less efficient use of context.

In the present study we used a lexical-decision para-
digm to test semantic processing in subjects with schizo-
typal personality disorder and in normal comparison sub-
jects in two conditions: short (450 msec from onset to
onset) and long (1000 msec from onset to onset) stimulus-
onset asynchrony. With the long stimulus-onset asyn-
chrony, the offset-to-onset between a prime and target
was 800 msec, identical to the interstimulus interval used
in the previous study of sentence processing in schizo-
typal personality disorder (32).

We tested the following two hypotheses: 1) initial pro-
cesses within semantic networks in the schizotypal per-
sonality disorder group will be characterized by overactiva-
tion as evinced by a less negative N400 amplitude with the
short stimulus-onset asynchrony (since less effort will be
needed to make a semantic link between the two con-
cepts), and 2) no group differences will emerge with the
long stimulus-onset asynchrony. We assumed that in
women with schizotypal personality disorder, normal con-
text integration processes will exist in the absence of addi-
tional demands on working memory. We think that work-
ing memory demands imposed by processing sentences
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rather than by word context are necessary to cause an im-
pairment in semantic processing in women with schizo-
typal personality disorder (32).

Method

Subjects

The study subjects were 16 women who met the full criteria for
DSM-1V schizotypal personality disorder according to the Struc-
tured Clinical Interview for DSM-IV—Patient Edition (33) and 15
female comparison subjects, matched for age, IQ, and parental
socioeconomic status. All subjects were right-handed and had
English as their first language. The subjects were invited to partic-
ipate in the study and received a complete description of the
study. Those who decided to participate signed an informed con-
sent form. All subjects were given the Structured Clinical Inter-
view for DSM-IV Personality Disorders (34) to determine their
clinical status. Diagnoses were made by a psychologist (M.V.) or a
psychiatrist (C.C.D., M.E). Interrater reliability for diagnosis,
computed by using the kappa statistic at regular time intervals in
the study, was good (kappa>0.89).

The exclusion and inclusion criteria for all subjects were age
between 18 and 55 years and no history of 1) ECT; 2) neurological
illness or head injury, defined as a loss of consciousness and or
structural sequelae after head trauma; 3) DSM-IV substance de-
pendence in the past 5 years or DSM-IV substance abuse in the
last year; 4) alcohol use in the last 24 hours; 5) drug use in the last
year; 6) use of any medication that might affect cognitive function
or EEG event-related potentials, such as steroids and barbitu-
rates; and 7) use of any psychoactive medication; or 8) hearing, vi-
sion, or upper body impairment that might interfere with obtain-
ing reliable test scores. In addition, for comparison subjects, the
presence of personality disorders (axis II) in themselves or their
first-degree relatives was an exclusion criterion.

The mean ages of the study groups were 33.2 years (SD=11.4)
for the comparison group and 31.2 (§D=10.1) for the schizotypal
personality disorder group. The mean IQ was 119.8 (SD=8.4) in
the comparison group and 114.6 (SD=12.2) in the schizotypal per-
sonality disorder group. The mean socioeconomic status, as mea-
sured by the Hollingshead Index of Social Position, was 4.3 (SD=
0.5) for the comparison subjects and 3.6 (SD=0.7) for the schizo-
typal personality disorder subjects; parental socioeconomic sta-
tus was 4.5 (§D=0.6) for the comparison subjects and 4.0 (§5D=0.9)
for the schizotypal personality disorder subjects. The two groups
differed significantly in the subjects’ socioeconomic status (t=
3.37, df=24, p<0.002), which likely reflects illness-related social
decline of the subjects with schizotypal personality disorder.

Stimuli and Procedures

Stimuli were two sets of 120 word pairs (35), each set consisting
of four categories with 30 word pairs in each. In each word pair, the
first word (the prime word) was followed by a target word that was
1) related (36) (mean log frequency=1.63 [SD=0.77]), 2) unrelated
(36) (mean log frequency=1.72 [SD=0.62]), 3) a legal English non-
word (a letter string that conforms to the grammatical and phono-
logical rules of English but is not an actual English word, such as
“frak”), or 4) an illegal nonword (a letter string that does not con-
form to those rules, such as “fkra”). All words were presented visu-
ally in the middle of the computer screen at a 4° visual angle, with
the subjects seated at a distance of 60 cm from the screen. One set
of word pairs was presented with a long stimulus-onset asyn-
chrony (200 msec prime and target exposure time, 800 msec from
prime offset to target onset) and the second set was presented
with a short stimulus-onset asynchrony (200 msec prime and tar-
get exposure time, 250 msec from offset to onset). All word pairs
were presented in a pseudorandom fashion to prevent repetition
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of the same type of stimulus. The two asynchronies were ran-
domly presented across subjects, with each word list appearing
both with the short and long stimulus-onset asynchrony so that
event-related potential responses to comparable stimuli could be
studied across subjects.

The subject made a decision if the target word was a word or a
nonword by pressing a response button. Half of the subjects
pressed a button with their right hand for words and with their
left hand for nonwords, and the other half pressed a button with
their left hand for words and with their right hand for nonwords.
The task was self-paced, i.e., the next word-pair appeared on the
screen after the subject made the response to the target of the
previous word pair. Responses emitted 2 seconds after the ap-
pearance of the target word were treated as misses.

EEG Acquisition

EEG was acquired with a 32-electrode montage by using a Neu-
roscan electrocap (El Paso, Tex.). Six additional electrodes were
placed at the two earlobes, right and left temple, and supra- and
infraorbital sites on the left side to monitor for horizontal and lat-
eral eye movements. The impedance was kept at or below 5 kQ at
all electrode locations and checked at the beginning of every EEG.
The EEG was recorded over 924 msec after the target onset, with a
100-msec prestimulus baseline, digitized at the rate of 256 points,
with filter settings at DC to 40 Hz. The left ear was used as refer-
ence, and the EEG was referenced to linked ears offline. The EEG
was edited offline with the Semlitsch correction algorithm to re-
move contamination from eye movements. Single sweeps were
rejected if the amplitude at any of the electrodes exceeded 75 pV.
Separate average waveforms were constructed for each target
stimulus type: related, unrelated, legal nonword, and illegal non-
word with the two stimulus-onset asynchronies for all subjects
individually. Group grand averages were made on the basis of in-
dividual subjects’ averages.

Event-Related Potential Data

Measurement windows for the event-related potentials of inter-
est were established on the basis of inspection of the individual
waveforms and grand averages for a given asynchrony. To best
characterize the group differences, which on visual inspection
seemed to span the whole event-related potential epoch, three
measurement windows were selected: 1) N100-P200: 90-250 msec
poststimulus, 2) N400: 300-400 msec poststimulus, and 3) P600:
450-650 msec poststimulus. The N100-P200 and P600 event-re-
lated potentials were measured as a mean area under the curve,
while N400 was measured both as mean area under the curve and
as a peak latency to examine group latency differences.

Statistical Analyses

N100-P200. Because of the scalp distribution of the N100-P200
event-related potential (11), two electrode chains were selected
for analysis by using mixed model analyses of variance (ANOVAs):
1) a frontomidline chain (Fz, Cz) and 2) a frontolateral chain (F3/4,
C3/4, FTC1/2). Diagnosis was a between-subject variable for both
electrode chains (two levels: schizotypal personality disorder and
normal comparison). For the frontomidline chain, the within-
group variables were condition (two levels: related- and unre-
lated-word targets) and electrode (two levels: Fz and Cz). For the
frontolateral chain, the within-subject variables were condition
(two levels: related- and unrelated-word targets), electrode (three
levels: F3/4, C3/4, and FTC1/2), and hemisphere (right and left).

N400. Because of the distribution of group voltage differences
across the scalp for the N400 event-related potential (11) (Figure
1), three electrode chains were selected for analyses: 1) midline
chain: Fz, Cz, and Pz; 2) frontolateral chain: F3/4, C3/4, and FTC1/2;
and 3) lateral-parietal chain: P3/4, TCP1/2, and CP1/2. Since prior
work has demonstrated the usefulness of the N400 group compar-
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FIGURE 1. Grand Average EEG Waveforms of 15 Normal Fe-
male Comparison Subjects and 16 Female Subjects With
Schizotypal Personality Disorder During Presentation of
Related- and Unrelated-Word Targets With Long Stimulus-
Onset Asynchrony

Related-Word Targets Unrelated-Word Targets

Subjects with schizotypal personality disorder
Normal comparison subjects

15

Fz Fz

Amplitude (1V)

-5

15
Pz Pz

10

0 200 400 600 800 O 200 400 600 800
Time (msec)

isons in nonsubtracted conditions (11, 37), we directly compared
the N400 amplitude in the two groups by using waveforms for
responses to related-word and to unrelated-word targets. To as-
certain that the group effects depended on the stimulus-onset
asynchrony, we started with the overall multivariate analysis of
variance (MANOVA) with stimulus-onset asynchrony as a factor. In
addition, to demonstrate that the paradigm used in the study elic-
ited the expected N400 effect in the normal subjects, we also con-
ducted an overall MANOVA by using data from the normal sub-
jects. Since we predicted that group differences would be evinced
with the short but not with the long stimulus-onset asynchrony, we
did separate ANOVA analyses for the two types of stimulus-onset
asynchronies. We used mixed model ANOVAs (SPSS 10.0, SPSS,
Inc., Chicago). For the midline chain, group (two levels: normal
and schizotypal personality disorder) was a between-subject vari-
able and condition (two levels: related- and unrelated-word tar-
gets) and electrode (three levels) were within-subject variables. For
the frontolateral and lateral-parietal chains, group was a between-
subject variable, and hemisphere (two levels: left and right), condi-
tion (two levels: related- and unrelated-word targets), and elec-
trode (three levels) were within-subject variables. Greenhouse-
Geisser correction was used where necessary (i.e., for all significant
interaction effects obtained for k + 1 measurements, k=2).

P600. The ANOVA model used was identical to that used for the
N400 component. The same electrode chains were used for the
P600 and N400 amplitudes.
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TABLE 1. Amplitude of the N400 Event-Related Potential in
Response to Related- and Unrelated-Word Targets Pre-
sented With a Short Stimulus-Onset Asynchrony to Normal
Female Comparison Subjects and Female Subjects With
Schizotypal Personality Disorder

Amplitude (uV)

Subjects With
Schizotypal Personality
Disorder (N=16)

Normal Comparison
Subjects (N=15)

Related- Unrelated- Related- Unrelated-
Word Word Word Word

Targets Targets Targets Targets
Electrode Mean SD Mean SD Mean SD Mean SD
Fz 1.7 3.0 0.6 3.9 2.4 43 -03 4.8
Cz 3.5 3.4 1.4 2.8 3.7 4.4 1.5 4.1
Pz 2.5 34 06 26 20 49 0.4 4.7
F3 0.4 3.3 0.2 3.3 2.5 3.5 0.6 4.4
F4 1.2 32 0.5 32 2.2 3.5 0.8 3.4
FTC1 -0.5 26 -0.6 2.8 1.4 3.0 0.3 3.3
FTC2 12 27 36 28 15 24 06 25
(e} 0.1 41 -0.5 3.8 1.7 3.7 1.9 3.5
c4 26 35 1.3 32 2.7 3.4 16 29
P3 0.6 35 -1.3 3.4 0.8 39 -01 3.4
P4 2.1 3.0 1.3 3.0 1.7 3.1 0.7 3.1
TCP1 -1.5 3.2 35 2.9 0.5 3.0 -0.6 2.9
TCP2 1.9 3.2 1.0 3.1 1.1 26 -08 24
CP1 1.2 3.3 0.3 31 2.7 3.8 1.0 31
CcP2 23 2.9 1.1 2.9 2.7 3.6 1.5 3.1
Results
N100-P200

No main effects were found for the frontomidline chain
or the frontolateral chain. The analysis of the interaction
between group and hemisphere did not reach significance.

N400

The overall MANOVA included data for the two stimu-
lus-onset asynchronies and all electrodes placed in the re-
gion-of-interest approach (in the midline, frontal, and pa-
rietal regions). The overall MANOVA with stimulus-onset
asynchrony added as a factor showed a three-way interac-
tion of stimulus-onset asynchrony, condition, and group
(F=4.28, df=2, 24, p<0.03), suggesting that group effects in
this study depended on the stimulus-onset asynchrony
and the word target condition. This finding was further
substantiated by the region-of-interest analyses.

N400 effects in normal comparison subjects. The
MANOVAs with factors of stimulus-onset asynchrony
(long and short stimulus-onset asynchrony), condition
(related- and unrelated-word targets), and electrode (with
the number of electrodes dependent on the electrode
chain analyzed) found a main effect of condition for all
three electrode chains: frontomidline (F=18.46, df=1, 12,
p<0.001), frontolateral (F=9.06, df=1, 13, p<0.01), and lat-
eral-parietal (F=10.4, df=1, 12, p<0.007). No other main ef-
fects or interactions were significant.

N400 short stimulus-onset asynchrony. For the fron-
tomidline electrode chain, there was a main effect of con-
dition (F=15.4, df=1, 28, p<0.001), with a more negative
N400 amplitude in the related-word condition than in the
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FIGURE 2. Grand Average EEG Waveforms of 15 Normal Female Comparison Subjects and 16 Female Subjects With Schizo-
typal Personality Disorder During Presentation of Related-Word Targets With Short Stimulus-Onset Asynchrony
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unrelated-word condition (Table 1). There was no main ef-
fect of group; and a three-way interaction of group by con-
dition by electrode did not reach significance (F=3.49, df=
2, 56, p<0.07). As Figure 2 shows, N400 amplitude at Fz in
the related-word condition was less negative in the schizo-
typal personality disorder group than in the comparison
group.

For the frontolateral electrode chain, there was a main
effect of condition (F=6.24, df=1, 30, p<0.02), with more
negative N400 amplitude in the unrelated-word than in
the related-word condition. There was a significant three-
way interaction of group, condition, and hemisphere (F=
4.78, df=1, 30, p<0.04). To follow up on this interaction, we
conducted mixed model ANOVAs separately for the related-
word and unrelated-word conditions. The ANOVAs included
group as a between-subject variable and hemisphere (left
versus right) and electrode (three levels) as within-subject
variables. For the related-word condition, there was a signif-
icant group-by-hemisphere interaction (F=4.51, df=1, 30,
p<0.05). In the follow-up t tests, there was a group effect for
the left frontal sites (t=—2.0, df=28.9, p<0.03, one-tailed) but
not for the right frontal sites (t=—0.93, df=28.9, p<0.18, one-
tailed), with a less negative N400 amplitude in the schizo-
typal personality disorder group than in the comparison

Am | Psychiatry 159:10, October 2002

group (Figure 2). No significant effects were found for the
unrelated-word condition (Figure 3).

At the lateral-parietal electrode chain, there was a main
effect of condition (F=7.96, df=1, 29, p<0.009), with more
negative N400 in the unrelated-word than in the related-
word condition. The three-way interaction between group,
condition, and hemisphere did not reach significance (F=
3.86, df=1, 29, p<0.06). Less negative N400 amplitude was
observed in the left hemisphere electrode sites in the re-
lated-word condition in the schizotypal personality disor-
der group than in the normal comparison group.

N400 long stimulus-onset asynchrony. No group dif-
ferences or significant interactions were found for the long
stimulus-onset asynchrony for the midline or the two lat-
eral electrode chains (Table 2, Figure 1).

N400 latency. For the short stimulus-onset asynchrony,
no differences in latency between groups were observed
for any of the electrode chains.

For the long stimulus-onset asynchrony, no group differ-
ences were observed for the midline or lateral-parietal
electrode chains. A group-by-electrode interaction was
found for the frontolateral electrode chain (F=2.89, df=5,
26, p<0.04). Longer latencies were observed in the schizo-
typal personality disorder group than in the normal com-
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FIGURE 3. Grand Average EEG Waveforms of 15 Normal Female Comparison Subjects and 16 Female Subjects With Schizo-
typal Personality Disorder During Presentation of Unrelated-Word Targets With Short Stimulus-Onset Asynchrony
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TABLE 2. Amplitude of the N400 Event-Related Potential in
Response to Related- and Unrelated-Word Targets Pre-
sented With a Long Stimulus-Onset Asynchrony to Normal
Female Comparison Subjects and Female Subjects With
Schizotypal Personality Disorder

Amplitude (uv)

Subjects With
Schizotypal Personality
Disorder (N=16)

Normal Comparison
Subjects (N=15)

Related- Unrelated- Related- Unrelated-
Word Word Word Word

Targets Targets Targets Targets
Electrode Mean SD Mean SD Mean SD Mean SD
Fz 1.4 4.1 0.1 4.2 3.7 4.6 1.4 4.7
Cz 3.6 3.9 2.4 3.2 54 49 23 4.4
Pz 1.7 3.5 -0.6 3.4 4.2 5.6 1.7 5.3
F3 0.8 39 -0.2 3.2 2.7 3.5 0.6 5.0
F4 1.8 36 27 29 2.3 3.6 0.7 4.2
FTC1 2.4 31 -0.8 2.5 1.7 3.2 0.2 3.8
FTC2 2.1 31 0.6 2.6 1.9 2.6 0.7 3.0
a 0.9 46 -0.6 3.9 22 41 0.3 43
4 3.8 3.8 1.6 3.1 3.2 3.6 1.7 3.7
P3 29 3.5 2.1 2.9 2.8 4.1 1.2 4.8
P4 3.5 3.0 2.4 2.7 4.1 4.1 2.1 3.9
TCP1 1.8 3.0 1.6 2.6 2.9 3.7 1.1 3.6
TCP2 3.6 3.2 2.5 2.7 4.0 3.1 2.0 3.2
CP1 3.2 3.8 23 3.1 4.2 5.4 2.2 4.5
CP2 3.7 3.7 2.5 3.0 5.9 4.5 3.5 4.4
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parison group. Unidirectional t tests showed significant
differences between groups in latency at F3 (t=-3.25, df=30,
p<0.0001), FTC1 (t=-2.67, df=30, p<0.006), and F4 (t=-2.39,
df=30, p<0.02) in the related-word condition.

P600

Short stimulus-onset asynchrony. For amplitude with
the short stimulus-onset asynchrony, a three-way interac-
tion between group, condition, and electrode was found
for the midline electrode chain (F=3.86, df=2, 52, p=0.051).
There was a tendency for the P600 at Fz to be more posi-
tive in normal comparison subjects in the unrelated-word
condition; however, follow-up t tests did not confirm the
group separation at any of the electrodes. There were no
group differences for the frontolateral and the lateral-pari-
etal electrode chains.

For amplitude with the long stimulus-onset asynchrony,
no group differences in amplitude were observed for the
midline or lateral-parietal electrode chains (Table 2). A
group-by-condition-by electrode interaction was ob-
served for the frontolateral electrode chain (F=3.62, df=2,
58, p<0.04). In the follow-up t tests, the groups did not
show significant differences at any electrode location in
both the related-and the unrelated-word conditions.
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Summary of Results

Differences in amplitude between groups were found in
the N400 latency range in the related-word condition with
the short stimulus-onset asynchrony but not with the long
stimulus-onset asynchrony. The differences with the short
stimulus-onset asynchrony were most prominent over the
left frontal area and consisted of a less negative N400 am-
plitude in the schizotypal personality disorder group than
in the normal comparison group. No group differences ex-
isted for the P600 waveform. As for the N100-P200 com-
plex, the interaction between group and hemisphere did
not reach statistical significance.

Discussion

In this study of lexical decision, a less negative N400 am-
plitude was found for related words with the short stimu-
lus-onset asynchrony in the schizotypal personality disor-
der group than in the normal comparison group. Even
though less negative N400 amplitudes with the short stim-
ulus-onset asynchrony were observed across the entire
scalp in the schizotypal personality disorder group, statis-
tically significant group differences emerged only for the
left frontal area. The less negative N400 amplitude with
the short stimulus-onset asynchrony suggests greater ease
of gaining access to words within semantic memory in the
schizotypal personality disorder group. This finding is
consistent with a dysfunction in early semantic processing
brought about by overactivation (11, 37, 38).

At the same time, no group differences in the N400 am-
plitude were found with the long stimulus-onset asyn-
chrony. An earlier study of sentence processing that used
an identical offset-to-onset time interval (32) found a
more negative N400 amplitude in the schizotypal person-
ality disorder group, where computing the context put
substantial demands on working memory. Thus, the find-
ing of no group differences with the long stimulus-onset
asynchrony, in conjunction with the results of the previ-
ous study, suggests that even though context integration is
involved both in single-word and in sentence processing,
these processes are different. Sentential context integra-
tion requiring additional working memory and/or atten-
tional resources may be necessary to bring out semantic
dysfunction in this group of subjects.

These results supported both of our hypotheses: 1) the
presence of semantic overactivation in schizotypal person-
ality disorder at the initial stages of processing and 2) the
absence of abnormalities at later stages of processing in an
experimental paradigm without heavy demands on work-
ing memory.

To our knowledge, this is the first study to report event-
related potential evidence of dysfunction in early seman-
tic processes in subjects with schizotypal personality dis-
order and, in particular, in women with this disorder. A few
studies of event-related potentials examining cognitive
function in female schizophrenic patients have suggested
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a smaller degree of impairment in women than in men
(39, 40). It is thus likely that the localized group difference
found in the women with schizotypal personality disorder
in this study may reflect a milder form of impairment in
this group. Acquiring data on event-related potentials in
men with schizotypal personality disorder will help clarify
if the degree of dysfunction is gender mediated.

The evidence for abnormal early semantic processes
found in this study is also relevant for the understanding
of semantic dysfunction in schizophrenia. First, the find-
ings suggest that, in addition to abnormal late processes in
schizophrenia (demonstrated in previous studies), early
processes may be compromised. Second, the findings sug-
gest that these abnormal processes also exist in persons
with schizotypal personality disorder, who do not have the
clinical symptoms of schizophrenia. Event-related poten-
tial data for first-episode patients with schizophrenia
would further expand our understanding of language dys-
function in that disorder.
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