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Recognition of facial expression and visual P300 in
schizophrenic patients: Differences between paranoid
type patients and non-paranoid patients

Abstract
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This study compared the effects of facial affective stimuli on visual event-related potentials (ERP)
in schizophrenic patients and healthy subjects using photographs of babies depicting sadness (cry-
ing face), neutrality (neutral face), and pleasure (smiling face). Visual ERP were recorded using an
oddball paradigm in 32 schizophrenic patients (16 paranoid type and 16 non-paranoid patients)
and 32 age-matched healthy subjects. The P300 amplitude, latency, and the subject’s reaction time
were recorded. The P300 amplitude when viewing a photograph of a smiling baby was the smallest
registered of three photographs for healthy subjects and paranoid type patients with successively
greater amplitudes for neutrality and sadness. However, the P300 amplitude was the smallest while
viewing crying photographs and was the largest while viewing a smiling photograph for non-para-
noid patients. These results suggest that the P300 amplitude is influenced by viewing emotionally
moving facial expressions and that the effect is different for different subtypes of schizophrenia.
These differences may reflect differences in information processing resulted from emotional influ-
ences caused by visual-affective stimuli.

event-related potentials, facial affect recognition, P300, schizophrenia, subtype.

INTRODUCTION

Event-related potentials (ERP) have been used as a
tool to investigate biological correlates of information
processing in the human central nervous system.'” So
far, few studies on the effect of emotion have been
reported, and little is known about the effect of facial
affect on ERP in healthy subjects.* ¢ Yee et al. reported
that the magnitude of P300 amplitudes is greater in
response to unpleasant pictures than to pleasant ones,
and suggested that the difference may reflect the emo-
tional intensity of stimuli rather than valence.’ Using a

Correspondence address: K Morita, Cognitive and Molecular
Research Institute, Kurume University School of Medicine, 67, Asahi-
Machi, Kurume-City, Japan. Email: Kiichiro@med.kurume-u.ac.jp

Received 1 August 2003; revised 16 April 2004; accepted 25 April
2004.

visual oddball paradigm, Lang et al. also reported that
the P300 amplitude increases particularly in response
to angry expressions.® These authors suggest that sub-
jects are more engaged by an angry expression than by
a happy one, or that the angry face evokes greater
emotional intensity than the happy face. The hypothe-
sis was predicated on the theory that subjects’ cognitive
engagement would vary depending on the emotional
content of the attended stimulus, and that this variation
would be discernible in some aspect of the P300
component.

Schizophrenic patients have been shown to manifest
a significant deficit in the ability to correctly identify
the emotions associated with facial expressions.”
Such patients have a distinctive deficit in emotional
appropriateness, and an impaired ability to correctly
identify facial affect might contribute to this deficit.
Interestingly, Kline efal. examined the relationship
between diagnostic subtypes and facial affect recogni-
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tion and found that patients with paranoid schizophre-
nia are more able to recognize facial expressions than
non-paranoid patients.'” It has also been demonstrated
that patients with paranoid type schizophrenia may be
more adept at facial recognition than non-paranoid
patients."" However, no study has looked at the effects
of facial affect recognition on ERP in subtypes of
schizophrenic patients. The visual P300 provides objec-
tive data that can be used to identify subtypes of
schizophrenia. Thus, the patterns of effects of facial
affect may help us improve our understanding of the
mechanism of schizophrenia, especially the difference
between subtypes. The present study was conducted
to determine how facial affect expression influences
visual ERP in schizophrenic patients and to identify
what differences, if any, exist between paranoid type
and non-paranoid patients compared with healthy sub-
jects. We recorded visually evoked ERP while subjects
viewed three different photographs of babies showing
different facial affects.

METHODS AND MATERIALS
Subjects

Subjects included 32 healthy volunteers (16 men and
16 women) ranging in age from 21 to 38 years (mean,
26.0 £3.8 SD) and 32 patients with schizophrenia (16
paranoid type and 16 non-paranoid patients) diag-
nosed according to the 4th edition of the Diagnostic
and Statistical Manual by two psychiatrists. Patients
were aged 16-34 years (26.5 +4.7, overall; 27.8 £ 3.5,
paranoid type [eight men, eight women]; and
24.5 £ 6.0, non-paranoid patients [10 men, six women;
disorganized type, 10; catatonic type, 2; undifferenti-
ated type, 4]). There were no significant differences in
ages among the three groups (healthy subjects, para-
noid type patients, non-paranoid patients). All patients
were receiving psychiatric medication. No patients or
healthy subjects had visual disabilities and all recog-
nized the present photographs. Time of onset, the dura-
tion of illness, the duration of hospitalization, and time
of admission are shown in Table 1. The ethics commit-
tee of Kurume University approved the present study.
Written informed consent was obtained from all sub-
jects prior to their inclusion in the study.

Electroencephalogram recording

ERP were recorded from Ag/AgCl electrodes at the
Fz, Cz, Pz, Oz, T5 and T, positions according to the
International 10-20 System with reference electrodes
connected to the mastoids. A forehead electrode
served as the ground. Electrodes were affixed above
and lateral to the left eye to monitor horizontal and

T. Ueno er al.

Table 1. Summarized time of onset, duration of illness, time
of admission, and duration of hospitalization. Significant dif-
ferences between paranoid type patients and non-paranoid
patients are seen in the time of onset

Non-paranoid Paranoid type
patients patients

16.8+£1.9
62+5.9

26.7+4.6
21+1.6

P <0.001
P <0.05

Onset (years)
Duration of
illness (years)
Duration of
admission
(years)
Times of
admission
(times)
Ages of
recording
(years)
Duration of
education
(years)
Positive
symptom
scores
Negative
symptom
scores
Dose of
medicine

(mg/day)

0.81+0.72 0.37+0.52 ns

1.7+£1.1 0.82+080 P<0.05

245£6.0 27.8+3.5 P <0.05

103+2.0 13.0+£1.7 P<0.01

26.6 + 3.8 24037 ns

23.5£3.7 20.1+3.7 P <0.05

3342+173.6  360.6 £ 154.1 ns

vertical eye movements. All impedance was kept below
5 KQ and the band pass filter was 1-100 Hz. Probabil-
ity of the presentation of target stimuli was 20% (baby
facial photographs: smiling, crying and neutrality) and
the probability was 80% for non-target stimuli (flow-
ers), which did not include facial expression. Stimulus
duration was 250 ms. Photographs were presented in a
random sequence at a mean rate of 0.7 Hz. Emotions
depicted included pleasure (smiling), sadness (crying)
and no emotion (neutrality), each type of photograph
presented in an equal probability. Each subject sat in a
sound attenuated, electrically shielded room and was
asked to relax with eyes open. All subjects were asked
to gaze at the baby’s face on a TV monitor positioned
0.5m away (Visual angle: £5° horizontally, +3° verti-
cally). All participants were asked to count and push a
button with their dominant hand in response to target
stimuli. Subjects were requested to refrain from blink-
ing during the test. Sampling was initiated 100 ms prior
to the stimulus onset and continued for 1s. An aver-
aged waveform was obtained from 20 artifact-free indi-
vidual target stimuli for each type of picture for each
block.>'*" Trials that exceed +50pV were automati-
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cally rejected from the averaging process. The aver-
aged value prior to the stimulus (100 ms) was used as a
baseline. Three blocks (smiling and flower, crying and
flower, neutrality and flower) presented to each subject
constituted for one session. The order of presentation
was the smiling or crying photograph at first block, the
neutral photograph at second block, and the crying or
smiling photograph at third block. The smiling and the
crying photographs were counterbalanced. The aver-
aged waveform taken from three target photographs
(smiling, neutrality and crying) were evaluated as data.
The P300 latency was estimated from the latency of the
largest positive peak within the time range of 250 and
600 ms. The P300 amplitude was calculated from the
baseline to the peak of the positive waveform within a
time window of 250-600 ms. The N200 amplitude was
calculated from the baseline to the peak of the negative
wave form between N100 and P300 wave forms. All
waveform were constructed after smoothing treatment
(Nihonkoden).

Protocol for recording event-related potentials
and evaluating facial expression

Sessions included the presentation of the three photo-
graphs (smiling, crying and neutrality) during a double-
task performance to sustain attention and arousal lev-
els (counting and pressing a button upon seeing the tar-
get photographs). After completing a session, subjects
were asked to look closely at each of the three photo-
graphs (smiling, crying and neutrality) to evaluate the
affective facial expression. All healthy subjects and
patients responded correctly for the two photographs:
the smiling photograph caused a pleasurable feeling
and the crying photograph caused a sad feeling. In
total, 25% of healthy subjects and 16% of patients felt
pleasure when viewing the neutral photograph and
others felt no emotion. There were no significant dif-
ferences in récognizing facial expressions between
paranoid type patients and non-paranoid patients.

Clinical evaluation and medication

The clinical state of all patients was assessed using the
Positive and Negative Symptom Scale’ administered
by two psychiatrists within a week from the P300
recording. Higher scores of the Positive and Negative
Symptom Scale from two psychiatrists were taken into
the present analysis as data. All patients were treated
with neuroleptics, the mean daily dose (mg/day) of
chlorpromarzine equivalent being 360 + 154.1 for para-
noid type patients and 334 £173.6 for non-paranoid
patients. There were no significant differences in neu-
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roleptic dosages between paranoid type patients and
non-paranoid patients.

Statistical analysis

ERP data were examined using two-way repeated mea-
sures ANOvVA to evaluate epsilon factors and revised
using G-G corrections whenever the epsilon level
exceeded 1.0. Three-way aNovA (groups X emotions X
electrodes) was performed to assess the main group
effect. Next, two-way ANova (emotion x electrodes)
was evaluated in each group (paranoid type, non-para-
noid patients, and healthy subjects). Furthermore, two-
way aNova (order X electrodes) was evaluated in each
group (paranoid type, non-paranoid patients, and
healthy subjects) to evaluate the order effect. Fisher’s
protected least significant differences, determined as
post-hoc, was used to test for significant differences
between the three pictures. A probability lower than
5% was considered to indicate statistical significance.
Correlation between P300 measurements and symptom
scores was expressed as Pearson’s product-moment
correlation coefficient (r). Bracelet’s t-test was used to
evaluate statistical significance. Values are presented as
the mean + standard deviation (SD) in the text.

RESULTS
P300 peak amplitude

A group main effect was seen using the three-way
ANova (group x photograph x electrode; for group,
F [2, 1116] =132.9, P < 0.0001). The P300 peak ampli-
tude of healthy subjects was significantly larger than
those in the other groups (Fig.1). The order of
amplitude was: healthy subjects > paranoid type
patients > non-paranoid patients. A significant interac-
tion was noted between group X photograph and group
x electrode. In healthy subjects, the amplitude while
viewing the photograph of the crying face was the larg-
est and the amplitude obtained while viewing the pho-
tograph of the smiling face was the smallest (F
[2576] =51.4, P < 0.0001). The order of amplitude lev-
els for healthy subjects was crying face > neutrality >
smiling face (Fig.2). The amplitudes were similar for
the three photographs among all schizophrenic
patients. However, patients with paranoid type had the
largest amplitude while viewing the photograph of the
crying face and smallest while viewing the photograph
of the smiling face (F [2270] =3.9, P <0.05). Thus, the
order of amplitude (crying face > neutrality > smiling
face) was the same as for healthy subjects (Fig.3).
However, in non-paranoid patients, the amplitude
while viewing the photograph of the crying face was
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Figure 1. Event-related potentials
in schizophrenic patients and healthy
controls.  Left, Grand-averaged
waveforms in normal subjects (solid
lines) and schizophrenic patients

fuv]
26 1
24
22 A
20 1
18 -
16 A
14 -
12 -
10 1

Fz Cz Pz Oz T3 T4

(dotted lines). Right, Mean ampli-
tude of P300 in normal subjects (O)
and schizophrenic patients (@). Bars
indicate standard errors.

Figure 2. Effects of facial-affect
stimuli on visual P300 amplitude in
healthy subjects. Left, Grand-aver-
aged waveforms when viewing crying
baby photograph (solid lines) and
when viewing crying baby photo-
graph (dotted lines). Right, Mean
amplitude of P300 amplitude when
viewing crying baby photograph (@),

Fz Cz

smallest and the amplitude obtained while viewing the
photograph of the smiling face was largest (F
[2270] = 6.8, P < 0.01). The order of the amplitude lev-
els was, thus, reversed as compared with the other two
groups (Fig.4).There was no significant difference in
the order effect on the P300 amplitude in each group.
The amplitude at the first block (smiling plus crying
photographs) was not significantly different from those
at the second (neutral photograph) and the third (smil-
ing plus crying photographs) blocks in the three
groups.

Pz Oz T3 T4

when viewing neutral baby photo-
graph (0), and when viewing smiling
baby photograph (O). Bars indicate
standard errors.

P300 latency

The P300 latency in healthy subjects was significantly
shorter than that in schizophrenic patients overall (F
[1,1116] = 6.7, P < 0.05). A group main effect was seen
using three-way aNova (for group, F [2,1116] =18.1,
P <0.0001). The P300 latency in healthy subjects was
not significantly different from that in paranoid type
patients but was significantly shorter than that in non-
paranoid patients (P < 0.0001). The P300 latency in
paranoid type patients was also significantly shorter
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Figure 3. Effects of facial-affect
stimuli on P300 amplitude in para-
noid type patients. Left, Grand-aver-
aged waveforms when viewing crying
baby photograph (solid lines) and
when viewing crying baby photo-
graph (dotted lines). Right, Mean
amplitude of P300 amplitude when
viewing crying baby photograph (@),
when viewing neutral baby photo-
graph ({J), and when viewing smiling
baby photograph (O). Bars indicate
standard errors.

Figure 4. Effects of facial-affect
stimuli on P300 amplitude in non-
paranoid patients. Left, Grand-aver-
aged waveforms when viewing crying
baby photograph (solid lines) and
when viewing crying baby photo-
graph (dotted lines). Right, Mean
amplitude of P300 amplitude when
viewing crying baby photograph (®),
when viewing neutral baby photo-
graph (0), and when viewing smiling
baby photograph (O). Bars indicate
standard errors.

300 ms

than that in non-paranoid patients (P < 0.0001). The
latency was similar for the three photographs in the
three groups.No significant difference was observed in
the order effect on the P300 latency in each group. The
latency at the first block (smiling plus crying photo-
graphs) was not significantly different from those at the
second (neutral photograph) and the third (smiling
plus crying photographs) blocks in the three groups.

N200 amplitude

A group main effect was seen using three-way ANOVA
(group x photograph x electrode;  for  group, F
[2,1116] = 45.1, P < 0.0001). The N200 peak amplitude
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of healthy subjects was significantly smaller than those
in non-paranoid patients but significantly larger than
those in paranoid type patients. A significant interac-
tion was noted between group x photograph. In both
healthy subjects and paranoid type patients, there were
no significant differences observed among the three
facial stimuli. However, non-paranoid patients had the
largest amplitude while viewing the photograph of
the crying face and the smallest while viewing the
photograph of the smiling face (F [2270]=11.9,
P <0.0001).There was no significant difference in the
order effect on the N200 amplitude in each group. The
amplitude at the first block (smiling plus crying photo-
graphs) was not significantly different from those at the
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Table 2. The relationship between negative symptom scores and P300 amplitude for each affective stimulus in paranoid type

patients (upper) and in non-paranoid patients {lower).

Iz Cz Pz Oz T3 T4
Paranoid type patients
Sadness —0.71%* —0.73%* —0.57%* -0.60%* —0.46* -0.27
Neutrality —0.54 %% —0.62%* —0.51* -0.41 -0.36 -0.38
Pleasure —0.68%* —0.65%* —0.53% —-0.45*% -0.44 —0.46*
Non-paranoid patients
Sadness —0.43 —-0.45% -0.41 -0.53* -0.51* —-0.40
Neutrality —0.52* —0.44 —0.51* ~0.55%* —(0.58%* -0.38
Pleasure -0.38 -0.33 -0.35 -0.43 -0.42 -0.26

*P < 0.05; %P < 0.01.

second (neutral photograph) and the third (smiling
plus crying photographs) blocks in the three groups.

Accuracy of counting and button pressing

Both counting and button pressing accuracy exceeded
80% for all subjects for each photograph. In healthy
subjects, both counting and button pressing accuracy
did not differ between the three emotional stimuli
(counting, 97.6+3.4%; button, 98.7+2.1%). Both
counting and button pressing accuracies in healthy sub-
jects were higher than both of those in two groups
of schizophrenic patients. The two groups of schizo-
phrenic patients had similar button pressing accuracies
during exposure to the three photographs (95.6 £5.3%
for paranoid type patients, 95.0+4.5% for non-
paranoid patients). However, counting accuracies in
paranoid type patients tended to be higher than that
in non-paranoid patients (P =0.055; 95.1 £6.0% for
paranoid type patients, 93.0 £7.0% for non-paranoid
patients).

Reaction time

Differences in reaction time were obtained using
two-way ANovA (photograph x group, F [2,172] =4.5;
P <0.05). Reaction time in non-paranoid patients was
significantly slower than that in healthy subjects and in
paranoid type patients. There was no difference in
reaction time between healthy subjects and paranoid
type patients. Reaction times for each photograph
were similar in the three groups.

Symptom scores and medications

The positive symptom scores were 24.0 + 3.7 for para-
noid type patients and 26.6+3.8 for non-paranoid
patients. The negative symptom scores were 20.1 + 3.7
for paranoid type patients and 23.5+3.7 for non-
paranoid patients. The positive scores of non-paranoid

patients were not significantly different from those of
paranoid type patients. However, the negative scores
of non-paranoid patients were significantly higher
than those of paranoid type patients (F [1,26] = 5.65,
p<0.05). The P300 amplitude correlated negatively
with the negative symptom scores (crying, r=-0.57,
P <0.001; neutral, r = —0.51, P < 0.001; smiling, r = ~0.39,
P <0.01) (Table?2). However, neither the positive
symptom score nor the dose of medication correlated
with the P300 amplitude in each affective stimulus.

DISCUSSION

The present findings show that the visual P300 ampli-
tude is affected by exposure to affectivity-charged pho-
tographs. Polich suggested that the P300 might be a
good indicator for determining the effect of attention
resource diversion both in healthy subjects and
patients with mental disorders? In the present study,
the amplitude of the P300 was largest when sadness
(crying face) was evoked and smallest when happiness
(smiling face) was evoked in healthy subjects. All
subjects reported that the crying photograph made
them feel uncomfortable while the smiling photograph
evoked comfortable feelings. Assuming that the mag-
nitude of the P300 amplitude reflects the emotional
impact of seeing the facial expression, attention
resources devoted to evoking the visual P300 appear to
be diverted by exposure to external stimuli. The P300
amplitude to the angry and happy faces may depend on
allocation of attention. It has been reported that the
angry expression may elicit more focused attention,
and possibly more arousal, from subjects than happy
expression,” thus, the attention resources diversion
theory can explain the present findings in healthy
subjects.

Another explanation is that an unpleasant face or
picture induced greater emotional intensity than a
pleasant face or picture in studies using a visual oddball
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paradigm in healthy subjects.®® The authors suggest
that subjects found the unpleasant face or pictures
more intense than the pleasant ones. If these findings
are valid, the visual P300 amplitude should increase
when the subject views an unpleasant photograph, such
as one expressing sadness, because a strong emotional
response is evoked.

Schizophrenic patients have been reported to have a
deficit in their ability to recognize the affect associated
with a facial expression.”” This disability may disturb
interpersonal relationships because normal cues are
not responded to according to standard social conven-
tions. Recently, An ez al. reported that P300 amplitude
generated by negative emotional stimulus were signif-
icantly larger than those of positive stimuli in healthy
subjects, however, in schizophrenic patients, P300
amplitudes generated by negative emotional stimulus
were significantly smaller than those of positive stimuli
in patients with schizophrenia."” The authors concluded
that schizophrenic patients might have a negative emo-
tion specific deficit at the level of the voluntary affec-
tive encoding stage. Our findings are generally in
accordance with theirs, however, results indicated that
the findings might vary between subtypes. We hypoth-
esize that the emotional arousal of individual patients
induced by visual facial affect stimulus may have
caused the differences in emotional effects between
the two groups of patients rather than simply due
to the difference of facial affect recognition. However,
the difference in facial recognition may not be denied
totally as has been reported before, because this study
presented such simple emotional photographs in rela-
tion to previous studies."

It has been reported that latency is not affected by
different emotional stimuli in healthy subjects,” sug-
gesting that the stimulus evaluation time is indepen-
dent on the subject’s emotional state. In the present
study, the P300 latency was also the same in all three
groups. The pattern implies that different mechanisms
affect the amplitude and latency of the P300 during
recognition of the emotional content of facial expres-
sion as reported before.’

The N200 reflects the discrimination of stimuli and
the latency became larger according to the difficulty of
task discrimination.'® The N200 amplitude reduction
in schizophrenic patients has been reported previ-
ously.™® Hrayasu etal., reported that the N200
reduction was not observed in neuroleptic-naive
schizophrenia and the authors suggest that an overlap
between N200 and P300 components may account for
the absence of an N200 amplitude effect.” It has been
reported that the N200 amplitude and latency were
affected by facial perception.”” In the present study, the
N200 amplitude was largest in non-paranoid patients
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especially when viewing crying photographs. The dif-
ference between paranoid type patients and non-para-
noid patients may be a result of the difference in N200
amplitude. The large N200 amplitude could reduce the
P300 amplitude in non-paranoid patients. In paranoid
type patients, the N200 amplitude was smaller than
those in healthy subjects as reported before.'”** How-
ever, in non-paranoid patients, the N200 amplitude was
larger than those in the other two groups. It should be
considered that the P300 differences might account
for the differences of the N200 amplitude as reported
before.”” Further study is needed to clarify the N200
components in detail.

It has been reported that the reaction time to
unpleasant stimuli is faster than to pleasant stimuli.!
However, we failed to identify differences in reaction
time or the accuracy of button pressing between either
of the stimulus types upon presentation of the target
stimulus. Thus, the effects of facial-affect stimuli on
the P300 may be due to direct effects on attention
resources allocated through emotional processing.

The negative correlation between both P300 ampli-
tude and the negative symptom score suggests that
these measures are somehow associated with symp-
toms in schizophrenia. In the present study, the corre-
lation coefficient was the largest for sadness (crying
face) in both subtypes of schizophrenia, suggesting
that the deficit in recognizing unpleasant emotions is
reflected in the ERP. We feel that the level of facial
affection evoked by stimuli is related to negative symp-
toms, as reported previously.”

Finally, there are differences between paranoid type
and non-paranoid schizophrenic patients in fundamen-
tal cognitive processing. The manner of P300 values
(amplitude, latency) caused by facial affective stimulus
of paranoid type schizophrenic patients was similar to
those of healthy subjects, indicating that the recogni-
tion process reflected by P300 values is better pre-
served in the paranoid type of schizophrenia than
other subtypes. The onset of non-paranoid patients was
faster than that of paranoid patients in the present
study. Olichney reported that the early onset schizo-
phrenia had significantly smaller auditory P300 ampli-
tude than the late onset schizophrenja and healthy
subjects.?! Furthermore, the paranoid type patients
were more accurate than non-paranoid schizophrenia
patients with expressions of emotion and the non-
paranoid patients had more severe emotional recogni-
tion deficits than the paranoid type patients” We
suggest again that the emotional arousal level induced
by facial-affect stimuli, especially negative emotion,
may vary depending on the subtype of schizophrenia.
There was no difference of facial performance among
three facial stimuli because differences in the present
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facial stimuli were so easy to discern. However, there
was a possibility that the high degree of affection
evoked by facial stimuli may cause a reduction in more
complex facial recognition. The failure to accurately
read non-verbal emotional cues may contribute to
inappropriate social responses, as well as decreasing
the patient’s sense of social efficacy.”?* Improvements
to schizophrenics® social skills should perhaps focus
more on training in emotion perception.

Future studies

All patients were taking neuroleptic medication so
potentially confounding effects of medication cannot
be discounted. The present results analyzed were of
ERP only. Other measures, such as skin conductance,
heart rate, and reaction time are needed to monitor the
emotional responses.
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The improvement of cognitive function reflected by
event-related potentials in drug-naive schizophrenia
with atypical antipsycotics
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Abstract. Atypical antipsychotic medications are a novel medicine recently discovered and
developed for clinical use. In the present study, we investigated the effects of atypical antipsychotic
medications on the event-related potentials, especially (ERPs), P300 component, in 30 drug-naive
schizophrenic patients. We used positive and negative syndrome scores to assess the symptoms.
ERPs were recorded with a visual oddball paradigm. Subjects were asked to count and push a button
in response to the targets (crying or smiling baby photographs). ERPs were recorded before the
treatment (S1), after 3 months (S2), and 12 months (S3). Before taking medicine, there were no
significant differences in the P300 amplitude in response to neither the crying nor the smiling
photographs. Both the P300 amplitude and area were significantly larger in S2 and S3 than those in
S1. The P300 latency became significantly longer at S3 than S1. A significant negative correlation
was obtained between the P300 amplitude and the negative syndrome scores. Atypical antipsychotic
medications may be a useful medicine for recovery of cognitive function reflected by the P300 in
schizophrenic patients. © 2004 Elsevier B.V. All rights reserved.

Keywords: Event-related potentials; P300; Atypical antipsychotic drugs; Facial affection; Drug-naive
schizophrenia

1. Introduction

Recently developed atypical antipsychotic medications are reported to be effective
against not only positive schizophrenic symptoms but also negative symptoms, and to
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have fewer extra-pyramidal symptoms and other side effects than conventional agents in
patients with schizophrenia.

Event-related potentials (ERPs) have been used as a biologic marker of information
processing by the human brain. A later ERP component designated P300 is thought to
reflect cognitive processes and attentional resource allocation when working memory is
engaged [7]. P300 amplitude reduction is one of the most consistent biologic
observations in schizophrenic patients, as both a trait marker and a state marker
[1,2,6,8]. However, a few reports have described the effects of atypical antipsychotic
medications on cognitive function as reflected by ERPs [3,4]. Long-term detailed studies
of the effects of atypical antipsychotic medications on the cognitive function are needed
to better understand the underlying core impairment of schizophrenia. We longitudinally
investigated the effects of three atypical antipsychotic medications (perospirone,
risperidone, olanzapine) on the P300 component in schizophrenic patients for 1 year
from the drug-naive phase to the recovery phase. We also considered the effects of the
three drugs on facial affective recognition, and how this recognition affected the ERP
parameters.

2. Subjects and methods
2.1. Subjects

Patients N=30 were divided into two groups: Paranoid type (N=20) and Un-paranoid
(N=10) according to DSMIV, by two psychiatrists participated in this study. All patients
did not take any medicine at the session first.

2.2. Method

ERPs were obtained with a visual oddball task at Fz, Cz, Pz, Oz, T3, T4 electrodes.
A crying baby or a smiling baby photograph were the target stimuli (probability: 20%)
while a neutral baby photograph was the non-target stimuli (probability: 80%). All
subjects were asked to push a button as soon as the photographs appeared, and mental
count to target stimuli (double tasks). P300 amplitude and latency were measured for
further analysis.

2.3. Clinical evaluation

The clinical state of all patients was assessed by two psychiatrists using the positive and
negative syndrome scale (PANSS) within a week after ERPs recording.

2.4. Drugs

Three kinds of atypical antipsychotic medications, perospirone (12-32 mg/day),
risperidone (3-20 mg/day), and olanzapine (5-20 mg/day) were used. Each patient took
one kind of atypical antipsychotic medications in the present study.

2.5. Measurement

ERPs were recorded at session 1 (S1: drug naive state, pre-treatment), session 2 (S2:
after about 3 months medication: 3.341.3 months), and session 3 (S3: after 12 months
medication: 11.942.0 months).
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3. Statistical analyses

Three-way ANOVA (condition: patient or control X facial affection: crying or smiling
baby x recording sites), and two-way ANOVA in each group were calculated. Fisher PLSD
was used as a post hoc test to estimate the significance (<5%). Pearson’s product-moment
correlation coefficient was also used. The Ethics Committee of Kurume University
approved the present study. Written informed consent was obtained from all subjects prior
to study.

4, Results

The P300 amplitude at S1 was significantly smaller than that at S2 (»<0.0001) and S3
(p<0.0001) (Fig. 1) both when viewing a smiling baby and viewing a crying baby. The
P300 amplitude when viewing a smiling baby was not significantly different from that
when viewing a crying baby at S1, but the P300 amplitude when viewing crying baby was
significantly larger than that when viewing smiling baby at S2 (F=12.5, p<0.001) and S3
(F=16.3, p<0.0001).

The P300 latency at S3 was significantly longer than that at SI (p<0.01) and S2
(p<0.05). There was no significant difference of the P300 latency between when viewing
crying baby and viewing smiling baby at S1 and S2, however, the P300 latency when
viewing crying baby was significantly shorter than that when viewing smiling baby at S3
(F=22.4, p<0.0001).

A significant negative correlation was found between the P300 amplitude and the
negative syndrome scores (r=—0.53, p<0.001) at Pz recordings site. The P300 amplitude
was not significantly correlated with the positive syndrome scores at Pz recordings site.

ERPs = Pre-drug .
veee 12 months P300 Amplitude ¢ Sl:pre-drug

[n Vi O $3:12 months
22 1

20 -
18 1

16 A

14

12 4
10 4

300 ms 8

D ¥z Cz Pz Oz T3 Ta
| 20n vV $1 < S3 (p<0.001)

Fig. 1. Left: grand-averaged waveforms in patients with schizophrenia before (solid lines) and after (dotted lines)
the treatment. Right: mean amplitude of P300 in patients before (O) and after treatment (@). Bars indicate
standard errors (S.E.).
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5. Discussion

The results strongly suggested that the atypical antipsychotic medications were an
effective medicine against both negative symptoms and positive symptoms in schizo-
phrenic patients, and improved their cognitive dysfunction. Indeed, it was previously
reported that atypical antipsychotic medications increased acetylcholine release at the
prefrontal cortex and the hippocampus of rats. Acetylcholine has been thought to increase
cognitive functions such as memory. Thus, this is possibly how cognitive function is
improved in schizophrenic patients. Furthermore, the emotional brain function reflected by
the facial affective stimuli [5] may recover after atypical antipsychotic medication
treatment as to the same measure of healthy subjects. Atypical antipsychotic drugs
treatment could improve not only the symptoms of patients but also improvement in
social, occupational, and inter-personal functions based on the recovery of cognitive
functions, especially those associated with emotional processes. Finally, the present study
indicated that ERPs can be a useful neurophysiologic diagnostic tool.
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