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Background: Relationships between illness severity and
neurobiologic abnormalities in schizophrenia were stud-
ied in subpopulations varying in clinical severity.

Methods: Auditory ERPs were collected from 28 severely
ill, chronically hospitalized schizophrenic men from a
state hospital; 29 moderately ill inpatient and outpatient
schizophrenic men from a veterans hospital; and 30
healthy male subjects from the community as controls.
Clinical symptoms were evaluated in patients using the
Brief Psychiatric Rating Scale (BPRS).

Results: Both schizophrenic patient groups had smaller
P300 amplitude than the control subjects. Severely ill
patients had smaller P300s than moderately ill patients
and scored higher on three BPRS factor scores as well as
BPRS Total. Among severely ill patients, P300 amplitude
was unrelated to clinical symptoms. Among moderately ill
patients, P300 was related to Withdrawal/Retardation,
Anxiety/Depression, and BPRS Total. After combining
patients, Thinking Disturbance emerged as an additional
correlate of P300. Group differences in P300 could not be
accounted for by group differences in symptom severity
using analysis of covariance.

Conclusions:Reduced P300 amplitude marks the diagno-
sis of schizophrenia, but also reflects individual differ-
ences in severity, including positive symptoms. Previous
failures to find relationships between positive symptoms
and P300 may have been due to a restricted range of clinical
severity. Biol Psychiatry 1999;46:94–101 ©1999 Society
of Biological Psychiatry
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Introduction

The auditory P300 component of the event-related brain
potential (ERP) is reliably reduced in schizophrenia

(Ford et al 1992), even in patients stabilized on medication
(Pass et al 1980; Pfefferbaum et al 1989; Roth et al 1981),
in first episode patients (Salisbury et al 1998), and when
patients are retested after an interval of 1 year (Turetsky et
al 1998). This suggests that P300 amplitude provides a
neurobiologic marker for the enduring nature of the
disease. A further question is whether among patients with
schizophrenia, P300 amplitude can also vary with fluctu-
ations in clinical state. Several clinical cross-sectional
studies have reported associations between P300 ampli-
tude and the severity of negative symptoms (Mathalon et
al 1998; Pfefferbaum et al 1989; Pritchard 1986), fewer
have reported associations between P300 amplitude and
positive symptoms (Juckel et al 1996).

One reason for the stronger associations found between
P300 and negative symptoms than between P300 and
positive symptoms may be the more enduring, trait-like
nature of negative, relative to positive, symptoms in
schizophrenia (Mathalon and Pfefferbaum 1997; Mueser
et al 1991; Pfohl and Winokur 1982; Putnam et al 1996).
However, positive symptoms, though more variable over
time within patients, also characterize trait-like individual
differences between patients. Recently, we showed that
although associations between positive symptoms and
P300 could not be detected between subjects at a single
time point, within-subject variations in P300 amplitude
over multiple observations were related to variations in
positive symptom states (Mathalon et al 1998). At issue is
whether a relationship between P300 and positive symp-
toms can be demonstrated cross-sectionally, indicating the
sensitivity of this neurobiologic measure to more enduring
individual differences in positive symptoms.

Another reason for difficulty in detecting any associa-
tion between P300 and positive symptoms could be a
restricted range of values, both clinical and neurobiologic,
among the patients included in the analysis. Sampling
patients from different clinical settings, which cater to
patients differing in long-term clinical severity, may in-
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crease the chance that single cross-sectional measurements
will reflect not only variation in current clinical state but
will also capture a broader range of enduring individual
differences. This increase in trait-related variance would
facilitate the demonstration of an association between
clinical and neurobiologic variables, even with cross-
sectional data. For example, associations between brain
dysmorphology and symptom severity, not seen when
groups of patients differing in severity of illness were
analyzed separately, has recently been demonstrated by
pooling data across both groups (Marsh et al 1999).

The earlier N1 component is also reduced in patients
with schizophrenia (Bruder et al 1996; Ford et al 1994b;
Pfefferbaum et al 1989; Roemer and Shagass 1990; Roth
et al 1991), and according to a recent report, this reduction
may be due to the disorganized/undifferentiated patients in
the samples studied (Boutros et al 1997). There have been
few attempts to relate N1 reduction to clinical symptoms,
although Laurent and Baribeau (1992) found N1 was
related to thinking disturbance.

The aims of the present study were to determine 1)
whether N1 and P300 differentiate between two groups of
schizophrenic patients known to differ in clinical severity;
and 2) whether N1 and P300 are related to symptom
severity across all patients. Specifically, we hypothesized
that more severely ill patients would have smaller N1 and
P300 amplitudes and that amplitude reductions would be
related to more severe symptoms. Because of the direc-
tional nature of our hypotheses, we used one-tailed tests of

statistical significance. We elicited ERPs to target tones in
an auditory oddball paradigm from two groups of patients
with schizophrenia: moderately ill patients from the Vet-
erans Affairs Palo Alto Health Care System and severely
ill inpatients from Napa State Hospital, and an age-
matched group of healthy control subjects.

Methods and Materials

Patients
Demographic and clinical characteristics of the subject groups
are provided in Table 1. Written informed consent was obtained
from all subjects or their guardians. Patients all participated in a
standard auditory oddball ERP paradigm when they had been
stable for at least 2 weeks on either typical or atypical antipsy-
chotic medication. Patient assessment procedures and inclusion
and exclusion criteria are provided in earlier reports on structural
brain characteristics in these patients (Lim et al 1996; Marsh et
al 1997; Sullivan et al 1998; Zipursky et al 1992; Zipursky et al
1994). Patients were medically healthy men who met diagnostic
criteria for chronic schizophrenia according to the Diagnostic
and Statistical Manual-III-Revised (DSM-III-R) (American Psy-
chiatric Association 1987). Patients with a history of significant
head injury (loss of consciousness$ 30 min or neurologic
sequelae), current alcohol or substance dependence, past or
present epilepsy, psychosurgery or other nonschizophrenic ill-
ness that would affect the central nervous system, and those aged
over 45 years were excluded from the analysis.

Moderately ill patients included both acute in-patients (n 5
22) on a research psychiatric ward at the Veterans Administra-

Table 1. Demographic, Neurophysiologic and Clinical Measures for Severely Ill and Moderately
Ill Schizophrenics and Control Subjects

Severely Ill
(SI)

(n 5 28)

SI vs MI

Moderately Ill
(MI) ( n 5 29) 1SI vs Cont

2MI vs Cont

Control
Subjects

(n 5 30)

Mean SD Mean SD Mean SD

Demographics
Age 34.1 7.7 36.7 4.6 36.9 6.7
Years of Education 10.2 3.1 d,e 12.9 1.5 1&2e 16.0 2.4

Neurophysiology
N1 Amplitude at Cz
(mV)

24.13 2.38 24.96 3.25 1&2e 28.49 2.44

N1 Latency at Cz (msec) 107.14 20.92 107.62 18.19 110.4 16.09
P300 Amplitude at Pz 4.98 2.92 b,e 7.55 3.9 1&2e 11.54 4.79
P300 Latency at Pz
(msec)

378.75 82.84 363.24 52.51 349.83 51.47

Clinical Features
BPRS Total 55.18 12.32 d 40.60 8.58

Withdrawal/Retardation 9.39 2.83 b 7.55 2.39
Thinking Disturbance 12.71 4.47 d 8.40 2.30
Anxiety/Depression 6.53 2.47 7.03 2.44
Hostility/Suspiciousness 10.07 3.19 c 7.09 3.28

Age of Onset (years) 16.54 4.72 d 23.31 5.11
Disease Duration (years) 17.57 6.82 b 13.34 6.32

1-tailed t-test comparisons a p, .05, b p, .01, c p, .001, d p, .0001, Scheffe post hoc e p, .05.
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tion Palo Alto Health Care System and out-patients (n 5 7) at
the same facility. They all had sufficiently good physical and
mental premorbid histories to qualify for military service, and
now lived in the community. Severely ill patients (n 5 28) were
recruited from locked in-patient wards at Napa State Hospital.
They required chronic institutionalization, primarily because of
severe psychotic symptomatology that responded only partially
to neuroleptic treatment. Most patients were clinically ill by age
20 years, which disrupted their formal education. All but one
were legally conserved.

Control subjects for this study included men recruited from the
neighboring community. Some had participated previously in
other electrophysiologic (Ford et al 1994a; Ford et al 1994b)
studies from our laboratory. Subjects who responded to recruit-
ment advertisements were initially screened over the phone.
Those willing to participate and passing this screen were invited
into the laboratory where they were further screened by a
psychiatric interview [Schedule for Affective Disorders and
Schizophrenia - Lifetime (SADS-L), Endicott and Spitzer 1978,
or Structured Clinical Interview for DSM-III-R (SCID), Spitzer
et al 1989]. Prospective control subjects were excluded if they
met criteria for substance abuse in the past year, or life-time
history of other psychiatric disorder.

DISEASE DURATION. Duration of disease was estimated as
the difference between age at onset of schizophrenia and age at
testing. For severely ill patients, age at onset was defined as the
age at which reliable evidence from records or interviews
indicated presence of at least two of the DSM-III-R Section A
diagnostic criteria for schizophrenia. For moderately ill patients,
age at onset (symptoms of schizophrenia first present for 6
months, with an active phase of at least 1 week) was estimated
from patient interviews with the exact age established by consensus
between the attending physician who performed a clinical interview
and an interviewer who administered the SCID.

CLINICAL SYMPTOM ASSESSMENT. Patients were as-
sessed using the Brief Psychiatric Rating Scale (BPRS) usually
on the same day or within a day of ERP testing. Ratings were
done by two trained raters, with the average of their ratings being
used. The BPRS is a clinician-rated instrument based on a
semistructured interview yielding measures of symptomatology
on 18 items that have been the subject of extensive factor-
analytic study (Hedlund and Vieweg 1980; Overall et al 1967). In
addition to the total score on the BPRS, we also used 4 factor
scores computed to reflect Thinking Disturbance (hallucinatory
behavior, unusual thought content, conceptual disorganization),
Hostility/Suspiciousness (suspiciousness, hostility, uncoopera-
tiveness), Withdrawal/Retardation (blunted affect, emotional
withdrawal, motor retardation), and Anxiety/Depression (anxi-
ety, depressed mood, guilt feelings) (Table 1).

ERP Recording and Analysis
Both groups of patients were tested on an auditory oddball
paradigm which took about 10 min to conduct and consisted of
a series of 320 standard tones and 80 target tones with a fixed
interstimulus interval of 1.5 sec. Standard tones were 500 Hz, 70

dB SPL, 50 msec duration and occurred on 80% of the trials.
Target tones were 1000 Hz, 70 dB SPL, 50 msec duration and
occurred on 20% of the trials. Tones had a shaped rise and fall
time of 5 msec. Stimuli were presented in a Bernoulli sequence
held constant across subjects. Subjects were asked to press a
reaction time button with their preferred hand to the target tones,
giving equal importance to speed and accuracy.

EEG recorded from Fz, Cz, Pz, Oz, A1, T3, C3, C4, T4, and A2

electrodes was referenced to a sternovertebral electrode with a
balancing circuit to minimize EKG artifacts (Stephenson and
Gibbs 1951). Vertical EOG was recorded from electrodes placed
above and below the right eye, and horizontal EOG from
electrodes placed at the outer canthi of each eye.

DATA SCREENING. Single trials were individually screened
by computer algorithm before being included in the averages.
First, trials on which EEG at any electrode site saturated the A/D
converter (.6250mV) were rejected. Next, single trials at each
electrode were individually corrected for the effects of eye blinks
and eye movements (Gratton et al 1983; Miller et al 1988). Trials
with button presses occurring before 100 msec or after 1150
msec were excluded as were those with incorrect button presses.
Each averaged ERP waveform comprised 30 or more trials.

PEAK IDENTIFICATION. Before peak identification, EEG
was filtered with a 0.5 Hz (down 3 dB) high pass filter (Coppola
1979) and with a 12.4 Hz (down 3 dB) low pass filter (Ruchkin
and Glaser 1978). For the analyses presented here, P300 was
measured as the most positive peak at Fz, Cz, and Pz between 280
and 600 ms and N1 was measured as the most negative peak
between 50 and 150 msec at Cz.

Statistical Analysis
Statistical analysis proceeded in three steps: 1) One-way analysis
of variance (ANOVA) was performed using factors of group
(controls, severely ill schizophrenics, moderately ill schizophren-
ics) for demographic and clinical variables, with follow-upt tests
where group effects were significant. 2) Repeated measures
ANOVA (group and midline electrode site) was performed for
P300 amplitudes with post hoc Scheffe tests conducted at each
site if the group3 site interaction was significant. A similar
ANOVA was performed for N1 without the electrode site factor.
3) Regression analyses were performed to determine the rela-
tionship between clinical variables and ERP amplitudes within
severely ill and moderately ill subgroups separately, as well as
across combined samples. 4) Clinical variables, for which slopes
of the linear regression with ERP values did not differ between
groups, were subjected to an analysis of covariance (ANCOVA)
to determine whether they accounted for any group difference in
the ERP values.

Results

Group Comparisons

The more severely ill patients had higher scores on three
of the four BPRS factor scores (Thinking Disturbance,
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Withdrawal/Retardation, and Hostility/Suspiciousness), as
well as a higher BPRS Total score than the moderately ill
patients. In addition, they had been ill longer and had less
formal education (Table 1).

Grand average ERPs are overlaid for the two patient
groups and the normal controls in Figure 1. The group
effect for P300 amplitude across midline sites was signif-
icant [F(2,84) 5 15.33, p , .0001], as was thesite
effect [F(2,168) 5 44.39, p , .0001], with a group
by site interaction [F(4,168) 5 3.64, p , .007]. Post
hoc analyses revealed significant differences in P300
amplitude between the severely ill and control groups at Fz

[Scheffe F 5 11.27], Cz [Scheffe F 5 9.2], and Pz

[Scheffe F 5 19.72]; andbetween moderately ill and
controls groups at Fz [ScheffeF 5 5.76], Cz [Scheffe
F 5 5.10], and Pz [Scheffe F 5 7.41]. P300 was
significantly smaller in severely ill than moderately ill
schizophrenics only at Pz [ScheffeF 5 7.87, p , .01].
The effect of group membership and midline scalp site on
P300 amplitude can be seen in Figure 2. This interaction
remained significant after P300 amplitude normalization
(McCarthy and Wood 1985) [F(4,168)5 2.91,p , .03].

The group effect for N1 amplitude was significant
[F(2,84) 5 21.33 p , .0001]. Post hoc analyses
revealed significant differences in N1 amplitude between
the severely ill and the control groups [ScheffeF 5

Figure 1. Grand averages of normal controls (n 5 30) (solid line), moderately ill schizophrenics (n 5 29) (dashed line), and severely
ill schizophrenics (n 5 28) (dotted line) for ERPs elicited to target tones. Y-axis5 microvolts; X-axis5 milliseconds.
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18.68], between the moderately ill and control groups
[ScheffeF 5 12.43], but notbetween severely ill and
moderately ill patients.

ERP Clinical Relationships

The regression of P300 amplitude on disease duration
revealed no significant relationship between these vari-
ables either in each schizophrenic group separately, or
when they were combined. Within the severely ill schizo-
phrenic group alone, P300 amplitude was unrelated to any
of the BPRS factor scores, or BPRS Total (p values
ranged from .07 for Hostility/Suspiciousness to .49 for
BPRS Total). Within the moderately ill schizophrenic
group alone, P300 amplitude was significantly related to
Withdrawal/Retardation [r 5 2.50, p , .003], Anxi-
ety/Depression [r 5 2.42, p # .01], andBPRS Total
[ r 5 2.32, p , .05], but wasunrelated to Thinking
Disturbance (p 5 .44) orHostility/Suspiciousness (p 5
0.12). Whendata from both groups were pooled, how-
ever, patients with smaller P300 amplitudes had higher
scores for BPRS Total [r 5 20.32, p , .01],
Withdrawal/Retardation [r 5 2.28, p , .02], and
Thinking Disturbance [r 5 2.26, p , .03] (Figure 3).
Polynomial regression analyses revealed no significant
quadratic or cubic relationships between P300 and clinical
variables in the combined group. Nonparametric Spear-
man correlations yielded the same results.

Parallel analysis for N1 at Cz reveals a different pattern
of association with clinical variables to that seen for P300,
perhaps because N1 did not differentiate the clinical
groups. There was no association between N1 amplitude
and disease duration for either group, singly or combined.
There was no relationship between N1 amplitude and any
of the BPRS factor scores, or BPRS Total within the
severely ill schizophrenic group alone. However, within
the moderately ill schizophrenic group alone, smaller (i.e.,
less negative) N1 amplitudes were significantly related to
greater Withdrawal/Retardation [r 5 .50, p , .003],

Anxiety/Depression [r 5 0.47, p , .008], andBPRS
Total [r 5 .41, p , .015]. N1 tended to be related to
Thinking Disturbance (r 5 .28, p 5 .07), but not
Hostility/Suspiciousness (p 5 .19). Pooling data across
both groups strengthened the relationship between smaller
N1 amplitudes and higher Thinking Disturbance [r 5
.28, p , .02], relative to the trend observed in the
moderately ill group alone, maintained the relationships
with BPRS Total (r 5 .23, p # .04) and Withdrawal/
Retardation (r 5 .24, p , .04), but attenuated the
relationship with Anxiety/Depression (r 5 .18,p , .09).

Although N1 and P300 were moderately correlated
(r 5 2.49, p , .0001), weattempted to assess their
independent contributions to the prediction of clinical
symptom scores using multiple linear regression analyses.
When each of the four BPRS factor scores were individ-
ually regressed on both N1 and P300, neither one signif-
icantly predicted clinical symptoms after controlling for
the other. However, when BPRS Total was regressed on

Figure 2. Means and standard errors for P300 amplitude from
three midline leads Fz, Cz, and Pz, for control subjects, severely
ill patients, and moderately ill patients.

Figure 3. Relationships between P300 amplitude, the four BPRS
factor scores, BPRS Total, and disease duration for 28 severely
ill and 29 moderately ill schizophrenic patients. Pooled group
regression lines are shown. One-tailed significance levels are
shown.
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the two ERP components, P300 (b 5 2.26, p , .05,
one-tailed) but not N1 (b 5 .11, n.s.) emerged as a
significant independent predictor. Thus, the four symptom
factors individually depended on variance that was shared
by N1 and P300; however, when these symptoms were
taken additively and broadened with additional symptom-
atology items (BPRS Total), P300, but not N1, accounted
for unique variance in clinical severity.

Clinical Variables Accounting for Group P300
Differences

For clinical variables with a linear relationship to P300
amplitude that did not have different slopes between
groups, an ANCOVA was performed using that clinical
variable and group to predict P300 amplitude. Significant
P300 group differences persisted, even after accounting
for Thinking Disturbance [F(1,54) 5 4.11,p , .025],
Hostility/Suspiciousness [F(1,54) 5 6.18, p , .01],
disease duration [F(1,54) 5 6.92,p , .01], andBPRS
Total [F(1,54)5 2.81,p , .05]. This analysis was not
performed for Withdrawal/Retardation and Anxiety/De-
pression because the linear slopes of these variables with
P300 were significantly different in the two patient groups.
N1 was not subjected to this analysis because N1 did not
differ across groups.

The contribution of education to differences in P300
between severely ill and moderately ill schizophrenic
groups was assessed using ANCOVA. Group differences
in P300 persisted even when years of education data was
entered as a covariate [F(2,53) 5 4.57, p , .01].
Note, years of education was not associated with P300
amplitude within the moderately ill patients (p , .55),
the severely ill patients (p , .55), or with the groups
combined (p , .20).1

Discussion

P300 amplitude is a neurobiologic measure recorded from
the scalp of individuals engaged in specific tasks. For this
study, the task was a simple target detection task. In
studies using this paradigm in healthy subjects, P300
amplitude is sensitive not only to variables that are
state/task-dependent, such as attention and stimulus prob-
ability (Duncan-Johnson and Donchin 1977; Johnson
1987), but also to variables that are more stable and
enduring, such as a cortical gray matter volume (Ford et al
1996). In longitudinal studies of psychiatric patients, P300
is sensitive to state fluctuations in positive symptoms
(Mathalon et al, unpublished data 1999), individual differ-
ences in more enduring negative symptoms (Mathalon et

al, unpublished data 1999), and to the stable diagnosis of
schizophrenia, irrespective of clinical state (Mathalon et
al, unpublished data 1999; Turetsky et al 1998).

Among the severely ill patients, P300 was unrelated to
any symptom dimension; whereas among the moderately
ill patients, relationships with BPRS Total, Withdrawal/
Retardation, and Anxiety/Depression attained signifi-
cance, consistent with previous reports of P300 amplitude
reflecting negative symptoms (Blackwood et al 1987;
Kemali et al 1988; Pfefferbaum et al 1989; Strik et al
1993; Ward et al 1991). The lack of relationship within the
severely ill group compared to the moderately ill group
might be because of the restricted range of P300 ampli-
tudes available; 74% of the sample had P300 amplitude,
6 mV, compared with only 43% in the moderately ill
group. When data were pooled across groups, relation-
ships of P300 amplitude with Withdrawal/Retardation,
Thinking Disturbance, and BPRS Total were observed.
The relationship with Thinking Disturbance demonstrates
that although P300 amplitude was not sensitive to positive
symptoms within groups, it was sensitive to this positive
symptom factor when patients from groups differing in
clinical severity were combined. It is possible that earlier
failures to demonstrate a relationship between P300 and
positive symptoms cross-sectionally is due, in part, to a
restriction of range in symptom severity.

In this cross-sectional analysis, we found that P300
recorded at Pz is smaller in severely ill than similarly aged
moderately ill schizophrenic patients. Although the se-
verely ill patients were significantly more symptomatic
than the moderately ill patients, neither overall severity of
illness (as measured by BPRS Total), nor individual factor
scores, could completely account for the P300 amplitude
differences between groups. While associations between
symptom severity and P300 amplitude were uncovered,
none of these associations on their own were able to
account completely for group differences in P300 ampli-
tude. The severely ill patients had longer disease durations
than the moderately ill patients, but this did not account for
the P300 amplitude differences between groups.2 The
groups also differed in years of formal education, and by
inference, perhaps cognitive ability. Because relationships
between neuropsychological deficits and negative symp-
toms have been reported (Braff et al 1991; Miller et al
1993), neuropsychological deficits might contribute inde-
pendently of symptoms to the smaller P300s observed in
more severely ill patients. Years of education as an
indicator of cognitive abilities provided no support to this
possibility, however, analysis using a more direct assess-

1 Because there are no reports in the literature relating P300 to education, these tests
were two-tailed.

2 The extent to which reported group differences in age of onset can be attributable
to differences in criteria for defining age of onset used by the two hospitals is
unknown. This limitation should be born in mind when evaluating this
observation.
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ment of cognitive ability is needed to fully resolve this
issue.

Reduction in N1 seen in the patients compared to the
controls is consistent with the literature (Bruder et al 1996;
Ford et al 1994b; Pfefferbaum et al 1989; Roemer and
Shagass 1990; Roth et al 1991). Despite the fact that N1
did not differentiate the two patient groups, N1 amplitude
became sensitive to Withdrawal/Retardation, BPRS Total,
and Thinking Disturbance, when data from both groups
were combined, the latter replicating an earlier finding
(Laurent and Baribeau 1992). Despite the fact that N1 and
P300 shared approximately 25% of their variance, only
P300 emerged as an independent predictor of BPRS Total
scores. Thus, P300 may be more reflective of general
clinical severity than N1.

Clinical severity differences observed between these
groups of patients underscore the fact that any single
clinical population may not encompass the full range of
symptom severity for this disease. Relationships between
clinical symptoms and biologic variables may only emerge
when the full clinical range is present. Variables such as
cortical gray matter (Ford et al 1996) might also be
relevant as a predictor of reduced P300 amplitude in
schizophrenia. These findings also suggested that the two
groups of patients differed along a continuum of severity
and along a continuum of P300 amplitudes.

The scalp distribution of P300 in the severely ill
schizophrenic patients did not show the parietal maximum
seen in control subjects and moderately ill schizophrenic
patients. The centrally maximal distribution seen in the
severely ill schizophrenic patients is often also seen in
healthy elderly subjects (Ford and Pfefferbaum 1991) and
in responses elicited by a “no-go” stimulus (Pfefferbaum
and Ford 1988). Differences in P300 scalp distribution in
healthy subjects have been used as indicators for activa-
tion of different neural processes (Ro¨sler et al 1995a;
Rösler et al 1995b). The extent to which such interpreta-
tions are applicable to these severely ill schizophrenic
patients awaits further testing.
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