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a b s t r a c t
Decreased P300 amplitude has been reported in schizophrenics during their ﬁrst episode. The brain sources
that contribute to this abnormality have not yet been well documented, and were investigated in the present
study using high density EEG recordings. Nineteen drug-naive ﬁrst episode schizophrenics were compared to
25 normal controls. Auditory P300 was elicited using an oddball paradigm. The brain sources of P300 ERP
were reconstructed by performing low resolution of electromagnetic tomography (LORETA) analysis. No
group difference in P300 latency was found. P300 amplitude was smaller for schizophrenics than for
controls. Topographical analysis revealed that P300 amplitude reduction in schizophrenics was signiﬁcant
over left and medial regions of interest (ROIs). LORETA analysis of the P300 peak revealed that, the brain
sources of P300 were symmetrically distributed over left and right hemispheres among the normal controls,
but were asymmetrically distributed among the patients, with a reduction predominantly over the left
temporal area. Statistical non-Parametric Mapping analysis identiﬁed 29 voxels of a signiﬁcant group
difference, which focused on left insula, left superior temporal gyrus (STG) and left postcentral gyrus (PCG).
In addition, the mean P300 current source density over left insula, left STG and left PCG correlated inversely
with the patients' Positive and Negative Syndrome Scale scores. The neural substrates that contributed to the
decreased P300 amplitude in drug-naive ﬁrst episode schizophrenia relatively focused on left STG and its
nearby areas. These areas are probably involved in the pathogenesis of schizophrenia, and possible
mechanisms for pathology need to be further clariﬁed.
Crown Copyright © 2009 Published by Elsevier B.V. All rights reserved.

1. Introduction
Schizophrenia is a complex disorder, and its pathophysiology is best
understood through the ﬁndings from ﬁrst episode schizophrenia
patients, mainly because confounding factors such as chronic morbidity,
neuroleptic medication and/or hospitalization among chronic patients,
and are difﬁcult to disentangle from the disease process.
Cognitive deﬁcits are one of the core features of schizophrenia and
have been investigated using P300 of auditory event-related potentials (ERPs) for several decades. However, the history of P300 study of
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ﬁrst episode schizophrenia is only about 10 years old. The characteristics of P300 abnormalities in ﬁrst episode schizophrenia are similar
to, but not identical to, those previously reported among patients with
a more chronic course. Almost all studies have found P300 amplitude
reduction among ﬁrst episode schizophrenia patients (Hirayasu et al.,
1998; Salisbury et al., 1998; McCarley et al., 2002; Brown et al., 2002;
Demiralp et al., 2002; Wang et al., 2003b, 2005; van der Stelt et al.,
2005; Renoult et al., 2007; Ozgürdal et al., 2008). Decreased P300
amplitude was also found among individuals clinically at risk for
psychosis (Frommann et al., 2008; Ozgürdal et al., 2008). Regarding
P300 latency, while Demiralp et al. (2002) reported P300 latency
prolongation in ﬁrst episode patients, Wang et al. (2003b) found an
increased rate of P300 latency prolongation with age in drug-naive
ﬁrst episode schizophrenia. These results support the idea that
auditory P300 abnormalities in schizophrenia might reﬂect a primary
pathophysiological feature of the illness.
In ﬁrst episode schizophrenia patients, smaller P300 amplitude over
the left temporal area has been associated with smaller left superior
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temporal gyrus (STG) gray matter volume on magnetic resonance
imaging (MRI) (McCarley et al., 2002). To better understand the P300
abnormalities in ﬁrst episode schizophrenia it is important to
investigate its neural substrates.
Topographical studies have revealed two components of P300,
P3a and P3b (Soltani and Knight, 2000). The P3b, elicited by target
stimuli and recorded in most clinical settings, often shows its
topographical distribution with a maximum over the parietal
regions (Katayama and Polich, 1998). It reﬂects the match between
the incoming stimulus and the voluntarily maintained attentional
trace of the task relevant stimulus. The P3a, elicited by rare nontarget stimuli, demonstrates its topographical distribution with a
more anterior distribution than the P3b. The P3a is thought to
represent the automatic attentional switch to deviant stimuli or
distractors with respect to the ongoing task (Goldstein et al., 2002).
Intracranial investigations have shown that the P3a generators are
located in the anterior cingulate and fronto-parietal cortex and the
P3b generators in superior temporal, posterior parietal, hippocampal, cingulate and frontal structures (Halgren et al., 1995a,b, 1998).
However, the intracranial recordings are not suitable for investigations involving healthy volunteers or psychiatric patients. Recently,
the neural basis of P300 has been investigated using non-invasive
functional magnetic resonance imaging (fMRI) by several studies,
which conﬁrmed the involvement of the frontal, parietal, temporal
and cingulate areas in the genesis of P300 ERP (Mulert et al.,
2004; Stevens et al., 2006). One limitation of fMRI technique in
the identiﬁcation of brain generators of P300 is its relatively poor
temporal resolution.
Electrophysiological techniques have a far better temporal
resolution, and a new method of low resolution brain electromagnetic
tomography (LORETA) has been developed for reconstructing the
current source for a given scalp electrical distribution in recent years
(Pascual-Marqui et al., 1994). LORETA does not require the assumption of a speciﬁc number of sources, and only assumes that
neighboring neurons are simultaneously and synchronously activated
and approximates the current density distribution throughout the
brain (Pascual-Marqui et al., 1994). Validation of LORETA has been
made by comparing its ﬁndings with those by intracranial recordings
(Lantz et al., 1997). Consistency between LORETA and neuroimaging
studies has been reported. Strik et al. (1998) used LORETA to identify
frontal activation as the electrical generators of the P300 produced
during a cued continuous performance test, which is consistent with
the ﬁndings by previous positron emission tomography studies. The
electrical sources of ictal EEG discharges revealed by LORETA were
consistent with the results from well-deﬁned symptomatic MRI
lesions (Worrell et al., 2000). The time-course of activations
corresponding to P300 ERP has been investigated using both LORETA
and fMRI (Mulert et al., 2004), and the LORETA ﬁndings were well
consistent with those provided by fMRI. Through use of LORETA, P300
sources were estimated to occur over bilateral prefrontal cortex, the
temporal lobe, the cingulum, the parieto-occipital junction, the
inferior parietal cortex and the superior parietal cortex (Anderer
et al., 1998; Winterer et al., 2001; Wang et al., 2003a; Volpe et al.,
2007). It is suggested that the main regions consistently attributed to
generating P300 related brain activation include the temporal–
parietal junction, medial–temporal complex, and the lateral prefrontal cortex (Soltani and Knight, 2000; Volpe et al., 2007).
Several studies had performed LORETA analysis to estimate the
P300 neural sources among schizophrenia patients (Winterer et al.,
2001; Wang et al., 2003a; Pae et al., 2003; Sumiyoshi et al., 2006;
Kawasaki et al., 2007; Higuchi et al., 2008). Most of these studies
consistently demonstrated that the affected P300 neural sources were
mainly over the left hemisphere. The P300 current source density
(CSD) over the left superior temporal gyrus (STG) had been correlated
with the Positive subscale score of the brief psychiatric rating scale
(BPRS) (including item hallucinatory behavior, hostility, unusual

thought content) and with the Negative subscale score of BPRS
(including item blunted affect, emotional withdrawal, motor retardation) by Kawasaki et al. (2007). Higuchi et al. (2008) also found that
a six-month treatment with olanzapine signiﬁcantly increased P300
source density in the left STG, which correlated with improvements of
negative symptoms and verbal learning memory. However, none of
these studies used the ﬁrst episode patients, with the exception of the
study by Kleinlogel et al. (2007), in which the NoGo-P300 to the
NoGo-stimuli during a visual Continuous Performance Test (CPT) was
the main focus. Therefore, the neural sources of auditory P300 have
not yet been investigated among ﬁrst episode schizophrenia patients
using LORETA.
The main purpose of the present study was to investigate auditory
P300 neural sources among ﬁrst episode schizophrenia patients.
Because a short history of antipsychotic medication possibly inﬂuences the P300 ERP, only drug-naive patients were recruited. In
addition, because both simulation and experimental studies clearly
indicate that at least 60 equally distributed electrodes are needed to
correctly sample the scalp electric ﬁeld that is submitted to the source
localization procedure (Michel et al., 2004), a high density recording
of 60 channels was applied to record auditory P300 in the present
study.
2. Methods
2.1. Subjects
All subjects participating in the study signed an informed consent
for a protocol approved by the Institutional Review Board (IRB) of
Shanghai Mental Health Center, Shanghai Jiaotong University. The
patients were recruited from among those who ﬁrst came to Shanghai
Mental Health Center, Shanghai Jiaotong University, who met ICD-10
diagnostic criteria for schizophrenia (F20), and who had no history of
antipsychotic medication use. Diagnosis veriﬁcation was made by a
senior psychiatrist at the rank of associate professor within two
weeks. Nineteen drug-naive ﬁrst episode schizophrenia patients were
included in the present study. Clinical symptoms were evaluated
using the Positive and Negative Syndrome Scale (PANSS) (Kay et al.,
1987). The control subjects were 25 healthy subjects, none of whom
had a history of psychiatric illnesses. All the subjects, both the patients
and healthy controls, were free of neurological disease, mental
retardation, alcohol or substance abuse, and any physical illness that
might affect cognitive function or produce hearing loss. Group
characteristics are shown in Table 1. All subjects were right-handed
as revealed by Edinburgh Handedness Inventory (Oldﬁeld and
Carolus, 1971). No difference was found in age or in gender
composition between two subject groups (P N 0.05).

Table 1
Demographic and clinical characteristics of schizophrenia patients and controls
(means ± SD).
Schizophrenia patients

Normal controls

Cases
Gender (male/female)
Age (years)
Age range
Onset age (years)
Illness duration (months)

19
12/7
28.63 ± 12.33
16–57
27.99 ± 12.57
7.68 ± 7.43

25
12/13
32.88 ± 9.39
17–52

PANSS
Total score
Positive score
Negative score
General psychopathological score

62.0 ± 10.4
16.7 ± 5.8
16.2 ± 6.9
29.1 ± 6.3

PANSS: Positive and Negative Syndrome Scale.
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2.2. ERP recording procedure
The EEG was acquired using a 64 channel quick-cap (Neuroscan),
in which 60 scalp electrodes (FP1, F7, FP2, F3, FC3, FT7, T7, F8, F4, Fz,
FCz, C3, TP7, FT8, FC4, Cz, CPz, CP3, P3, P7, T8, TP8, C4, P8, CP4, P4, Pz,
Oz, O1, O2, FPz, AF3, AF7, F5, AF8, AF4, F1, FC5, F6, F2, FC1, C5, FC6, FC2,
C2, C1, CP1, CP5, P5, PO7, PO8, C6, CP6, P6, CP2, PO4, P2, POz, P1, PO3)
were positioned according to the international 10–10 system. The
reference electrode was placed on the tip of nose. VEOG was obtained
from two electrodes positioned above and below the left eye, and
HEOG was obtained from two electrodes placed at the outer canthi of
both eyes. The EEG was sampled continuously at a rate of 1000 Hz
with a bandpass between 0.05 and 200 Hz. All impedances were kept
below 10 kΩ.
Auditory ERPs were obtained using an oddball paradigm. Infrequent (P = 0.20) target tones (1500 Hz, 80 dB SPL) were presented
with frequent (P = 0.80) standard tones (1000 Hz, 80 dB SPL). The
tone duration was 50 ms with a rise and fall time of 10 ms. Auditory
stimuli were delivered binaurally through headphones with variable
inter-stimulus intervals ranging from 1.5 s to 2.5 s. There were 50
target tones and 200 non-target tones. Subjects were asked to press a
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button promptly and accurately in response to infrequent target
tones. Averaging of ERP waves and related procedures was performed
ofﬂine using Brain Vision Analyzer software (1.05, Brain Products
Company, Germany).
Epoch length was 700 ms, including a 100-ms pre-stimulus baseline.
EEG trials with incorrect responses were excluded. Ocular correction
was done offline with the algorithm of Gratton and Coles (Gratton et al.,
1983). For artifact rejection, trials were excluded if their voltage
exceeded ±70 μV. The mean averaged EEG responses to target tones
was 34.3 ± 6.7 trials for the patients, 37.2 ± 5.2 trials for the controls; the
group difference was not signiﬁcant (F = 2.64, P N 0.05).

2.3. Data analysis
Before peak identiﬁcation, EEG was ﬁltered with a 0.5 Hz high pass
ﬁlter and with a 15 Hz low pass ﬁlter. Both P300 amplitude and P300
latency were measured at all 60 recording sites as the most positive
voltage sampled in the latency range of 280 ∼ 450 ms after the stimulus
onset. N100 was measured from the ERPs to both target and non-target
stimuli as the most negative peak between 50 and 150 ms at Fz.

Fig. 1. The grand averaged ERP waveforms at F7, FT7, T7, TP7, P7, Fz, FCz, Cz, CPz, Pz, F8, FT8, T8, TP8 and P8, elicited by target stimuli. Black line, the control group; red line, patient
group. Right side, the scalp distribution of P300 ERP at 347 ms after stimulus onset. The scalp topographic images demonstrated that P300 amplitude reduction among patients was
predominantly over the left hemisphere.
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The group and topographical differences in P300 amplitude and
P300 latency were evaluated using a repeated measures analysis of
variance (ANOVA). The between subject factor of the omnibus ANOVA
was Group (2 levels: patients and controls). In order to explore the
topographical P300 differences between patients and controls, the
recording sites were integrated into 6 regions of interest (ROIs)
including both the left-to-right hemispheric dimension (3 levels:
left, medial and right, LMR) and the anterior–posterior dimension
(2 levels: anterior and posterior, AP). For each ROI, 6 recording sites
were included into the ANOVA as following: left-anterior (F7, F5, F3,
FT7, FC5, FC3), left-posterior (TP7, CP5, CP3, P7, P5, P3), medial–
anterior (F1, Fz, F2, FC1, FCz, FC2), medial–posterior (CP1, CPz, CP2,
P1, Pz, P2), right-anterior (F8, F6, F4, FT8, FC6, FC4) and rightposterior (TP8, CP6, CP4, P8, P6, P4). Therefore, the overall ANOVA had
three within-subject factors of LMR (3 levels: left, medial and right),
AP (2 levels: anterior and posterior) and electrode (6 levels: 6
different recording sites). Any signiﬁcant interaction of group × LMR,
group × AP or group × LMR × AP were further parsed in two ways: ﬁrst,
by examining the effect of LMR, AP or LMR × AP in each participant
group, and second, by examining the effect of Group for each level of
LMR, AP or LMR × AP. When the Mauchly's sphericity assumption
about the repeated measure factor was violated, the Greenhouse–
Geisser correction of degrees of freedom was applied, with only the
corrected probability values reported. Post hoc assessment of multiple
comparisons employed Tukey's test.
LORETA images were obtained by estimating the current source
density distribution for epochs of brain electric activity on a dense
grid of 2394 voxels at 7-mm spatial resolution, which is established
by Pascual-Marqui (1999) according to the digitized Talairach
human brain altas (Pascual-Marqui, 1999). LORETA made use of
the three-shell spherical head model registered to the Talairach atlas
available as a digitized MRI from the Brain Imaging Centre, Montreal
Neurologic Institute. Registration between spherical and realistic
head geometry used EEG electrode coordinates reported by Towle
et al. (1993). The solution space was restricted to cortical gray
matter and the hippocampus, as determined by the corresponding
digitized Probability Atlas, which is also available from the Brain
Imaging Centre.
LORETA images were calculated for each subject using one digital
bin of the peak P300 at Pz in the time frame 280 ∼ 450 ms poststimulus. The P300 LORETA images of the controls and of the patients
were obtained by separately averaging individual P300 LORETA
results for each group. The localization of the differences in P300
current source density between the two groups was assessed by
voxel-by-voxel t-tests of the LORETA images of the log transformed
computed current density power. In the resulting statistical threedimensional images, cortical voxels that were signiﬁcantly different
were identiﬁed by a nonparametric approach using a randomization
strategy (Nichols and Holmes, 2002) that determined the critical
probability threshold values for the actual observed t-values with
correction for multiple testing.
Relationships between P300 CSD values at voxels which show a
group difference and psychopathological assessments were evaluated
by performing Pearson's correlation test. If the voxels of group
difference focus on some regions of interest (ROIs), exploratory
correlational analyses will be performed for the mean P300 CSD values
of all voxels within these ROIs and clinical measures. The signiﬁcance
level for all statistical tests was set at P b 0.05 (two-tailed).

controls. Overall, the patients responded less accurately (F = 81.0,
P b 0.001) and more slowly (F = 39.9, P b 0.001) than the controls.
Fig. 1 shows ERP waveforms at F7, FT7, T7, TP7, P7, Fz, FCz, Cz, CPz,
Pz, F8, FT8, T8, TP8 and P8, elicited by target stimuli. Visual inspection
revealed that the P300 was remarkably smaller in the patients group
than in the control group. The scalp topographic images demonstrated
that P300 amplitude reduction among patients was predominantly
over the left hemisphere.
3.2. Topographical comparison of P300 amplitude and P300 latency
between patients and controls
The means of P300 amplitude and P300 latency at electrodes of
ROIs are presented in Table 2. Overall, P300 amplitude was smaller for
schizophrenia patients than for control subjects (F = 4.40, df = 1,42,
P = 0.042). The repeated measure ANOVA revealed a signiﬁcant effect
of LMR on P300 amplitude (F = 9.11, df = 2,84, P = 0.001), suggesting
a higher P300 amplitude over medial ROIs than over left or right ROIs.
However, the factor of LMR demonstrated a signiﬁcant interaction
with group (F = 5.50, df = 2,84, P = 0.010). Follow-up ANOVAs found
that, the effect of LMR was only signiﬁcant for the control group
Table 2
Mean (± SD) of P300 amplitude and P300 latency at electrodes of ROIs.
ROI

P300 amplitudes (μV)

P300 latency (ms)

Controls

Patients

Controls

Patients

Left-anterior
F7
5.48
F5
6.09
F3
6.64
FT7
6.61
FC5
6.86
FC3
6.89

(5.83)
(5.87)
(5.63)
(6.14)
(5.82)
(4.92)

3.39
3.31
2.37
3.77
3.35
3.97

(4.80)
(4.28)
(3.97)
(4.31)
(4.44)
(4.52)

338.5
339.9
340.5
339.8
340.5
341.8

(32.0)
(31.3)
(27.2)
(29.0)
(30.0)
(29.1)

337.9
333.1
347.6
344.4
342.2
337.0

(40.7)
(42.2)
(37.2)
(40.0)
(41.3)
(38.4)

Left-posterior
P7
7.60
P5
7.55
P3
7.85
TP7
7.27
CP5
7.78
CP3
9.08

(4.10)
(4.08)
(4.25)
(4.46)
(4.25)
(5.42)

5.73
5.84
5.53
5.30
5.52
5.90

(4.09)
(4.02)
(4.12)
(4.09)
(3.70)
(3.94)

352.6
350.7
346.6
351.3
349.6
348.5

(27.4)
(29.7)
(28.5)
(25.2)
(26.6)
(28.9)

347.3
343.1
342.7
346.8
347.6
341.6

(42.0)
(41.1)
(46.4)
(41.7)
(38.8)
(38.1)

Medial–anterior
F1
6.63
Fz
6.62
F2
6.03
FC1
7.61
FCz
7.47
FC2
6.95

(6.08)
(6.66)
(6.25)
(6.20)
(6.26)
(5.97)

2.54
2.65
2.58
3.77
3.79
4.06

(4.63)
(4.78)
(4.57)
(4.60)
(5.27)
(4.76)

337.2
337.8
337.6
342.4
341.3
336.3

(29.7)
(30.2)
(30.1)
(30.9)
(32.4)
(30.1)

339.7
341.2
341.2
334.5
338.4
338.9

(38.0)
(34.5)
(34.4)
(38.4)
(38.8)
(36.0)

Medial–posterior
P1
9.30
Pz
10.52
P2
10.01
CP1
9.88
CPz
11.89
CP2
10.81

(4.71)
(5.50)
(5.53)
(5.47)
(6.28)
(5.52)

6.39
6.25
7.35
5.82
7.25
6.83

(3.93)
(3.90)
(3.72)
(4.14)
(4.99)
(4.73)

350.7
349.0
350.2
347.9
344.2
350.0

(29.1)
(29.8)
(31.6)
(28.1)
(29.5)
(31.1)

350.5
342.3
349.8
343.3
343.2
342.2

(38.8)
(41.4)
(39.0)
(40.5)
(41.4)
(39.2)

Right-anterior
F8
5.90
F6
5.71
F4
6.02
FT8
6.60
FC6
5.87
FC4
6.00

(5.22)
(5.33)
(5.74)
(4.46)
(5.21)
(4.41)

4.20
3.85
4.15
4.89
3.83
3.32

(5.82)
(5.65)
(6.42)
(5.05)
(3.76)
(3.22)

342.3
342.3
340.2
342.1
341.2
339.8

(30.8)
(30.4)
(28.2)
(29.5)
(31.1)
(28.9)

336.3
338.6
338.2
335.7
334.3
341.4

(38.9)
(41.0)
(40.4)
(37.8)
(36.0)
(32.7)

Right-posterior
P8
8.25
P6
8.81
P4
8.81
TP8
7.23
CP6
8.77
CP4
10.46

(5.85)
(5.35)
(5.30)
(4.36)
(4.98)
(5.41)

6.08
6.73
5.59
5.92
6.01
6.95

(3.96)
(4.25)
(5.18)
(4.14)
(3.88)
(4.49)

351.9
348.0
350.3
348.4
352.8
350.4

(36.7)
(34.7)
(34.3)
(35.2)
(30.2)
(31.2)

351.7
350.1
352.2
349.6
355.2
342.0

(42.9)
(40.1)
(40.7)
(36.5)
(38.5)
(42.9)

3. Results
3.1. Behavioral performance and ERP waveforms
The button press accuracy was 90.78% ± 4.11% among schizophrenia
patients, and 98.79% ± 1.52% among normal controls. The mean reaction
time was 711.7 ± 65.8 ms for the patients and 510.1± 126.4 ms for the
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(F = 16.50, df = 2,48, P b 0.001) but insigniﬁcant for the patient group
(F = 1.53, df = 2,36, P = 0.233), the effect of group was signiﬁcant for
left ROIs (F = 4.11, df = 1,42, P = 0.049) and for medial ROIs (F = 6.09,
df = 1,42, P = 0.018), but insigniﬁcant for right ROIs (F = 2.73,
df = 1,42, P = 0.106). The overall ANOVA also detected a signiﬁcant
effect of AP on P300 amplitude (F = 35.90, df = 1,42, P b 0.001),
suggesting a higher P300 amplitude over posterior ROIs than over
anterior ROIs. It showed no interaction with group (F = 0.01,
df = 1,42, P = 0.937). The interaction of LMR × AP was signiﬁcant
(F = 10.81, df = 1,42, P b 0.001), suggesting a more remarkable effect
of LMR on P300 amplitude over posterior ROIs than over anterior
ROIs. However, its interaction with group was insigniﬁcant (F = 1.98,
df = 1,42, P = 0.147).
P300 latency showed no signiﬁcant group difference between
schizophrenia patients and normal controls (F = 0.06, df = 1,42,
P = 0.812). The effect of LMR on P300 latency was insigniﬁcant
(F=0.53, df =2,84, P= 0.545), and without any signiﬁcant interaction
with group (F =0.02, df = 2,84, P =0.953). The effect of AP on P300
latency was signiﬁcant (F =5.58, df = 1,42, P =0.023), suggesting a
longer P300 latency over posterior ROIs than over anterior ROIs, however,
it showed no interaction with group (F= 0.05, df =1,42, P =0.818). For
P300 latency, neither the interaction of LMR× AP nor the interaction of
group× LMR × AP was signiﬁcant (for LMR × AP: F= 0.97, df =2,84,
P =0.370; for group× LMR× AP: F =1.47, df = 2,84, P =0.237).
For the target ERPs at Fz, N100 amplitude was reduced signiﬁcantly
among patients (patients, −5.92 ± 3.60 µV, controls, −8.86 ± 4.20 µV;
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F = 5.97, df = 1,42, P = 0.019), and N100 latency was shorter for
schizophrenia patients than for controls (patients, 103.2 ± 11.3 ms,
controls, 111.5 ± 4.7 ms; F = 11.23, df= 1,42, P = 0.002). For the nontarget ERPs at Fz, the reduction of N100 amplitude among schizophrenics was approaching a signiﬁcant level (patients, −5.36 ± 3.33 µV,
controls, −6.92 ± 2.69 µV; F = 2.97, df= 1,42, P = 0.092), but no group
difference was found for N100 latency (patients, 102.2± 11.9 ms,
controls,106.6± 9.1 ms; F = 1.96, df= 1,42, P = 0.169).
3.3. Comparisons between healthy controls and schizophrenia patients
on LORETA images
Individual P300 current density was averaged for each group
and the results are shown in Fig. 2. P300 current density in normal
controls was symmetrically distributed over bilateral frontal lobes
(medial frontal gyrus, paracentral lobule, superior frontal gyrus),
bilateral parietal lobes (inferior parietal lobule, postcentral gyrus,
precuneus, superior parietal lobule) and bilateral temporal lobes
(superior temporal gyrus, middle temporal gyrus, inferior temporal
gyrus and fusiform gyrus).
Schizophrenia patients showed P300 current density mainly over
bilateral frontal lobe (medial frontal gyrus, middle frontal gyrus,
paracentral lobule, superior frontal gyrus) and bilateral parietal lobes
(inferior parietal lobule, postcentral gyrus, precuneus, superior
parietal lobule). Unlike the control group, it was not very strong
over the temporal lobes, speciﬁcally over the left temporal lobe. In

Fig. 2. The grand averaged LORETA images of P300 ERP and the maps showing the signiﬁcant difference between the control group and the patient group.
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Table 3
Voxels of LORETA values (means ± SD, 0.01 μA/mm2) with a signiﬁcant difference
between patients and controls.
LORETA voxel
ROI

Control
group

BA Talairach space

Patient
group

t

b

13
13
13
13
13
13
13
13
13
13
42
29
42
42
41
22
22
21
21
42
41
20

− 45
− 38
− 38
− 31
− 51
− 38
− 38
− 45
− 31
− 38
− 65
− 51
− 58
− 65
− 51
− 51
− 65
− 65
− 58
− 58
− 58
− 58

− 23
21 1.72 ± 1.06
−3
14 1.15 ± 0.82
− 11
1 1.61 ± 1.18
− 11
1 0.92 ± 0.67
− 30
22 3.31 ± 2.00
− 18
− 4 1.05 ± 0.74
− 10
8 1.81 ± 1.26
− 10
8 2.31 ± 1.59
− 17
2 0.86 ± 0.60
−4
8 2.02 ± 1.58
− 30
15 4.99 ± 3.79
− 30
15 3.30 ± 2.32
− 30
15 5.00 ± 3.67
− 24
15 5.71 ± 4.75
− 24
9 3.15 ± 2.49
− 10
8 3.20 ± 2.38
− 31
9 4.77 ± 4.29
− 32 − 15 4.72 ± 3.86
− 32
− 9 5.33 ± 4.22
− 17
15 5.01 ± 4.08
− 24
9 4.95 ± 4.83
− 32 − 15 4.47 ± 3.64

0.84 ± 0.85
0.53 ± 0.41
0.73 ± 0.56
0.42 ± 0.32
1.56 ± 1.57
0.51 ± 0.41
0.88 ± 0.75
1.16 ± 1.09
0.42 ± 0.34
0.89 ± 0.67
1.97 ± 1.83
1.55 ± 1.54
2.11 ± 2.04
2.18 ± 1.56
1.54 ± 1.63
1.58 ± 1.64
2.23 ± 2.37
1.94 ± 1.73
2.32 ± 2.06
1.99 ± 1.34
2.11 ± 2.32
1.70 ± 1.37

− 3.93
− 3.63b
− 3.58b
− 3.57b
− 3.84b
− 3.49b
− 3.48b
− 3.40b
− 3.38b
− 3.37b
− 3.99b
− 3.67b
− 3.89b
− 3.89b
− 3.55b
− 3.39b
− 3.37b
− 3.67b
− 3.43b
− 3.65b
− 3.54b
− 4.00b

40
40
40
43
Supramarginal gyrus 40
Superior parietal
7
lobule
Inferior parietal
40
lobule

− 58
− 51
− 51
− 51
− 58
− 38

− 24
− 23
− 24
− 17
− 50
− 56

2.13 ± 1.72
1.40 ± 1.29
1.60 ± 1.53
1.24 ± 1.13
1.28 ± 1.11
2.28 ± 1.87

− 4.18a
− 4.11a
− 4.07a
− 3.64b
− 3.64b
− 3.43b

Insula

Superior temporal
gyrus

Middle temporal
gyrus
Transverse temporal
gyrus
Inferior temporal
gyrus
Postcentral gyrus

a
b

− 58 − 30

15
21
15
15
36
49

5.62 ± 4.51
3.31 ± 2.19
3.67 ± 2.67
2.72 ± 1.98
2.91 ± 2.21
4.05 ± 2.09

22 5.57 ± 3.50 2.59 ± 2.35 − 3.55b

P b 0.01.
P b 0.05.

Table 5
The correlations between LORETA values and the psychopathological assessments of
schizophrenia patients.
ROI (number of
voxels)

Positive factor

Negative factor

Total PANSS score

r

p

r

p

r

p

Left insula (40)
Right insula (36)
Left STG (86)
Right STG (96)
Left PCG (32)
Right PCG (41)

− 0.109
0.059
− 0.136
0.015
− 0.183
− 0.025

0.657
0.811
0.580
0.953
0.454
0.921

− 0.346
0.049
− 0.348
− 0.07
− 0.316
− 0.066

0.147
0.843
0.144
0.777
0.187
0.790

− 0.508
0.03
− 0.554
− 0.092
− 0.562
− 0.146

0.026
0.902
0.014
0.709
0.012
0.550

Bold number indicating P b 0.05.

Fig. 2, both groups demonstrated a similar distribution of P300 current
source density except in the left view, which clearly showed that P300
source activities over left STG and its nearby areas were reduced in the
patients as compared to the controls.
Among 2394 voxels, the nonparametric approach of LORETA-key
identiﬁed 29 voxels of signiﬁcant group difference, whose t-values are
above the critical probability threshold. Their Talairach spatial positions
and the corresponding mean CSD values are given in Table 3. P300 CSD
was reduced among schizophrenia patients at these voxels, which
demonstrated a strong tendency for focusing on left insula, left superior
temporal gyrus (STG) and left postcentral gyrus (PCG).
3.4. Correlations of LORETA values with psychopathological assessments
The correlation between the P300 CSD of schizophrenic patients
at these 29 voxels and their psychopathological assessments has
been shown in Table 4. There were 12 voxels, for which P300 CSD
demonstrated a signiﬁcant inverse correlation with patients' total
PANSS scores. These voxels were mainly within left insula and left
temporal cortex.

Table 4
Pearson's correlation coefﬁcients (P values) of P300 CSD at voxels of a signiﬁcant difference with patients' PANSS scores.
LORETA voxel
ROI

BA

Talairach space

Insula

13
13
13
13
13
13
13
13
13
13
42
29
42
42
41
22
22
21
21
42
41
20
40
40
40
43
40
7
40

− 45
− 38
− 38
− 31
− 51
− 38
− 38
− 45
− 31
− 38
− 65
− 51
− 58
− 65
− 51
− 51
− 65
− 65
− 58
− 58
− 58
− 58
− 58
− 51
− 51
− 51
− 58
− 38
− 58

Superior temporal gyrus

Middle temporal gyrus
Transverse temporal gyrus
Inferior temporal gyrus
Postcentral gyrus

Supramarginal gyrus
Superior parietal lobule
Inferior parietal lobule
Bold number indicating P b 0.05.

− 23
−3
− 11
− 11
− 30
− 18
− 10
− 10
− 17
−4
− 30
− 30
− 30
− 24
− 24
− 10
− 31
− 32
− 32
− 17
− 24
− 32
− 24
− 23
− 24
− 17
− 50
− 56
− 30

21
14
1
1
22
−4
8
8
2
8
15
15
15
15
9
8
9
− 15
−9
15
9
− 15
15
21
15
15
36
49
22

Total PANSS score

Positive factor score

Negative factor score

− 0.37 (0.12)
− 0.53 (0.02)
− 0.45 (0.05)
− 0.42 (0.08)
− 0.39 (0.10)
− 0.43 (0.07)
− 0.52 (0.02)
− 0.56 (0.01)
− 0.42 (0.07)
− 0.52 (0.02)
− 0.28 (0.25)
− 0.39 (0.10)
− 0.33 (0.17)
− 0.43 (0.07)
− 0.47 (0.04)
− 0.57 (0.01)
− 0.49 (0.03)
− 0.48 (0.04)
− 0.48 (0.04)
− 0.47 (0.04)
− 0.48 (0.04)
− 0.21 (0.39)
− 0.351(0.14)
− 0.34 (0.15)
− 0.39 (0.10)
− 0.43 (0.06)
− 0.38 (0.11)
− 0.38 (0.11)
− 0.43 (0.07)

− 0.02
− 0.16
− 0.13
− 0.13
− 0.05
− 0.13
− 0.15
− 0.15
− 0.14
− 0.15
0.038
− 0.03
0.00
− 0.08
− 0.03
− 0.15
− 0.03
− 0.14
− 0.14
− 0.11
− 0.01
− 0.03
− 0.02
− 0.06
− 0.01
− 0.01
− 0.18
0.10
− 0.09

− 0.32 (0.19)
− 0.29 (0.23)
− 0.27 (0.26)
− 0.24 (0.32)
− 0.29 (0.24)
− 0.27 (0.27)
− 0.29 (0.23)
− 0.32 (0.18)
− 0.23 (0.34)
− 0.31 (0.20)
− 0.27 (0.27)
− 0.31 (0.20)
− 0.28 (0.24)
− 0.30 (0.22)
− 0.37 (0.12)
− 0.34 (0.16)
− 0.38 (0.11)
− 0.27 (0.27)
− 0.28 (0.26)
− 0.29 (0.22)
− 0.39 (0.10)
− 0.16 (0.53)
− 0.30 (0.21)
− 0.26 (0.28)
− 0.34 (0.16)
− 0.37 (0.12)
− 0.22 (0.38)
− 0.44 (0.06)
− 0.28 (0.24)

(0.93)
(0.53)
(0.59)
(0.59)
(0.84)
(0.60)
(0.53)
(0.54)
(0.57)
(0.54)
(0.88)
(0.91)
(0.99)
(0.74)
(0.92)
(0.55)
(0.91)
(0.57)
(0.57)
(0.65)
(0.98)
(0.89)
(0.94)
(0.82)
(0.98)
(0.98)
(0.47)
(0.69)
(0.71)
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Fig. 3. Correlations between patients' P300 CSD over regions of interest and their total PANSS scores. CSD, current source density; STG, superior temporal gyrus; PCG, postcentral gyrus.

As the voxels showing the signiﬁcant group difference were mainly
in the left insula, the left STG and the left PCG, P300 CSD at voxels within
these three areas were averaged and correlated with clinical measures.
The correlation analyses were also performed for the homonymous
regions within the right hemisphere, with the aim of left and right
comparison. Results are shown in Table 5 and Fig. 3. An inverse
correlation was found between P300 CSD values and the patients' total
PANSS scores. However, the correlation was only signiﬁcant for the left
insula (r = −0.508, P = 0.026), the left STG (r = −0.554, P = 0.014) and

the left PCG (r = −0.562, P = 0.012); it was not signiﬁcant for the right
insula (r = 0.03, P = 0.902), the right STG (r = −0.092, P = 0.709) and
the right PCG (r = −0.146, P = 0.550).
4. Discussion
In the present study, drug-naive ﬁrst episode schizophrenia
patients demonstrated a reduction in P300 amplitude with a normal
P300 latency as compared to unaffected controls. They also showed a

256

J. Wang et al. / International Journal of Psychophysiology 75 (2010) 249–257

smaller N100 amplitude and a shorter N100 latency in ERPs to target
stimuli. These ﬁndings are in consistency with previous P300 studies
of ﬁrst episode schizophrenia (Brown et al., 2002; Demiralp et al.,
2002; Wang et al., 2003a,b, 2005; van der Stelt et al., 2005; Renoult
et al., 2007; Ozgürdal et al., 2008). The conventional topographical
analysis revealed that P300 amplitude reduction in schizophrenics
was signiﬁcant over left and medial ROIs. LORETA analyses conﬁrmed
the main ﬁndings of topographical analysis, and further mapped the
group differences of P300 to the left insula, left STG, and left PCG. For
these regions, an inverse correlation between their mean P300 CSDs
and the patients' total PANSS scores was signiﬁcant, too.
The present study is the ﬁrst LORETA study of auditory P300 in ﬁrst
episode schizophrenia. Furthermore, the high density recording in the
present study made its ﬁndings more reliable, as compared to those
using a low density recording (Michel et al., 2004). Kleinlogel et al.
(2007) performed LORETA analysis of visual P300 elicited by CPT task
among ﬁrst episode patients using a low density recording. In
comparison to the visual P300, the auditory P300 is a more robust
and a more consistent abnormality among patients with schizophrenia in the literature (Duncan 1988).
LORETA analysis of P300 of controls revealed that the neural
generators of scalp-recorded P300 were widespread over the cortex,
including bilateral frontal, parietal and temporal lobes. This is
consistent with the ﬁndings of previous studies using high density
ERP recordings (for instance, Wang et al., 2003a). Compared with the
control group, the voxels which showed a signiﬁcantly reduced P300
current source density in the patient group were mainly over the left
insula, left STG and left PCG, with a clear tendency to focus on the left
STG and its nearby areas.
Although the reduced P300 current source density over the left
STG has been reported among schizophrenia patients by previous
studies (Kawasaki et al., 2007; Higuchi et al., 2008), the present study
extended this ﬁnding to the drug-naive ﬁrst episode patients. As the
mean illness duration of our patients was about half a year, they were
at the very early stage of schizophrenia. The functional changes within
left STG probably are not an effect secondary to medication or to
illness duration, and possibly reﬂected its signiﬁcance in the
pathogenesis of schizophrenia. This was further supported by the
correlation between P300 CSD over the left STG and the patients'
PANSS scores. Evidence of both structural and functional changes in
the left STG has been well documented in ﬁrst episode schizophrenia
(McCarley et al., 2002; Kim et al., 2003; Takahashi et al., 2009).
Progressive and dynamic disturbances in brain functional/structure
have been suggested in schizophrenia from the prodomal phase to the
full-blown of ﬁrst episode of psychosis (Takahashi et al., 2009;
Frommann et al., 2008). Frommann et al. (2008) reported that P300
amplitude reduction was very limited to a left temporoparietal site
(TP7) among patients putatively in an early initial prodromal state
(EIPS) for psychosis, but it was remarkably more spread to the sagittal
midline electrodes among patients in a late initial prodromal state
(LIPS). Similar ﬁndings were also made by Ozgürdal et al. (2008) and
van der Stelt et al. (2005). However, what occurs in the left STG that
eventually leads to the full-blown of ﬁrst episode of psychosis remains
an open and key question for future research.
In the present study, ﬁrst episode schizophrenia patients also
demonstrated a reduction in P300 current source density over left
insula. Although this reduction has not been reported in previous
P300-LORETA studies of schizophrenia, it is consistent with recent
MRI studies, which applied voxel-based morphometric analysis of
gray matter and revealed smaller bilateral insular cortex in ﬁrst
episode schizophrenia patients (Kubicki et al., 2002; Meisenzahl et al.,
2008). In addition, a long prodromal phase was associated with
smaller gray matter volumes in the left insular cortex (Lappin et al.,
2007). The insular cortex is a paralimbic area of the brain thought to
have important roles in sensory integration, auditory hallucinations
and language. They are indeed activated when subjects perform

an oddball task (Tarkka et al., 1996; Linden et al. 1999; Clark et al.,
2000).
The present study also found reduced P300 current source
density over the left postcentral gyrus in schizophrenia patients.
Although it was a little different from the ﬁndings by Higuchi et al.
(2008) who reported a reduced P300 current source density over the
left precentral gyrus in schizophrenia patients, it was consistent
with the MRI ﬁnding of signiﬁcant decreases in gray matter within
the left postcentral gyrus among ﬁrst episode schizophrenia patients
(Job et al., 2002).
In the present study, P300 CSD over left insula and left PCG was not
only reduced among the schizophrenia patients, but also showed an
inverse correlation with the patients' total PANSS scores, which likely
highlights their signiﬁcance in the pathogenesis of schizophrenia.
However, as they have not been revealed by previous LORETA studies
of chronic schizophrenia patients using either low density or high
density ERP recording, future research must investigate whether
these P300 abnormalities are state-related changes among ﬁrst
episode patients.
In the present study, the use of a button press to targets would cause
response selection, preparation, and execution motor-related potentials
to be active in the left hemisphere. This would elicit a concern about the
effects of motor-related potentials (MRPs) on our ﬁndings. Since the
patients were ∼200 ms slower than controls, are the differences we
observed really in P300 or just a reﬂection of the controls having left
hemisphere MRP overlap with P300 that the patients do not? The MRPs
precede the actual movement by several hundred milliseconds and
include several components (Starr et al., 1995). The early MRPs, arising
in supplementary motor cortex and premotor cortex, are not necessarily
lateralized (Miller and Hackley, 1992). The later MRPs will probably
distort the P300 ﬁeld because they arise simultaneously with P300.
Among the later MRPs, the lateralized readiness potential (LRP), a
negative slope component, is largest over the contralateral motor area,
beginning some 300 ms before and peaking approximately 100 ms or
less before the movement (Miller and Ulrich, 1998). The LRP has been
regarded as the greatest problem for P300 topography if the same hand
is used to respond throughout the oddball task. The LRP possibly is
associated with a reduction of P300 amplitude on button-pressing task
comparing with silent counting task (Polich 1987; Salisbury et al., 2001).
It is suggested that the MRPs could occlude difference in P300
topography between groups (Salisbury et al., 2001). Supposing the
controls have left hemisphere MRP overlap with P300 and the patients
do not in the present study, the melding of negative MRPs would cause
P300 amplitude reduction among controls and the group difference in
P300 over left hemisphere would be reduced rather than increased.
Therefore, while the effects of MRPs on our ﬁndings cannot be excluded,
the differences we observed in the present study are due to P300.
There are several limitations to the present study. First, the sample
size was relatively small, and thus, the ﬁndings need to be replicated in a
larger sample. Second, a cross-sectional design was applied. The P300
generator difference between ﬁrst episode schizophrenia patients and
controls must be conﬁrmed in a prospective study that examines the
effect of antipsychotics on P300 amplitude and P300 latency.
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