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Abstract

Background—Reduced auditory target P300 amplitude is a leading biomarker for psychotic 

disorders, although its relevance for differential diagnosis and link to specific clinical features 

(symptom profiles, functional impairment, and course) is unclear. This study aims to clarify the 

clinical significance of auditory target P300 using concurrent and retrospective clinical data from a 

longitudinal cohort with psychosis.

Methods—92 cases from an epidemiological study of first-admission psychosis were assessed 

using an auditory oddball paradigm at 15-year follow-up along with 44 never-psychotic adults. 

Subcomponents of auditory target P300 amplitude (i.e., a central positive P3a, a parietal positive 

P3b, and a frontal negative slow wave) were isolated using temporal-spatial principal components 

analysis.

Results—P3a amplitude was blunted across psychotic disorders relative to non-psychotic adults. 

P3b amplitude was reduced in schizophrenia specifically, including cases initially misclassified at 

baseline. The frontal negative slow wave did not distinguish among groups. P3b amplitude 

reduction was associated with several clinical features at the concurrent assessment, as well as 

previous time points, including recovery from psychosis even 5 years earlier and functioning even 

15 years earlier.
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Conclusions—Auditory target P300 amplitude yields both a schizophrenia-specific component 

(i.e., P3b) and a transdiagnostic psychosis component (i.e., P3a). The P3b component may also 

shed light on prognosis, real-world functioning, and course, as well as help to reduce misdiagnosis 

of psychotic disorders. Prospective studies are needed to test whether P3b tracks or predicts 

clinical status.
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Introduction

Reduced auditory P300 amplitude has been linked to schizophrenia (Jeon & Polich, 2003; 

Bramon et al., 2005; Bramon et al., 2004), but specificity of this relationship is rarely 

studied. The few studies that compared schizophrenia with other psychotic disorders on 

auditory target P300 amplitude have yielded mixed results (Iwanami et al., 1994; Hermens 

et al., 2010; Kaur et al., 2012; Kaur et al., 2011; Salisbury et al., 1998; Salisbury et al., 1999; 

Ethridge et al., 2012; Mathalon et al., 2010). Consequently, it is unclear whether P300 

amplitude reduction is best conceptualized as a unique characteristic of schizophrenia or a 

transdiagnostic indicator of psychosis.

There are several potential explanations for inconsistent findings. First, diagnostic 

misclassification is particularly pronounced early in illness course (Schwartz et al., 2000) 

and may have distorted results. For example, even using the best practice of consensus 

longitudinal diagnosis, half of the 470 cases with psychosis in our cohort changed diagnoses 

at least once during the first decade of illness (Bromet et al., 2011). In particular, many 

patients diagnosed initially with other psychoses were reclassified with schizophrenia at 

follow-up. Prior studies comparing P300 amplitude between schizophrenia and other 

psychotic disorders may have been subject to misclassification confounds due to a focus on 

recent-onset psychosis and/or lack of longer-term follow-up (Iwanami et al., 1994; Hermens 

et al., 2010; Kaur et al., 2012; Kaur et al., 2011; Salisbury et al., 1998; Salisbury et al., 1999; 

Ethridge et al., 2012; Mathalon et al., 2010). Thus, very little is known about auditory target 

P300 in psychotic disorders with diagnoses ascertained longitudinally to minimize 

misclassification.

Second, P300 amplitude is heterogeneous (Friedman et al., 1978; Sutton & Ruchkin, 1984) 

and reflects multiple overlapping neural processes (Dien et al., 2004; Rushby et al., 2005). 

The two most characterized processes are the P3a, a fronto-central index of attention to 

salient stimuli, and P3b, a parietal index of stimulus categorization and response 

(Nieuwenhuis et al., 2005). Past studies used different tasks that elicit these subcomponents 

to different degrees. For example, a mismatch negativity task (i.e., Kaur et al., 2012) elicits a 

P3a, whereas a two-stimulus oddball task (Salisbury et al., 1999) elicits both P3a and P3b. 

Thus, it is not clear to what extent auditory target P3a, P3b, or both distinguish 

schizophrenia from other psychotic disorders because prior studies did not attempt to 

differentiate these components.

Perlman et al. Page 2

Schizophr Res. Author manuscript; available in PMC 2016 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Third, schizophrenia is heterogeneous in terms of symptoms, functioning, and course 

(Jablensky, 2006), and it is unclear what aspects of illness are related to P300 amplitude. 

P300 amplitude has been linked to greater psychotic (O’Donnell et al., 1993), disorganized 

(O’Donnell et al., 1993; Havermans et al., 1999), and negative symptoms (Pfefferbaum et 

al., 1989; Bruder et al., 2001), worse social and occupational functioning (Hermens et al., 

2010; Light et al., 2014), and changes in symptoms (Mathalon et al., 2000). However, these 

literatures contain many null and inverse findings (Frodl-Bauch et al., 1999; Ford, 1999), 

including evidence that P300 amplitude reduction is present prior to onset and during 

periods of symptom remission (Ford et al., 1994). Very little is known about the association 

between P300 amplitude and recovery (i.e., sustained symptom remission with good 

functioning; Lieberman et al., 2008; New Freedom Commission on Mental Health, 2003), 

although it is an important target for research and treatment. It may be possible to link P300 

amplitude reduction to recovery, especially among other psychotic disorders where recovery 

is more common.

Current Study

We sought to clarify the answers to these questions by assessing subcomponents of auditory 

target P300 amplitude in a sample of 92 cases with diverse psychotic disorders and 44 

never-psychotic adults. To ensure maximal diagnostic accuracy, consensus diagnosis 

utilized information from multiple sources (i.e., semi-structured diagnostic interviews, 

review of medical records, and informant reports) collected at 5 time points spanning 10 

years (first admission, 6-month, 2-year, 4-year, and 10-year). Information on symptoms 

(positive, negative, and disorganized), functioning (global and social), and course (remission 

and recovery) was available from these 5 assessments, plus a 6th assessment (15-year 

follow-up) at which we first assessed P300 amplitude. We tested if subcomponents of 

auditory target P300 amplitude derived from temporal-spatial principal components analysis 

(TSPCA) differentially relate to psychosis using concurrent and prospective data on 

diagnosis, symptoms, functioning, and course.

Methods

Participants

Participants for this study were drawn from the Suffolk County Mental Health Project 

(Bromet et al., 2011), an epidemiologic longitudinal study of first-admission psychosis. 

Participants were recruited from the 12 inpatient psychiatric facilities of Suffolk County, NY 

from 1989–1995; eligibility criteria were psychosis, age 15–60 year at admission, IQ > 70, 

and ability to provide informed consent. Study psychiatrists assigned DSM-IV diagnoses by 

consensus. This study was approved annually by the Institutional Review Board at Stony 

Brook University.

The EEG data examined in this study was collected 15 years after first admission (range: 

12.4–19.1) on 41 participants with a schizophrenia spectrum diagnosis (SZ; schizophrenia [n 

= 28] or schizoaffective [n=13]) and 51 participants with other psychotic disorders (OP; 

mood disorder with psychosis [n = 38], substance-induced psychosis [n = 9], or psychosis 

not otherwise specified [n = 4]). We also assessed 44 never-psychotic adults (NA) who were 
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also matched to cases on age, gender, and self-identified race. The full ERP battery included 

a flankers task (Foti et al., 2012), a semantic congruency task (Jackson et al 2015), and a 

task that involved viewing emotional faces; tasks were presented in counter-balanced order.

Clinical Assessment

At each assessment point, cases were evaluated using the Structured Clinical Interview for 

DSM-IV-TR Axis I Disorders (SCID; First et al., 2001), the Scale for the Assessment of 

Positive Symptoms (SAPS; Andreasen, 1983a), and the Scale for the Assessment of 

Negative Symptoms (SANS; Andreasen, 1983b). The SANS was scored as a single index of 

negative symptoms, and the SAPS was subdivided into psychotic (hallucinations, delusions) 

and disorganized (bizarre behavior, thought disorder) subscales based on prior factor 

analysis (Kotov et al., 2010). Concurrent global assessment of functioning (GAF) was rated 

by consensus among study psychiatrists. Social functioning was calculated as the sum of 

social activity, social initiative, and sociosexual relations ratings of the Quality of Life Scale 

(Heinrichs et al., 1984). Remission from psychosis (Andreasen et al. 2005) and recovery 

from psychosis (Liberman et al., 2002), i.e., minimal symptoms and satisfactory functioning 

in the interval, were both defined according to consensus criteria.

Task

P300 Task—The P300 was elicited using a three-stimulus auditory oddball task. 

Participants wore headphones in a sound-attenuated dark room and were instructed to count 

the number of times a synthesized “you” sound was presented in each block. The frequent 

non-target (i.e., standard) stimulus was a synthesized “me” sound. Rare novel stimuli were 

chosen at random from a set of 25 non-repeating unique sounds (e.g., a flute noise) or 

synthesized noises (e.g., “beep”). Each stimulus was presented for 200ms at 75 dB and the 

interval between sound onsets was 1500ms. There were 250 trials divided into five blocks of 

50 trials. Overall, 10% of stimuli were targets, 80% were frequent non-targets, and 10% 

were novels. Participants first were introduced to the “you” and “me” sounds, and then 

completed a practice block to provide an opportunity to ask questions. At end of each block, 

participants reported the number of targets that they heard. Accuracy was calculated as the 

sum of deviations from correct number of targets in each block, and expressed as a percent. 

Due to equipment malfunction, accuracy data was missing for two cases in the OP group.

EEG Recording, Processing, and Data Reduction—The EEG was recorded using 

the Active Two BioSemi system (BioSemi, Amsterdam, The Netherlands) using the 32 

electrode cap based on the 10/20 system, plus the FCz and Iz electrodes. Data was sampled 

at 1024 Hz using a low-pass fifth-order sinc filter with −3 dB cutoff point at 208 Hz and 

digitized online at 24-bit resolution and a least significant bit value of 31.25 nV. Electrodes 

were measured with respect to a common mode sense active electrode that formed a 

monopolar channel. Offline analysis was performed using Brain Vision Analyzer software 

(Brain Products, Munich, Germany). Data were re-referenced to linked mastoid average and 

band-pass filtered from 0.1 Hz to 30 Hz. The EEG was segmented for each trial and 

corrected for blinks and eye movements recorded from four facial electrodes using a 

regression-based method (Gratton et al. 1983). Channels were rejected in each trial using a 

semiautomated procedure, with artifacts defined as a step of more than 50.0μV between 
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samples, a difference of 300μV within a trial, or a maximum difference of less than 0.50μV 

within 100-msec intervals. Additional artifacts were identified using visual inspection. All 

subjects had at least 20 target trials for averaging. Stimulus-locked ERP averages were 

created and baseline corrected from the EEG activity from −200 msec to 0 msec.

Statistical Analysis

Temporal-Spatial Principal Analysis—The TSPCA followed published 

recommendations (Dien, 2012). We conducted a temporal PCA with promax rotation on the 

average waveforms for each electrode for target stimuli and standard stimuli, and then a 

spatial PCA on each of the temporal PCs using infomax rotation. A prominent temporal PC 

peaked at 327ms and was characterized as a broad central positivity, which we judged to be 

the P3a. A prominent temporal PC peaked at 497ms and was split by spatial rotation into a 

parietal positivity (first spatial component) and a frontal negativity (second spatial 

component). These two components were judged to be P3b and Negative Slow Wave, 

respectively (Dien, 2012), and both were retained for analysis since they occurred in the 

same time window. Further analyses examined the component scores for target stimuli for 

these three TSPCs: P3a, P3b, and Negative Slow Wave.

Group analyses were conducted using Univariate General Linear Model in SPSS (i.e., 

ANCOVA) separately for each TSPC. Diagnostic group (NA, SZ, OP) was entered as a 

between-subject factor and age and gender were entered as covariates. To be consistent with 

a previous report (Foti et al., 2012), we also tested two a priori contrasts pertaining to 

differential diagnosis: (1) NA vs all cases (i.e., general effect of psychotic illness), and (2) 

SZ vs OP (i.e., specific effect of schizophrenia). Schizophrenia and schizoaffective disorder 

did not differ on subcomponents (ps ranged from 0.10 for the Negative Slow Wave to 0.76 

for P3b), supporting the decision to combine them into a single SZ group.

Individual difference analyses were conducted using partial correlations to control for the 

influence of age and gender. We examined full sample correlations of components with 

symptoms, functioning, and course to capture clinical utility of neural markers in a real-

world scenario, namely when a patient presents with a history of psychosis but uncertain 

diagnosis. This is a common situation in many clinical and research contexts because long-

term follow-up, detailed records, and informant reports are rarely available. For 

thoroughness, we also examined correlations separately by group when the whole-sample 

correlation was statistically significant.

Results

Sample Characteristics

The three groups were similar on demographic variables (see Table 1). Relative to OP, SZ 

was more likely to be taking antipsychotics (but not other medications), reported greater 

symptom levels and functioning deficits, and were less likely to be rated as meeting criteria 

for recovery or remission. The groups did not differ in number of target trials used in 

averaging. The SZ group were slightly less accurate in reporting number of targets, but 

overall accuracy was high (i.e. > 93%).
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Diagnostic Groups—Figure 1 displays the grand average waveforms by diagnostic group 

for several representative electrodes. The auditory target P300 amplitude, the prominent 

positive peak between 275ms and 350ms at midline central electrodes, appears blunted in 

SZ and OP relative to NA, observed most clearly at Cz. The relatively broad parietal 

positivity occurring after the peak of the P300 was reduced in SZ, observed across several 

electrodes, most notably T7 and PO3.

We next compared diagnostic groups on the TSPC scores (Table 2; Figure 2). Groups 

differed on the P3a, which was reduced in SZ and OP relative to NA (the former two groups 

did not differ). Groups also differed on the P3b, which was due to blunting in SZ relative to 

NA and OP (the latter two groups did not differ). No statistically significant group 

differences were observed for the Negative Slow Wave.

Of the 91 cases, 17 changed diagnostic classification since baseline assessment: 16 SZ cases 

were classified as OP at baseline, while 1 OP case was classified as SZ at baseline. The 

group effect predicting P3b amplitude in a 3-way ANCOVA (the single SZ to OP case was 

excluded) controlling for age and gender was statistically significant, F(2,86) = 5.15, p = 

0.01; Means (SDs) for OP to SZ: 4.10 (3.66); for continuously SZ: 3.10 (3.40); and for 

continuously OP: 5.87 (3.92). As shown in Figure 2, the OP to SZ group exhibited reduced 

P3b relative to the continuously OP group (d = 0.46, one-tailed p = .04) but was not different 

from the continuously SZ group (Cohen’s d = 0.24, one-tailed p = 0.24). This suggests that 

early-course misclassification may increase the chance of spuriously reporting P300 

amplitude reduction in both OP and SZ, rather than in SZ alone, due to inclusion of SZ cases 

into the OP group.

Clinical characteristics—We retained the P3a and P3b TSPCs in our individual 

differences analyses because they distinguished groups. Reduced P3b amplitude was 

associated with more negative symptoms, more disorganized symptoms, worse global and 

social functioning, lower likelihood of recovery, and lower likelihood of remission (Table 

3). Figure 2 displays the P3b waveform for never psychotic adults, recovered cases, and 

non-recovered cases. Using the data collected at previous assessments, correlations with P3b 

were present for GAF by admission, for negative symptoms by 6-month follow-up, and for 

disorganized symptoms and social functioning by 2-year followup. This pattern suggests 

that reduced P3b amplitude is associated with enduring symptom and functioning profiles as 

early as 15 years prior to recording P300 amplitude. After segregating by group, reduced 

P3b amplitude was associated with worse global and social functioning in each group 

separately. In the OP sample, statistically significant correlations with P3b emerged by 10-

year assessment for global functioning and recovery. Thus, there is evidence that P3b 

amplitude reduction reflects enduring chronic illness course within OP. No clinical features 

were related to P3a (all ps > 0.05).

Discussion

The present investigation yielded three main findings. First, schizophrenia and other 

psychotic disorders were differently related to P300 subcomponents. The P3a component 

was reduced across the psychotic disorders and does not distinguish SZ from OP. In 
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contrast, the P3b was reduced in schizophrenia spectrum disorders but not in other psychotic 

disorders. Second, P3b amplitude reduction showed a wide range of clinical correlates in the 

full sample, including greater negative and disorganized symptoms, worse global and social 

functioning, and less likelihood of recovery and remission. There is growing interest in 

psychiatry to identify alternative phenotypes grounded in neuroscience that link to 

meaningful outcomes (Insel et al., 2010), especially for psychosis (Tamminga et al., 2014). 

Based on our results, auditory target P3b amplitude, but not P3a amplitude, may represent a 

transdiagnostic marker of functioning and course in psychosis, including recovery, an 

outcome with virtually no known biological correlates. Third, P3b amplitude reduction 

correlated with clinical traits assessed several years earlier, especially negative symptoms 

and poor outcome. This suggests that P3b amplitude reduction reflects an enduring 

biological trait, rather than a state marker of illness, which has long been debated (Ford, 

1999). Because biological factors influencing the course of psychosis are so poorly 

understood, longitudinal prospective investigations are needed to identify whether P3b 

amplitude predicts stable poor outcomes, or simply mirrors it.

There is a clear need to develop objective tools to aid in differential diagnosis in psychosis 

which is highly error-prone when based on cross-sectional information or short-term follow-

up (Schwartz et al., 2000). Multi-wave follow-up can minimize misclassification, but is 

usually impractical in most clinical and research settings. That we found P3b amplitude 

reduction in cases of schizophrenia 15 years after initial misdiagnosis is consistent with the 

idea that P3b amplitude could be translated into a tool for helping distinguish schizophrenia 

from other psychotic disorders early in course.

Schizophrenia and other psychotic disorders may be characterized by somewhat distinct 

neural abnormalities. For example, reduced automatic attentional switching (i.e., reduced 

P3a) may represent a shared characteristic of psychotic disorders broadly, whereas reduced 

processing of saliency (i.e., reduced P3b) may be more characteristic of schizophrenia 

(Nieuwenhuis et al., 2005; Polich, 2007). In addition, P300 amplitude occurs during a period 

of cortical inhibition (Rockstroh et al., 1992), which may facilitate processing of a recent 

salient event at the cost of missing subsequent sensory information. Thus, it is possible that 

the neural mechanisms controlling cortical inhibition are somewhat faulty in schizophrenia 

but adequate in other psychotic disorders.

There are a number of limitations to the current study. First, larger samples are still needed 

to confirm our findings (e.g., all groups were comprised of 40–50 individuals). Second, our 

results may have been different had we examined an acutely ill population, rather than cases 

from a longitudinal cohort as their illness progressed. However, this sample is from a 

representative cohort, which allows us to generalize our findings to the general population of 

people who have been hospitalized for psychosis. Moreover, the longitudinal nature of the 

study provides a unique opportunity to improve diagnostic accuracy, as well as address 

long-standing questions regarding the link between P300 amplitude and recovery and 

remission. Third, although our retrospective correlations with clinical characteristics from 

early course point to long-standing neural deficits, we assessed event-related potentials in 

the second decade after psychosis onset and only once, and cannot thus distinguish whether 

P300 amplitude reduction is a preexisting risk factor with prognostic value or a consequence 
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of chronic illness. However, converging lines of evidence suggest that P3b reduction may be 

a relatively stable trait-like biological marker of vulnerability to disease rather than a 

consequence of disease state. For example, P3b amplitude reduction presents in high-risk 

cases (Bramon et al, 2007) and unaffected biological relatives of cases (Ethridge et al., 

2014). Fourth, we assessed P300 subcomponents using an auditory oddball paradigm, but 

other kinds of tasks or stimuli may yield different results. This particular auditory oddball 

task was chosen in part because meta-analysis has supported its use in schizophrenia 

research (Jeon & Polich, 2003).

Subcomponents of the target auditory oddball event-related potential may yield markers of 

psychosis (relative to never-psychotic), markers that distinguish between schizophrenia and 

other psychotic disorders, and markers for core clinical features of psychosis, such as 

functioning and recovery. Efforts to understand the link between P300 amplitude and 

psychosis (i.e., risk factors, consequences, and other models) may benefit from 

consideration of subcomponents underlying P300 amplitude, especially the P3b component. 

Present data suggest that P3b reduction may be a clinically useful biomarker of an enduring 

deficit in real-world functioning and illness course that may be apparent even before first 

hospitalization, and it may help to reduce misdiagnosis of new patients with psychotic 

disorders.
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Figure 1. 
Average waveforms for target stimuli by group at representative electrodes. Waveforms 

presented with 200ms prestimulus baseline.
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Figure 2. 
P3a and P3b temporal-spatial principal components and topographic head maps by group. In 

Figure c, the other psychosis group waveform and non-psychotic adults group waveform 

were similar and indistinguishable on the P3b component. For clarity, we present only the 

other psychosis waveform.
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