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Identification of neurophysiological abnormalities associ-
ated with schizophrenia that predate and predict psychosis
onset may improve clinical prediction in the psychosis risk
syndrome (PRS) and help elucidate the pathogenesis of
schizophrenia. Amplitude reduction of the P300 event-
related potential component reflects attention-mediated pro-
cessing deficits and is among the most replicated biological
findings in schizophrenia, making it a candidate biomarker
of psychosis risk. The relative extent to which deficits in P300
amplitudes elicited by auditory and visual oddball stimuli
precede psychosis onset during the PRS and predict tran-
sition to psychosis, however, remains unclear. Forty-three
individuals meeting PRS criteria, 19 schizophrenia patients,
and 43 healthy control (HC) participants completed base-
line electroencephalography recording during separate audi-
tory and visual oddball tasks. Two subcomponents of P300
were measured: P3b, elicited by infrequent target stimuli,
and P3a, elicited by infrequent nontarget novel stimuli.
Auditory and visual target P3b and novel P3a amplitudes
were reduced in PRS and schizophrenia participants relative
to HC participants. In addition, baseline auditory and visual
target P3b, but not novel P3a, amplitudes were reduced in
15 PRS participants who later converted to psychosis, rela-
tive to 18 PRS non-converters who were followed for at least
22 months. Furthermore, target P3b amplitudes predicted
time to psychosis onset among PRS participants. These
results suggest that P300 amplitude deficits across auditory
and visual modalities emerge early in the schizophrenia ill-
ness course and precede onset of full psychosis. Moreover,
target P3b may represent an important neurophysiological
vulnerability marker of the imminence of risk for psychosis.

Key words:  clinical high risk/auditory deviance
processing/longitudinal/event-related potential/electroen
cephalography

Introduction

In most patients with schizophrenia (SZ), a prodromal
phase is evident from several months to years before the
onset of full-blown psychosis that is typically character-
ized by attenuated psychotic symptoms and deterioration
of social and/or occupational functioning. Research on
the SZ prodrome, including the development and valida-
tion of diagnostic criteria for prospective identification of
individuals exhibiting the psychosis risk syndrome (PRS),
also referred to as individuals who are at “clinical high
risk” for psychosis,!” has increased in recent years for at
least 2 reasons. First, a longer duration of psychotic illness
(DUP) prior to the initiation of antipsychotic medication
is associated with poorer treatment response and clinical
outcomes,®!? underscoring the potential of early identi-
fication and intervention to improve outcomes. Beyond
efforts to shorten DUP,'*!5 identifying individuals during
the psychosis prodrome might create further opportuni-
ties for intervention to improve the illness course or even
prevent illness onset.'® However, recent estimates indicate
that only 16%-29%'""° of individuals meeting PRS cri-
teria transition to psychosis within 2 years, limiting the
justification for early interventions, particularly with an-
tipsychotic medications, and creating a major research
imperative to improve PRS criteria by considering bio-
markers, setting the stage for more aggressive interven-
tions targeting those individuals at greatest risk.?® Second,
although many neurophysiological indices of neurocogni-
tive dysfunction in SZ have been observed in first-episode
patients and are generally assumed to predate psychosis
onset, reflecting a genetic vulnerability?' and/or disrupted
neurodevelopment,?2* relatively few studies have tested
this critical pathophysiological hypothesis.”® Thus, iden-
tification of neurophysiological abnormalities associated
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with SZ that predate and predict psychosis onset not only
has the potential to improve clinical prediction and tar-
geted early interventions, but also answers fundamental
questions about the pathogenesis of SZ.

Amplitude reduction of the P300 event-related poten-
tial (ERP) is one of the most replicated biological findings
in SZ,%°% making it an important candidate electrophysi-
ological marker of psychosis risk. P300, a positive voltage
deflection in the stimulus-locked ERP occurring approx-
imately 300 ms poststimulus, is typically elicited during
an oddball target detection task in response to infrequent
salient stimuli interspersed among frequent “standard”
stimuli.? Prevailing views consider P300 amplitude to
be a neural reflection of phasic attentional shifts,*® atten-
tional resource allocation,*—** working memory updating
of stimulus context,**3 stimulus salience,*** or stimulus
expectancy.’** Its latency reflects processing speed or
efficiency during stimulus evaluation® independent of
motor preparation time.*'#?

Two subcomponents of P300 have been characterized
that depend on the nature of the eliciting stimulus and
differ in their neural generators, scalp topography, and la-
tency.?? The P3b, which has a midline parietal maximum,
reflects an effortful “top-down” attentional shift to an
infrequent target stimulus requiring a motor response
(button press) or updating of memory (running count
of stimuli). SZ patients show P3b deficits in both audi-
tory** and visual* modalities, although auditory reduc-
tions may be more robust.?>?47% In contrast, the P3a is
elicited by unexpected novel or distractor stimuli, has a
frontocentral scalp maximum, and peaks 20-50 ms earlier
than P3b. Although P3a reflects automatic “bottom-up”
orienting of attention to novel stimuli,?**>* P3a has a di-
rect relationship to behavioral reflections of attentional
engagement.>*3 Relative to P3b, fewer studies have exam-
ined P3a in SZ. Most studies, but not all,**>° show audi-
tory P3a amplitude reductions in response to deviant or
salient sounds.*#%-¢ There is also limited evidence sup-
porting visual novel P3a amplitude reductions in SZ.%670

Although P300 shows trait-like reductions in SZ,%7!
auditory P3a and P3b amplitudes also appear sensitive to
clinical state fluctuations over time.* Evidence of greater
auditory P3b deficits in severely ill inpatients relative
to moderately ill outpatients also suggests sensitivity to
pathophysiological variations that depend on illness se-
verity.”? Furthermore, P3b amplitudes have been shown
to be reduced and delayed in patients with longer illness
duration, suggesting that P300 may also be sensitive to
progressive pathophysiological processes.”>” This is con-
sistent with longitudinal studies showing progressive loss
of cortical gray matter volume in SZ,” which has also
been linked to deficient P300.7° Taken together, these
findings suggest that P300 is related to both pathophysio-
logical and clinical aspects of SZ.

The relative extent to which P3b and P3a amplitudes elic-
ited by auditory and visual oddball stimuli are sensitive to

Forecasting Psychosis Risk With P300

the PRS and predict conversion to psychosis, however, re-
mains unclear. Although several studies have demonstrated
P3b amplitude deficits in PRS individuals,”®” % only one
study” has reported reduced auditory P3b to predict con-
version to psychosis, as well as time to conversion, with
another study limited by a small number of converters fail-
ing to show this effect.®’ Importantly, longitudinal studies
may clarify whether amplitude reductions are related to an
enhanced vulnerability for psychosis in individuals experi-
encing attenuated symptoms, or specifically reflect an immi-
nent onset of full psychosis. In addition, although several
studies have reported auditory P3a reductions in PRS indi-
viduals,® %% none have examined whether this reduction
predicts conversion. Moreover, despite evidence of visual
P300 deficits in SZ,% all prior PRS studies but one** have
examined auditory P300, and no studies have directly com-
pared auditory and visual P3a and P3b in the same sample.

Accordingly, this study examined target P3b and novel
P3a elicited during separate auditory and visual oddball
tasks in PRS individuals, relatively young SZ patients,
and healthy controls (HCs). In addition to group com-
parisons, we evaluated whether baseline auditory and
visual P3a and P3b significantly predicted future psycho-
sis onset in PRS individuals who either converted to psy-
chosis (PRS-C) or were followed for at least 22 months
without conversion (PRS-NC). We hypothesized that
PRS individuals would exhibit reduced P3b and P3a
amplitudes in the auditory, and to a lesser extent, visual
modalities, and that reductions would be greater in SZ.
Furthermore, on the basis of prior P300 SZ and PRS
literatures, we predicted that baseline P300 amplitude
reductions, particularly auditory P3b deficits, would be
greater in PRS-C than PRS-NC individuals, and further,
that greater P300 deficits would predict a shorter time
to psychosis onset. Given work demonstrating that P3b
latency delays are most pronounced later in the course of
SZ,7™ we hypothesized that P300 latencies would not be
affected in our PRS and young SZ groups.

Methods

Participants

Participants included 43 individuals meeting PRS crite-
ria based on the Structured Interview for Psychosis-Risk
Syndromes (SIPS),”*> 19 young SZ patients diagnosed
using the Structured Clinical Interview for Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition
(DSM-1V; SCID),* and 43 HCs. PRS participants met
criteria for at least 1 of the 3 sub-syndromes defined
by the Criteria of Psychosis-Risk Syndromes from
the SIPS: Attenuated Positive Symptoms Syndrome,
Brief Intermittent Psychotic Syndrome, and/or Genetic
Risk and Functional Deterioration Syndrome. PRS
participants’ symptoms were rated using the Scale of
Psychosis-Risk Symptoms'” within 1 month of electroen-
cephalography (EEG) recording. Of the PRS participants,
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15 converted to psychosis (ie, met DSM-IV criteria for
a psychotic disorder) within 28 months of EEG assess-
ment (PRS-C). Conversion to psychosis was determined
using the SIPS Presence of Psychotic Symptoms criteria
or by confirmation of the presence of a psychotic dis-
order diagnosis by the participant’s treating clinician.
The SCID was used to determine psychotic disorder di-
agnosis among PRS-C participants, and included SZ
(n=17), schizoaffective disorder (n = 3), schizophreniform
disorder (n = 1), psychotic disorder: not otherwise speci-
fied (n = 2), and Bipolar I disorder with psychotic fea-
tures (n = 2). Median time to conversion among PRS-C
was 7.87 £ 9.00 months. Only PRS participants who were
followed for at least 22 months and had not converted
to psychosis (n = 18) were considered non-converters
(PRS-NC), and 10 PRS participants with insufficient
clinical follow-up were excluded from analyses examining
whether P300 predicted psychosis onset.

Exclusion criteria for HCs included past or current
Axis I disorder based on the SCID or having a first-de-
gree relative with a psychotic disorder. Exclusion crite-
ria for all groups included history of significant medical
or neurological illness or head injury. The study was
approved by the Yale Institutional Review Board. Adult
participants provided written informed consent, and
minors provided written assent with parents providing
written informed consent.

P300 Paradigms

In the auditory oddball task, a pseudorandom series of
frequent standard stimuli (500 Hz tone; 80%), and infre-
quent “target” (1000 Hz tone; 10%) and “novel” (variety
of sounds; 10%) stimuli, were presented with a 1.25-sec-
ond stimulus onset asynchrony (SOA). Tones were 50 ms
(5-ms rise/fall time) and 80-dB sound pressure level (SPL)
(C scale). Novel sounds®” ranged between 175 and 250 ms
in duration and averaged 80-dB SPL. In the visual odd-
ball task, a pseudorandom series of frequent standard
stimuli (small blue circle, white background; 80%), and
infrequent target (large blue circle, white background;
10%) and novel (full-screen fractal patterns; 10%) stim-
uli, were presented for 500 ms with a 1.25-second SOA.
During both tasks, participants were instructed to press a
response button to target stimuli with their preferred hand
and to ignore other stimuli. Each task comprised 3 runs of
150 stimuli (totaling 45 target, 45 novel, and 360 standard
stimuli for each modality).

EEG Acquisition and Preprocessing

Participants sat in an acoustically shielded booth in front
a computer monitor and wore insert earphones. EEG
data were recorded (1000-Hz sampling rate) from 22 scalp
sites, band-pass filtered between 0.05 and 100 Hz, and ref-
erenced to linked ears. Additional electrodes were placed

1070

at the outer canthi of both eyes and above and below the
left eye to record eye movements and blinks (vertical and
horizontal electrooculogram; VEOG, HEOG). Electrode
impedances were less than 10 kOhm. EEG data from 3
midline leads were analyzed (Fz, Cz, Pz). Continuous
data were subjected to a 12-Hz low-pass filter and sepa-
rated into 1024 ms epochs time-locked to stimulus onsets,
with a 100-ms pre-stimulus baseline. VEOG and HEOG
data were used to correct for eye movements and blinks
with a regression-based algorithm.®® Epochs containing
artifacts (exceeding £100 nV) were rejected.

Difference waveforms were calculated by subtracting
the standard ERP from target and novel ERPs separately
for each modality. This yielded waveforms where early
P300, and particularly P3a, were disambiguated from
the overlapping P200. The P3a peak was chosen from the
novel difference wave as the most positive peak at Cz, and
the average microvolt value within a 30-ms window cen-
tered on this peak was extracted for all electrodes. A sim-
ilar strategy was used for P3b peak extraction from target
difference waves at Pz. Auditory P300 was identified as
the most positive peak in the 235-400 ms window follow-
ing stimulus onset, whereas visual P300 was within the
230-500 ms window. P300 peak latencies were measured
at Cz for P3a and Pz for P3b.

Statistical Correction for Normal and Pathological
Aging Effects
Age-corrected P300 amplitudes, latencies, and median
target reaction times (RTs) were derived for each partic-
ipant to adjust for normal aging effects, allowing direct
comparisons of PRS and SZ groups that, necessarily,
differed in age. Values were regressed on age in the HC
group (age range: 12-35 years). The resulting regression
equation was used to derive age-specific predicted val-
ues that were subtracted from the observed values and
divided by the standard error of regression, yielding
age-corrected z-scores for all participants. Age-corrected
z-scores reflected deviations, in standard units, from the
values expected for a normal healthy individual of a given
age. This method, which has been used previously,* is
preferable to analysis of covariance (ANCOVA) because
it only removes the effects of normal aging. These effects
in the HC group generally showed younger age to be
associated with larger P300 amplitudes (particularly for
auditory P3a and P3b and visual P3b) and shorter laten-
cies (particularly for novelty P3a across modalities).
Importantly, correlations of age-corrected z-scores
with age in the patient groups revealed pathological aging
effects, particularly in the PRS group for auditory P3b
and visual P3a and P3b, with younger PRS individuals
showing greater P300 amplitude deficits for their age than
older PRS individuals. Given that the PRS-C group was
older than the PRS-NC group (see later), Conversion
Outcome analyses of age-corrected z-scores further



included age as a covariate to adjust for these patholog-
ical aging effects that would otherwise confound PRS-C
vs PRS-NC comparisons. See Supplementary Material
for correlations between P300 and age across groups.

Statistical Analysis

P300 amplitude age-corrected z-scores were analyzed in a
4-way mixed model analysis of variance (ANOVA) with
Group (HC, PRS, SZ) as a between-subject factor, and
within-subject factors of sensory Modality (auditory,
visual), Stimulus Type (target, novel), and Lead (Fz, Cz,
Pz). P300 latency age-corrected z-scores were analyzed
in a 3-way ANOVA with Group, Modality, and Stimulus
Type factors. RT age-corrected z-scores were analyzed in
a 2-way ANOVA with Group and Modality factors. For
reasons described earlier, parallel mixed models assessing
Conversion Outcome (PRS-C, PRS-NC) effects on age-
corrected z-scores were run as ANCOVAs covarying for
age. Greenhouse—Geisser correction was applied when
effects violated assumptions of sphericity. The Benjamini
and Hochberg procedure’! was used to account for mul-
tiple comparisons, setting the false discovery rate across
comparison tests to be P < .05. Cohen’s d is reported
for group effect sizes. Analyses were also repeated with
32 antipsychotic-free PRS participants (11 PRS-C, 15
PRS-NCQ).

To assess associations between PRS symptom severity
and P300 amplitude or latency age-corrected z-scores at
baseline, P3a and P3b at maximal leads (Cz and Pz, respec-
tively) for each stimulus type were correlated (Spearman)
with SOPS symptom summary scores. Cox regression
was performed to model the relationship between P300
amplitude z-scores and time to psychosis onset in PRS
participants separately for each stimulus type. In addi-
tion, the P300 z-scores for both stimulus types (novel and
target stimuli) were included in a single model to evalu-
ate the independent contributions of each when control-
ling for the other. In all models, age was entered first as a
covariate to control for the pathological aging effects on
P300 z-scores described earlier.

All PRS participants were included, with censoring of
PRS-NC at the time of their last follow-up assessment.
Alpha was P = .05 for all tests.

Results

Sample Characteristics

The HC, PRS, and SZ groups did not differ in gen-
der or handedness (see table 1 for demographic data).
Groups differed in age, and post hoc tests indicated
that SZ patients were older than PRS and HC (P < .001
and P = .006, respectively), and HCs were older than
PRS (P = .007). As noted earlier, the PRS-C subgroup
was also older than the PRS-NC subgroup (P = .032).
Average parental socioeconomic status (PSES) was also

Forecasting Psychosis Risk With P300

higher in HCs than in PRS and SZ patients (P = .001 and
P = .0006, respectively), whereas PRS and SZ did not dif-
fer (P > .05). Accordingly, Group analyses were repeated
using ANCOVA with PSES as a covariate. SOPS negative
symptom ratings at the time of EEG testing were greater
in PRS-C than in PRS-NC.

P300 Amplitude

ANOVA results are presented in table 2 (see figures 1 and
2). There was a main effect of Group on P300 ampli-
tudes, as well as a significant Group X Lead interaction.
Follow-up comparisons demonstrated that at Cz and Pz,
but not Fz, P300 amplitudes were greater in HC relative
to PRS (Cz: P =.001, d = 0.71; Pz: P = .0003, d = 0.79)
and SZ (Cz: P = .006, d = 0.85; Pz: P = .0002, d = 1.16),
whereas amplitudes were comparable between PRS and
SZ (Ps > .05). All effects involving Group remained
unchanged with PSES as a covariate.

The effect of Conversion Outcome on P300 ampli-
tude was assessed in an ANCOVA model covarying for
age after confirming that the P300 vs Age regression
slopes were not significantly different between PRS-C and
PRS-NC (Conversion Outcome X Age: F(1,29) = 0.26,
P = .62). The common slope for Age was significant and
interacted with Lead, with stronger Age effects evident at
Pz and Cz than at Fz (although the Age effect was signifi-
cant at each lead). As the analysis was performed on age-
corrected z-scores, the Age effects indicated that younger
PRS participants were more deficient in P300 amplitude
for their age than older PRS participants. Adjusting
for these age effects, there was an effect of Conversion
Outcome on P300 amplitude z-scores that was qualified
by a Conversion Outcome X Stimulus Type interaction.
Follow-up tests for each stimulus type revealed a sig-
nificant effect of Conversion Outcome for target (P3b)
but not for novel (P3a) stimuli, indicating greater defi-
cits in PRS-C relative to PRS-NC for target stimuli only
(P=.002,d=0.62). When SOPS Negative Symptom scores
were adjusted for in the ANCOVA model, the Conversion
Outcome X Stimulus Type interaction remained signifi-
cant as did the Conversion Outcome effect on P3b (Ps <
.02). These effects on P3b also remained significant when
adjusting for SOPS Positive Symptom scores (Ps < .004),
and when adjusting for SOPS Unusual Thought Content
(Ps < .003) or Suspiciousness (Ps < .003) scores, the 2 pos-
itive symptoms showing the strongest predictive validity
in prior PRS conversion analyses.'s%

Results were essentially unchanged when the analyses
were based on the subgroup of 32 antipsychotic-free PRS
participants.

P300 Latency

There were no effects involving Group or Conversion
Outcome on P300 latency (Ps > .05).
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Table 1. Group Demographic Data

Psychosis Risk Syndrome
Psychosis Risk Healthy

Schizophrenia Syndrome Control Converter Non-converter
n=19) (n=143) (n=43) (n=15) (n=18)
n % n Yo n % P n % n Yo P
Gender 351 .614
Female 4 21.1 16 37.2 17 39.5 6 40 7 38.9
Male 15 78.9 27 628 26 60.5 9 60 11 61.1
Handedness® 769 761
Right 16 84.2 29 80.6 36 83.7 10 83.3 12 70.6
Left 1 5.3 3 8.3 5 11.6 1 8.3 2 11.8
Ambidextrous 2 10.5 4 11.1 2 4.7 1 8.3 3 17.6
Antipsychotic type <.001 223
Atypical alone 12 63.2 6 14.0 3 20.0 1 5.6
Typical alone 0 0 2 4.7 1 6.7 0 0
Both 3 15.8 0 0 0 0 0 0
None 2 10.5 32 74.4 11 73.3 15 83.3
Unknown 2 10.5 3 7.0 0 0 2 11.1
Schizophrenia diagnostic subtype
Paranoid 11 57.9
Disorganized 1 53
Undifferentiated 1 5.3
Catatonic 1 53
Residual 1 5.3
Schizoaffective 3 15.7
Schizophreniform 1 53
Psychosis risk syndrome (COPS)®
APSS 43 100 15 100 18 100
BIPS 1 2.3 1 6.7 0 0
GRDS 1 2.3 1 6.7 0 0
M SD M SD M SD P M SD M SD P
Age (years) 23.04 5.47 16.92 3.55 19.55 4.81 <.001 17.47 2.18 15.22 330 .032
Parental SES¢ 38.91 10.50  38.15 1443 28.16 13.29 .001 36.70 1339  38.79 1541 .686
SOPS positive 11.44 4.85 12.47 5.07  10.17 430 .168
symptom total
SOPS negative 11.42 6.18 14.40 505  9.22 6.39 .016
symptom total
SOPS disorganization 5.81 3.55 6.73 345 494 339 144
symptom total
SOPS general 8.77 3.83 9.13 3.58 8.22 428 517

symptom total

Note: Numbers and percentages of participants are reported for gender, handedness, antipsychotic type, schizophrenia diagnostic
subtype, and psychosis risk syndrome, and were analyzed using Pearson chi-square tests. Group means (M) and standard deviations
(SD) are reported for age, parental socioeconomic status (SES), and Scale of Psychosis-Risk Syndromes (SOPS) Positive, Negative,
Disorganized, and General symptom total scores, and were analyzed with one-way ANOVAs. COPS, Criteria of Psychosis-Risk
Syndromes; APSS, Attenuated Positive Symptom Syndrome; BIPS, Brief Intermittent Psychotic Syndrome; GRDS, Genetic Risk and
Deterioration Syndrome.

“The Crovitz and Zener questionnaire® was used to measure handedness. Data were unavailable for 7 psychosis risk syndrome
participants (3 converters, 1 non-converter).

"The COPS for APSS, BIPS, and GRDS are not mutually exclusive.

°Age range (years): schizophrenia = 17.1-37.5 years; psychosis risk syndrome = 12.0-26.6 years; healthy control = 12.4-34.8 years.
9The Hollingshead 2-factor index of parental socioeconomic status® is based on a composite of parental education and occupational
status. Lower values signify higher socioeconomic status. Parental socioeconomic status could not be obtained from 2 schizophrenia and
4 psychosis risk syndrome participants (1 non-converter).

Reaction Time faster than PRS (P = .07). Conversion Outcome groups

There was a main effect of Group on target RT across did not differ on RT (#(1,30) = 0.09, P = .77), and this
modalities (F(2,102) = 4.13, P = .02), with post hoc tests lack of effect did not depend on Modality (F(1,30) = 0.01,

showing HC to be faster than SZ (P =.007) and marginally P =.95).
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Table 2. Diagnostic Group and Conversion Outcome Effects on P300
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Group Effects (HC, PRS, SZ)*

PRS Conversion Group Effects (Converter,
Non-converter)®

Effect df F P

Follow-up Tests® df F P

Follow-up Tests

Group 2,102 6.52  .002

HC > PRS**, HC > 1,30 434  .046

Non-converter > Converter

SZ** PRS =SZ

Age

1,102 1.57 213
1,102 020 .654
2,204 16.27 <.001
2,102 1.08  .344

Stimulus (target, novel)
Modality (auditory, visual)
Lead (Fz, Cz, Pz)
Group X Stimulus
Group effect for targets
Group effect for novels
Group X Modality
Group X Lead
Group effect at Fz
Group effect at Cz

2,102 0.19  .828
4,204 491 .002
2,104  1.16 318
2,104  6.76  .002

1,30 1434 .001  Younger age associated
with greater P300 amplitude
deficit

1,30 096 .334
1,30 233 .138
2,60  6.67 .004
1,30 16.57 <.001
1,30 11.17 .002
1,30 027 .61l
1,30 021 .648
2,60 021 .769

Non-converter > Converter

HC > PRS** HC >

SZ** PRS =SZ

Group effect at Pz 2,104 1040 <.001

HC > PRS*** HC >

SZ*** PRS =SZ

Group X Stimulus X Modality
Group X Stimulus X Lead
Group X Modality X Lead
Group X Stimulus X Modality
x Lead

2,102 1.07  .346
4,204 1.01  .395
4,204 057  .617
4,204 123 277

1,30 254 121
2,60 0.14 .803
2,60 210 .145
2,62 372 .095

Note: HC, healthy control; PRS, psychosis risk syndrome; SZ, schizophrenia.
aRepeated measures ANOVA comparing HC, PRS, and SZ participants across target and novel stimuli using age-corrected P300 z-scores.
"Repeated measures ANCOVA comparing converters and non-converters to psychosis, with age as a covariate, across target and novel

stimuli using age-corrected P300 z-scores.

“Between-group comparisons survived false discovery rate correction for multiple comparisons.

P < .01, ***P < .001.

Correlations

Target P3b amplitude z-scores, averaged across modal-
ity, were associated with SOPS negative symptom
scores (p=—0.406, P = .007). There were no relation-
ships between target P3b amplitude z-scores and other
symptom domains, nor were there associations between
novel P3a amplitude z-scores and any symptom domain.
Greater target P3b latency z-scores were also associated
with greater disorganization symptom severity (p = 0.343,
P =.02), although this association did not survive multi-
ple comparison correction.

Cox Proportional Hazards Models

Cox regression demonstrated that target P3b ampli-
tude z-scores (averaged across modality) and age in-
dependently predicted time from ERP assessment to
psychosis conversion among PRS participants (overall
model: ¥ = 8.33, P = .016; target P3b: Wald(1) = 5.48,
P =.019, Exp(B) = 0.53; Age: Wald(1) = 6.15, P = .013,
Exp(B) = 1.24). These effects, each controlling for the
other, indicated that more imminent risk of psychosis
onset was predicted by greater deficits in target P3b am-
plitude and older age. The hazard ratio indicated that for

each standard deviation unit deficit in target P3b, there
was a 1.89-fold increase in psychosis conversion risk. In
contrast, novel P3a amplitude z-scores did not predict
time to conversion (overall model: *> = 2.39, P = .30;
novel P3a: Wald(1) = 0.04, P = .84, Exp(B) = 0.95; Age:
Wald(1) = 2.00, P = .16, Exp(B) = 1.12). Controlling
for novel P3a amplitude and age, target P3b ampli-
tude z-scores remained a significant predictor (overall
model: x> = 15.62, P = .001; target P3b: Wald(1) = 10.42,
P =.001, Exp(B) = 0.29). Latency did not predict time to
conversion. The estimated cumulative survival functions
for target P3b amplitude z-scores and age are presented
in figure 3.

Discussion

This study examined auditory and visual P300, elicited
by infrequent target (P3b) and novel (P3a) stimuli, in rel-
atively young SZ patients and PRS individuals. SZ and
PRS participants showed auditory and visual P300 am-
plitude deficits across target and novel stimuli relative
to HC. Although P300 amplitudes were generally de-
ficient in PRS, PRS individuals who later converted to
psychosis showed a target P3b deficit at baseline relative
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Fig. 1. Left: Scalp topography maps, depicting mean P300 amplitudes around the peak latency +10 ms (indicated by gray bars in
waveforms), are shown for novel and target stimuli presented in auditory and visual modalities. Middle: Waveforms for novels (P3a at Cz)
and targets (P3b at Pz) are shown for healthy control, psychosis risk syndrome, and schizophrenia. Right: Column graphs show group
means and standard errors for P300 amplitudes (top) and age-corrected z-scores (bottom).

to those who did not convert, whereas no baseline dif-
ferences in novel P3a between PRS converters and non-
converters were evident, regardless of eliciting modality.
Furthermore, smaller amplitudes of target P3b, but not
novel P3a, independently predicted shorter time from
P300 assessment to psychosis onset among PRS individu-
als, suggesting that the degree of P3b amplitude deficit is
sensitive to the imminence of risk for psychosis.

These results are consistent with previous studies
reporting auditory®®6>¢+77-8183 and visual® P300 reduc-
tions in the PRS, providing further evidence that P300
abnormalities across both modalities emerge early in the
illness and precede the onset of full psychosis. Moreover,
findings corroborate one prior report that auditory P3b
predicts future conversion,” providing strong evidence
that target P3b, in particular, may represent an important
marker of the imminence of psychosis risk. These find-
ings also suggest that compromise of “top-down” atten-
tion allocation processes in the PRS, reflected by deficient
P3b, is more strongly associated with future transition
to psychosis than “bottom-up” attention orienting pro-
cesses reflected by P3a.” P3a amplitude, which is attenu-
ated in the PRS but unrelated to subsequent conversion,
could nonetheless reflect vulnerability to the at-risk state,
with the manifestation of psychosis being dependent on
other factors that interact with this vulnerability.

We did not find attenuated P300 in the PRS relative to
SZ when statistically accounting for normal aging effects
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on P300, similar to previous studies reporting equivalent
P300 amplitude deficits in at-risk subjects and early ill-
ness SZ3 and one longitudinal study showing no change
in P300 deficits in PRS individuals assessed at baseline
and again following conversion to psychosis.” This find-
ing is consistent with other evidence that deficient P300
(P3b) amplitude may be a heritable endophenotypic
trait marker of SZ and its underlying genetic risk.2¢-10!
However, given that antipsychotic medication status
confounds the comparison of PRS individuals with SZ
patients and with post-conversion PRS patients, strong
conclusions that P300 deficits do not worsen during the
transition to psychosis are premature. In particular, prior
studies show antipsychotic medication may increase P300
amplitude in SZ patients.*”1921% Accordingly, the appar-
ent equivalence of P300 deficits in mostly unmedicated
PRS individuals and mostly medicated SZ or post-con-
version PRS patients may simply reflect attenuation of
the P300 deficit by antipsychotic medication. Moreover,
several cross-sectional studies suggest that P300 deficits
progressively worsen over the illness course of SZ, over
and above the effects of normal aging,*73"#7107 con-
sistent with a progressive pathophysiological process.
Interestingly, younger PRS participants tended to be
more deficient in P300 amplitude for their age than older
PRS participants, after adjusting for the effects of normal
age-related brain maturation on P300. This suggests that
the pathological neurodevelopmental contribution to
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P300 may be more evident in younger PRS individuals
before the typical maturational age-related decline in
P300 amplitude emerges,'"” attenuating the deficit in older
PRS individuals. We did not find evidence of P300 latency
abnormalities in our PRS and young SZ groups relative
to HC, consistent with prior PRS studies””# and other
work suggesting that P300 latency prolongation emerges
in later illness stages.”™ Accordingly, given deficient P300
amplitude but normal P300 latency in PRS and relatively
young SZ patients, prior evidence supporting P300 am-
plitude, but not latency, as a heritable endophenotypic
marker of SZ, and possible differential sensitivity of
these measures to pathological neurodevelopment during
illness pathogenesis and progressive brain changes emerg-
ing with illness chronicity, these 2 aspects of P300 likely
reflect distinct pathophysiological processes in SZ.

The association between target P3b amplitudes and
negative symptom severity is consistent with previous
studies of the PRS™ and SZ.#4%1%8-115 The fact that neg-
ative symptoms in PRS individuals were associated with
greater deficits in target P3b, but not novel P3a, suggests
the possibility that negative symptom-related motiva-
tional impairments affect top-down allocation of atten-
tion to task-relevant stimuli but do not affect bottom-up
orienting of attention to salient distractors. Although
some studies have documented relationships between P300
amplitude and positive symptoms in SZ,!131416119 e did
not find evidence of this association in our PRS sample,
possibly because the attenuated symptoms that define
the PRS are restricted in range relative to the broader
symptom severity range present in typical SZ samples.
Regardless, the fact that baseline target P3b amplitude
differentiated future PRS-C and PRS-NC, even after con-
trolling for positive and negative symptom severity, dem-
onstrates the incremental validity of biomarkers such as
P300, over and above clinical data, and underscores their
potential to augment clinical information in the service of
individualized risk stratification, increasing the precision
of psychosis conversion risk estimates. The fact that the
degree of P3b amplitude deficit in PRS individuals pre-
dicted the imminence of psychosis risk suggests that P3b
may have a promising role in efforts to develop a clinical
staging algorithm that matches aggressiveness of treat-
ment with imminence of risk.'$!120-123

This study had several limitations. Antipsychotic med-
ication and dosages were not controlled among partici-
pants and confounded the PRS vs SZ group comparison.
Importantly, however, analyses repeated in the subgroup
of unmedicated PRS participants showed that antipsy-
chotic medication status did not account for PRS or
Conversion Outcome effects. Regarding the possible
influence of other psychotropic medication such as anti-
depressants on our P300 findings, this seems unlikely in
light of a recent study showing antidepressant medica-
tions to have no effect on P300 amplitudes in depressed
patients.'” In addition, 10 PRS participants were lost to
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follow-up after baseline, preventing their inclusion in con-
version analyses. Although target P3b amplitude robustly
predicted conversion to psychosis, consistent with one
prior study,”® our PRS sample was relatively small, under-
scoring the need for replication in larger samples.

In conclusion, this study demonstrates both auditory
and visual P300 amplitude reductions in individuals
meeting PRS criteria that are similar to the reductions
observed in young SZ patients. Moreover, among PRS
individuals, the greater the deficit in P3b amplitude for a
given individual’s age, the more imminent the risk of con-
version to psychosis. Future longitudinal studies should
extend the follow-up period to track within-patient ill-
ness progression and P300 from the prodrome through
the early phases of SZ. Furthermore, tracking the clinical
course of PRS individuals who do not convert to psycho-
sis would allow further assessment of whether baseline
P300 amplitudes predict other clinically important out-
comes, such as remission from the PRS.

Supplementary Material

Supplementary data are available at Schizophrenia
Bulletin online.
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