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 Objective: To understand the underlying dynamic neuro-
physiological changes over the course of schizophrenia, it 
is important to study subjects longitudinally from the early 
stage of the illness. We previously reported that visual P300 
was already impaired in patients with first-episode schizo-
phrenia (FESZ). This study demonstrates how the visual 
P300, as well as earlier components P1, N1, and N200, 
changed at the 1-year follow-up after their initial mea-
surement.  Methods: Visual ERPs were recorded with the 
same experimental paradigm and acquisition protocol at 
both time points in FESZ (n = 18) and healthy comparison 
subjects (n = 24). Participants silently counted infrequent 
target stimuli (“x”) amid standard stimuli (“y”) presented 
on the screen while the 64-channel electroencephalogram 
was recorded.  Results: FESZ showed smaller visual P300, 
N200, P1 (trend level) amplitude and delayed P300 and N1 
latency at both time points; however, only P300 showed pro-
gressive amplitude reduction over the course of the illness 
at 1-year follow-up. P300 latency did not change over time 
in either group. FESZ showed significantly reduced Spatial 
Span total score at both time points, and there was a sig-
nificant negative correlation between P300 peak amplitude 
and the Brief Psychiatric Rating Scale positive symptom 
score at baseline.  Conclusion: These data show progressive 
P300 amplitude reduction in response to visual stimuli in 
the early stage of schizophrenia. These visual P300 find-
ings support the concept of progression of schizophrenia, 
suggesting the usefulness of the visual P300 as a biological 
marker of progression.
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Introduction

In recent years, schizophrenia has been often conceptual-
ized as a developmental disorder.1,2 It usually manifests 
itself  in late adolescence or early adulthood, which are 
times of robust maturational changes in several cognitive 
domains including selective attention, working memory, 
and inhibitory control.3 Studies examining volumetric 
abnormalities in first-episode schizophrenia identified 
significant progressive volume reductions of cortical gray 
matter involving frontal, temporal, and parietal lobes and 
left Heschl’s gyrus in first-episode schizophrenia patients, 
consistent with an accelerated trajectory of brain pathol-
ogy postonset.4–6 These brain regions support cognitive 
functions that undergo maturation during late adoles-
cence and early adulthood. Thus, the study of the trajec-
tory of cognitive abnormalities at the early stage of the 
illness in a longitudinal design is important for the under-
standing of the underlying dynamics of neurophysiologi-
cal changes over the course of schizophrenia.

P300 is one of the most useful indices of the underlying 
neurophysiological pathology in schizophrenia patients 
in the early stage of the disease because it is considered 
to reflect complex cognitive functions such as working 
memory and/or attention,7 both functions found to be 
abnormal in schizophrenia.8 Some cross-sectional studies 
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suggested a possibility that P300 could reflect the pro-
gressive nature of a pathological process in schizophrenia 
patients.9,10 However, only longitudinal studies can pro-
vide data to clarify the nature of the disease progression. 
Furthermore, early studies suggested that visual P300 is 
more sensitive to schizophrenia state, while the auditory 
P300 was found more sensitive to trait.11,12

Visual N200 is also elicited by task-relevant stimuli, 
and it indexes stimulus classification.13,14 Visual N200 has 
been reported to be small in patients with schizophrenia 
mostly independently of the P300.15–19 Sensory-evoked 
components, P1 and N1, primarily indexing early stages 
of perceptual processing are also believed to be disso-
ciable from P300 abnormality.20 These earlier components 
also need to be examined longitudinally in order to clarify 
the progression of schizophrenia pathophysiology and 
the contribution of early perceptual abnormalities to the 
development and progression of abnormalities at later 
cognitive stages. Deficits of the visual perceptual pro-
cessing have been established in chronic schizophrenia.21 
We previously reported that the visual P300 was already 
impaired in first-episode schizophrenia patients.22 In the 
current investigation, we examine how the impairment 
found in the first-episode individuals changes over time. 
In what follows, we report a longitudinal study of visual 
P300, as well as P1, N1, and N200, in first-episode schizo-
phrenia. We measured P1, N1, N200, and P300 at baseline 
and approximately 1 year later (follow-up) in first-episode 
schizophrenia patients and in their healthy control sub-
jects. We hypothesized that cognitive dysfunction indexed 
by the visual P300 would significantly progress over time.

Method

Subjects

The sample consisted of 18 patients with first-episode 
schizophrenia (FESZ), as well as 24 healthy comparison 
(HC) subjects. Subject recruitment was done as part of 
the Boston Longitudinal Assessment and Monitoring of 
Clinical Status and Brain Function in Adolescents and 
Adults (CIDAR) Center (www.bostoncidar.org). Fifteen 
of 24 HC and 14 of 18 FESZ had participated in the pre-
vious study,22 and the others were newly recruited into the 
study and underwent both the baseline and the follow-up 
assessments. The FESZ were recruited based on refer-
rals from clinicians or through local hospitals and clin-
ics, and HC were recruited through newspaper and web 
site advertisements. The study was approved by the local 
Institutional Review Board committees at Beth Israel 
Deaconess Medical Center and Harvard Medical School. 
All study participants (or legal guardians for those under 
18 years) gave written informed consent prior to study 
participation and received payment for participation.

All the patients met DSM-IV-TR criteria for either 
schizophrenia, schizoaffective disorder, or schizo-
phreniform disorder. DSM-IV diagnoses were based on 

interviews using the Structured Clinical Interview for 
DSM-IV-TR, Research Version23 and information from 
patient medical records. The HC were drawn from the 
same geographic bases as FESZ, with comparable age, 
gender, race and ethnicity, handedness, and parental 
socioeconomic status (see table  1). No HC met criteria 
for any current major DSM-IV-TR Axis I  disorders or 
had a history of psychosis, major depression (recurrent), 
bipolar disorder, obsessive compulsive disorder, posttrau-
matic stress disorder, or developmental disorders. HC 
were also excluded if  they had a history of psychiatric hos-
pitalizations, prodromal symptoms, schizotypal or other 
Cluster A personality disorders, first-degree relatives with 
psychosis, or any current or past use of antipsychotics. 
Exclusion criteria for all subjects were sensory-motor 
handicaps; neurological disorders; medical illnesses that 
significantly impair neurocognitive function; diagnosis 
of mental retardation; education less than 5th grade if  
under 18 years of age or less than 9th grade if  18 years or 
above; not fluent in English; DSM-IV substance abuse in 
the past month; DSM-IV substance dependence, exclud-
ing nicotine, in the past 3 months; current suicidality; no 
history of electro convulsive therapy (ECT) within the 
past 5 years for FESZ and no history of ECT ever for 
HC; or study participation by another family member.

Mean duration of illness in FESZ at baseline was 
13.8 ± 13.3  months. At baseline, 13 out of 18 FESZ 
were medicated with atypical antipsychotics. Daily dose 
chlorpromazine equivalent for the medicated subjects 
was 267.9 ± 206.8.24,25 The following numbers of subjects 
received additional psychotropic medications: mood sta-
bilizers: 1; antidepressants: 6; anxiolytics: 3.

At follow-up, 11 of 18 FESZ were medicated with atypical 
antipsychotics. Daily dose chlorpromazine equivalent for the 
medicated subjects was 300.0 ± 300.4. The following numbers 
of the patients received additional psychotropic medications: 
mood stabilizers: 0; antidepressants: 5; anxiolytics: 2.

Handedness was assessed using the Annett Handedness 
Questionnaire.26 Premorbid intellectual abilities were 
estimated using the Reading subtest from the Wide 
Range Achievement Test-4,27 and current intellect was 
estimated from the Vocabulary and Block Design sub-
tests of  the Wechsler Abbreviated Scale of  Intelligence.28 
Parental socioeconomic status was evaluated using 
the Hollingshead two-factor index.29 All subjects were 
evaluated with the Global Assessment of  Functioning 
(GAF) scale. In addition, clinical symptoms of  FESZ 
were rated using the Brief  Psychiatric Rating Scale 
(BPRS).30 Trained and experienced clinical researchers, 
all clinicians, with established reliability (prior Kappa 
scores ≥ 0.80) performed the BPRS ratings. Training 
was conducted by experienced senior staff  members and 
involved viewing and practice with training tapes, as well 
as with clinical vignettes, followed by patient interviews 
with observation by a senior staff  member until proper 
administration and the reliability of  intraclass correlation 
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coefficient greater than 0.80 was achieved. Given the fact 
that visual P300 indexes neurophysiological processes 
associated with visual working memory function, we 
have selected the Spatial Span subtest of  the Wechsler 
Memory scale-III,31 a behavioral visual working memory 
test, in order to examine the relationship between 2 mea-
sures of  the same function. We reasoned that because 
the electrophysiological and behavioral measures of 
visual working memory most likely tap into nonidenti-
cal but highly related processes, the correlation should 
be observed between the 2. All demographic and clinical 
data are summarized in table 1. BPRS positive symptom 
score included subscales of  grandiosity, suspiciousness, 
hallucinations, unusual thought content, and conceptual 
disorganization, while BPRS negative symptom score 
included the subscales of  disorientation, blunted affect, 
emotional withdrawal, motor retardation, self-neglect, 
uncooperativeness, mannerism, and posturing.32

The electroencephalograms (EEGs) were acquired 
with the same experimental paradigm and the acquisition 
protocol at baseline and follow-up.

Experimental Paradigm

Subjects were instructed to silently count infrequently 
(20%) presented target stimuli (letter “X,” 1.8 × 2.0 cm 
total number: 36)  among standard stimuli (letter “Y,” 
1.8 × 2.0 cm, total number: 144). The letters were white, 
presented centrally on a black computer screen placed 
approximately 100 cm away from the subject’s eyes. The 
stimulus duration was 82 ms, and the interstimulus inter-
val was 976 ms (SuperLab 4.2, Cedrus Corporation).

EEG Data Acquisition and Processing

The EEG was recorded using custom-designed electrode 
caps with a 64-channel BioSemi Active-Two system 

Table1. Demographic, Neurocognitive, and Clinical Information

HC (N = 24) FESZ (N = 18)

Statistic

t or χ2 df P

Female sex, N (%) 11 (45.8) 5 (27.8) 1.42 1 .23
Age at baseline 20.0 (3.85) 21.7 (4.55) 3.85 40 .18
Age at follow-up 21.0 (3.87) 22.8 (4.54) 3.87 40 .17
Inter-EEG interval (mo) 12.7 (4.03) 11.7 (3.33) 4.03 40 .38
Handednessa 0.7 (2.46) 1.9 (3.25) 2.46 40 .17
Education years 13.4 (2.67) 14.1 (2.69) 2.67 40 .45
Parental SESb 1.7 (0.91) 2.2 (1.17) 0.91 40 .12
Current IQc 117.9 (23.66) 105.5 (14.54) 23.66 39 .06
Premorbid IQd 118.4 (15.58) 111.2 (16.41) 15.58 40 .15
GAF
 Baseline 84.1 (6.94) 49.4 (13.40) 10.91 40 <.001*
 Follow-up 82.5 (9.51) 62.1 (15.52) 5.19 39 <.001*
BPRS Total Score
 Baseline 44.0 (13.7)
 Follow-up 35.8 (10.6)
BPRS Positive Symptom Score
 Baseline 9.2 (3.9)
 Follow-up 7.0 (2.5)
BPRS Negative Symptom Score
 Baseline 11.8 (5.2)
 Follow-up 9.4 (2.6)
Spatial Span subtest of the Wechsler Memory scale
 Baseline 20.3 (3.6) 16.9 (2.9) 3.2 39 .003**
 Follow-up 19.8 (3.1) 16.4 (3.7) 3.2 39 .003**
Medication (CPZ equivalents)
 Baseline 267.9 (206.8)
 Follow-up 300.0 (300.4)

Note: Values are means (SDs) unless otherwise indicated. SES, socioeconomic status; CPZ, chlorpromazine.
aBased on the Annett Handedness Scale total score.
bBased on the Hollingshead method. Higher scores indicate lower socioeconomic status.
cEstimated from Vocab and Block Design T-scores of Wechsler Abbreviated Scale of Intelligence.
dEstimated from Reading scale of Wide Range Achievement Test.
*Patients with first-episode schizophrenia showed significantly lower Global Assessment of Functioning scale scores compared with 
healthy comparison subjects both at baseline and follow-up.
**Patients with first-episode schizophrenia showed significantly lower Spatial Span scores compared with healthy comparison subjects 
both at baseline and follow-up.
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(BioSemi B.V.). The EEG was acquired in a continuous 
mode at a digitization rate of  512 Hz, with a bandpass of 
DC–100 Hz, and stored for later analysis. Blinks and eye 
movements were monitored through electrodes placed 
on the outer canthi of  the left and right eyes and above 
and below the left eye. The EEG data were processed 
off-line using Brain Vision Analyzer package (Brain 
Products, Germany) and referenced off-line to the alge-
braic mean of  the right and left mastoids. Individual 
event-related potential (ERP) epochs, time-locked to 
the stimulus onset, were constructed starting 100 ms 
prestimulus and ending 900 ms after the stimulus onset. 
Eye blinks and movement artifacts were corrected by 
the Gratton, Coles, and Donchin method.33 Single-trial 
epochs containing muscle activity or amplifier blocking 
were rejected off-line before averaging (±100  μV crite-
rion). Averages were calculated for target and standard 
conditions separately, after subtraction of  the 100 ms 
prestimulus baseline. P300 peak amplitude and latency 
were measured as the most positive data point between 
350 and 650 ms, and the N200 was identified as the most 
negative data point between 190 and 380 ms poststim-
ulus in the target stimulus averages. The P1 peak was 
defined as the most positive data point between 60 and 
200 ms, and the N1 was identified as the most negative 
data point between 75 and 250 ms after stimulus onset in 
the standard stimulus averages. These peaks were mea-
sured at the electrode sites at which they were maximal 
(P300: Cz, Pz; N200: Fz, Cz; P1: PO3/PO4, O1/O2; N1: 
P7/P8, PO7/PO8). A schematic of  the electrodes used in 
the analyses is provided in figure 1.

The minimal number of trials for a subject to be 
included in the analyses was set at 75% (target: 27 trials, 
standard: 108 trials). All subjects fulfilled this criterion. 
The mean number of target and standard trials used to 
construct individual averages did not differ significantly 
between groups both at baseline and follow-up (t’s < 1.50, 
P > .15), with approximately 35 and 142 trials surviving 
artifact rejection.

Statistical Analyses

Independent t tests were used to assess group differences 
in age, handedness, time 1-time 2 EEG interval, education, 
parental socioeconomic status, estimated current/premor-
bid IQ, and the Global Assessment of Functioning scale. 
ERPs were analyzed with repeated measures ANOVAs 
with group (HC or FESZ) as a between factor and elec-
trode and time (baseline or follow-up) as within factors.

Correlational Analyses

Because we have previously found correlations between 
visual P300 amplitude and BPRS positive symptom score,22 
we examined correlations of the P300 amplitude at Pz with 
the BPRS positive symptom score in FESZ at baseline and 
at follow-up separately using Spearman’s rho to diminish 
the effect of any outliers. In addition, exploratory analy-
ses of the correlations between percent change score of the 
P300 amplitude {calculated by the formula 100 × [(P300 
amplitude at follow-up − P300 amplitude at baseline)/P300 
amplitude at baseline]}, and baseline clinical scores (BPRS 

Fig. 1. A schematic of the electrodes used in the analyses of P300 (Cz and Pz; blue circles), N200 (Fz and Cz: red stars), P1 (PO3, PO4, 
O1 and O2; brown squares), and N1 (P7, P8, PO7 and PO8; green pentagons).
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positive, BPRS negative, GAF scale, current IQ) were per-
formed using the Spearman’s rho. In addition, P300 visual 
amplitude at both time 1 and time 2 was correlated with 
the Spatial Span subtest of the Wechsler Memory test 
results at both time points in FESZ.

Results

Demographic, Behavioral, Clinical, and 
Neuropsychological Variables

There were no significant differences in the age, hand-
edness, time 1-time 2 EEG interval, education, parental 
socioeconomic status, estimated premorbid IQ, or current 
IQ between the 2 groups. FESZ showed a significantly 
lower GAF scale compared with HC both at baseline and 
follow-up (see table 1).

For target count, both groups at both time points were 
over 90% accurate and there were no group differences 
(t < 1.31, P > .20), so it is unlikely that the progression 
effects seen in FESZ were due to their worse performance, 
although we cannot dismiss the slim possibility that the 
patients remembered the number of the target stimuli 
from the first measurement.

BPRS total and positive symptom score in FESZ 
improved over time (t = 3.4, P = .004 and t = 3.5, P = .003, 
respectively), but BPRS negative symptom score did not (t 
= 1.5, P = .14). FESZ showed significantly reduced Spatial 
Span total score at both time points compared with HC (t 
= 3.2, P = .003 and t = 3.2, P = .003). The Spatial Span 
total score did not change over time in both groups (t = 
0.69, P = .49 and t = 1.02, P = .31, respectively). Figure 2 
shows the visual ERPs grand averages in each group.

P300 Peak Amplitude and Latency

There was a main effect of group (F [1,40] = 12.74, P = 
0.001), suggesting that P300 amplitudes were smaller in 
FESZ at both time points, which replicated our previous 
finding that the visual P300 was already impaired at the 
first measurement in FESZ.

There was a main effect of time for P300 amplitude: F 
[1,40] = 8.30, P = .006, driven by the progressive P300 ampli-
tude reduction in FESZ as evidenced by Time by Group 
interaction (F [1,40] = 3.79, P = .05): follow-up t tests found 
a significant P300 amplitude reduction in FESZ (t = 3.3, P = 
.004) but not in HC (t = 0.69, P = .49) (Figure 3, top).

P300 peak latency was delayed in FESZ at both time 
points (F [1,40] = 14.96, P < .001). There were no other 
significant main effects or interactions (F’s < 2.77,  
P’s > .10) (Figure 3, bottom).

N200 Peak Amplitude and Latency

There was a significant group by electrode interaction  
(F [1,40] = 4.22, P = .04). Follow up t tests for each elec-
trode averaged over the 2 time points showed that the 

N200 amplitude was smaller in FESZ at Fz (t = −2.14, P 
= .03) but not at Cz (t = −1.26, P = .21). N200 amplitude 
did not show time effects (F’s < 0.77, P’s > .38).

N200 latency was significantly shorter centrally than 
frontally in both groups (F [1,40] = 36.26, P < .001) but 
did not differ between groups (F [1,40] = 1.63, P = .20). 
There were no other significant main effects or interac-
tions (F’s < 1.35, P’s > .25).

P1 Peak Amplitude and Latency

P1 peak amplitude was smaller in FESZ at both time 
points, but this effect did not reach statistical significance 
(F [1,40] = 3.58, P = .06). There were no significant inter-
actions (F’s < 2.45, P’s > .07).

P1 peak latency was shortest at O2 (F [3,38] = 4.16, P 
= .01) but showed no group differences (F [1,40] = 0.96, 

Fig. 2. Visual ERPs grand average waveforms in FESZ and HC at 
baseline (left) and follow-up (right) measured at O1 for the P1, P8 
for the N1, Fz for the N200, and Pz for the P300.
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P = .33). No other significant effects were found (F’s < 
1.26, P’s > .26).

N1 Peak Amplitude and Latency

N1 amplitude did not differ between groups (F [1,40] = 
0.33, P = .56). There were no significant interactions (F’s 
< 1.55, P’s > .22).

N1 peak latency was delayed in FESZ (F [1,40] = 4.86, 
P = .03). There were no other significant main effects or 
interactions (F’s < 2.03, P’s > .16).

Correlations Between the P300 and Clinical Variables 
at Each Time Point

There was a significant negative correlation between P300 
peak amplitude at Pz with the BPRS positive symptom 
score at baseline (rho = −0.50, P = .04), but this correla-
tion lost significance at follow-up (rho = −0.16, P = .52). 
There were no significant correlations between P300 val-
ues and GAF scores (−0.13 < rho < 0.08, 0.60 < P < .89). 
There were significant positive correlations between the 
P300 peak amplitude at Pz with the Spatial Span total 

score at both time points in FESZ (rho = 0.56, P = .01 
and rho = 0.65, P = .003; figure 4).

No significant correlations were observed between 
P300 values and the chlorpromazine dose equivalent in 
FESZ (−0.14 < rho < 0.42, 0.07 < P < .63) at both time 
points.

Discussion

This study investigated the P300 ERP component in a 
visual oddball task longitudinally, as well as the corre-
lations between P300 and the schizophrenia symptom-
atology and visual working memory performance. FESZ 
showed smaller visual P300 amplitude and prolonged 
P300 latency at both time points. Furthermore, FESZ 
showed significant progressive P300 amplitude reduction 
over time; in contrast, the latency did not change over 
time. FESZ also showed smaller N200 and P1 (trend level) 
amplitude and delayed N1 latency at both time points. 
However, only visual P300 amplitude showed significant 
time effects. The more severe positive symptoms were cor-
related with the smaller P300 amplitude at baseline, but 

Fig. 3. Scattergrams of the P300 peak amplitudes at Pz at baseline and follow-up in FESZ (A), the P300 peak amplitudes at Pz at 
baseline and follow-up in HC (B), the P300 beak latencies at Pz at baseline and follow-up in FESZ (C), and the P300 peak latencies at 
Pz at baseline and follow-up in HC (D). The P300 peak amplitudes were significantly smaller and the P300 latencies were significantly 
delayed in FESZ compared with HC at baseline and follow-up. FESZ showed significant P300 amplitude reduction over time. Horizontal 
lines indicate group means.
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this correlation was lost at follow-up. Although there is a 
possibility that visual P300 is unrelated to symptoms, we 
presume that the improvement in symptoms and greater 
clustering of the P300 amplitude around lower values (and 
thus smaller SD) at follow-up might be the main reasons 
of the lack of correlation. Thus, these data demonstrated 
that the neuropathology reflected in the visual P300 
amplitude had progressed in spite of the fact that FESZ 
showed improvement in symptoms and the GAF score. 
As we hypothesized, the brain changes brought about by 
the pathological processes set in motion by the develop-
ment of schizophrenia impacted the cognitive function 
of visual working memory, and these deficits persisted 
over time. Indeed, there was a specificity of the relation-
ship between the visual working memory test results and 
visual P300 as an index of visual working memory func-
tion; FESZ showed impaired visual working memory 
as evaluated by the Spatial Span test, which correlated 
with the visual P300 amplitudes at both time points in 
this study. Note that despite the significant correlation at 
both the time points, the Spatial Span test did not change 

over time, while the visual P300 did. These results may 
suggest that there was another factor at work, which was 
associated with both the P300 generation and the Spatial 
Span test or that the Spatial Span test did not fully reflect 
the cognitive processes related to the visual P300. At the 
same time, in our subjects, the chlorpromazine equivalent 
scores did not correlate with P300 amplitudes (0.12 < rho 
< 0.22, 0.36 < P < .63) at either time point. Furthermore, 
the change in the chlorpromazine equivalent score {cal-
culated by the formula 100 × [(chlorpromazine equivalent 
score at follow-up − chlorpromazine equivalent score at 
baseline)/chlorpromazine equivalent score at baseline]} 
did not correlate with the P300 change score (rho = 0.11, 
P = .68). Considering a finding from a meta-analysis on 
P300 in schizophrenia, which indicated that antipsychotic 
medications were unrelated to the P300 amplitude effect 
size,34 we conclude that the observed result was not con-
founded by antipsychotic medication.

In contrast to the P300 amplitude, the P300 latency 
did not change significantly over time, though it was pro-
longed significantly at both time points in FESZ. This 

Fig. 4. Scattergrams of the P300 peak amplitude and the Spatial Span subtest of the Wechsler Memory test at baseline (A); the P300 
peak amplitude the Spatial Span subtest of the Wechsler Memory test at follow-up (B); the P300 peak amplitude and the BPRS positive 
symptoms at baseline (C); and the P300 peak amplitude and the BPRS positive symptoms at follow-up (D) in patients with FESZ. P300 
peak amplitude at Pz was positively correlated with the Spatial Span total score at baseline and follow-up. Visual P300 peak amplitude at 
Pz was negatively correlated with the BPRS positive symptom score at baseline, but this correlation lost significance at follow-up.
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may suggest that pathophysiological changes that could 
have impacted the P300 latency, such as white matter 
deficits, alterations in receptor function, or alterations 
in the components from different generators that con-
tribute to the surface recorded waveform, are prominent 
at the onset of  the disease but do not progress drasti-
cally at least in the early course of  the illness. Although 
there have been a few cross-sectional diffusion ten-
sor imaging (DTI) studies that suggested white matter 
pathology increased with age35 or duration of  illness36,37 
in schizophrenia patients, longitudinal DTI studies of 
first-episode patients are very limited.38 Further studies 
of  longitudinal changes in white matter abnormalities 
are therefore also needed.

In this study, P300 amplitude in HC also showed a 
tendency to decrease over time, though the difference 
was not significant, and the P300 latency did not change 
over time. This likely reflects the normal development of 
visual P300 reported by Stige et al.,39 where visual P300 
amplitude reduced with age but P300 latency did not 
change.

Cross-sectional studies in schizophrenia of auditory 
P300 have been more frequent than those of visual P300 
and, in general, have reported a smaller visual P300 effect 
size than the auditory P300.34 Several studies that used 
the visual oddball task have reported smaller visual P300 
amplitudes in patients with schizophrenia relative to 
healthy controls.40–43 Galderisi et al. also showed a reduc-
tion of the late positive complex to the target stimuli 
as examined by the Independent Principal Component 
analysis. Furthermore, time frequency analysis suggested 
the contribution of abnormal low frequency oscilla-
tions (theta or delta) to the visual P300 abnormality.41,42 
Bestelmeyer et al.40 reported that visual P300 abnormal-
ity was specific to schizophrenia patients in the study 
where both schizophrenia and bipolar disorder patients 
were involved. Horan et al. reported normal visual P300 
in the modified visual oddball paradigm, which con-
tained emotional stimuli.45 In the studies where both 
the auditory and visual oddball were used, Wood et al. 
demonstrated that P300 amplitude was reduced in both 
modalities,46 but other studies reported a discrepancy 
between the 2 modalities, namely impaired auditory 
P300 and intact visual P300.11,12,16,17,47,48 N200 amplitude 
was also reported to be small in the visual oddball para-
digm,16,49 which we replicated in this study. P1 reduction 
in schizophrenia patients has been consistently reported 
in studies using magnocellular pathway–biased stimuli 
(low contrast/spatial frequency),50–52 while studies using 
parvocellular pathway–biased stimuli (high contrast/
spatial frequency) or simple visual oddball tasks did not 
find the reduction.53,54 The finding that P1 group differ-
ences did not reach significant level in this study is prob-
ably due to a letter-discriminating oddball task, which 
would have tapped the parvocellular visual pathway 
rather than the magnocellular pathway. N1 amplitude 

to visual oddball tasks seems to be normal.16,17,40,46,54 One 
recent study suggested the usefulness of the N1 latency 
for diagnosis of schizophrenia.55 We also have shown the 
normal N1 amplitude but delayed N1 latency in the first-
episode schizophrenia patients in this study. We did not 
replicate the N1 amplitude deficits in FESZ we found in 
our previous study,22 which also suggests the importance 
of selecting right tasks to see impairment in these early 
components.

In terms of  longitudinal studies in schizophrenia 
patients, there have been several reports of  longitudi-
nal ERP changes in the context of  the treatment effects 
over a relatively short time. For example, auditory gat-
ing deficits indexed by P50 have shown improvements 
after treatment,56,57 while P300 in a standard auditory 
oddball task tended to be stable through the course of 
treatment,58,59 although a study using a Go/No Go task 
and one that had a relatively long duration of  follow-up 
have reported auditory P300 enhancement at the second 
measurement.56,60 Mathalon et al. investigated auditory 
and visual P300 longitudinally along with the clinical 
symptom fluctuations over time and concluded that 
both auditory and visual P300 had reflected symptom 
fluctuations but only auditory P300 could be used as a 
trait marker of  schizophrenia,12 which may suggest that 
visual P300 is more sensitive to clinical state. Deficits 
of  duration mismatch negativity (MMN), also consid-
ered to be a trait marker,61 have been reported to be 
stable over 1- to 2-year period in chronic schizophrenia 
patients. On the other hand, frequency MMN showed 
progressive reduction over time, which was highly cor-
related with the progressive volume reduction of  the 
Heschl gyrus in patients with first-episode schizophre-
nia.63 Progressive reduction of  the brain volume in 
schizophrenia has been frequently reported in the fron-
tal64–72 and temporal regions.4,6,66,68,69,71,73 Furthermore, 
we have found progressive volume reduction of  the pari-
etal lobe in the patients with first-episode schizophrenia 
(Hosokawa et al., submitted). These regions have been 
also identified as including visual P300 generators.14,74 In 
this study, we have reported visual P1, N200 and P300 
deficits; however, only visual P300 showed the progres-
sive reduction at 1-year follow-up in the absence of  the 
worsening of  symptoms or cognitive function. Although 
it is possible that visual perceptual processing dysfunc-
tion especially in the magnocellular pathway, which 
manifested in the early course of  the illness, might have 
contributed to abnormal working memory operations 
indexed by N200 and P300,25 further progressive P300 
amplitude reduction, in the absence of  such reductions 
in the P1 and N200, suggests, at the very least, that these 
processes are dissociable. While the current data cannot 
directly address the possibility of  earlier sensory opera-
tions impacting the later memory-based operations, 
they speak against a simple model of  a dysfunction “up 
the stream” dependent on the dysfunction “down the 
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stream.” It is thus possible that the visual P300 progres-
sion observed in this study is the result of  a progres-
sive volume reduction of  the P300 visual generators, or 
might be the consequence of  degraded synaptic con-
nectivity or both. Taken together, visual P300 might be 
more sensitive to the schizophrenia state than to trait 
and therefore can be used as a biological marker of  pro-
gression in schizophrenia.

In summary, we found reduced visual P300 amplitude 
and delayed latency in FESZ at initial measurement 
and at the 1-year follow-up. Furthermore, the visual 
P300 amplitude showed progressive reduction over time 
in FESZ. Patients who had more positive symptoms 
showed more amplitude reduction at baseline but no sig-
nificant correlation with symptoms at follow-up, perhaps 
because all patients experienced P300 amplitude reduc-
tion and the improvement in the positive symptoms at 
the follow-up, which contributed to reduced variance 
and hence a lack of  correlation. These data are signifi-
cant, and we believe novel, in showing a visual modality 
P300 progression in the early stage of  schizophrenia, in 
contrast to less consistent or absent progression in the 
auditory P300. These visual P300 findings support the 
concept of  progression of  schizophrenia. They suggest 
the usefulness of  the visual P300 as a biological marker 
of  progression in schizophrenia, both at onset and fol-
low-up, and potentially even in the prodromal period. 
The visual P300 would appear to be especially valuable 
as a biological marker because of  its ease and economy 
of measurement.
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