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Abstract
Background—Reduced amplitude of the P300 event-related potential in auditory oddball tasks
may characterize schizophrenia (SZ), but is also reported in bipolar disorder. Similarity of
auditory processing abnormalities between these diagnoses is uncertain given the frequent
combination of both psychotic and nonpsychotic patients in bipolar samples; abnormalities may be
restricted to psychosis. In addition, typically only latency and amplitude of brain responses at
selected sensors and singular time-points are used to characterize neural responses.
Comprehensive quantification of brain activations involving both spatio-temporal and time-
frequency analyses could better identify unique auditory oddball responses among patients with
different psychotic disorders.
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Methods—Sixty SZ, 60 bipolar I with psychosis (BPP), and 60 healthy subjects (H) were
compared on neural responses during an auditory oddball task using multi-sensor
electroencephalography. Principal components analysis was used to reduce multi-sensor data prior
to evaluating group differences on voltage and frequency of neural responses over time.

Results—Linear discriminant analysis revealed five variables that best differentiated groups: (i)
late beta activity to standard stimuli and (ii) late beta/gamma activity to targets discriminated BPP
from other groups; (iii) mid-latency theta/alpha activity to standards and (iv) target-related voltage
at the late N2 response discriminated both psychosis groups from H; and (v) target-related voltage
during early N2 discriminated BPP from H.

Conclusions—Although the P300 significantly differentiated psychotic groups from H, it did
not uniquely discriminate groups beyond the above variables. No variable uniquely discriminated
SZ, perhaps indicating utility of this task for studying psychosis-associated neurophysiology
generally and BPP specifically.

Keywords
ERP; auditory oddball; psychosis; time-frequency; P300; PCA

The P300 event-related potential (ERP), a positive voltage event centered on central-parietal
sensors, is associated with working memory, context updating, and target recognition during
visual and auditory oddball tasks (1). During auditory oddball processing, reduced amplitude
of the P300 ERP has been a robust finding in the schizophrenia literature (2-8). A similar
deviation from normal has been reported among bipolar disorder patients, although this is
less frequently investigated (6,9-12). Supplementing its possible usefulness for
understanding disease risk are reports of P300 abnormalities among clinically normal first-
degree relatives of schizophrenia (13-18) and bipolar disorder patients (19).

P300 deviations among clinically normal family members of affected probands suggest that
auditory oddball processing is associated with constitutional liability for illness. A twin
study meta-analysis on P300 responses indicated relatively high aggregate heritability
estimates among healthy participants (50-60%) (20). Evidence of genetic contribution to
P300 variance further supports proposals of endophenotype status for these variables
(21-22).

Endophenotypes should be relatively specific to persons with a disease and those at
increased genetic risk for that disease (23). One study reported differences in P300
topographies between schizophrenia versus bipolar patients (more posterior abnormalities
for schizophrenia and more anterior abnormalities for bipolar patients) (11), but most
investigations focus on only one patient group, making direct comparison of P300
abnormalities difficult. P300 abnormalities may be endophenotypes for psychotic disorders
generally rather than risk indicators for a specific diagnostic group (12,19,24-26). Studies of
only psychotic bipolar disorder patients are uncommon (12), however, so the uniqueness of
specific P300 abnormalities to a particular psychotic group is unknown. P300 abnormalities
quantified using traditional ERP latency and peak amplitude measurements have been
described for multiple behavioral deviations (27,28). The frequent association of traditional
P300 measurements with diverse patho-physiological conditions may indicate the
importance of developing alternative quantification schemes that capture this etio-
pathological diversity.

A complement to traditional ERP voltage measurements is quantification of frequency
variations in neural oscillations as a function of time. ERP peak voltage measurements may
not capture the complexity of neural responding evident in time-frequency representations

Ethridge et al. Page 2

Biol Psychiatry. Author manuscript; available in PMC 2013 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



(29). Such an integrated analysis approach allows quantification of both evoked and
oscillatory components of neural responses to stimulus events (30), perhaps not obvious in
traditional ERP waveforms, to be evaluated simultaneously. Studying neural responses
during auditory oddball processing using both voltage and frequency domain approaches
may help elucidate differences between nosologically similar diagnostic groups. The current
study provides direct comparison of SZ and BPP on common ERP voltage and time-
frequency measurements of the same responses, and may help illuminate the most useful
approach for discriminating between diagnostic groups and identifying endophenotypes for
these disorders.

Frequency domain measures have shown usefulness for clarifying psychosis-related neural
deviations during auditory processing (31-33). Hamm et al. (32) found an accentuation of
late (250 ms post-stimulus) beta-range activity peculiar to BPP among psychosis patients.
Increased frontoparietal beta band activity has been reported in BP patients as compared to
unipolar patients during an implicit emotion task (34). Ozerdem et al. (35) described early
stimulus-processing-related beta activity increases in manic BP as compared to healthy
subjects during a visual oddball task. These effects hint at differences in stimulus processing
between SZ and BPP that could reveal critical variations in neuropathology. Synchronized
beta-range activity is required for distant cortico-cortical communication (36), and is
supported by the very cortical circuitry that is purportedly hypo- functional in SZ (37). This
difference may also reveal a neurophysiological correlate of the enhanced sustained
attention/vigilance that at least partially characterizes BPP (38).

The present investigation of the Bipolar and Schizophrenia Network on Intermediate
Phenotypes (B-SNIP) (22) sample compared ERP amplitude measurements and event-
related oscillations across a broad frequency range during an auditory oddball task. Neural
activations from whole-head EEG recordings during stimulus processing were compared
between healthy (H), schizophrenia (SZ), and bipolar disorder with psychosis (BPP)
participants, using a comprehensive analysis approach to describe their shared and unique
neural auditory processing characteristics. The aim of this study was to utilize large matched
samples of SZ and BPP with an analysis approach that can identify neural processing
deviations either shared between or unique to each psychotic disorder. It was predicted that
[1] time-frequency measures would provide useful information beyond that of traditional
ERP measures, [2] the P300 response would not discriminate psychosis groups, and [3]
increased late beta activity would characterize BPP.

Methods and Materials
Participants

As part of the large, multi-site data collection project (B-SNIP), subjects were recruited,
interviewed, and tested at four sites: University of Illinois-Chicago, Yale University/IOL
(Hartford, CT), University of Texas Southwestern (Dallas, TX), and University of Maryland
(Baltimore, MD). Clinically stable participants absent of symptomatic evidence of acute
illness were recruited via community advertisements, linked community facilities and
programs, and local NAMI-type organizations. All subjects provided written informed
consent prior to participation. This study was approved by IRBs at each data collection and
analysis site.

Three age- and gender-matched groups were constructed blind to brain activity
measurements: 60 SZ (30 female; mean age = 36.3; range 19-55); 60 BPP (30 female; mean
age = 36.3; range 18-53); and 60 healthy persons (30 female; mean age = 36.2; range 18-54;
recruited via random digit dialing or community advertisements). Groups were also matched
on proportion of subjects from each data collection site (Table 1). Data from a different
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paradigm for these same participants were also used in a previous manuscript (32). All but
five SZ and nine BPP were taking psychotropic medications (Table S1 in the Supplement).

Medical history, structured clinical interview for DSM-IV diagnosis (SCID patient or
nonpatient version as appropriate) (39), Positive and Negative Symptom Scale (PANSS)
(40), Young Mania Rating Scale (40), Montgomery-Asberg Depression Rating Scale
(MADRS) (41), and Global Assessment of Functioning scale (GAF; axis V of Diagnostic
and Statistical Manual of Mental Disorders IV [DSM-IV]) were acquired by trained Masters
or Doctoral-level clinicians. Presence of serious medical, neuro-opthalmological, or
neurological illness (e.g., cancer, seizure disorders, coarse brain-disease), mental retardation,
head trauma with >30 minutes unconsciousness, current substance use ascertained by history
as well as urine drug screens on the day of testing (8 panel screen for amphetamines,
barbiturates, cocaine, methadone, opiates, cannabinoids, propoxyphene and TCAs), abuse in
the past three months, and dependence within 6 months or extensive history of drug
dependence (DSM-IV) were criteria for exclusion. Healthy persons were free of any lifetime
psychotic or mood disorder and a family history of psychotic or BP disorders in first-degree
relatives according to Family History Research Diagnostic Criteria (42). All clinical
information and diagnoses for each subject were reviewed and confirmed in a best estimate
diagnostic meeting including a senior psychiatrist/psychologist and the clinician who
conducted the structured interviews.

Stimuli and Procedures
Recording conditions were equivalent and stimulus presentation and recording equipment
identical across sites. Seated in a sound and electrically shielded booth (ambient sound =
61-63 dB; luminance = 0.11-0.12 foot-candles) subjects listened to tones delivered by two 8-
ohm speakers located 50 cm in front of them. Stimuli were 567 standard (1500Hz) and 100
target (1000Hz) tones presented in pseudorandom order (1300 ms inter-trial interval).
Subjects were asked to press a button when a target was detected. Subjects refrained from
smoking 1 hour prior to testing.

EEG recording
EEG was continuously recorded from 64 Ag/AgCl sensors (impedance <5 KΩ; Quik-Cap,
Compumedrics Neuroscan, El Paso, TX), positioned according to the standard 10-10 EEG
system plus mastoids and CP1/2 locations to provide greater sampling below the cantho-
meatal line, with nose reference and forehead ground. Recordings were amplified (12,500x)
and digitized (1000Hz) using Neuroscan Acquire and Synamps2 recording systems
(Compumedrics Neuroscan, El Paso, TX).

EEG processing
Raw EEG data were inspected for bad sensors and artifacts. Bad sensors were interpolated
(<5% for any subject) using spherical spline interpolation (BESA 5.3; MEGIS Software,
Grafelfing, Germany). Blink and cardiac artifacts were removed using Independent
Components Analysis (EEGLAB 6.0) (43). Data were segmented into 1000 ms epochs from
250 ms before to 750 ms after stimulus onset and digitally bandpass filtered from 0.5 – 55
Hz (zero-phase filter; rolloff: 6 and 48 dB/octave, respectively). The 250 ms pre-stimulus
period was used for baseline adjustment. Epochs containing activity greater than 75 μV at
any sensor were not included; at least 60% of trials were accepted for all subjects.

PCA data reduction
To use EEG data recorded from every sensor and, thus, to most accurately and
comprehensively capture the spatial topography of evoked brain responses across time,
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spatial principal components analysis (PCA) on grand average data (44-45) was
implemented using BESA (MEGIS Software, Grafelfing, Germany) and Matlab (The
Mathworks, Matick, MA) to identify spatial patterns in the EEG topography. Target and
standard conditions were averaged separately across groups. For each condition, PCA with
promax (oblique) vector rotation and Kaiser normalization (46) was calculated on a 64×64
sensor covariance matrix (1000 time-points as observations). Scree tests (47) identified 2
components for the target condition (accounting for 55.9 and 39.0 percent of the variance)
and 1 component (87.5 percent of the variance) for the standard condition (Figure 1). Spatial
distributions of these components and amount of variance accounted for in the grand
average were nearly identical across groups (Figure S1 in the Supplement, all correlations
between groups greater than r=.975). Each set of component weights was multiplied by each
subject's grand average data, summed across sensors, and divided by the plus sum of the
component weights, reducing waveforms from one for each sensor to one waveform per
component for each subject for targets and standards (Figure 2).

ERP time-course analyses
For each condition and subject, component waveforms from -200 ms to 600 ms were
grouped into 80 separate 10 ms bins and averaged within each bin. For each bin, a one-way
ANOVA was calculated to determine group differences in waveform amplitude. To control
for family-wise error due to multiple comparisons, a clustering method was implemented
using Monte Carlo simulations calculated across time-bins using AlphaSim (48). In order to
maintain a family-wise alpha of .01, three sequential time-bins were required to be
significant at alpha<.05 (Figure 2).

Time-frequency analyses
For each subject, separately for each component waveform, oscillatory power for
frequencies from 3-52 Hz was calculated with 1 Hz frequency resolution using a modified
Morlet wavelet transformation every 4 ms on the grand averaged ERPs. In order to balance
the tradeoff between temporal resolution at low frequencies and stability of measurement at
higher frequencies (49), wavelet length increased linearly from 1 cycle at 3 Hz to 8 cycles at
52 Hz (Figure 3). Group comparisons for each condition and component were calculated
using point-by-point one-way ANOVAs across the time-frequency matrix. Again, a
clustering method was implemented to control for family-wise error. Utilizing the same
procedure as for the ERP analyses but also accounting for addition of frequency information
to the number of comparisons, family-wise alpha at .01 was maintained with clusters of 5 or
more sequential time-points significant at p<.01. To control for aberrant significant effects
due to a small number of large power values, F-value distributions were created using a
bootstrap procedure. For each condition and factor, the same one-way ANOVAs were run
5000 times with group membership randomly shuffled at each step (sampling with
replacement). Probability estimates of observed F-values were calculated as the proportion
of randomly generated F-values greater than the actual estimate. Possible site effects were
examined by adding site as a variable to the group comparisons; there were no significant
site by group interactions on any of the variables significantly distinguishing groups
(Figures S2 and S3 in the Supplement; Table 1 for number of subjects per site).

Post-hoc discriminant analyses
To efficiently summarize variables uniquely differentiating groups, values from significant
time-bin and time-frequency clusters were averaged within adjacent clusters for each subject
and submitted to a linear discriminant analysis with group as the dependent variable (H, SZ,
BPP). Variables that minimized the overall Wilks’ lambda and had individual multiple F-
statistics significant at p<.05 were entered in a stepwise fashion (50), leaving a parsimonious
selection of neurophysiological measures. This statistical analysis was included specifically
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to describe the variables most important to group separations rather than as an attempt to
classify observations. The latter approach will be more appropriate when we can add
additional tasks and observations to our data collection efforts.

Results
Behavioral

For the UTS site response data was not available, so behavioral information was calculated
on the remaining 80% of subjects. There were no differences between groups on either
response latency or percent correct (Table 1).

ERP time-bins
One-way ANOVAs for each condition and spatial factor revealed 7 clusters that
differentiated groups (Figure 2). Given a bimodal F-value distribution for the P300 cluster
(Figure 2), it was split into early and late sections at the point of rarity (410ms). For the
following comparisons, patient groups did not significantly differ from each other.

i. For targets component 1, from 150 to 210 ms (early N2 time range), peaking at 190
ms, F(2,177)=7.95, p<.001, BPP showed significantly less voltage change from
baseline than H, t(118)=2.09, p<.05.

ii. For targets component 1, from 320 to 400 ms (early P3b time range), peaking at
370 ms, F(2,177)=6.39, p=.002, both BPP, t(118)=2.23, p=.03, and SZ,
t(118)=2.77, p=.006, showed less change from baseline than H.

iii. For targets component 1, from 410 to 580 ms (late P3b time range), peaking at 540
ms, F(2,177)=7.34, p<.001, both BPP, t(118)=2.19, p=.03, and SZ, t(118)=3.17, p=.
002, showed less change from baseline than H.

iv. For targets component 2, from 50 to 110 ms (N1 time range), peaking at 60 ms,
F(2,177)=7.08, p=.001, both BPP, t(118)=2.43, p=.02, and SZ, t(118)=3.95, p<.
001, showed less change from baseline than H.

v. For targets component 2, from 200 to 220 ms (late N2 time range), peaking at 210
ms, F(2,177)=4.69, p=.01, both BPP, t(118)=2.89, p<.01, and SZ, t(118)=3.5, p<.
001, showed less change from baseline than H.

vi. For standards from 60 to 110 ms (N1 time range), peaking at 100 ms,
F(2,177)=5.61, p=.004, both BPP, t(118)=3.14, p=.002, and SZ, t(118)=2.78, p=.
006, showed less change from baseline than H.

vii. For standards from 210 to 230 ms (P2 time range), peaking at 210 ms
F(2,177)=3.73, p<.05, both BPP, t(118)=2.27, p=.03, and SZ, t(118)=2.39, p=.02,
showed less change from baseline than H.

Time-frequency
Point-by-point one-way ANOVAs on averaged time-frequency plots revealed 7 clusters
which significantly differentiated groups (red outlines in Figure 3). For the purposes of
statistical and post-hoc analyses, clusters that spanned large amounts of time and showed
evidence for multiple centers of convergence were split at the time-point with the lowest F-
value.

i. For targets component 1, from 165 to 195 ms, peaking at 180 ms and 15 Hz (early
beta), F(2,177)=7.76, p<.001, both SZ, t(118)=3.68, p<.001, and BPP, t(118)=2.89,
p=.005, showed less power than H.
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ii. For targets component 1, from 165 to 265 ms, peaking at 220 ms and 3 Hz (early
theta/alpha), F(2,177)=12.34, p<.001, both SZ, t(118)=3.83, p<.001, and BPP,
t(118)=3.82, p<.001, showed less power than H.

iii. For targets component 1, from 265 to 400 ms, peaking at 275 ms and 3 Hz (mid-
range theta/alpha), F(2,177)=9.41, p<.001, both SZ, t(118)=3.95, p<.001, and BPP,
t(118)=3.27, p=.001, showed less power than H.

iv. For targets component 1, from 530-560 ms, peaking at 535 ms and 37 Hz (late beta/
gamma), F(2,177)=5.84, p=.003, BPP showed more power than both SZ,
t(118)=2.72, p<.01, and H, t(118)=3.73, p<.001.

v. For standards, from 20 to 150 ms, peaking at 60 ms and 3 Hz (early theta),
F(2,177)=7.79, p<.001, both SZ, t(118)=2.98, p=.004, and BPP, t(118)=3.51, p<.
001, showed less power than H.

vi. For standards, from 150 to 305 ms, peaking at 230 ms and 4 Hz (mid-range theta/
alpha), F(2,177)=9.18, p<.001, both SZ, t(118) =3.58, p<.001, and BPP,
t(118)=3.74, p<.001, showed less power than H.

vii. For standards, from 440 to 490 ms, peaking at 470 ms and 27 Hz (late beta),
F(2,177)=7.78, p<.001, BPP showed more power than both SZ, t(118)=3.45, p<.
001, and H, t(118)=3.51, p<.001.

Discriminant Analyses
All 14 variables that differentiated groups were used in a linear discriminant analysis,
resulting in five variables that best discriminated groups, 2 ERP time-bins and 3 time-
frequency clusters (Table 2):

i. The target late N2 (component 2) significantly discriminated patient groups from
H.

ii. The target early N2 (component 1) significantly discriminated BPP, but not SZ,
from H.

iii. Late beta power to standards significantly discriminated BPP from both SZ and H.

iv. Late beta-gamma power to targets significantly discriminated BPP from both SZ
and H.

v. Mid-range theta-alpha power to standards significantly discriminated patient
groups from H.

Clinical Correlations
Separately for both patient groups, all available clinical variables (Table 1) were submitted
to Pearson correlations with the 5 discriminating EEG variables. The only significant
correlation was late beta/gamma power to targets with MADRS (Montgomery-Asberg
Depression Rating Scale) scores for the BPP group (r=.276, p<.05).

Discussion
The purpose of this study was to use voltage and time-frequency quantifications of auditory
oddball processing to characterize neurophysiologically distinct measures of similarities and
differences among SZ and BPP. Out of 14 variables showing between-groups effects, five
efficiently summarized group discrimination variance, with all of these measures providing
important information for understanding the neurophysiological correlates of psychosis
generally and (perhaps) BPP specifically. Variables best differentiating psychosis from
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healthy subjects were mid-latency theta/alpha activity to standards and the target-specific
late N2 ERP. Late beta/gamma activity to standard and target stimuli best differentiated BPP
from SZ and H. The target-specific early N2 ERP, with a topography co-varying with the
P3b, discriminated BPP from H. No variable specifically discriminated SZ from the other
two groups.

Theta/alpha band activity to standards and the late N2 to targets differentiated psychosis
groups from healthy subjects. Theta/alpha activity is associated with selective attention and
working memory processes among healthy persons (51). Reduced low-frequency power to
both targets and standards has been shown for SZ (52-55); this effect had not been
previously described for BPP, perhaps because large samples of bipolar patients with
psychosis are uncommonly studied. Abnormalities in low-frequency response may serve as
a good indicator of psychosis; indeed, reduced delta and theta synchrony may be a better
discriminator of SZ and H than P3b amplitude (31). Task-related theta and alpha
abnormalities have been reported for SZ and their first-degree relatives, suggesting that low-
frequency processing deficits are indicative of genetic risk for psychosis (56).

Amplitude reductions of the target-related N2 ERP, associated with initial stimulus
categorization primarily for deviant or target stimuli (57-58), have been shown for SZ
(59-60), but have not been extensively studied in BPP. Using a passive oddball paradigm,
Kaur et al. (61) reported amplitude reductions of N2 and P3 among both BPP and SZ, but no
difference between patient groups. Distinct early and late components in the N2 range were
found in the present study (see Patel and Azzam, 2005 (58) for a discussion of N2
subcomponents in oddball tasks), with the earlier N2 (differentiating BPP and H)
topographically associated with P3b and the later N2 (differentiating psychosis from H)
topographically associated with N1 and P3a (Figure 2). Similar to findings of Kaur and
colleagues (61), neither of these N2s discriminated between SZ and BPP, suggesting that
neurophysiological processing deviations captured by the target-specific N2 (61,62) are
shared between psychotic disorders.

Augmented late responses in higher frequencies (beta and gamma) discriminated BPP from
both SZ and H. In healthy subjects, beta- and gamma-band oscillations are associated with
salience processing and perceptual encoding, respectively (63-64). Increased beta-band
response in a visual oddball task, an abnormality somewhat normalized by valproate (35), is
associated with bipolar I disorder. Hamm et al. (32) reported this same increased beta-band
response following auditory paired stimuli processing in this sample. While the paired
stimuli paradigm requires no response selection, it does rely on top-down processing for
contextual stimulus salience evaluation (65). Beta oscillations are critical for long-range
cortico-cortical communication (36) and rely on GABAergic NMDA networks (66-68).
Widespread disruption of NMDA receptor function has been associated with both SZ and
bipolar disorder (69), particularly affecting excitatory signaling of GABAergic interneurons
(51). GABAergic activity is modulated by dopamine, and increased dopamine activity is
associated with both psychosis in general and with mania (70-72), which may facilitate
cyclical down-regulation of dopamine receptors during depressive phases (73). Perhaps
interactions between cyclic dopamine levels and disrupted GABAergic neurotransmission
lead to heightened beta- and gamma-band responses when an interaction between long-range
communication and local processing is required. It is possible that the increased late beta
response in BPP indicates a heightened salience imparted to the normally low salience
standard stimuli and that increased beta/gamma response to targets indicates abnormally
prolonged stimulus evaluation after response selection has occurred. In the current study,
accentuated late beta/gamma activity correlated with MADRS scores, indicating that this
response may be linked to the emotion regulation abnormalities more endemic to BPP. Due
to its uniqueness to BPP, augmented beta/gamma-band response may afford an interesting
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avenue as a potential endophenotype for BPP, although further work incorporating familial
risk factors will be necessary to support this assertion.

Consistent with previous work (12,19,24-26), the P3b did not differentiate SZ and BPP. As
indicated by target waveforms (Figure 2), earlier target-related ERPs (early and late N2s)
share the same component topographies and may capture some of the variance associated
with the P3b and P3a, respectively; both of these ERPs were smaller in amplitude among SZ
and BP. Indeed, SZ and BPP had similar decreases in P3b amplitude (Figure 2), suggesting
that this target-specific response captured psychosis variance (24). A recent meta-analysis of
structural MRI studies on SZ and bipolar I disorder found overlapping areas of grey-matter
volume loss for both groups in the cingulate cortex, a structure likely contributing nontrivial
variance to P3 generation (1,74). However, P3b amplitude reductions are associated with
multiple other pathologies (27-28,75), so this ERP measure's utility for capturing disease-
specific variance is at present uncertain.

A genetic basis for reduced P3 amplitude as an endophenotype for psychosis risk is
supported by shared variation between P3 abnormalities and DISC1, a gene associated with
psychosis risk (both SZ and bipolar I disorder) and memory impairments (76-78). DISC1 is
translated into a protein primarily localizing to mitochondria in neurons and glial cells (78)
and has functional consequences for glutamatergic activity (79), neurite outgrowth (80), and
early development of the major dopamine systems associated with both schizophrenia and
P3 generation(81-82).

There were a few limitations to this study. All but 14 psychosis patients were taking
psychotropic medications, so possible effects of antipsychotics on neurophysiological
measures were not straightforwardly addressable in this sample. Antipsychotic medication
may affect group differences (83-84). In most cases, however, these medications alleviate
abnormal responses in psychosis patients, suggesting that the group differences observed
here are robust to medication status and more inherent to underlying etiological differences
between groups. Duration of illness also was not equated between-groups, so it is unclear
whether the observed effects would change over the course of illness. Repetition of this
study in first-episode, unmedicated psychotic patients would be a useful addition to the
literature.

This study differs in a number of ways from previous literature on auditory oddball response
in clinical populations. Rather than selecting a single sensor as representative of the ERP
response, we used spatial PCA to derive a data-driven integrated neural response
incorporating information from all sensors across the head. Additionally, rather than
comparing data only at waveform peaks or time-frequency intensities, a binning and
clustering approach was used to identify areas of maximal variance across the entire time
range of neural response generation to stimulus events. The results suggest that time-
frequency measures complement ERP voltages for characterizing neural abnormalities in
psychosis groups. Incorporating information from the entire neural processing range can
illuminate deviations not readily apparent from studying specific, predefined frequency
bands or time ranges. The utility of the auditory oddball task for identifying BPP-specific
neural processing deviations (late beta/gamma response) in particular is a significant new
revelation for this research domain. Our more comprehensive analysis strategy was critical
for yielding a series of new discoveries. Future work implementing this approach to
investigate neural correlates and genetic/familial risk factors associated with auditory
processing deviations in psychosis will open particularly exciting new avenues for research.
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Figure 1.
Grand averaged butterfly plots and PCA factor waveforms and topographies for target and
standard conditions.

Ethridge et al. Page 15

Biol Psychiatry. Author manuscript; available in PMC 2013 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
PCA weighted waveforms for each group for targets and standards. The lower plots display
F values for one-way ANOVAs for each 10ms time-bin. Time-bin clusters were significant
at p<.01 if three consecutive time-bins were significant at p<.05 (F=3.05, indicated by the
horizontal gray line).
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Figure 3.
Time-frequency plots by group and point-by-point F value plots with significant clusters
(indicated by red boxes) for each factor and condition. For display purposes, group time-
frequency plots are rescaled by each frequency's mean across all groups and time-points
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Figure 4.
Group averages and standard errors for five main group discriminators determined in the
linear discriminant analysis. P-values are based on two-tailed independent samples t-tests
(df=118).
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Table 1

Demographic and clinical statistics.

Bipolar I Psychosis Schizophrenia Healthy Significance Test

Subjects 60 60 60

From each site

    UICa 22 21 21

X2(6)=1.28

    YU 16 14 17

    UTS 12 13 14

    UM 10 12 8

Percent female 50% 50% 50%

Age 36.3 (18-53) 36.6 (19-55) 36.2 (18-54) F(2,177)=.026

Trials accepted

    Standards 525 (374-567) 530 (406-567) 540 (342-567) F(2,177)=1.53

    Targets 93 (69-100) 94 (79-100) 96 (64-100) F(2,177)=2.26

Percent Correct 93.7% (SD=10.8) 87.6% (SD=19.2) 93.6% (SD=11.9) F(2,138)=2.71

Response Latency (ms) 423.4 (SD=80.5) 437.8 (SD=89.4) 418.1 (SD=83.2) F(2,138)=.681

Clinical Scales

    GAF 59.1 (30-82) 47.8 (30-90) – t(112)=4.73***

    PANSS-pos 13.6 (7-24) 17.4 (8-29) – t(112)=4.47***

    PANSS-neg 11.9 (7-30) 17.2 (7-32) – t(112)=5.45***

    PANSS-gen 29.1 (18-56) 33.3 (17-52) – t(112)=2.65**

    MADRS 11.3 (0-43) 10.7 (0-30) – t(112)=.327

    YMS 5.15 (0-21) 4.47 (0-19) – t(112)=.714

*p<.05

a
UIC, University of Illinois, Chicago; YU, Yale University/IOL; UTS, University of Texas Southwestern; UM, University of Maryland; GAF,

Global Assessment of Functioning; PANSS, Positive and Negative Symptom Scale (positive, negative, general) ; MADRS, Montgomery-Åsberg
Depression Rating Scale; YMS, Young Mania Scale

**
p<.01

***
p<.001
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