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Background: This study compares event-related poten-advantage of this large sample of well-characterized pa-
tials for paranoid patients { = 13) versus matched tients to examine the relation of ERPs in schizophrenia to
undifferentiated patients and unmedicated patients=(n  clinical subtype, symptom severity, verbal memory, and
14) versus matched healthy adults. medication status.
Methods: Event-related potentials of right-handed pa-  The paranoid subtype of schizophrenia is character-
tients and control subjects were recorded from 30 elecized by delusions or hallucinations and absence of flat
trodes during oddball tasks_usmg consonant—vowel syllz_i-affect and disorganized speech or behavior, and shows
bles or complex tones. Patients were also assessed USifige cognitive impairment (American Psychiatric As-
the Positive and Negative Syndrome Scale, the Thoughl, iation 1994). Seltzer et al (1997) found paranoid
Disorder Index, and the Wechsler Memory Scale. : .

) ) ) ) i patients had better verbal skills, memory for spoken
Results: Paranoid patients did not differ from undifferen- ontences. and problem-solving abilities compared to
tiated patients in N1 or P3 amplitude but showed larger, yitto rantiated patients. Paranoid patients might there-
N2 at frontocentral sites to phonetic stimuli, as well aS¢ e show less reductions of coanitive ERPS. particu-
larger N2 over left than right hemisphere. Unmedicated . ; . gnitn ' P

¢grly in tasks involving verbal processing. Although two

patients showed reduced N2, but not N1 or P3, compare . : ) ) )
to control subjects. studies did not find differences between paranoid and

Conclusions: The N2 findings are consistent with neuro- honparanoid subepes _in the P3 potential, they relied on
psychological evidence of greater verbal abilities and left2" ©ddball paradigm with tones (Boutros et al 1997; St.
hemisphere dominance in paranoid than nonparanoidClair et al 1989). The use of both phonetic and tonal
schizophrenia. The findings also confirm the relationshiptasks enabled us to test the following predictions: 1)
of P3 to total Brief Psychiatric Rating Scale score, paranoid patients will have larger cognitive ERPs than
negative symptoms, and verbal associative memadsjol undifferentiated patients, particularly in the phonetic
Psychiatry 2001;50:447-452 @001 Society of Biologi- task; and 2) paranoid patients will differ from undiffer-
cal Psychiatry entiated patients in showing greater N2 over left than
right temporoparietal sites in the phonetic task.
Key Words: Event-related potentials, schizophrenia, we also tested specific predictions concerning the
paranoid subtype, symptoms, verbal memory relationship between ERP amplitudes in schizophrenia,
clinical severity, and memory function. Based on prior
. findings, it was predicted that symptom severity will
Introduction negatively correlate with P3 amplitude (Ford et al 1999;

recent study measured event-related potentiaidlathalon et al 2000; Turetsky et al 1998). Greater
(ERPs) from 66 schizophrenic patients during odd-S€Verity of negative symptoms, and to a lesser extent

ball tasks (Kayser et al 2001). The present report takeROSitive symptoms, will be associated with smaller P3
amplitude (Ford et al 1999). Also, greater Thinking
Disturbance on the Brief Psychiatric Rating Scale
From the Department of Psychiatry, Columbia University College of Physicians ; ; ;
and Surgeons (GEB, JK, DM, JMG); and the Departments of Biopsychology(BPRS) will correlate with Sma”e.r N1 amp“tUde (FOI’d
(GEB, JK, CET, MF), Neurology (DM), and the Lieber Center for Schizophre- €t al 1999) and greater thought disorder as measured by
:\(lgrli?esearch (JMG), New York State Psychiatric Institute, New York, New the Thought Disorder Index (TD|; Johnston and Holz-
Address reprint requests to Gerard E. Bruder, Ph.D., New York State PsychiatriéNlan 1979), and poorer verbal associative memaory will
I\?Sal(tuﬁ\,(ljl%%grztment of Biopsychology, 1051 Riverside Drive, Unit 50, New correlate with smaller P3 amplitude (McCarIey et al
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Table 1. Means (and Standard Deviations) for Demographic and Clinical Variables

Undifferentiated Unmedicated
Paranoid patients patients patients Healthy adults
(n = 13, 10 male) (n = 13, 10 male) (n = 14, 8 male) (n = 14, 8 male)
Variable Mean SD Mean SD Mean SD Mean SD
Age (years) 31.0 8.3 325 8.4 324 9.3 32.9 9.4
Education (years) 135 4.2 13.2 2.6 13.4 4.0 14.6 1.9
Onset age (years) 221 55 20.24 5.3 23.4 8.5
lliness duration (years) 9.8 7.2 12.6 9.8 1.0 10.1
Total BPRS 318 5.4 376 10.4 29.9 7.2
BPRS, Brief Psychiatric Rating Scale.
°n = 11.
bn = 12.
°n = 13.
Methods and Materials Wechsler Memory Scale

The Wechsler Memory Scale—Revised (Wechsler 1987) was
administered to 47 of the patients. Three subtests were utilized:
A description of the total sample of 66 patients and diagnostic) |ogical memory provides a measure of immediate verbal
procedures are given in Kayser et al (2001). Symptom ratings ofnemory; 2) verbal paired associates assesses learning to associ-
60 of these patients were obtained using the Positive anéte eight word pairs; and 3) visual reproduction measures
Negative Syndrome Scale (PANSS; Kay et al 1992). Items fromimmediate recall of designs.
the BPRS for computing Total and Thinking Disturbance scores
(conceptual disorganization, unusual thought content, hallucina- .
tions) were derived from the respective PANSS items. Ratings o,ERP Recording and Analyses
formal thought disorder were obtained for 42 patients using theDetails of ERP recording and analyses are given elsewhere
TDI, which was administered and scored by trained raters usingKayser et al 2001). Briefly, participants listened to a series of
the procedures described elsewhere (Johnston and Holzmadanes or syllables in six 50-trial blocks (60 targets, 240 nontar-
1979; Shenton et al 1989; Solovay et al 1986). gets), in which only two different tones or syllables (infrequent
We used the data for all 13 patients who met DSM-IV criteria targets and frequent standards) were presented in a block. They
(American Psychiatric Association 1994) for paranoid schizo-were instructed to press a button as quickly as possible after
phrenia and selected 13 of 27 undifferentiated patients from thénfrequent, target stimuli. Response hand was counterbalanced
total sample who matched these patients in gender, age, educ@Cross participants.
tion, and response hand (Table 1). Four paranoid and four Averaged ERP waveforms for the total sample of 98 partici-
undifferentiated patients were unmedicated when tested and aR&nts (66 patients and 32 control subjects) in our study were
also included when comparing unmedicated patients and healtfz-'bmitted to a principal components analysis (PCA). The PCA
adults. Six paranoid patients were taking an atypical and three Ector loadings for the five components used in this study (N100,
typical neuroleptic, whereas five undifferentiated patients werd\200, P300, P420, and S870) are shown in Figures 1 and 2 for
taking an atypical and four a typical neuroleptic. corrg_spondenc_e to the ERP waveforms (see Kayser et al 2001 for
The ERP data for 14 unmedicated patients were compared tgdditional detailsf.
those for 14 healthy adults who matched these patients in gender,
age, education, and response hand (Table 1). Four of thgtatistical Analyses
unmedicated patients had a diagnosis of paranoid schizophreni
six undifferentiated schizophrenia, two schizoaffective-de-
pressed, and two schizoaffective-bipotarhese patients did not
receive neuroleptic medication for about 2 weeks before testin
(mean= 15.8 daysSD = 8.7).

Participants and Assessments

B’rincipal component analysis factor scores for target stimuli
were submitted to repeated measures analysis of variance
ANOVA) with group (paranoid/undifferentiated or unmedicated
é)atients/control subjects) and response hand (left/right) as be-
tween-subjects factors, and task (phonetic/tonal), electrode site,
and hemisphere as within-subjects factors. In accordance with

1 An analysis was also performed to compare ERPs of 20 patients who had a
schizoaffective disorder and 20 schizophrenic patients who were matched in
gender, age, education, and total BPRS scores. Four schizoaffective patienfsSeparate PCAs were also calculated for the 26 patients who entered into the
and three schizophrenic patients were unmedicated, and the remaining patients paranoid versus undifferentiated comparison and for the 28 participants who
in these groups were receiving comparable typical or atypical neuroleptics.  entered into the unmedicated patients versus control subjects comparison. The
Analysis of variance of the factor scores corresponding to N1, N2, P300, and factors for each PCA closely matched the originally extracted factors for the
P420 indicated that there was no significant difference between the schizoaf- total sample, which suggests that these factors are stable and reproducible
fective and schizophrenic groups in amplitude of these components. across data sets.
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Figure 1. Grand average event-related potential (ERP) waveFigure 2. Grand average average event-related potential (ERP)
forms at central and parietal recording sites for tonal andwaveforms at central and parietal recording sites for tonal and
phonetic target stimuli, comparing 13 paranoid and 13 matchedphonetic target stimuli, comparing 14 unmedicated schizophrenic
undifferentiated patients. Distinct ERP components closely corPatients and 14 matched healthy adults.

responded to the extracted principal components analysis (PCA)

factors, as is evident from the time course of the PCA factor

loadings (see thin solid lines at sites C3 and P3 for tonal targetsgroup X Task interactions at sites FC5/8([L,22) = 5.44,
and at sites C3 and P7 for phonetic targets). p < .05] and C3/4IF(1,22) = 4.47,p < .05], but not at
other sites. Paranoid patients showed greater N2 when

Kayser et al (2001), repeated-measures ANOVA were Conducteﬁ1ompared to undifferentiated patients at frontocentral sites
for a subset of recording sites, at which PCA factor scores wer% the phonetic task [FC5/67(1,22) = 7.59,p = .01,

largest and most representative of the associated ERP compon ?’/4; F(1.22)= 5'.46’ P < '05]6 but not in the tonal IIE;,[SkH
(see Table 2). Greenhouse-Geisser epsikncorrection was oreover, paranoid patients had greater N2 over left than

used to compensate for violations of sphericity when appropriatelght_hemisphere at lateral temporoparietal sites [i.e., at
The sources of interactions were systematically examinedl 7/8, CP5/6, P7/8, and P9/10, &(1,22)> 4.50, allp <
through simple effects (BMDP-4V; Dixon 1992). Significant .05] in the phonetic task, but not in the tonal task. In
group differences in topography were confirmed after scaling thecontrast, undifferentiated patients did not show a signifi-
amplitudes for each task across hemisphere and site (McCarthyant hemispheric asymmetry of N2 in either task. Al-
and Wood 1985; Ruchkin et al 1999). though paranoid patients tended to have a larger late
Pearson correlations were computed to examine relationshiplgositive peak than undifferentiated patients in the tonal
between ERPs, clinical ratings, and Wechsler Memory Scalggqi (Figure 1), there was no significant difference be-

scores. Significant correlations were validated using nonparameﬁ,veen groups in factor scores for P300, P420, or S870
ric Spearman rank-order correlations. Correlations were per- ’ ’ '

formed separately for each task at the most robust recording sites
for each ERP component and task (see Table 3). Unmedicated Patients Versus Healthy Adults

There was no difference in performance between unmedi-
cated patients and healthy adults. N1 tended to be smaller
. . . in unmedicated patients than in control subjects (Figure 2),
Paranoid Versus Undifferentiated Subtypes but this difference did not achieve statistical significance
There was no difference in performance between paranoif-(1,24)= 3.58,p = .07]. N2 amplitude was significantly
and undifferentiated patients in either task. An ANOVA of reduced in the unmedicated patients compared to control
the N100 factor scores also showed no difference betweesubjects. This reduction was larger in the tonal than the
groups (Table 2). There was a task-dependent difference iphonetic task and was most marked at central sites, which
N2 amplitude between groups at the frontocentral sitess reflected by interactions involving Group, Task, and
(Figure 1), which was reflected in a GroupTask X Site  Site (Table 2). An ANOVA of P420 factor scores revealed
interaction. Analyses of simple effects revealed significanta main effect of Group and a Group Task X Hemi-

Results
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Table 2. Summary oF-Ratios (ance Corrections) from Repeated Measures Analysis of Variance Performed on Principal
Component Analysis Factor Scores for Target Stimuli Comparing Parancid13) Versus Undifferentiatech(= 13) and
Unmedicated Patients (= 14) Versus Healthy Adultsn(= 14)

Factor
Variable df N100 N200 P300 P420 S870
Paranoid vs. undifferentiated
Group X Site 2,44 7.06° (0.99)
Group X Site X Task 7,154 4.6%3(0.30)
Unmedicated patients vs. healthy adults
Group 1,24 15.98 5.0F 6.16
Group X Task 1,24 6.7%5
Group X Site 7,168 6.05(0.21)
Group X Site X Task 7,168 9.4%(0.24)
Group X Task X Hemisphere 1,24 9.98

Only significantF-ratios withp < 0.05 involving Group are reported.

Task = tonal/phonetic; Hemisphere left/right; Site = electrode location (representative sites [cf. Kayser et al 2001] were, for N100: F3/4, C3/4; for N200: FT9/10,
FC5/6, T7/8, C3/4, TP9/10, CP5/6, P7/8, P9/10; for P300, P420, and S870: P3/4, P7/8, CP5/6).

?p < 0.05.

bp < 0.01.

°p < 0.001.

sphere interaction. This late P3 subcomponent was mor€orrelational Analyses
positive in unmedicated patients than in control subjects, _ _ _
and this difference was greater in the tonal than phonetié>reater severity of iliness, as indexed by total BPRS
task, particularly over left hemisphere sites. In contrastScores, was associated with smaller early P3 in the tonal
the late positive slow wave (S870) was significantly task and late P3 in the phonetic task (Table 3). This inverse
smaller in unmedicated patients than in control subjécts.relationship was also seen between severity of negative
symptoms and early P3 in both tasks. Positive symptoms
3 The ANOVA performed on the vector-scaled ERP amplitudes for each task acrosgvere not Slgmflcantly correlated with early or late P3. Nor
all 30 recording sites (McCarthy and Wood 1985; Ruchkin et al 1999) yieldedWere N1, early P3, or late P3 related to measures of
somewhat smaller effects for the N200 interactions of Growp Site inlei i
[F(7 168)= 281.p = 08,8 = 25] and Groupx Site X Task (7 168)= T'hm.k.lng D|sturbar1ce on the BPRS. There was also no
3.90,p = .03,& = .25], and the Group< Task X Hemisphere interaction for ~ Significant correlation between log TDI scores and early or
P420 F(1,24) = 3.75,p = .06], indicating that these group differences in ERP late P3 in either task. Because thought disorder has been

topography were partially dependent on the overall group differences of N200 . g
and P420 amplitude. hypothesized to be related to reductions of P3 over left

Table 3. Pearson Correlations of Symptom Severity and Verbal Memory with Event-Related Potential Components (PCA Factor
Scores)

Tonal Phonetic
N100 N200 P300 N200 P300 P420

BPRS — — -0.27 — -0.14 —-0.28
PANSS: Negativé — — —0.36 — -0.28 -0.18
PANSS: Positivé — — —-0.08 —0.05 — 0.01 -0.14
Thinking Disturbanceé 0.15 — -0.18 —0.08 0.17 — -0.18 -0.23
TDI total® —0.03 — —-0.15 0.03 —0.05 — -0.15 —-0.07
Wechsler Memory:

Verbal Associates — 0.06 0.24 0.30 — -0.20 0.25 0.17

Logical Memory! — 0.01 0.27 0.14 — -0.30 0.15 0.07

Visual Memory — 0.04 0.09 0.19 — -0.18 —0.07 0.25

Only predicted correlations are shown. Correlations given in bold face indicate a significance lpvel®05 (two-tailed). Correlations were computed for mean PCA
factor scores at representative recording sites (cf. Kayser et al 2001): for N100, from frontocentral sites (Fz, Cz, F3/4, C3/4); for N200 alreitesaterer the right
hemisphere for the tonal task (FT10, FC6, T8, C4, TP10, CP6, P8, P10), over the left hemisphere for the phonetic task (FT9, FC5, T7, C3, TP9, Cies F3DOR8)
P420, from parietal sites (Pz, P3/4, P7/8, CP5/6).

PCA, principal component analysis; BPRS, Brief Psychiatric Rating Scale; PANSS, Positive and Negative Symptoms Scale.

“n = 60.

bn = 42.

°n = 46.

an = 47.
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temporal cortex (McCarley et al 1993), correlations werein P3 amplitude and the cross-sectional nature of this study
also performed focusing on the left temporal site (T7).(Mathalon et al 2000). We have previously reported
Again, there was no significant correlation between logstronger correlations between P3 amplitude and behavioral
TDI and either early or late P3 in either tagsk<€ —0.06  performance, particularly in the phonetic oddball task
to —.11, ns). (Kayser et al 2001). Therefore, individual differences in
Verbal memory was associated with P3 amplitude in the®3 among patients reflect not only symptom severity but
tonal task but not in the phonetic task. Larger late P3also cognitive disturbances (Pallanti et al 1999).
amplitude was associated with better verbal paired-asso- The association of P3 and cognitive function was also
ciates performance. A similar trend was also evident forevident in the correlation of greater P3 amplitude in a tonal
larger early P3 to be associated with better immediateddball task and better verbal paired-associates memory,
recall on the logical memory subtegt & .07). In the  which agrees with prior findings (Nagasawa et al 1999). P3
phonetic task, larger N2 from lateral sites over the leftreduction over the left temporal region and associative
hemisphere was associated with better logical memorynemory loss in schizophrenia were associated with reduced
performance. volume of the posterior superior temporal gyrus (McCarley et
al 1993; Nestor et al 1993). P3 in our phonetic task was not,
. ] however, correlated with verbal paired-associates perfor-
Discussion mance, which might be expected given a left-lateralized
geﬁcit. Larger N2 over left hemisphere sites in the phonetic

undifferentiated subtypes of schizophrenia in either tona}aSk was associated with better verbal memory on the logical

or phonetic oddball tasks. This agrees with the findings Oinr:emciry ?ltjﬁteftf't ;rh|s relelltllogshlp IS undst;rstandable g|v§n
prior studies using oddball tasks with tones (Boutros et a € role ot e left temporal lobe In recognition memory an

1997; St Clair et al 1989). Although there was also no 2Ufor wg_rd st|dmuI| r(}lfaysft}ar et al 19.99)' h d ked
difference between these subtypes in N1 or N2 during a hmedicated schizophrenic patients showed a marke

tonal oddball task, paranoid patients showed greater N2 a{_ducnon gf N2 a”.‘p"t“de' despite the gbgeqce of any
frontocentral sites in a phonetic task. This is of interest ifference in pehaymral _performgnge. This indicates that
given reports of better verbal processing in paranoid thaﬁh(a(jl.\lzt.redL“I:t'olL1 "? s;:thlztc_>phren|a ot a bypfroduct of .
undifferentiated schizophrenia (Seltzer et al 1997). Thémet. 'C? 'O':J’ Iakc lc\)lza en ||c?t|’1,dor pfooNrclar pehr_ or:ma?lcetm
likelihood that larger N2 to syllables in paranoid patientspa 1ents. Uniike » ampiitude o - Which reflects
may indicate more intact left hemispheric language pro_garher Sensory gnd atten_tlonal processing, was not signif-
cessing is supported by an additional finding. Paranoidcamly reduced in unmedicated patients. Pfefferbaum et al

patients showed greater N2 over left than right temporopa(lgg’.g) t_3|ml(lj§1(;Iy fto;_r;fd tfhat schlfopl)hrebr_nc tpz?m?\lnlts FOﬁ
rietal sites in the phonetic task, consistent with findings infedication did not diter from control SUbJECts In L. or

healthy adults (Kayser et al 1998), whereas undifferenti-the ulnm.ed|c;1ted. patients, dEFE.PS a?rter:a d ;\gth t?e tfulll
ated patients did not. Dichotic listening studies haveS@mple I showing no reduction of the potentia

similarly found larger left hemisphere advantages in para_gKayser et al 2001). Although some studies have found an

: . . : : ; in P3 amplitude during neuroleptic treatment
noid than nonparanoid schizophrenia (Friedman et al i ncrease n ) . o .
press; Gruzelier and Hammond 1980; Nachson 1980). Coburn et al 1998; Umbricht et al 1998), it is unlikely that

In accordance with prior findings (Ford et al 1999: the medication status alone could account for the absence
Turetsky et al 1998), greater severity of illness Wa’sofa P3 reduction for schizophrenic patients in our study.

associated with smaller P3 amplitude in schizophrenic
patients. The inverse relationship between clinical severity
and P3 was evident for negative symptoms but not positiv&his work was supported by grants MH50715 and MH59342 from the
sympioms. Neither P3 nor NL ampltude was rolted Wns i ina (o0 oy simon, catas
th_OUth disorder, as indexed by TDI s_corgg, orto ThmkmgStuarL Scott Yale, Ray}nong Goetz,ga,lnd Nilabja Bhattacharya,l for help
Disturbance scores on the BPRS. It is difficult to accountyih data collection. Software developed by Charles L. Brown to display
for the difference in findings of this study and those ERP waveforms is gratefully acknowledged.

finding a relationship between P3 and thought disorder
(McCarley et al 1993; Shenton et al 1989). It could stem
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