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ARTICLE INFO ABSTRACT
Article history: Little research has investigated the use of electrophysiological biomarkers in childhood and adolescence to dis-
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tinguish early onset psychosis and the clinical high risk state. The P300 evoked potential is a robust neurophys-
iological marker of schizophrenia that is dampened in patients with schizophrenia and, less consistently, in those
with affective psychoses and those at clinical high risk for psychosis (CHR). How it may differ between patients
with psychotic disorders (PS) and CHR is less studied, especially in youth. The current study compared P300 ac-
Keywords: tivity among children and adolescents, aged 5-18 years, at CHR (n = 43), with PS (n = 28), and healthy controls
P300 (HC; n = 24). Participants engaged in an auditory event-related potential (ERP) task to elicit a P300 response and
completed clinical interviews to verify symptoms and diagnoses. Linear regression analyses revealed a decrease
in P300 amplitude with increased severity of psychotic symptoms. PS participants showed a diminished P300 re-
sponse compared to those at CHR and HC, particularly among adolescents aged 13-18. This response was most
evident at centroparietal and parietal locations in the right hemisphere. The findings suggest that high risk and
psychotic symptomatology is linked to attenuated parietal P300 activity in youth as young as 13 years. Further
exploration of the P300 as a biomarker for psychosis in very young patients could inform tailored, appropriate
interventions at early stages of disease progression. Future research should evaluate whether specific phenotypic
and genotypic characteristics are differentially associated with neurophysiological biomarkers and whether P300
attenuation in CHR youth can predict later symptom severity.
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1. Introduction

The P300 event-related potential (ERP) is a positive deflection in the
electroencephalogram observed approximately 300 ms following a
stimulus presented during an auditory or visual oddball task. Such
tasks require both attention to target stimuli and discrimination of tar-
get stimuli from deviant stimuli (Patel and Azzam, 2005; Polich,
1989). P300 amplitude is a robust neurophysiological marker of both re-
cent onset and chronic schizophrenia in adults, irrespective of symptom
severity and antipsychotic medication status (Jeon and Polich, 2003;
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Morstyn et al., 1983; Salisbury et al., 1998; van der Stelt et al., 2005). Lit-
tle P300 research has been conducted with the 11-18% of patients who
present in childhood or adolescence with early onset psychosis (PS) or
clinical high risk symptoms (CHR) (Diaz-Caneja et al., 2015). Establish-
ing the validity of neurophysiological markers in youth with PS and CHR
symptomatology may improve early identification and treatment of at-
risk and ill patients (Gonzalez-Heydrich et al., 2015). Such research is
critical given the benefits of early intervention for preventing conver-
sion to psychosis in CHR and worsening of symptoms in PS (Ising et
al, 2017).

Numerous reports demonstrate P300 differences between adult
high risk and schizophrenia patients versus healthy controls at midline
scalp electrode locations Fz, Cz, and Pz (Bramon et al., 2004; Frommann
etal,, 2008; Jeon and Polich, 2003; Kim et al., 2015). The subcomponents
of the P300, the “novelty detection” P3a and the “target detection” P3b,
have both been highlighted in schizophrenia research: Studies have
shown P3a amplitude reduction in chronic schizophrenia patients
(Mathalon et al.,, 2010) and in clinical high risk as well as first episode
adults (del Re et al., 2015; Jahshan et al., 2012; Mondragén-Maya et
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al., 2013). The parietal maximal P3b, or “classic P300” response, is a
task-dependent reflection of attentional resources being allocated to a
target stimulus (Polich 2007), elicited by an oddball paradigm. The
P3b is the commonly studied subcomponent within schizophrenia re-
search (e.g. van Tricht et al., 2010; McCarley et al., 1993; Fusar-Poli et
al., 2011; Frodl et al., 2002). Research with CHR children and adoles-
cents as well as schizophrenic adolescents has shown reduced late pos-
itive amplitudes at Pz compared to healthy controls in P3b target-
detection tasks (Erwin et al., 1986; Friedman et al., 1982; Groom et al.,
2008). These reports contribute to a body of evidence supporting a
trait marker of dampened P300 response in CHR and PS youth. Whether
the P300 response differs between CHR versus PS children and adoles-
cents is unknown. Identifying potential P300 differences between CHR
and PS youth may inform our understanding of the neurological under-
pinnings of psychosis, provide a marker for early identification for at-
risk individuals, and offer insight into the development of effective ther-
apies to prevent or halt the progression of psychosis.

Some postulate that P300 amplitude is related to memory operations,
as infrequent events have no prior representation in working memory
and elicit larger P300 responses than expected or frequent events
(Donchin, 1981). The neural processes generating the P300 may depend
on the amount of attention allocated to a task, rather than distinctly
reflecting memory function, making this component potentially more
variable in children than adults (Kilpelainen et al., 1999). Importantly,
the P300 amplitude response to auditory stimuli shows a decrease in la-
tency and increase in amplitude from childhood to adolescence
(Johnstone et al., 1996; van Dinteren et al., 2014); thus, P300 pattering
may differ in youth experiencing psychotic symptoms as compared to
adults. Moreover, the neural processes underlying psychosis may differ
by age of onset. Psychosis that presents before age 13 is categorized as
“very early onset psychosis,” or VEOP. Compared to later onset, VEOP is
associated with more severe premorbid neurodevelopmental abnormal-
ities; greater frequency of comorbid developmental, speech and lan-
guage, and educational disabilities; and poorer treatment outcomes
(Hafner et al.,, 1994; Jerrell and McIntyre, 2016). Thus, youth with VEOP
may have a different neurophysiological signature than those with later
onset. Very limited research has addressed this issue (Gonzalez-
Heydrich et al., 2016), yet such differences may suggest unique targets
for intervention.

Peak onset of psychotic disorders occurs in adolescence and young
adulthood (Kessler et al., 2007); however, neural dysfunction as well as
emotional, behavioral, and cognitive difficulties may precede disease
onset. Current reliance on diagnostic interviews presents challenges for
identifying at-risk children prior to the development of psychosis due
to limitations in their ability to reliably capture the subtle intersection
of internal symptoms (e.g. hallucinations, delusions) and normal cogni-
tive developmental stages (e.g. imaginary friends, magical thinking)
(Courvoisie et al., 2001). Neurophysiological measures may aid in over-
coming these diagnostic challenges. Research is needed to determine
the utility of the P300 in identifying CHR and PS children and adolescents.

In the current study, we aimed to confirm the limited findings of
dampened P300 activation in a sample of CHR and PS children and ado-
lescents relative to healthy controls. We hypothesized that there would
be a gradation of P300 activity from healthy controls to CHR to PS in
young patients. To our knowledge, this is the first study to test whether
P300 activity differs in CHR versus PS in children and adolescents. We
conducted an exploratory analysis of differences in patterns of P300 ac-
tivity between child (5-12 years) versus adolescent participants (13-
18 years), as psychosis often presents in adolescence or young adult-
hood, and we aimed to evaluate whether oft reported P300 dampening
would be evident in youth with very early symptom onset as compared
to later (adolescent) symptom onset. Finally, we explored possible
hemispheric differences in P300 amplitude among clinical groups,
given reports of a left temporal deficit in adult schizophrenia, albeit in-
consistent (e.g. Ford et al.,, 2000; Kasai et al., 2002; Ozgurdal et al., 2008;
Pfefferbaum et al., 1989).

2. Materials and method
2.1. Participants

Participants identified as clinical high risk (CHR; n = 43), diagnosed
with a DSM-IV psychotic disorder (PS; n = 28), and healthy controls
(HC; n = 24) between 5 and 18 years of age were enrolled. CHR and
PS participants were recruited from the Outpatient Psychiatry Service
at Boston Children's Hospital (BCH); the Commonwealth Research Cen-
ter (CRC); and the Social Neuroscience and Psychopathology Laboratory
(SNAP Lab). HC participants were recruited via community advertise-
ments in the Boston area and word of mouth. PS participants met
DSM-IV criteria for Schizophrenia (n = 9), Psychotic Disorder NOS (n
= 12), Schizoaffective Disorder (n = 5), or Major Depression with psy-
chotic features (n = 2) based on the Kiddie Schedule for Affective Disor-
ders and Schizophrenia for School-Age Children-Present and Lifetime
Version (K-SADS-PL). Diagnosis of CHR was established by the Scale of
Prodromal Symptoms (SOPS) embedded within the Structured Inter-
view for Psychosis-Risk Syndromes (SIPS); criteria included intermit-
tent cognitive distortions with an absence of clinical psychosis and
reality testing intact. Of these participants, 30% met criteria for Brief In-
termittent Psychosis Prodromal Syndrome (BIPS); 70% met criteria for
Attenuated Positive Symptom Prodromal Syndrome (APS); and 7% ad-
ditionally met criteria for Genetic Risk and Deterioration Prodromal
Syndrome (GRDS). HC participants could not meet CHR criteria, have a
current or past Axis I diagnosis, or any first-, second-, or third-degree bi-
ological relatives with a psychotic disorder. Exclusion criteria for all par-
ticipants included a lifetime diagnosis of substance abuse or
dependence, neurological disease, medical illness with cognitive se-
quelae, sensory impairments, or intellectual disability.

2.2. Procedures and measures

The BCH Institutional Review Board approved all procedures prior to
study enrollment. Participants provided assent when able, or consent if
the participant was 18 years old, and a parent provided written in-
formed consent. Participants completed demographic questionnaires,
clinical interviews, and an auditory ERP paradigm. Clinical interviews
were administered using the K-SADS-PL, a validated semi-structured in-
terview used to diagnose DSM-IV psychiatric disorders in youth 18
years and under (Kaufman et al., 2000). Participants were also adminis-
tered the SIPS/SOPS (McGlashan et al., 2010) to evaluate CHR status and
rate symptom severity. If the ERP visit occurred more than one month
after the clinical interviews, the SIPS/SOPS were re-administered to
confirm clinical group assignment. No participant was reclassified
based upon reassessment. Race, ethnicity, date of birth, medical and
psychiatric history, medication usage, and school functioning were de-
termined via parent/guardian reports, interviews, and demographic
questionnaires.

2.2.1. Auditory ERP paradigm for the P300 component

EEG recordings were collected with an EGI 128-channel Geodesic
Net System (Electrical Geodesics Inc., Eugene, OR) while the participant
was seated in a quiet room. Auditory stimuli were presented with TDH-
49P headphones. All participants watched muted videos during the au-
ditory stimuli in order to help maintain participant composure, and thus
compliance, with the EEG task.

In total, 500 frames of stimuli were presented during the task, 15% of
which were infrequent or “deviant” stimuli. Frequent and infrequent
tones were presented to elicit the differential P300 response, with a
ratio of 8 frequent to 1 infrequent tones. The auditory stimuli were
1000 Hz (frequent) and 1500 Hz (infrequent) digitally constructed si-
nusoidal tone pulses. There was a 500 ms prestimulus baseline, and a
random interframe interval of 0-256 ms rendered each subsequent
frame unpredictable in terms of whether the tone would be frequent
or infrequent as well as the time of delivery. Each tone pulse was 50
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Table 1
Participant demographics by clinical group classification.

Variable Clinical group

HC (n = 24) CHR (n = 43) PS (n = 27)

n M SD % n M SD % n M SD %
Age (years) 119 3.6 13.0 3.0 12.7 32
Gender (male) 16 66.7 21 51.2 18 64.3
Handedness (left-handed) 4 17 3 7 4 15
Antipsychotic use (CPZ equivalence) 0 0 9 99.9 74.7 209 16 85.6 79.2 59.3
Comorbid diagnoses 0 0 30 69.8 22 81.5

Note: HC: healthy control; CHR: clinical high risk; PS: psychosis. CPZ = antipsychotic daily dose converted to equivalent daily chlorpromazine dosage equivalents in mg; percentage re-
ported is percentage of participants within group taking any antipsychotic medication. Antipsychotic medications include: Risperidone (n = 12), Aripiprazole (n = 10), Olanzapine (n =
1), Clozapine (n = 1), Ziprasidone (n = 1). Comorbid diagnoses include Autism Spectrum Disorder, Bipolar Disorder, Attention Deficit/Hyperactivity Disorder, Anxiety disorders, Depres-
sion disorders, Panic Disorder, Obsessive Compulsive Disorder, Gender Dysphoria, and Posttraumatic Stress Disorder.

ms in duration bounded by 0.0005-s onset and offset ramps. Sinusoidal
tone pulses were adjusted to a Sound Pressure Level (SPL) of 75 dB and
presented binaurally on a randomly determined interstimulus interval
(Noesis software), varying 2000-3000 ms to avoid rhythm artifact. A
trial marker corresponding to stimulus onset was recorded along with
the EEG data. Participants were instructed to press a button when the
infrequent stimulus occurred, creating an attentional, task-dependent
response to elicit a P3b. Task performance and any state changes that
were affecting the EEG (i.e. drowsiness, agitation) were monitored by
the research staff continuously throughout the paradigm. If necessary,
the task was briefly paused, the participant alerted, and the paradigm
restarted.

Photogrammetry was performed on 11 photographic images of the
original 128-channel EGI net placement to determine true scalp elec-
trode location. The 128 channels were converted to a full 81 channel
10-10 electrode standard data set using three-dimensional spline inter-
polation. Analyses were based upon common average reference for all
channels. Data were collected at 500 Hz and bandpass filtered from
0.53 to 50 Hz with an additional 60 Hz mains filter. ERP epochs were
segmented from -500 ms pre-stimulus to 1000 ms post-stimulus. Prior
to signal averaging, epochs were visually examined by trained staff for
movement and electrode artifact, eyeblink storms, state changes, mus-
cle bursts, and timeout intervals; such epochs were marked for omis-
sion from subsequent signal averaging. Automated eyeblink and eye
movement artifact removal procedures were then implemented on
the entire EEG using BESA 6.0 (Berg and Scherg, 1994).

ERP signals, averaged from infrequent task trials, were low-pass fil-
tered at 8 Hz for all participants to address residual 9-12 Hz activity fre-
quently observed in both pre- and post-stimulus components of
individual averaged signals, eliminating spurious contamination. In ac-
cordance with previous studies, P300 amplitudes and latencies were
identified in each participant as the peak amplitude and associated la-
tency observed across midline electrodes Fz, Cz, and Pz during a win-
dow 200-450 ms post-stimulus (Bramon et al., 2004; Jeon and Polich,
2003; Lee et al., 2010; McCarley et al., 1991). For evaluation of hemi-
sphere effects, signal amplitudes in the left/right hemispheres were
identified at temporal (T7/T8), centroparietal (CP5/CP6), and parietal

Table 2
Means and standard deviations of P300 latency and P300 amplitude at Fz, Cz, Pz.
HC CHR PS
M SD M SD M SD
Latency (ms) 317 39.2 317 425 312 42.5
Amplitude (uV)
Fz 0.3 2.6 0.5 24 —0.003 2.1
Cz 3.1 29 2.8 25 2.2 19
Pz 5.1 3.0 4.9 23 3.8 19
Maximal midline peak 5.6 2.5 5.4 2.1 4.2 14

Note: Analyses were conducted with the maximal midline peak point of activation.

(P7/P8) electrode locations at a latency identified by each individual's
P300 peak.

2.3. Data analysis plan

Data were subjected to tests of normality and examined for outliers.
Descriptive analyses were conducted. The Freeman-Halton Extension of
a Fisher's Exact test assessed group differences on categorical demo-
graphic variables (gender, handedness). Analysis of variance (ANOVA)
tests evaluated group differences on age and antipsychotic use, with an-
tipsychotic daily doses converted to chlorpromazine equivalence (CPZ;
Danivas and Venkatasubramanian, 2013)).

Linear regression modeling tested the association between clinical
group and peak P300 amplitude. Peak P300 midline activity was
regressed on age, gender, handedness, and antipsychotic CPZ dosage
equivalents to account for differences due to demographic variables.
All theoretically-based predictor variables were included in analyses
and, using the simultaneous evaluation of all predictor variables, coeffi-
cients were adjusted properly. An interaction between age and clinical
group was included in the model with inclusion of the main effects
terms; this interaction was further explored by testing for simple slopes
across groups as a function of age. Tests of homogeneity of variance and
the presence of heteroscedastic errors were conducted including
Levene's test, White's test, the Breusch-Pagan test, and the modified
Breusch-Pagan tests. The Freeman-Halton Extension of Fisher's Exact
test assessed categorical group demographic differences between chil-
dren and adolescents, and ANOVA tests assessed differences on point
estimates of continuous variables.

To explore asymmetry differences, data were analyzed from left
hemisphere electrodes T7, CP5, P7 and right hemisphere electrodes
T8, CP6, P8. Electrode sites were chosen in accordance with prior reports
of P300 temporal asymmetry in adults (e.g. Strandburg et al., 1990;
McCarley et al., 1993) and reports of central and parietal deficits in
P300 amplitude (e.g. Morstyn et al., 1983; van Tricht et al., 2010). An
ANOVA model, using a within-person factor for left versus right topog-
raphy and a between-person factor involving participant classification
(3 levels), was conducted. Of interest was the presence of a significant
interaction, which, when present, was followed by a series of contrasts
to identify the location of the interaction.

To anticipate potential biases of the relatively small sample size, all
analyses were repeated via bootstrapping (Efron, 1982) to simulate
the population distribution and assess possible parameter biases. Re-
sults show amount of bias and modified standard errors as per the boot-
strap distribution. Bias corrected and accelerated (BCa') 95% confidence
intervals were produced using estimated parameters from the boot-
strap distribution.

! BCa confidence intervals were estimated by taking into account deviations from nor-
mality, correcting for bias and skeweness in the distribution of bootstrap estimates
(Carpenter and Bithell, 2000).



K. Graber et al. / Schizophrenia Research 210 (2019) 228-238 231

Table 3

Summary of linear regression analyss for variables predicting P300 amplitude.
Variable Model 1 Model 2

B Bias SEB t Sig. BCa 95% B Bias SEB ¢ Sig. BCa 95%

Clinical group —0.770 —0.027 0303 -—-2539 0.013 —1.325-(—0.280) 1.567 0.136 0924 1445 0.152 —0.497-3.960
Age (years) 0.086 —0.001 0.067 1271 0207 —0.045-0.205 0.457 0019 0.156 2562 0.012 0.097-0.836
Gender (male) —0.599 0.034 0431 —1.389 0.168 —1.553-0.373 —0.618 0.023 0433 —0.145 0.147 —1.522-0.342
Handedness (left-handed) 0.834 —0.005 0.663 0.128 0212 —0.647-2.307 0.830 0.016 0.844 0.127 0.204 —0.937-2.584
Antipsychotic use (CPZ equivalence)  0.001 0.000 0.004 0.018 0.865 —0.008-0.008 0.000 0.000 0.004 0.085 0932 —0.008-0.008
Clinical group Age - - - - - - —0.189 —0.010 0.071 —2.240 0.028 —0.311-(—0.086)

Note: Antipsychotic medications include Risperidone (n = 12), Aripiprazole (n = 10), Olanzapine (n = 1), Clozapine (n = 1), and Ziprasidone (n = 1). Predictor variables significantly
associated with P300 amplitude are bolded. The increased bias estimate for the clinical group is not interpreted negatively, as it is a qualitative variable and bootstrapping cannot be reliably
interpreted. Standard errors and probabilities are based on the Bootstrap distribution. Results in terms of significance were identical using the sample data and those from the bootstrap
distribution. 95% Bias-corrected and accelerated confidence intervals are shown. Constant value is not shown for parsimony. Power analysis for the multiple regression model was esti-
mated for identifying significant effects at 80% of the time (i.e., power) resulting from a multiple R-square value of 20%, with 6 predictor variables (Model 2), in relation to a null prediction.
Results indicated that n = 88 participants would provide adequate power (Benton & Krishnamoorthy, 2003; Gatsonis & Sampson, 1989). Model 1 with 5 predictors had enhanced power
levels for the same configuration (i.e., 83%). Consequently, the present sample suffices for both models.

3. Results
3.1. Descriptive data

Within the PS group, there was a single outlier whose P300 ampli-
tude measurement was four standard deviations from the group
mean. With this outlier removed from the data set (PS; n = 27), all clin-
ical groups met tests of normality.

Table 1 depicts the distributions of study variables across clinical
groups. Clinical groups did not differ on gender (p = .317), handedness
(p = 423), or age [F(2,91) = 0.969, p = .383]. As expected, groups dif-
fered based on antipsychotic CPZ dosage equivalents [F(2,91) = 5.029,
p = .008], with HC and PS groups differing at p = .007. The CHR group
did not differ significantly from HC (p = .379) or PS (p = .146).

3.2. Clinical group differences on P300 amplitude and latency

Means and standard deviations of P300 latency and amplitude along
the midline are summarized in Table 2. P300 latency did not differ

among clinical groups (p = .856) and thus was not explored further.
As shown in Table 3, Model 1, of the variables tested via linear regres-
sion, only the clinical group classification variable (HC, CHR, PS) signifi-
cantly predicted P300 amplitude activity (3 = —0.770, p = .013). Age,
gender, handedness, and antipsychotic use were not significant (ps >
0.16).

An ANOVA test revealed a significantly dampened midline P300 am-
plitude with increasing severity of psychosis spectrum clinical group,
from HC to CHR to PS [F(2,91) = 3.897, p = .024, v = 0.078]. However,
follow-up analyses using Bonferroni post-hoc comparisons revealed the
only significant differences were between PS and HC groups (p = .047)
and between PS and CHR groups (p = .050).

3.3. Age-group comparison
In a linear regression including an interaction term between clinical
group classification and age (Table 3, Model 2), the interaction was a

significant predictor of P300 amplitude (p = —0.189, p = .028; R° =
0.163). To explore the clinical group by age interaction, an analysis of

Peak P300 Amplitude on Midline

12

Age

Fig. 1. Analysis of simple slopes testing the interaction between age and clinical group. The figure shows age as a continuous variable to express the slope lines; results are identical using

age as a two-group variable, separated into children and adolescents.
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Table 4
Participant demographics by child versus adolescent group.
Child Adolescent
(5-12 years) (13-18 years)
HC CHR PS Total HC CHR PS Total
Analyzed (n) 12 16 12 12 27 15
Age in years, M (SD) 9.0 (24) 9.8 (14) 96 (1.4) 14.8 (14) 15.0 (1.6) 15.1 (1.6)
Gender (% male) 62.5 53.7
Handedness (% left) 15.0 9.3
Antipsychotic use (% yes) 275 24.1

simple slopes was conducted. Tests of homogeneity of variance and the
presence of heteroscedastic errors were conducted. Levene's test was
non-significant, suggesting equality of groups' error variances [Levene's
F(5) = 1.311, p = .267]. For the assumption of equal error variances
across levels of the independent variables, White's test was non-signif-
icant, suggesting meeting the assumption of homoscedastic errors 2
(5) = 7.747, p = .171]. The same result of the tests of error variances
were replicated by use of the Breusch-Pagan and the modified
Breusch-Pagan tests.

As shown in Fig. 1, there were different simple slopes per clinical
classification group. Specifically, there was a significant positive slope
for HC (b = 0.260, p = .007) followed by two non-significant slopes

for CHR (b = 0.062, p =.597), and PS (b= —0.102, p =.159). An
omnibus test of the equality of simple slopes pointed to non-equivalence
[Wald test(2) = 8.992, p = .0112]. This was followed by bivariate com-
parisons, indicating that there were significant differences between the
slopes of the HC and PS groups only (b = 0.362, p = .003). There
were no differences in the slopes between the HC and CHR groups
(b=10.198, p = .190) or CHR and PS (b = 0.164, p = .232).

In order to elucidate the results from the simple slopes analysis,
namely that P300 differences appear to increase and change as age
increases, the sample was stratified into two age groups (child, ages 5-
12 and adolescent, ages 13-18). Child and adolescent groups did not
differ on gender [?(1) = 0.727, p = .394], handedness [x*(1) = 0.733,

a) P300 amplitude group differences - Child

Time (ms)

-4

Amplitude pv

—HC

b) P300 amplitude group differences - Adolescent

Time (MS) o~ 2> =

-500 -409 300 -200+-106"
) -2

-4

Amplitude (nV)

Fig. 2. Age group comparison of P300 amplitudes across clinical groups: a) Clinical group differences within the child group did not reach significance. b) Significant differences emerged in
the adolescent group between HC and PS (p = .029) and between CHR and PS (p = .029). P300 amplitude was evaluated within a window of 200-450 ms post stimulus.
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p = .392], or antipsychotic use at the time of assessment [F(1,92) = P300 amplitude by clinical group, separated for children and adoles-
0.181, p = .671]. Table 4 provides demographic details of the clinical cents, are depicted in Fig. 2a and b. Within the child subgroup, the rela-
groups split by age groups. tionship between clinical group and P300 amplitude suggested in Fig. 2a

C

a. Total Sample

L

High Risk

c. Adolescent Group

Fig. 3. Topographic maps of P300 activation separated by clinical group in a. the entire youth sample; b. the child group (ages 5-12); and c. the adolescent group (ages 13-17). Significant
differences in midline P300 amplitude were found in the adolescent group only, between HC and PS (p = .029) and between CHR and PS (p = .029).
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was not statistically significant [F(2,37) = 0.203, p = .817], while
it was robust and significant within the adolescent group [F
(2,51) = 5.960, p = .005, 1> = 0.189]. Subsequent pairwise com-
parisons found that the PS group showed an attenuated P300 rela-
tive to both the CHR (mean difference = 1.71, p = .029) and HC
(mean difference = —2.51, p = .029) groups after Bonferroni cor-
rection; the difference between the HC and CHR groups did not
reach significance (mean difference = —0.80, p = .754).

3.4. Topographic analyses for hemispheric effects

Topographic maps of P300 activity by clinical group are shown in Fig.
3, delineated by a) Total sample, b) Child group, and c) Adolescent
group. To test for hemispheric effects, P300 amplitude values at left
hemisphere electrodes (T7, CP5, P7) and right hemisphere electrodes
(T8, CP6, P7) were examined for child and adolescent groups separately,
given that they showed different P300 results overall. Means and stan-
dard deviations are displayed by age group in Tables 5a and 5b.

In the child subgroup, there was a significant 3 x 3 interaction for
only the right hemisphere models [F(2, 37) = 3.414, p = .044]. Fig. 4
displays the 3 x 3 models representing left and right topographies and
two age groups. Specifically, there was a significant difference between
HC and PS groups at P8, with HC having significantly elevated scores [F
(1,37) = 5.946, p = .020]. In contrast, there were no differences be-
tween classification groups in the T8 and CP6 locations.

Among adolescents, results pointed to significant interactions be-
tween location and classification for both the left [F(2, 51) = 4.819,p =
.012] and right hemisphere models [F(2, 51) = 3.955, p = .025]. In the
left hemisphere factor model, at the T7 location, there were significant dif-
ferences between HC and CHR [F(1, 51) = 6.451, p = .014] and between
HCand PS [F(1,51) = 6.712, p = .012]. This pattern of differentiation was
only evident at T7. For the right hemisphere, there were significant differ-
ences in the CP6 location only. Specifically, the PS group had significantly
lower mean values compared to both HC [F(1,51) = 6.511, p = .014] and
CHR [F(1, 51) = 7.767, p = .007]. Fig. 4 displays the mean P300 ampli-
tudes among the three clinical groups at each scalp location by
hemisphere.

4. Discussion

The overall goal of this study was to evaluate P300 activation in a
sample of CHR and PS children and adolescents compared to healthy
controls (HC). A secondary goal was to examine whether patterns of
P300 activation differed among child versus adolescent clinical groups.
We found that overall, PS youth differed from CHR and HC groups in
their mean P300 amplitude response to auditory stimuli. This was par-
ticularly evident in adolescents. Secondary hemispheric analyses re-
vealed dispersed effects at different electrode locations, dependent
upon age group and clinical group comparison.

Our hypothesis regarding a gradation of P300 dampening from HC to
CHR to PS was only partially supported. While the data showed an asso-
ciation between increasingly severe psychotic spectrum categories and
lower average P300 amplitude, post-hoc analyses revealed that the
P300 amplitude differed between PS and HC and between PS and CHR,
but not HC and CHR. To our knowledge, this study is the first to report
significant P300 differences between CHR youth versus those with diag-
nosed psychosis, extending previous findings of decreased P300 ampli-
tude comparing PS to CHR adults (Bramon et al., 2004; Frommann et al.,
2008; Jeon and Polich, 2003; Kim et al,, 2015).

Studies in adults with prodromal symptoms of psychosis have found
reduced P300 amplitudes compared to healthy controls (Bramon et al.,
2008; Frommann et al., 2008; van der Stelt et al., 2005). Additionally,
Morimoto et al. (2016) found that CHR adolescents showed a damp-
ened P300 amplitude compared to controls. The lack of a significant dif-
ference between HC and CHR participants in the current study possibly
reflects clinical heterogeneity in the CHR group, a characteristic widely

Table 5a
Topographic analysis - Means and standard deviations of P300 amplitude for children
(ages 5-12).

HC CHR PS
M SD M SD M SD
Left
T7 1.26 1.50 0.73 1.18 1.23 213
CP5 2.79 2.12 2.39 1.14 2.75 2.83
P7 243 1.99 2.38 2.14 1.71 2.61
Right
T8 135 1.67 1.38 1.69 2.46 3.70
CP6 3.10 1.57 2.81 1.19 2.52 3.24
P8 3.54 1.81 2.57 249 1.26 241

Note: Greatest points of P300 activation occurred at the centroparietal scalp electrode lo-
cations (CP5, CP6).

recognized in studies evaluating this population (Fusar-Poli et al.,
2016). In our sample, participants were classified as CHR if they en-
dorsed psychotic-like symptoms without conviction of their basis in re-
ality, or if psychotic symptoms were transient. Symptoms represented
in the CHR group of developing children and adolescents may be indic-
ative of a spectrum of mild psychotic symptoms, encompassing a range
of severity. A recent study regarding CHR in children and adolescents re-
ported that rates of conversion to psychosis ranged from 17 to 20% at 1-
year follow-up and 7-21% at 2-year follow-up (Tor et al.,, 2017). In
adults, the conversion rate at 2-year follow-up is 29% (Fusar-Poli et al.,
2012). van Tricht et al. (2010) longitudinally explored P300 abnormali-
ties in young adult ultra high risk patients, finding that reduced P300
amplitude was the best predictor of transition to psychosis. Without
longitudinal follow up of these patients, we cannot conclude whether
P300 amplitude is a reliable predictor of transition to psychosis among
CHR youth; future research should consider whether variability in
symptom presentation among child and adolescent CHR participants
is associated with differences in P300 activity and whether such neuro-
physiological markers are predictive of conversion to psychosis in a
younger, critically developing population.

We did not find differences in P300 latency between clinical groups,
consistent with other reports (e.g. (Frommann et al., 2008; Morimoto et
al., 2016). Although some studies have shown increased latency of the
P300 in adult schizophrenia patients (O'Donnell et al., 2004; Salisbury
et al., 1998), this finding has been attributed to increased age and illness
duration, as the course of schizophrenia can be associated with a pro-
gressive decline of brain function (Mathalon et al., 2000). Null P300 la-
tency effects in our youth sample are consistent with this hypothesis.

In analyses conducted separately for children and adolescents, only
adolescents showed dampened P300 amplitude by clinical group, with
pairwise differences emerging between PS and CHR and between PS
and HC. Visually, the data show a gradual decline in P300 activation
from HC to CHR to PS (Fig. 2b), although the difference between HC
and CHR did not reach significance. The fact that our data did not

Table 5b
Topographic analysis - Means and standard deviations of P300 amplitude for adolescents
(ages 13-18).

HC CHR PS
M SD M SD M SD
Left
T7 —0.38 1.21 0.88 1.52 1.05 1.39
CP5 227 1.99 2.75 1.29 2.09 1.58
P7 1.49 2.22 1.64 1.39 1.22 1.47
Right
T8 0.53 1.44 0.65 1.78 0.13 1.12
CP6 3.03 2.25 2.86 1.79 1.26 1.29
P8 1.89 1.40 1.70 245 0.67 1.21

Note: Greatest points of P300 activation occurred at the centroparietal scalp electrode lo-
cations (CP5, CP6).
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provide evidence for group differences among children may be because
P300 measurement in younger participants is more susceptible to more
variable, intermingled component amplitudes as the P300 matures
(Polich et al., 1990; van Dinteren et al,, 2014). It is also possible that neu-
rologic changes underlying VEOP differ from those underlying adoles-
cent psychosis.

Research has shown the reliability of an attenuated auditory P300 as
a putative marker for adult schizophrenia as compared to controls (for
reviews, see Jeon and Polich, 2001; Pritchard, 1986). The P300 compo-
nent is taken to be a neurophysiological index of information processing
and representative of higher cognitive brain functions related to mem-
ory and attention (Downes et al., 2017; Polich, 1996). In patients with
schizophrenia, a dampened P300 could reflect greater thinking distur-
bances and reduced cognitive resources. Studies using visual stimuli
have also demonstrated attenuated P300 responding in youth with psy-
chotic symptoms. For example, Rawdon et al. (2013) assessed P300 re-
sponsiveness to a spatial working memory task in adolescents who self-
reported psychotic symptoms, particularly auditory hallucinations and
delusions, reporting a dampened P300 response compared to controls,
consistent with our findings. Among VEOP children with hallucinations,
delusions, and thought disorder, Strandburg et al. (1990) found an at-
tenuated P300 amplitude. The results from our child group contrast
this finding, potentially reflecting differential involvement of visual
and auditory systems by the underlying disease process, or a unique de-
velopmental trajectory for the visual P300, whereby prior research has
shown a negative association between the strength of the visual P300
and age (Segalowitz et al., 2010; Stige et al., 2007). This contrast could
also be due to differences in inclusion criteria for psychotic children in
various studies. The current study employed a Research Domain Criteria
(RDoC) approach (Insel, 2014), including participants with a range of
psychotic disorders. As a group, these studies provide evidence for
P300 group differences across auditory- and visually-based tasks in
youth on the psychosis spectrum. Our results expand on these findings
by showing differences between CHR and PS adolescents, with P300 at-
tenuation greatest in those with psychosis.

This study's topographic results corroborated prior findings
(Schreiber et al., 1992; van der Stelt et al., 2005) that the P300 is stron-
gest at parietal locations, namely Pz. P300 amplitudes were largest at
centroparietal and parietal electrodes, and PS participants showed a de-
crease in right hemisphere activation at CP6 and P8 relative to HC and
CHR participants. Strandburg et al. (1990) reported dampened left
hemisphere activity in schizophrenic children at the earlier P200 neuro-
physiological marker; in our sample, by separating children and adoles-
cents, we found that PS children showed significantly dampened P300
activity in the right parietal location compared to HC participants. This
pattern was also seen in adolescents, suggesting a potential salient
marker of altered P300 activity in PS youth. The adolescent subgroup
showed a clearer lateralized delineation of P300 dampening at the
right hemisphere electrode sites than the child subgroup.

The topographic data revealed differences between CHR versus HC
and PS adolescents, with differences between HC and CHR in the left
temporal location, and between CHR and PS at the right centroparietal
location. Some postulate that structural effects such as asymmetry be-
come more apparent with longer illness duration or chronic psychosis
(Renoult et al., 2007; van der Stelt et al., 2005). Those within CHR clas-
sification in our sample may encompass enough variance in P300 devel-
opment, symptom severity, and length of illness to reduce more robust
and conclusive group differences in terms of asymmetry. Research in
adults with or at risk for schizophrenia and psychosis has evidenced
dampened left hemisphere activity, particularly in temporal scalp loca-
tions (Frommann et al., 2008; McCarley et al., 1991; Morstyn et al.,
1983; Pritchard, 1986) and in first episode adult patients (Salisbury et
al., 1998). The current findings, though cross-sectional, considered
alongside the extant literature, might suggest an evolving P300 asym-
metry with increasing psychosis spectrum category severity. Notably,
the research presenting contrary findings or a lack of asymmetry are

considerable (e.g. Ford et al., 2000; Iwanami et al., 2002; Ozgurdal et
al., 2008; Pfefferbaum et al., 1989), and there is a dearth of P300
asymmetry research in younger populations. The inconclusiveness of
these findings emphasizes the need for continued exploration of devel-
oping neurophysiological lateralization in children and adolescents
experiencing symptoms of psychosis.

This study has several strengths. These results are the first to demon-
strate differences in neurophysiological P300 responsiveness between
CHR and PS youth as young as 13 years. The data suggest that increased
severity of psychotic spectrum clinical category is linked to dampening
of P300 activation in parietal areas. Recognizing the P300 as a discern-
ible neurophysiological biomarker may be useful for the creation of tai-
lored, appropriate interventions for affected children and adolescents.
Limitations of the current study include a relatively small sample size,
particularly when split by clinical group and age, which may have lim-
ited power to detect effects. Also, the heterogeneity of symptoms and
functioning among the CHR and PS groups likely introduced variance
into the analyses. Psychosis was treated as a trait variable in this
study, and this hinders the ability to account for current symptom
count and or severity in the PS participants, as this could potentially im-
pact ERP characteristics. The current findings suggest that future re-
search on neurophysiological markers, particularly the P300, in CHR
and PS youth is worth pursuing. Future research could benefit from fur-
ther distinguishing CHR and PS groups based on particular psychotic
symptoms, comorbid diagnoses, and genetic predisposition to psychotic
illness in order to test whether specific phenotypic or genotypic charac-
teristics are differentially associated with P300 activation. Akin to van
Tricht et al. (2010), longitudinal follow-up of young cohorts would
allow for the corroboration and further exploration of whether P300 ac-
tivity predicts transition to psychosis during critical developmental pe-
riods, changes in symptom severity, or remission in PS individuals.

In summary, the findings presented here suggest that P300 activity
may serve as a useful biomarker in evaluating psychosis risk in youth.
Research that further explicates the utility of a range of neurophysiolog-
ical markers in CHR and PS children and adolescents as well as children
atrisk due to other factors (e.g. genetic high-risk profile, family risk) will
contribute to our ability to identify at-risk youth early in the disease
process and, ultimately, target interventions that alter disease
progression.
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