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ARTICLE INFO ABSTRACT

Background: Recent schizophrenia research exploring the complicated pathogenesis of schizophrenia has fo-
cused on the subjects with at-risk mental states in order to exclude the influence of confounding factors. This
study explores 3 sets of auditory-related event potentials in subjects with different risk levels of psychosis.
Methods: Subjects were recruited from the SOPRES study in Taiwan. P50 and N100 using an auditory paired-
click paradigm and duration MMN were assessed on 32 first-episode psychosis (FEP), 30 ultra-high risk
(UHR), 37 E-BARS (early/broad at-risk mental states) participants and 56 controls.
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N?;‘:g;rm; negativity Results: MMN was correlated with neither P50 nor N100, whereas many parameters of the latter two were inter-
P50 correlated with each other. Compared to healthy controls, MMNs were significantly lower in all 3 clinical groups
N100 (E-BARS, UHR and FEP). A gradient of sensory-gating deficits, manifested by increased P50 ratios (S2/S1) and de-

creased N100 differences, across different levels of clinical severity was suggested by a linear trend. For the UHR
subjects, P50 gating ratio, N100 gating ratio, N100 difference, and N100S2 amplitude might be potential indica-
tors to discriminate converters from non-converters.
Conclusions: By including subjects with E-BARS, our results provide new insight regarding pre-attentive auditory
event-related potential in subjects across different risk levels of psychotic disorders. Impaired deviance detection
shown by MMNs already exists in people at a pre-psychotic state regardless of clinical severity, while sensory-
gating deficits shown by P50/N100 varies depending on the risk levels in prodromal period. Further longitudinal
research exploring the relationship between ERPs and subjects with a suspected pre-psychotic state is needed.
© 2012 Elsevier B.V. All rights reserved.

Schizophrenia
Pre-psychotic state

1. Introduction complicated pathogenesis of schizophrenia without being confounded

by these factors is to monitor the progression of subjects from a

Schizophrenia is a disorder of the brain that involves several levels
of deficits (Braff and Light, 2004; Rissling and Light, 2010b). Most
neurobiological studies of schizophrenia have been conducted in
chronic patients; however, the long duration of illness per se could be
a confounder, making the interpretation of neurobiological findings
rather difficult (Mathalon et al, 2000; Premkumar et al, 2008;
Tanskanen et al, 2010). Also, the long-term use of antipsychotics
has profound effects on brain neurochemistry and possibly brain
morphology (Breier, 2004). A promising approach to explore the
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pre-psychotic state to a full-blown psychotic episode (Cornblatt et al.,
2003; Keshavan et al., 2011).

In the past decade, researchers worldwide have conducted pros-
pective studies in this regard, but the majority of them focused on the
ultra-high risk or late-prodromal state (Breier, 2004; Olsen and
Rosenbaum, 2006), while little is known about what happened prior to
ultra-high risk state. Keshvan et al. proposed the concept of early/broad
at-risk mental states (E-BARS) to suggest needs to explore individuals at
an earlier stage and broader range of at-risk mental states (Keshavan et
al,, 2011). In Taiwan, a study on the psychopathological progress of the
pre-psychotic state (the SOPRES study) was initiated in 2006. In addition
to including ultra-high risk subjects who demonstrated a significantly
higher probability of transition to a full-blown psychotic episode, the
SOPRES study also recruited subjects at marginal-risk (subjects pre-
senting with non-specific cognitive and affective symptoms did not
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yet meet any diagnostic category), intermediate risk (subjects with
schizotypal-like and some negative symptoms), and first-episode
psychosis (Liu et al., 2010; Liu et al., 2011). Thus the SOPRES data al-
lows us to explore individuals putatively at pre-psychotic state
while not reaching the severity of ultra-high risk criteria.

Auditory event-related potentials (ERP), including P50, N100, and
mismatch negativity (MMN), have been utilized to study normal ver-
sus defective information processing in schizophrenia (Adler et al.,
1982; Nagamoto et al., 1991; Clementz et al., 1997; Michie, 2001;
Keshavan et al., 2008). Sensory-gating methods using paired-click
paradigm (Nagamoto et al., 1989; Nagamoto et al., 1991) had provided
strong relationship between genes and the pathophysiological aspect
of the illness (Freedman et al., 1997). They have also been identified
as candidate endophenotypes of schizophrenia in order to reveal
possible schizophrenia genes (Turetsky et al., 2007; 2008; Javitt et
al., 2008; Rissling and Light, 2010a). Several studies have investigated
the relationship of auditory ERP components in high-risk subjects. For
example, P300 amplitude reduction has been correlated with an
increased vulnerability to psychosis (Bramon et al., 2008; Frommann
et al.,, 2008; Ozgurdal et al., 2008; van Tricht et al., 2010). MMN ampli-
tudes of prodromal subjects were found to be at an intermediate stage
between those of the control and schizophrenia subjects, although the
difference did not reach statistical significance (Brockhaus-Dumke et
al., 2005). P50 and N100 were found with marginal differences be-
tween healthy control subjects and high-risk groups in P50 ratio
(S2/S1) and N100 difference (S1-S2), while no significant differences
in any parameter between converters and non-converters (i.e. at-risk
subjects versus truly prodromal patients) (Brockhaus-Dumke et al.,
2008).

As compared with other studies that recorded ERPs solely in ultra-
high risk subjects or drug-naive genetically high-risk probands, this
study concurrently investigated the auditory ERPs of subjects at differ-
ent levels of clinical severity, from normal controls to an early/broad
at-risk mental state, ultra-high risk state, and first-episode psychosis.
Also an addition to previous studies on UHR subjects, we examined
the intercorrelation between P50, N100, and MMN, explored the fea-
tures of P50, N100, and MMN among these clinical subgroups, and com-
pared the baseline ERP findings between the converters and non-
converters of our ultra-high risk subjects.

2. Methods
2.1. Participants

Subjects were participants in the SOPRES study who agreed to
receive electrophysiological assessments. The rationale and method-
ology for the SOPRES study have been described elsewhere (Liu et
al.,, 2010; Liu et al., 2011). Briefly, individuals presenting with “non-
specific Cognitive deficits, Affective symptoms, Social Isolation, and
School failure” (CASIS) (Cornblatt et al., 2003) or having newly devel-
oped psychotic-like symptoms were referred for assessment. The
SOPRES study was approved by the National Taiwan University Hos-
pital (NTUH) Institute Review Board. All subjects and/or their parents
provided signed written informed consent before their participation
in this study.

Originally, the levels of clinical severity were categorized into four
groups by employing the Thought/Perception Diagnostic Interview
Schedule (TP-DIS) (Liu et al.,, 2011). The group of first-episode psychosis
(FEP) included participants with schizophrenia, schizophreniform disor-
der, brief psychotic disorder, or schizoaffective disorder meeting the
DSM-IV criteria in the preceding one year. The ultra-high risk group
(UHR) included participants with attenuated psychotic symptoms (APS)
or brief limited intermittent psychotic symptoms (BLIPS) (McGorry et
al., 2003). The intermediate-risk group (IRG) included participants who
presented with odd thinking, feelings, speech, or perceptual experiences,
which were not as severe as in the UHR group but met the criteria of

schizotypal disorder according to the 10th edition of the International
Classification of Diseases (ICD-10) without the duration requirement of
two years. The marginal-risk group (MRG) included participants with
CASIS symptoms (Cornblatt et al., 2003) without meeting either the
threshold for the IRG or other diagnostic category. A group of age- and
gender-matched healthy volunteers were also recruited. Of note, in our
SOPRES 2-year follow-up, only one third of patients from the UHR
group have converted into full-blown psychosis while none of the IRG
and MRG subjects converted, and in our preliminary analysis, either
from eyeballing the scatter plots or statistically tested, there is no signifi-
cant distinction between these 2 groups in terms of the results of our in-
terests, thus we combined these two groups to be an analogue of the
recently proposed “early/broad at-risk mental states” (E-BARS) in later
analyses.

Subjects with an IQ below 70, aged younger than 16years, with a
history of traumatic brain injury, a history of central nervous system
illness, a prior psychotic episode lasting for more than one year, or
current use of psychoactive stimulants were excluded. The pre-
psychotic subjects who developed first-episode psychosis during the
2-year follow-up were defined as converters. In this study all con-
verters came from the UHR group, while none of the E-BARS subjects
converted to FEP.

2.2. Experimental procedures

Audiometry testing was used to exclude subjects who could not
detect 40-dB sound pressure level tones at 500, 1000, and 6000Hz
presented to either ear. A standard protocol for auditory P50 and
MMN paradigm was followed (Lijffijt et al., 2009; Light et al., 2010;
Shan et al., 2010). The participants had not smoked for at least 1h be-
fore sessions (Adler et al., 1992; Olincy and Martin, 2005), and were
asked to lie down in the supine position in a comfortable recliner in
a sound attenuating, electrically shielded booth and instructed to
relax with his/her eyes open and to focus on a fixation point (P50
and N100 session) or a cartoon running with no sound on the video
monitor (MMN session).

The EEG signals were recorded with a Quik-Cap (Compumedics Neu-
roscan, El Paso, TX, USA) from 32 scalp locations (10-20 system). The
auditory stimuli were generated by a Neuroscan STIM system, and data
were recorded on a Neuroscan ACQUIRE system (Compumedics Neuro-
scan, El Paso, TX, USA). Stimuli were digitized at a rate of 1kHz and an
on-line band-pass filter at 0.5-100Hz, without 60-Hz notch filter ap-
plied. Electrodes placed at the tip of the nose and at Fpz served as the ref-
erence and ground, respectively. Four additional electrodes were located
above and below the left eye and at the outer canthi of both eyes to mon-
itor blinks and eye movements. Electrode impedances were kept below
5kQ prior to recording.

Auditory ERPs were presented to the subjects binaurally via foam
insert earphones in two consecutive sessions, i.e. the session of
paired-click paradigm for P50/N100 followed by the duration MMN
session. On-line averaging was used to monitor the number of trials
free from gross artifacts (defined as activities exceeding +1001V in
the —100-500ms time window following stimuli). Regarding the
pair-click P50/N100 paradigm, paired auditory clicks (1ms, 85dB)
were presented every 8-12s through the whole test session (average:
10s), with a 500-msec inter-stimulus interval (Clementz et al., 1998;
de Wilde et al., 2007). The paired-click P50/N100 session was termi-
nated when a minimum of 120 artifact-free trials had been obtained,
which took about 30 min. For the duration MMN paradigm, pure tone
stimuli (1kHz, 85dB SPL, 5ms rise/fall, Hanning window) were gen-
erated by the Neuroscan STIM system. The auditory stimuli consisted
of standard stimuli (90%, 50-msec duration) and deviant stimuli (10%,
100-msec duration) delivered in a pseudo-random order with the
constraint that deviant stimuli could not be repeated back-to-back.
The cartoon soundtrack was turned off and replaced by the experi-
mental auditory stimuli which were presented at a fixed 500-msec
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onset-to-onset asynchrony. The MMN session was continued until a
minimum of 225 artifact-free deviant trials had been collected on
line, which took approximately 30 min.

2.3. Data processing

All data were processed using Neuroscan Edit 4.3 software (Com-
pumedics Neuroscan, El Paso, TX USA) by researchers who were blind
to the subject's group (Boutros, 2008). Semi-automated procedures
using the Tool Command batch processing Language (TCL), began with
EOG artifact reduction through a built-in pattern-recognition algorithm
(Semlitsch et al., 1986). For paired-click P50/N100 continuous files, the
data were epoched for the time window —100 to 923 ms relative to the
first click, in order to cover both S1 and S2 in the same epoch. All epochs
containing activities exceeding+501V were excluded and the epochs
were then averaged and digitally band-pass filtered (10 to 50Hz for
P50, 1 to 50Hz for N100) in the frequency domain to prevent temporal
aliasing (Boutros et al., 2004). Trials with artifacts were detected manually
and rejected from further analysis. Thereafter, all peaks and preceding
troughs were detected automatically at the Cz electrode using preset in-
tervals (Clementz et al., 1998; Niznikiewicz et al., 2004; Brockhaus-
Dumke et al., 2008; Light et al., 2010). Data from the subjects where the
S1 amplitude (P50, N100) was less than 0.5V were removed from anal-
ysis (Nagamoto et al., 1989; Boutros, 2008). The P50 peak was defined as
the largest positive deflection between 45 and 75ms post-stimulus, and
its amplitude was assessed as the difference between this peak and the
preceding negative trough (not earlier than 30ms post-stimulus). The
N100 component was identified as the most negative deflection within
80 to 150 ms post-stimulus, and N100 amplitude was defined as the abso-
lute difference between the N100 peak and the preceding positive trough.
In addition, if the stimulus 2 (S2) response could not be found within the
10ms window for P50 or 20 ms for N100 of the latency of the S1 response,
the S2 response was scored as 0 (Nagamoto et al,, 1989; Boutros et al,,
2004). P50 and N100 parameters included the S1 amplitude, S2 ampli-
tude, amplitude difference (S1-S2), and P50/N100 gating ratio (S2/S1).
A maximum of 2 for gating ratio was used to prevent outliers from dispro-
portionately affecting the group means (Nagamoto et al., 1989).

For duration MMN analysis, each subject's continuous data files
after EOG artifact reduction were then epoched 100 ms pre-stimulus
to 500ms post-stimulus. Following linear detrending and baseline
correction to the average pre-stimulus interval, all epochs containing
amplitudes exceeding +50uV in frontal recording sites (F7, F8, Fp1,
Fp2, F3, F4, and Fz) were automatically rejected (Wynn et al., 2010).
EEG responses to standard and deviant stimuli were separately aver-
aged to create a standard ERP and a deviant ERP, and both were low-
pass filtered at 20Hz (0-phase shift and 24-dB/octave roll-off) to re-
move any residual high-frequency artifacts. MMN waveforms were
generated by subtracting the standard ERP from the deviant ERP.
MMN indices were measured as the mean voltage from 135 to
205ms from the Fz electrode (Michie et al., 2002; Light et al., 2010;
Wynn et al., 2010).

2.4. Statistical analyses

For demographic characteristics, we used analyses of variance and
chi-square tests (or Fisher's exact tests if necessary) to compare con-
tinuous and categorical variables across different risk groups and nor-
mal controls, respectively. The correlations between ERP parameters
were examined using the Spearman rank correlation tests. Analyses
of variance with post-hoc analyses were used to examine differences
in ERP parameters among these four groups. Treating the risk level as
a continuous covariate, linear trends of ERP parameters across these
four groups were checked by regression models. A subgroup analysis
of participants within the UHR group was performed to determine
factors associated with converting to full-blown psychosis or not. De-
mographic characteristics, SOPS symptom dimensions (i.e. positive,

negative, disorganized and general symptoms) and ERP parameters
were compared between converters and non-converters. Chi-square
or Fisher's exact tests were used for categorical variables, while non-
parametric Mann-Whitney U tests were used for continuous vari-
ables because of the small sample size for converters and non-
converters in the UHR group. All tests were 2-sided with «=0.05.

3. Results

In total, we recruited 99 clinical subjects, including 32 FEP, 30 UHR,
37 E-BARS, along with 56 normal controls (Table 1). There were no sig-
nificant differences in age, gender, education, and smoking status. Only
the UHR and FEP subjects were prescribed with antipsychotics.

Regarding the relationship between individual ERP indicators, the
Spearman's rank correlation coefficients are outlined in Table 2. The
majority of P50 and N100 parameters were mutually correlated, except
no correlation existed between N100 ratio and any P50 parameter.
MMN was correlated with neither P50 nor N100 parameters.

With respect to the differences in ERPs between these four subgroups
(Table 3), only MMN reached statistical significance (p=0.019). In post-
hoc analyses, there were significant differences in MMN in the E-BARS
(p=0.007), UHR (p=0.035), and FEP (p=0.035) groups as compared
to the controls.

Fig. 1 demonstrates linear trends of P50 ratios (S2/S1) and the N100
differences across different risk groups (P50 ratios, p=0.060; N100 dif-
ferences, p=0.018); that is, these two sensory-gating indicators were
largest in the FEP group followed by the UHR group, the E-BARS group
and the normal controls in order. Grand average MMN waveforms for
the FEP patients (in blue) and control subjects are shown in Fig. 2. The
MMN waveform reversed in polarity at the mastoid electrodes.

Further analysis for participants within the UHR group showed no
significant differences between converters and non-converters in ei-
ther demographic profile or any of the four symptom dimensions
(Table 4 and Fig. 3). There was some evidence suggesting that the
converters had a poorer performance than the non-converters in sev-
eral P50 and N100 indicators including P50 gating ratio (p=0.099),
N100 gating ratio (p=0.060), N100 difference (p=0.088), and
N100S2 amplitude (p=0.060), but not MMN.

4. Discussion

To the best of our knowledge, this study is one of the first to exam-
ine auditory ERPs (P50/N100/MMN) in not only subjects with first-
episode psychosis (FEP) and ultra-high risk (UHR) subjects, but also
in those with presumed early/broad at-risk mental states (E-BARS).
In general, MMN was correlated with neither P50 nor N100, whereas
many parameters of the latter two were intercorrelated with each
other. Specifically, as compared to healthy controls, all three clinical
groups, i.e. E-BARS, UHR and FEP had significantly lower MMNs. On
the other hand, the differences in P50 and N100 between control
and clinical groups were not significant, while a linear trend of
more deviance from controls across different levels of clinical severity
was noticed in P50 ratios (S2/S1) and N100 differences (Fig. 1). For
subjects within the UHR group, certain P50 and N100 indicators
might be useful when attempting to discriminate converters from
non-converters.

Examining subjects with a gradient of clinical severities spanning from
normal control, early at-risk state, ultra-high risk state to first-episode
psychosis is helpful to delineate the pathophysiological mechanisms
throughout the formation of psychosis. Our results suggest that MMN
and P50/N100 represent quite different inferences in the pathological
information processing of subjects with at-risk mental status. This is in
agreement with current knowledge that MMN reflects deviance detection
which might be mediated by glutamate (Korostenskaja et al., 2007; Leung
et al, 2007; Javitt et al, 2008; Korostenskaja and Kahkonen, 2009),
while P50/N100 refers to sensory gating which is more likely related to
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Table 1

Demographic data of the four subgroups.
Variable NC E-BARS UHR FEP Test statistics® P-value®

(n=56) (n=37) (n=30) (n=32)

Gender, n (%) 440 222
Male 22 (39.3) 21 (56.8) 17 (56.7) 13 (40.6)
Female 34 (60.7) 16 (43.2) 13 (43.3) 19 (59.4)
Age, mean (SD), y 23.64 (6.37) 21.54 (3.45) 22.01 (3.79) 22.63 (4.56) 1.52 210
Education, mean (SD), y 14.79 (2.85) 13.76 (2.07) 14.33 (2.11) 13.50 (2.48) 233 076
Smoker, n (%) 5 (8.9) 3(8.1) 5 (16.7) 3(9.4) 1.649 648

NC, normal control group; E-BARS, early/broad at-risk mental states; UHR, ultra-high risk group; FEP, first-episode psychosis group.

None of the NC and E-BARS subjects received antipsychotic treatment; in the UHR group, 8 were drug-naive, 8 used aripiprazole <7.5mg/day, 6 used sulpiride <200 mg/day, 4 took
amisulpiride 200mg/day, 3 used risperidone <3 mg/day, and 1 used quetiapine 100 mg/day, the majority of them received antipsychotic treatment for less than 3 months; in the FEP
group, 6 were drug-naive, 5 used olanzapine 5-10mg/day, 10 used aripiprazole 3.75-22.5mg/day, 4 used amisulpiride 100-400 mg/day, 5 used risperidone 2-4.5 mg/day, 2 used

sulpiride 200 mg/day.

2 ANOVA (analyses of variance) for age and years of education; Chi-square test for gender; Fisher's Exact test for smokers due to the expected number being less than five for at

least 1 cell.
b p-values were 2-sided.

Table 2
The Spearman'’s correlation coefficients among P50, N100 and MMN Parameters.".
P50 S1 P50 S2 P50 ratio P50 difference N100S1 N100S2 N100 ratio N100 difference Age

P50 S1 —.089
P50 S2 .235%* —.117
P50 ratio —.231* .836™ —.057
P50 difference .743* —.405** —.769** .007
N100S1 —.573** —.056 223 —.495** —.059
N100S2 —.157 —.098 —.032 —.082 .192* 153
N100 ratio —.044 073 .098 —.085 .154¢ —.887* —.154
N100 difference A4T —.019 —.239% 429 —.846** .293* —.609** 104
MMN .007 0.007 .011 024 127 .028 .038 —.122 .037

*p-value<.05, 2-sided; **p<.001, 2-sided.
2 Number of subjects for P50/N100 was 152 and for MMN was 130.

dopamine and other neurotransmitters (Pekkonen et al., 2005; Hall et al,
2006; Price et al., 2006; Turetsky et al., 2007; Javitt et al., 2008; Keshavan
et al., 2008; Turetsky et al., 2009). The high correlations between N100
difference and P50 ratio and P50 difference was compatible with previous
studies (Fuerst et al., 2007; Brockhaus-Dumke et al., 2008), suggesting
“both P50 and N100 reflect stimulus registration in similar ways but gat-
ing or habituation to repeated stimulation in different ways” (Brockhaus-
Dumke et al., 2008).

Our findings in duration MMN suggest it to be a trait, or a very
sensitive marker, for schizophrenia, which means reduced MMN
could be detected at subjects presenting with symptoms suggesting
a putatively pre-psychotic state (Green et al., 2009; Atkinson et al.,
2012), yet such a reduction might not get much worse along with
the increase of clinical severity, especially in terms of emergence of
attenuated psychotic symptoms. Previous studies have demonstrated
impaired duration MMN in nonpsychotic biological first-degree

Table 3
P50, N100 and MMN parameters among the four Subgroups?.
NC E-BARS UHR FEP Test statistics® P-value®
P50 n=56 n=35 n=29 n=32
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Trials 112.4 (26.2) 111.8 (25.2) 102.83 (30.2) 112.2 (19.9) 1.05 372
S1 latency (ms) 62.9 (8.1) 63.7 (7.8) 64.2 (6.6) 63.2 (9.0) 0.18 909
S1 (uv) 237 (1.11) 2.49 (1.68) 2.29 (1.22) 2.19 (1.07) 35 791
S2 (uv) .85 (.76) 1.04 (1.12) 1.06 (.73) 1.05 (.83) 0.61 .609
S2/S1 ratio 40 (41) 47 (.48) .55 (.45) .58 (.57) 1.20 313
S1-S2 (uv) 1.52 (1.13) 1.46 (1.22) 1.22 (1.30) 1.14 (1.30) 0.86 464
N100
S1 (uv) —6.96 (3.83) —6.20 (3.70) —5.08 (2.58) —5.36 (3.03) 2.52 .060
S2 (uv) —1.59 (1.57) —1.64 (1.88) —1.10 (1.29) —1.66 (1.44) 0.89 447
S2/S1 ratio .26 (.25) 34 (41) 23 (.27) .35 (.34) 1.34 263
S2-S1 (uv) 5.37 (3.80) 4.56 (3.68) 3.99 (2.63) 3.70 (3.24) 1.95 1244
MMN n=>53 n=30 n=19 n=28
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Fz (uV) —1.37 (.89) —.83 (.80) —.88(.92) —.94 (.84) 3.46 019¢

NC, normal control group; E-BARS, early/broad at-risk mental states; UHR, ultra-high risk group; FEP, first-episode psychosis group. SD, standard deviation.

2 Some subjects failed to stay before the ERP session was terminated.
b The test statistics were obtained by ANOVA (analyses of variance).
¢ P-values were 2-sided.

4 Post-hoc analyses by independent t tests: Control versus E-BARS: p=.007, Control versus UHR: p=.035, Control versus FEP: p=.035.
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Fig. 1. P50 ratios and N100 differences. The left panel demonstrates P50 ratio (S2 amplitude / S1 amplitude) and the right one N100 difference (uV; S2 amplitude-S1 amplitude) of
individual participants. Larger ratio (S2/S1) and smaller difference (S1-S2) indicate poorer gating. The horizontal lines indicate the mean values within each risk group. CTL:
control; E-BARS: early/broad at-risk mental states; UHR: ultra-high risk group; FEP: first-episode psychosis.

relatives of patients with schizophrenia (Michie et al., 2002) and re-
duced MMN in subjects at ultra-high risk state (Michie et al., 2002;
Shin et al., 2009; Atkinson et al., 2012), and glutamate system dysfunc-
tion has been noted in at-risk mental state subjects (Stone et al., 2009).
This study further revealed that even people at early/broad risk states
might already demonstrate detectable MMN reduction.

In contrast to MMN, the parallels between the extent of sensory-
gating problems manifested by P50 gating ratio and N100 differences
and the gradient of clinical severity suggest these two ERP indices
might be state-dependent markers for schizophrenia. This might vio-
late the definition of an ideal endophenotype (state-independent or
symptom-independent). However, several studies have provided
mixed results with regards to the relationship between P50 gating
ratio and clinical presentations (Ringel et al., 2004; Louchart-de la
Chapelle et al, 2005), between clinical high-risk and genetic
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Fig. 2. Grand average mismatch negativity (MMN) waveforms for healthy control sub-
jects (in blue) and (A) MRG, (B) IRG, (C) UHR, (D) FEP subjects (in red). Left and right
columns indicates Fz and A1 (mastoid) electrodes. The MMN waveform reversed in
polarity at the mastoid electrodes.

high-risk (Myles-Worsley et al., 2004), as well as between different
clinical stages (Brockhaus-Dumbke et al., 2008). Nonetheless, our find-
ings could provide new insights regarding the interpretation of such
inconsistent findings. We conjecture that during pre-psychotic state
when sensory-gating deficits are relatively mild, P50/N100 might be
state-dependent markers as revealed by our findings; but once frank
psychosis occurs and the sensory-gating problems become manifest,

Table 4
The comparison of clinical characteristics and ERP parameters in converters versus
non-converters among ultra-high risk group (n=30).

Converter Non-converter Test statistics® P-value®
(n=11) (n=19)

Male/Female 7/4 10/9 344 0.708

Smoker/Non-smoker 1/10 4/15 718 0.626
Mean (SD) Mean (SD) Test statistics®  P-value?

Age (years) 20.83 (3.07)  22.69 (4.07) 1.140 254

Education (years) 13.91 (2.12) 14.58 (2.12) 0.881 379

Symptom dimensions

Positive 12.55(3.08) 10.32 (3.97) —1.596 111

Negative 12.28 (8.31)  8.95 (6.40) —1.122 262

Disorganized 745 (4.66) 6.53 (5.22) —0.691 490

General 9.73 (4.58) 9.00 (5.13) —0.497 .619

P50 parameters Mean (SD) Mean (SD) Test Statistic  P-value?
(n=11) (n=18)

Trials 96.1 (37.4) 106.9 (25.1) 0.450 .653

S1 latency (ms) 64.27 (4.63) 64.11 (7.72) 0315 753

S1 amplitude (pV) 2.08 (.87) 2.41 (1.39) 0.360 719

S2 amplitude (pV) 1.20 (.73) 98 (.74) —0.339 735

S2/S1 ratio .67 (.38) A7 (.48) —1.648 .099

P50 difference (uV) .88 (.99) 143 (1.44) 1.348 178

N100 parameters Mean (SD) Mean (SD) Test Statistics¢  P-value?
(n=11) (n=18)

S1 amplitude (V) —4.60 (1.75) —538(2.99) —0.405 .686

S2 amplitude (pV) —1.67 (1.28) —.75(1.21) 1.884 .060

S2/S1 ratio 35 (.29) 16 (.23) —1.884 .060

N100 difference (V) 2.93 (1.69) 4,63 (2.92) 1.708 .088

MMN Mean (SD) Mean (SD) Test Statistics¢  P-value?
(n=6) (n=13)

Fz (uv) —.50 (.49) —1.06 (1.04) —1.316 188

SD, standard deviation.

@ Chi-square tests.

b p_values, 2-sided, were obtained by Fisher's exact test due to expected number less
than five for at least 1 cell.

¢ Mann-Whitney U tests.

4 Asymptotic p-values, 2-sided.
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Fig. 3. Three event-related potentials in non-converters versus converters within the ultra-high risk subgroup (UHR). The left panel shows P50 ratio (S2 amplitude/S1 amplitude),
the middle one N100 difference (uV; S2 amplitude-S1 amplitude), and the right on MMN (pV) of UHR individuals. The horizontal lines denote the mean values.

the severity of symptoms or duration of psychosis were less likely to
have strong correlation with the extent of P50 deficits as revealed by
a review of studies (Potter et al., 2006).

Based on our preliminary analysis, P50 and N100, rather than
MMN, are potential candidates to differentiate converters and non-
converters among subjects at ultra-high risk for schizophrenia, even
though a recent study revealed reduced duration MMN associated
with a higher risk of converting to first-episode psychosis among
at-risk subjects (Bodatsch et al., 2011). Actually, among our UHR sub-
jects, the mean MMN of converters was indeed lower than non-
converters (converter versus non-converters= —.50 versus —1.06)
but this was not statistically significant. This could merely be an
issue of statistical power because of the small sample size in this sub-
group analysis (converters, N=6; non-converters, N=13). Further
research about predicting conversion in UHR subjects by different in-
dices of ERPs will be necessary to clarify this issue.

There are several limitations that are worth noting. The relatively
small sample size limits our statistical power to detect smaller between-
group differences. The validity of our clinical subgrouping of early/broad
at-risk mental states is pending further follow-up and exploration. UHR
and FEP subjects were not studied in an antipsychotic-free status; while
use of antipsychotic might diminish the magnitude of P50 gating deficit
hence masks some potential findings. In addition, we used data collected
by midline electrodes to analyze the ERPs for consistency with previous
literature and protocols, while the German Research Network on Schizo-
phrenia Group used lateral electrodes to yield positive findings on prodro-
mal studies (Frommann et al., 2008), thus topographic maps and source
localization are factors to be considered when studying the ERPs underly-
ing these high-risk subjects.

By employing the concept of E-BARS, this study provides new infer-
ences about pre-attentive auditory event-related potentials, i.e. P50,
N100 and MMN, in subjects across different risk levels of psychotic dis-
orders, from early/broad at-risk mental state, ultra-high risk state, and
first-episode psychosis. Impaired deviance detection already exists in
people at pre-psychotic state, regardless of clinical severity. On the con-
trary, sensory gating varies depending on different risk levels. A prelim-
inary analysis showed some promising results for predicting conversion
to psychosis. Further longitudinal research monitoring neurobiological
changes of the same subjects at different levels of clinical severity are
necessary to explore the underpinning pathogenesis.
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