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Abstract
Auditory P300 amplitude reductions are well-established in young adults with schizophrenia. Little is known,
however, regarding the P300 in older schizophrenia patients, especially those with late onset. We studied 28
middle-aged and elderly Žmean age s 62.7 years. patients w14 with early onset schizophrenia ŽEOS. and 14 with late
onset schizophrenia ŽLOS.x and 14 normal comparison ŽNC. participants using an auditory oddball paradigm.
Event-related potentials were recorded from 15 scalp electrodes and six non-scalp sites. There were no significant
differences between EOS and LOS groups in neuroleptic dosage, symptom severity, reaction times, target-detection
accuracy, or N100 and N200 ERP measures. The EOS, but not the LOS, group had significantly smaller auditory
oddball P300 amplitudes than the NC group. Twelve of the 14 LOS patients had P300 amplitudes in the normal
range. Smaller P300 amplitudes were associated with earlier age of onset Ž r s 0.48., longer duration of illness
Ž r s y0.49. and more severe alogia Ž r s y0.50.. We conclude that P300 abnormalities in schizophrenia may be a
marker for a disease subtype with early onset and more severe information-processing deficits. Q 1998 Elsevier
Science Ireland Ltd. All rights reserved.
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1. Introduction
The P300 component of the event-related potential ŽERP. is a late positive waveform that is
typically maximal at centro-parietal midline sites
300 ms post-stimulus in simple categorization
tasks. The P300 is best elicited by unexpected
task-relevant events and is sensitive to manipulations of stimulus probability and task difficulty
Že.g. Duncan-Johnson and Donchin, 1977;
Donchin et al., 1986; Johnson, 1988.. Due to its
dependence on expectancy Žsubjective probability. and the allocation of capacity-limited attentional resources, the P300 has been proposed to
reflect ‘updating’ of working memory ŽDonchin et
al., 1986; Donchin and Coles, 1988.. Its amplitude
for events in the primary task has been shown to
index the amount of perceptual resources used in
dual task paradigms Že.g. Isreal et al., 1980;
Kramer et al., 1983; Trestman et al., 1996..
Much evidence implicates multiple generators
of scalp-recorded P300 activity, with contributions
from the hippocampus, parahippocampal gyrus,
temporoparietal junction, thalamus and frontal
cortex ŽKnight et al., 1989; McCarthy et al., 1989;
Smith et al., 1990; Kropotov and Ponomatrev,
1991.. Abnormalities of all these structures have
been reported in schizophrenia, although their
relative importance remains controversial ŽChua
and McKenna, 1995..
P300 amplitude has been reported by numerous investigators to be reduced in young
schizophrenia patients wfor review see Ford et al.
Ž1992.x, but has yet to be characterized in older
patients, particularly in those with later onset of
illness. Prior work in younger schizophrenia
patients has related the degree of P300 amplitude
reduction to severity of psychopathology, primarily to positive symptoms in some studies ŽMcCarley et al., 1993; Egan et al., 1994. but to negative
symptoms in others ŽPfefferbaum et al., 1989;
Strik et al., 1993.. Nonetheless, a reduced amplitude P300 in the auditory modality has been
offered as a sensitive marker for the ‘schizophrenia trait’ due to several converging lines of
evidence. First, auditory P300 amplitude reductions seem relatively insensitive to changes in
clinical status ŽDuncan et al., 1987; Ford et al.,

1994.. Second, abnormalities of both P300 amplitude and latency have been observed in many
‘unaffected’ relatives of schizophrenia patients
ŽBlackwood et al., 1991; Kidogami et al., 1992..
Third, longitudinal studies of neuroleptic-naive
patients have shown no significant change in the
P300 after the initiation of neuroleptic treatment
ŽFord et al., 1994.. In contrast, ¨ isual P300s may
be more sensitive to changes in the clinical ‘state’
of schizophrenia patients ŽDuncan et al., 1987..
Abnormalities of the auditory N100 ŽRoth et al.,
1981; Baribeau-Braun et al., 1983; Frangou et al.,
1997. and N200 ŽAnderson et al., 1995; Frangou
et al., 1997. potentials in schizophrenia have been
reported, albeit less consistently ŽEgan et al., 1994;
Stefansson
and Jonsdottir,
1996..
´
´ ´
The Clinical Research Center ŽCRC. on latelife psychosis at U.C. San Diego has been following a cohort of older schizophrenia patients,
some of whom have late onset of illness. These
late onset schizophrenia ŽLOS. patients are of
great theoretical interest in that they may represent a separate disease or diseases or, alternatively, they may properly belong within the ‘schizophrenia spectrum’ ŽHarris and Jeste, 1988; Murray et al., 1992.. Recently, we reported LOS to
have quite similar neuropsychological profiles to
EOS, with a few exceptions ŽHeaton et al., 1994;
Jeste et al., 1995.. Specifically, LOS patients had
less severe impairment in learningracquisition
and in abstractionrcognitive flexibility ŽHeaton et
al., 1994; Paulsen et al., 1995; Jeste et al., 1997..
Also, measures of attentional abilities Že.g. Digit
Span forwards and backwards, Speech Sounds
Perception Test. showed a slight tendency for
greater impairment in EOS than in LOS ŽHeaton
et al., 1994..
In this study, we sought to characterize the
P300 in patients with LOS and to compare their
responses with those of age-comparable patients
with early onset schizophrenia ŽEOS.. We hypothesized that P300 abnormalities Ži.e. reduced
amplitude and delayed latencies . would be more
pronounced in patients with EOS than in LOS
patients, due to somewhat greater deficits of
learningracquisition Žprocesses which are largely
dependent on working memory ‘updating’. and
attention in EOS. In addition, we postulated that
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P300 amplitude would correlate positively with
age of onset of schizophrenia Žtreated as a continuous variable., and inversely with severity of psychopathology and global cognitive impairment.
2. Methods
2.1. Subjects
We studied 28 middle-aged and elderly
schizophrenia patients Ž14 with EOS and 14 with
LOS. and 14 normal comparison ŽNC. subjects.
All the EOS and LOS subjects met DSM-III-R
criteria for a diagnosis of schizophrenia, with the
exception of three subjects diagnosed with
schizoaffective disorder Žtwo of whom had a ‘late
onset’ of illness after age 45.. The EOS, LOS and
NC groups were carefully selected to be comparable with respect to age, gender, handedness, ethnicity Žpredominantly Caucasian . and level of ed-
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ucation ŽTable 1.. Per DSM-III-R, onset of prodromal symptoms at or after age 45 was used to
define the LOS group, and onset of symptoms
prior to age 45 defined the EOS group. All subjects underwent an extensive clinical assessment
in our CRC, generally within 30 days of the ERP
recording. This included the Brief Psychiatric
Rating Scale ŽBPRS. ŽOverall and Gorham, 1962.,
the Scales for the Assessment of Positive and
Negative Symptoms ŽSAPS and SANS. ŽAndreasen, 1982, 1984; Andreasen and Olsen, 1982., and
the Mini-Mental State Examination ŽMMSE.
ŽFolstein et al., 1975.. All clinical diagnoses were
based on the Structured Clinical Interview for
DSM-III-R ŽSCID. ŽSpitzer et al., 1988. given by
well-trained geriatric psychiatry fellows, and were
confirmed by at least two board-certified psychiatrists at the research staffing. Participants were
instructed not to take any CNS-active medications Že.g. neuroleptics, anticholinergics . on the

Table 1
Demographic and clinical characteristics of the three subject groups
NC
Ž n s 14.
Age Žyears.
Education Žyears.
Gender ŽM:F.
Number right-handed
Age of onset of
illness Žyears.UU
Duration of illnessUU
Neuroleptic dose
Žmg CPZE daily.
MMSE totalU
BPRS totalU
SAPS scoreUU
SANS scoreUU
Affective flattening
Alogia
AvolitionrApathy
AnhedoniarAssociality
Attention
a

63.1 Ž8.6.
13.2 Ž1.7.
10:4
13
}
}
}
28.9 Ž1.0.
22.4 Ž4.9.
1.5 Ž1.8.
1.7 Ž2.1.
}
}
}
}
}

EOS
Ž n s 14.

LOS
Ž n s 14.

P-valuea

Group
differences

62.8 Ž7.5.
12.7 Ž3.3.
10:4
13
27.9 Ž8.4.

62.5 Ž8.4.
13.0 Ž3.6.
10:4
13
54.6 Ž7.6.

0.98
0.91

- 0.0001

EOS - LOS

34.8 Ž10.3.
521 Ž918.

7.9 Ž6.7.
149 Ž228.

- 0.0001
0.10a

LOS - EOS

26.1 Ž2.6.
31.9 Ž8.4.
5.5 Ž3.8.
8.9 Ž3.3.
1.9 Ž1.4.
1.8 Ž1.0.
1.4 Ž1.2.
2.0 Ž1.3.
1.8 Ž1.0.

28.2 Ž3.0.
32.8 Ž9.6.
7.3 Ž4.6.
8.1 Ž4.0.
1.8 Ž1.0.
1.2 Ž1.3.
1.5 Ž1.6.
2.4 Ž1.4.
1.2 Ž1.1.

0.009
0.002
0.0001
- 0.0001
0.77
0.20
0.79
0.41
0.16

EOS - LOS,NC
NC- EOS,LOS
NC- EOS,LOS
NC- EOS,LOS

P-values are for one-way ANOVAs comparing all relevant groups, except for neuroleptic dose where Mann]Whitney U-test was
used to compare EOS and LOS.
U
P- 0.05; UU P- 0.001 ŽANOVA..
Note. Values for continuous variables represent means Žwith S.D...
Abbre¨ iations. NC, normal comparison group; EOS, early onset schizophrenia; LOS, late onset schizophrenia; BPRS, Brief
Psychiatric Rating Scale; SAPS, Scale for the Assessment of Positive Symptoms; SANS, Scale for the Assessment of Negative
Symptoms; MMSE, Mini-Mental State Examination.
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day of the event-related potential ŽERP. testing,
prior to the recordings. Eighteen patients were on
stable neuroleptic dosages, while seven patients
Žtwo EOS and five LOS. were not on any neuroleptic treatment for 30 days or longer prior to
the ERP testing. Participants with a history of a
major neurological disease Že.g. stroke, brain tumor, epilepsy., or current serious medical illnesses, or who fulfilled DSM-III-R ŽAmerican
Psychiatric Association, 1987. criteria for current
alcohol or other substance abuse or dependence
were excluded.
2.2. P300 paradigm
After informed consent was obtained, participants were fitted with an electrode cap and seated
in a comfortable chair. The P300 ‘auditory oddball’ paradigm consisted of at least 400 tones.
Seventy-five percent of trials were ‘non-target’ Žor
‘standard’. tones and 25% were ‘target’ tones.
The tones were presented at 50 dB above hearing
threshold, and had a 200-ms duration, with interstimulus intervals varying from 1.0 to 1.5 s, in a
pseudorandomized series. Participants were instructed to press a button Žcounterbalanced
between hands for each subject. in response to
each ‘target’ tone Žcounterbalanced between 113
Hz and 200 Hz tones for each subject, so that
approx. 50% of all trials, targets or standards,
were composed of low tones and 50% of high
tones.. ERPs were synchronized to the onset of
the tones. Reaction time and accuracy data were
collected. Target tones were considered correctly
detected when a button press occurred within
1200 ms of stimulus onset.
2.3. Electrophysiologic recording techniques
The electroencephalogram ŽEEG. was recorded
from 21 sites Ž15 scalp sites, four electro-oculogram ŽEOG. sites, and bilateral mastoid sites.
using an elastic electrode cap ŽElectro-Cap International. with embedded tin disk electrodes. All
scalp channels were referenced off-line to the left
mastoid on-line and were subsequently re-referenced to the average of the left and right mastoid

recordings. The scalp electrode sites were from
the following locations of the International 10]20
System ŽJasper, 1958.: Fz, Cz, Pz, F7, F8, T5, T6,
O1 and O2. Additionally, we used scalp electrodes which approximate Broca’s area and its
contralateral homolog placed half the distance
between F7 and T3 wBL, equivalent to FT7 in the
extended 10]20 nomenclature ŽAmerican EEG
Society, 1991.x, or F8 and T4 ŽBR, equivalent to
FT8., Brodmann area 41 placed 33% of the interaural distance lateral to the vertex Ž41L, 41R,
these are approx. 1 cm lateral to C5 and C6., and
Wernicke’s area and its contralateral homolog
placed 30% of the interaural distance lateral to
Cz and 12.5% of the nasion]inion distance posterior to Cz ŽWL, WR, these are approx. 1 cm
posterior to CP5 and CP6.. Vertical and horizontal eye movements were monitored by electrooculography, using electrodes directly beneath and
lateral to each eye. The EEG and EOG were
amplified by Biotop 6R12 amplifiers with a bandpass Žy12 dB filters. of 0.016]100 Hz. The amplified signals were digitized on-line at a sampling
rate of 250 Hz for a sampling epoch of 1024 ms
duration Ž100 ms pre-stimulus and 924 ms poststimulus.. The mean voltage during the 100 ms
pre-stimulus epoch was defined as ‘baseline’ Ži.e.
0.0 mV.. Trials contaminated with eye blinks or
movements, excessive muscle activity, or amplifier
blocking were rejected by a computer algorithm
prior to averaging ŽIragui et al., 1993.. Approximately 20% of the trials overall were rejected due
to artifacts. There was a nearly identical number
of accepted trials for each of the three groups
we.g. for target tones, the mean number of accepted trials Ž"S.D.. was 90 " 8 for NC, 87 " 29
for EOS, 90 " 24 for LOS; Ps 0.93x. This was
accomplished by presenting additional stimuli at
the time of the recording to those participants
who exhibited frequent blinking or had other
persistent EEG-artifacts.
2.4. ERP measures
For each subject, separate ERP averages were
calculated for target and non-target tones Žcollapsed across tone frequency and responding hand
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for this analysis .. ERP amplitudes and latencies
were quantified by computer algorithms as follows:
2.4.1. P300
Mean amplitude of the P300 Ži.e. the P3b. was
measured between 350 and 450 ms. The P300
peak amplitude was defined as the amplitude of
the most positive peak between 300 and 550 ms
post-stimulus onset: the P300 latency Žor peak
latency. was the latency at which this peak occurred. P300 amplitude was measured at all 15
scalp channels Ži.e. Fz, Cz, Pz, F7, F8, BL, BR,
41L, 41R, T5, T6, WL, WR, O1, O2..
For individual subject and correlational analyses, P300 measurements were taken from Pz.
Before the selection of individual peak amplitudes and latencies for all ERP components, the
waveforms were subjected to digital low-pass filtering using a 15-Hz cutoff, to reduce highfrequency perturbations. An abnormality of the
P300 amplitude was defined as any value poorer
than 1.5 S.D. from the mean of the NC group, at
Pz.
2.4.2. N100
The N100 was measured at all 15 scalp channels. N100 amplitude was defined as the most
negative peak between 90 and 160 ms post-stimulus onset. N100 latency was defined as the time
point at which this peak occurred.
2.4.3. N200
The N200 amplitude was defined as the most
negative peak between 210 and 310 ms poststimulus onset and measured at all 15 scalp channels. N200 latency was defined as the time point
at which this peak occurred.
2.5. Statistical analyses
Two-way split-plot analyses of variance
ŽANOVAs. were conducted for the mean amplitudes, peak amplitudes, and peak latencies of the
P300 waveform with subject group ŽEOS, LOS,
NC. and electrode site Žrepeated measures across
all 15 scalp sites. as factors. To adjust for violations of the assumption of sphericity, the Greenhouse]Geisser correction procedure ŽGreenhouse
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and Geisser, 1959. was used where appropriate.
When significant main effects of subject group
were found, these were followed by group contrasts ŽEOS vs. LOS, EOS vs. NC, LOS vs. NC..
One-way ANOVAs Žor t-tests when only two subject groups were applicable. were used for
between-group comparisons on demographic and
clinical variables, where appropriate.
To investigate the relationship between our
mean ERP measures and clinical status, Pearson
correlation coefficients were calculated for the
P300 peak amplitudes and latencies with various
demographic and clinical variables Žage, education, age of onset and duration of illness ., psychopathology rating scale ŽBPRS, SAPS, SANS.
scores, and global cognitive functioning ŽMMSE
score.. For daily neuroleptic dosage win milligrams
chlorpromazine equivalent or CPZE ŽJeste and
Wyatt, 1982.x, the data were non-normally distributed with significant skew. Therefore nonparametric statistical analyses wMann]Whitney
U-test for intergroup comparisons and Spearman
rho Ž r . for correlationsx were applied to this
variable. For age and education, correlations were
computed across all participants Ž n s 42.. For age
of onset, duration of illness, BPRS, SAPS, SANS
and MMSE scores, and neuroleptic dose, correlations were restricted to the two patient groups
ŽEOS and LOS, n s 28.. All the statistical tests
were two-tailed. All reported measures of variance are standard deviations.
3. Results
3.1. Demographic and clinical ¨ ariables
The demographic characteristics of the subject
groups are shown in Table 1. There were no
significant intergroup differences in age, education, gender, or handedness. There was a significant intergroup difference on the MMSE score
Ž F2,39 s 5.30; P s 0.009., with group contrasts
ŽDuncan test with overall significance level s 0.05.
showing the EOS group was significantly different
from either the LOS or the NC group. There was
no significant difference between the EOS and
LO S groups in daily neuroleptic dose
ŽMann]Whitney U-test s 1.67, Ps 0.10. or psy-
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chopathology rating scale ŽBPRS: t 26 s 0.25, Ps
0.80; SAPS: t 26 s 1.12, Ps 0.27; SANS: t 26 s 0.52,
Ps 0.61. scores. There also were no significant
differences between EOS and LOS on any of the
SANS subscale scores Ži.e. alogia, avolition, attention, blunted affect and apathyranhedonia., although there were perhaps tendencies for poorer
attention and alogia subscores in EOS than in
LOS ŽTable 1..
3.2. Beha¨ ioral performance on auditory oddball
task
The mean reaction time in response to target
tones was 455 " 86 ms for the NC group, 471 " 88
for EOS and 467 " 71 for LOS; these were not
significantly different Ž F2,39 s 0.14; P s 0.87..
There also was no significant intergroup difference in the percentage of targets correctly detected. The NC group had 97.5" 4.5% accuracy
vs. 94.2" 6.7% for EOS and 96.5" 4.5% for LOS
Ž F2,39 s 1.42; Ps 0.25..
3.3. N100 and N200
Visual inspection of the grand average waveforms Žsee Fig. 1. shows that the N100 amplitude
was largest over the vertex and anterior scalp
regions for all three groups. While there was
some tendency for smaller N100 and N200 potentials in the patient groups Ži.e. EOS and LOS; see
Table 2 and Fig. 1., two-way ANOVA of the N100
amplitude to target tones, with all three groups
and all scalp channels as factors, showed a significant main effect of electrode Ž F14,28 s 60.5;
P- 0.00005. but no main effect of group Ž F2,39 s
1.00; Ps 0.38..
An analogous Ži.e. target tones. two-way
ANOVA of the N100 peak latency showed a main
effect of electrode Ž F14,28 s 3.56; Ps 0.002., with
a trend for a group effect Ž F2,39 s 2.99; Ps 0.06.,
with NC being earliest and EOS latest. There was
no significant group= electrode site interaction
for either the N100 amplitude Ž F28,546 s 0.88, « s
0.25; Ps 0.53. or latency Ž F28,546 s 0.57, « s 0.43;
Ps 0.86..
The analysis of the N200 amplitude showed a
significant effect of electrode Ž F14,28 s 4.00; Ps

0.009. but no group effect Ž F2,39 s 2.03; Ps 0.14.
nor any interaction effect Ž F28,546 s 0.85, « s 0.22;
Ps 0.53.. An analysis of the N200 amplitude at
Cz Žwhere the N200 amplitude was largest in
normal subjects. also failed to show a significant
group effect Ž F2,39 s 2.49; Ps 0.096.. The N200
latency analysis also showed a significant effect of
electrode site Ž F14,28 s 10.52; P- 0.00005.. While
the mean peak latency was earliest in NC and
latest in EOS Žsee Table 2., there was no significant main effect of group Ž F2,39 s 2.65; Ps 0.08.
or group= electrode interaction Ž F28,546 s 0.99,
« s 0.41; Ps 0.46..
3.4. P300
The grand average ERP data for the target
tones are shown in Fig. 1. Visual inspection of
these waveforms shows that the P300 amplitude
was smallest in the EOS group, and remarkably
normal in the LOS group, who did show a somewhat more prolonged late positivity. All three
groups had P300 peak latencies slightly before
400 ms, as might be predicted in this older cohort.
A two-way ANOVA of the P300 mean amplitude, with all three groups and all 15 scalp channels as factors, showed significant main effects of
group Ž F2,39 s 4.18; P s 0.02. and electrode
Ž F14,28 s 18.8; P - 0.0001.. Group contrasts
showed the P300 amplitude was significantly reduced in the EOS patients Žby approx. 55%.,
relative to the LOS Ž Ps 0.03. and to the NC
group Ž Ps 0.02.. There was no significant group
= electrode interaction effect Ž F28,546 s 0.95, « s
0.25; Ps 0.54..
An analogous two-way ANOVA of the P300
peak amplitude also showed significant main effects of group Ž F2,39 s 4.36; Ps 0.02. and electrode Ž F14,28 s 20.8; P- 0.0001.. P300 peak amplitude was smallest in the EOS group, and the
group contrasts showed this reduction to be significant relative to both the LOS Ž Ps 0.02. and
NC groups Ž Ps 0.02.. Single electrode analyses
showed significant main effects of group at Cz,
Pz, L41, T5 and WL Žsee Fig. 2.. The group effect
also narrowly missed statistical significance Ž0.05
- P- 0.10. at five other sites ŽFz, R41, T6, WR
and O1..
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Fig. 1. Grand average waveforms for the three subject groups: normal comparison ŽNC., early onset schizophrenia ŽEOS. and late
onset schizophrenia ŽLOS.. The N100 ŽN1., N200 ŽN2. and P300 ŽP3. potentials are illustrated on the tracing for the central ŽCz.
channel of the NC group. Negative is plotted up, positive down.

The topographical distributions of the P300
peak amplitude for the three subject groups are

illustrated in Fig. 2. Additional topographical
analyses of the P300 peak amplitude at the 12
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Table 2
Summary of ERP data
NC
P300 mean amplitude Ž mV.U
P300 peak amplitude Ž mV.U
P300 latency Žms.
N200 amplitude
N200 latency
N100 amplitude
N100 latency

EOS

LOS

3.3 Ž2.4.

1.5 Ž2.8.

3.5 Ž3.0.

4.4 Ž2.4.

2.7 Ž2.7.

4.9 Ž3.2.

381 Ž40.
y0.6 Ž2.0.
239 Ž31.
y3.3 Ž1.8.
119 Ž16.

394 Ž60.
y0.6 Ž2.0.
256 Ž35.
y2.8 Ž1.9.
127 Ž21.

391 Ž62.
q0.4 Ž2.4.
245 Ž36.
y2.7 Ž1.8.
122 Ž16.

U

P- 0.05; ANOVA group effect.
Notes. The values represent means Žwith S.D... P300, N200 and N100 } measured across all 15 scalp channels.
Abbre¨ iations. ERP, event-related potential; NC, normal comparison group; EOS, early onset schizophrenia; LOS, late onset
schizophrenia.

lateral scalp channels were performed, using
split-plot ANOVA with group Ža between-subject
factor., hemisphere and electrode site Žwithinsubject factors. as factors. This showed significant
effects of group Ž F2,39 s 4.24; Ps 0.02. and electrode Ž F5,10 s 15.53; P- 0.0001., but no main effect of hemisphere Ž F1,2 s 1.36; Ps 0.25. nor any

significant interaction effects Že.g. Ps 0.64 for
group= hemisphere and Ps 0.73 for group=
electrode.. The group contrasts showed the EOS
group was significantly different from the LOS
and the NC group Ž Ps 0.02.. The highly significant electrode effect was due to the much larger
P300s over posterior compared to anterior head

Fig. 2. Peak P300 amplitudes displayed for the left hemisphere Žon the left., midline Žcenter., and right hemisphere Žon the right.
electrode sites. Mean values are represented as squares ŽB. for the early onset schizophrenia group ŽEOS., as triangles Ž'. for the
late onset schizophrenia group ŽLOS., and circles Žv. for the normal comparison group ŽNC..
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regions. An analogous ANOVA was performed
across the three midline channels ŽFz, Cz, Pz. and
essentially the same results were found: significant effects of group and electrode, but no interaction effect.
An ANOVA of the P300 peak latency showed
no significant effect of group Ž F2,39 s 0.54; Ps
0.58. nor any group = electrode interaction
Ž F28,546 s 0.53, « s 0.32; Ps 0.85.. See Table 2
for a summary of the mean P300 measures for
each group.
3.5. Indi¨ idual subject ERPs
The individual subject waveforms Žat Pz, the
parietal midline site. and clinical diagnoses are
shown in Fig. 3. The NC group had a range of
P300 amplitudes Žat Pz. between 3.02 and 13.04
mV Žmean " S.D.s 7.72" 2.98. and a range of
P300 latencies of 340]416 ms Žmean " S.D.s 392
" 26.. P300 values which were ) 1.5 S.D. poorer
than the mean of the NC group were classified as
‘abnormal’. Six patients Žfour EOS and two LOS.
and one NC subject showed abnormally small
P300 amplitudes Ži.e. - 3.28 mV.. An abnormal
P300 latency Ži.e. any value later than 431 ms. was
found in 10 patients Žfive EOS and five LOS. and
one NC subject.
3.6. P300r clinical correlations
Correlational analyses in the patient groups
ŽEOS and LOS; n s 28. showed that the peak
amplitude of the P300 was significantly correlated
with age of onset Ž r s 0.48, Ps 0.01. and duration of illness Ž r s y0.49, Ps 0.009., wherein
smaller amplitudes were associated with an earlier onset and a longer duration of illness Žsee
Fig. 4.. Follow-up correlational analyses of P300
amplitude examined each of the patient groups
ŽEOS and LOS. separately. Within the EOS
group, the age of onset correlation was of similar
magnitude as in the combined analysis Ž r s 0.47.,
but was only marginally significant Ž Ps 0.09., and
the duration of illness correlation became smaller
Ž r s y0.38. and non-significant Ž Ps 0.18.. Within
LOS, neither age of onset Ž r s 0.06. nor duration
of illness Ž r s y0.17. correlated with P300 amplitude.

Fig. 3. Individual subject ERP data at Pz electrode for all
subjects. NC, normal comparison group; EOS, early onset
schizophrenia; LOS, late onset schizophrenia. The three subjects with schizoaffective disorder are shown as LOS 2 Žsmall
P300 amplitude., LOS 13 Žlarge P300. and EOS 10 Žlarge
P300..

The P300 peak amplitude showed no significant
correlation with BPRS score Ž r s y0.17., SAPS
score Ž r s y0.06., daily neuroleptic dosage
ŽSpearman’s r s y0.02. or MMSE score Ž r s
0.21.. Peak amplitudes showed no significant correlation with the overall severity of negative
symptoms Ž r s y0.21 with total SANS score, Ps
0.29.. However, correlations of the P300 peak
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amplitude with the SANS subscale scores Žattention, alogia, avolitionrapathy, affective flattening,
and anhedoniarasociality . showed that the Alogia subscale score correlated well Ž r s y0.50,
Ps 0.007. with reduced P300 amplitudes. Also,
the correlations with both the Affective flattening
Ž r s y0.33, Ps 0.088. and Attention subscale
scores approached significance Ž r s y0.35, Ps
0.071.. The Attention subscale correlation
reached statistical significance once the NC group
was included Ž r s y0.36, Ps 0.02.. The P300
peak latency did not correlate significantly with
any of the clinical variables studied, but modest
non-significant correlations were noted for duration of illness Ž r s 0.34, Ps 0.08. and daily neuroleptic dosage Ž r s 0.30, Ps 0.12.. Across all
subjects Ž n s 42., there was no significant correlation of the peak amplitude or peak latency with
age Ž r s y0.04 and r s 0.15, respectively. or education Ž r s y0.02, Ps 0.92, and r s y0.26, Ps
0.09, respectively..
4. Discussion
To our knowledge, the present study is the first
to report on the P300 in LOS. In contrast to the
considerable research devoted to the P300 in

younger schizophrenia cohorts, very little work
has been published on this brain potential in
older schizophrenia patients. Consistent with the
literature on the P300 in younger patients with
schizophrenia, we also found reduced P300 amplitudes Žapprox. 55% reduction in mean amplitude
and 40% reduction in peak amplitude. in
middle-aged and elderly EOS patients. In contrast, our older patients with late onset were
characterized by normal P300 amplitudes. This is
an intriguing finding worthy of subsequent investigation. Furthermore, correlational analyses revealed a significant relationship between the amplitude of the auditory P300 and the age of onset
of illness. Earlier onset was associated with
smaller P300s. Likewise, longer duration of disease was associated with smaller P300s. Because
the P300s of our EOS patients closely resembled
those described in young adult schizophrenia
patients ŽRoth et al., 1981; Blackwood et al.,
1987; Ford et al., 1992., we doubt that this correlation is due to a significant longitudinal decline
of their P300 amplitudes Žalthough an increased
rate of P300 latency prolongation with age has
been inferred in a recent cross-sectional study of
men with chronic schizophrenia. ŽO’Donnell et
al., 1995..

Fig. 4. Scatterplot of P300 peak amplitude Žat Pz, mid-parietal site. with age of onset for all early onset schizophrenia ŽEOS. and
late onset schizophrenia ŽLOS. subjects.
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It is intriguing to consider when during neurodevelopment EOS patients first display attenuated P300 amplitudes. Prior studies have found
reduced amplitudes in schizophrenic children
ŽErwin et al., 1986.. In children at high risk for
schizophrenia, delayed P300 latencies ŽSchreiber
et al., 1989. but relatively normal P300 amplitudes have been described ŽFriedman et al., 1988..
Only a minority of these children are likely to
develop schizophrenia, however, and the predictive value of P300 abnormalities in individuals at
high risk remains unknown.
Studies of the P300 in normal children have
generally shown P300 latency to decrease and
P300 amplitude to increase with age during development. Most, but not all, published data suggest
that P300 amplitude increases in a fairly linear
manner over the course of childhood ŽMartin et
al., 1988; Polich et al., 1990.. The P300’s characteristic sensitivity to target stimulus probability
appears to be well established in most children
between 5 and 9 years old ŽLadish and Polich,
1989.. Most studies of adults have found that
auditory P300 amplitude declines modestly with
age from the third decade on. This rate has been
estimated to be y0.1 mVryear in our laboratory
ŽIragui et al., 1993. and somewhat steeper Žy0.18
mVryear. by others ŽPicton et al., 1984..
At the clinical level of description, it may be
that the spared P300 amplitudes of our LOS
patients are related to their milder impairment in
learningracquisition and attention relative to
older patients with early onset ŽHeaton et al.,
1994; Jeste et al., 1997.. This is in line with
substantial literature which has related the P300
to working memory ‘updating’ or working memory load Že.g. Donchin et al., 1986.. Exploratory
analyses showed an inverse correlation between
P300 amplitude and the Attention subscale score
on the SANS, consistent with this hypothesis.
Alternatively, considering that LOS patients have
somewhat less severe cognitive deficits globally
compared to EOS, it is possible that the observed
intergroup differences in P300 are due to cognitive domains other than attention or learningracquisition. However, the P300 amplitude
did not correlate with global cognition, as measured by the Mini-Mental State Exam, in our
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cohort. Another clinical variable which did correlate with P300 amplitude reductions was severity
of alogia. While this association has been reported previously ŽWard et al., 1991., other investigators ŽStefansson
and Jonsdottir,
1996. have
´
´ ´
found no correlation between alogia severity and
the P300 amplitude in schizophrenia. As this correlation was not hypothesized a priori and previous results are mixed, it needs to be replicated in
independent samples. When we compared the
SANS alogia subscale scores of the EOS and LOS
groups, there was no significant difference.
Therefore it is unlikely that the observed correlation between the P300 and age of onset of
schizophrenia is a spurious one, due to alogia.
Further work is needed to better define the neuropsychological deficits of schizophrenia patients
with vs. without P300 abnormalities.
It should be noted that the presence of normal
auditory P300 amplitudes in LOS cannot be taken
as evidence of completely ‘normal’ information
processing abilities in these patients. For example, several of these same individuals showed
significantly delayed N400s in a semantic categorization task ŽOlichney et al., 1997.. A more demanding auditory categorization task may well
have shown greater sensitivity to the mild cognitive deficits seen in LOS.
Multiple brain structures generate P300-like
potentials, including the hippocampus, parahippocampal gyrus, temporoparietal junction, thalamus and frontal cortex ŽKnight et al., 1989; McCarthy et al., 1989; Smith et al., 1990; Kropotov
and Ponomatrev, 1991.. Microscopic abnormalities of the hippocampus, including disorganized
neuronal architecture and reduced neuron size,
have frequently been observed in schizophrenia
ŽKovelman and Scheibel, 1984; Jeste and Lohr,
1989; Conrad et al., 1991.. There is compelling
evidence from intracranial recordings that the
hippocampus is a P300 generator, but its direct
contributions to the scalp-recorded P300 in oddball tasks are modest ŽMcCarthy et al., 1989;
Smith et al., 1990; Polich and Squire, 1993.. As
scalp ERPs reflect spatially summated excitatory
and inhibitory post-synaptic potentials ŽEPSPs and
IPSPs., the P300 abnormalities in schizophrenia
could be a sign of disturbed neuronal migration
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during brain development. Alternatively, abnormal P300s may be secondary to macroscopic
abnormalities of the hippocampus, such as have
been revealed by some neuroimaging studies
ŽSuddath et al., 1990; Shenton et al., 1992; Bogerts
et al., 1993., or other brain structures related to
attention and working memory. McCarley et al.
Ž1993. have reported that reductions of the left
posterior superior temporal gyrus gray matter
volume, a structure considered important for auditory associative memory ŽOjemann et al., 1988.,
are associated with smaller and more asymmetric
Žleft - right. P300s. While we did not find significantly asymmetric P300s in our EOS or LOS
groups, single electrode analyses showed reduced
P300 amplitudes in EOS at all three left temporal
recording sites, supporting greater involvement of
the dominant temporal lobe in EOS.
A quantitative MRI study conducted at our
center found reduced thalamic volumes in EOS
relative to LOS ŽCorey-Bloom et al., 1995.. Thus,
one possibility is that spared thalamic function
and relatively normal processing of sensory information may be a protective factor in LOS, perhaps resulting in normal P300 amplitudes and
later disease onset. Depth recordings have demonstrated P300-like activity in the ventral]
lateral ŽKropotov and Ponomatrev, 1991. and medial geniculate thalamic nuclei ŽVelasco et al.,
1989.. Neurosurgical patients with prolonged
P300s have been reported to often have reduced
regional blood flow in the right thalamus and
right frontal lobe ŽKuwata et al., 1993..
We did not find significant abnormalities of the
ERPs prior to the P300 Ži.e. either the N100 or
N200. in our schizophrenia patients ŽEOS or
LOS.. This could, however, be due to Type II
error with our limited sample size. Specifically,
the non-significant trends towards slower N100
and N200 latencies in EOS could prove to be
significant with larger samples.
In summary, we found the auditory P300 amplitude to be related to age of onset of illness in a
cohort of older schizophrenia patients. Smaller
P300s were seen in older EOS than in LOS
patients of comparable age and global psychopathology. The neurobiological underpinnings
of this finding remain unclear. Among the many

possible explanations Žwhich are not mutually exclusive. are that reduced P300 amplitudes are
causally related to: Ži. poorer attention and information processing; Žii. specific microscopic or
macroscopic abnormalities of the P300 generators; Žiii. diffuse impairment of synaptic transmission, perhaps involving multiple neurotransmitter
systems; and Živ. more severe neurodevelopmental abnormalities in EOS than LOS. It may be
that reduced P300 amplitudes are related to a
disease subtype characterized by earlier onset,
poorer information processing, and perhaps more
severe neurodevelopmental abnormalities ŽCrow,
1980; Murray et al., 1988.. Further studies are
needed to rigorously test and develop these hypotheses and to test to what extent EOS and LOS
are distinct disease subtypes.
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