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Background: Schizophrenia (SCH) patients are at high risk for obsessive-compulsive
syndrome, which can lead to difficulty in differential diagnosis between SCH and obsessive-
compulsive disorder (OCD). It would be of great clinical value to identify objective markers
for these diseases based on behavioral or neurological manifestations. Deficient response
inhibition has been reported in both SCH and OCD; however, it is unclear if commmon or
distinct neural abnormalities underlie this impairment.

Methods: To address this question, we compared Stop signal task performance and
associated event-related potentials (ERPs) and event-related oscillation (ERO) among 24
SCH patients, 25 OCD patients, and 27 healthy controls (HCs).

Results: In successful Stop trials, both SCH and OCD patients showed prolonged Stop
signal response time, reduced ERP-P3 component amplitude, and weaker theta-band
synchronization compared to HCs, while there were no significant differences between
patient groups. In unsuccessful Stop trials, however, SCH patients demonstrated
significantly lower P3 amplitudes and weaker theta-band activity than OCD patients.
In addition, Stop accuracy rate in SCH patients was negatively correlated with Positive
subscale score of the Positive and Negative Syndrome Scale.

Conclusions: These results provide evidence that impaired response inhibition in SCH
and OCD arises from common underlying neural processing abnormalities. However,
the lower P3 amplitude and weaker theta-band activity in SCH patients in unsuccessful
Stop trials suggest distinct neural activity patterns related to error processing. These
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Yu et al. Comparison Study of OCD and SCH
differences in ERPs and ERO may provide clues to unique neurological abnormalities in
SCH and provide objective measures for differential diagnosis.
Keywords: schizophrenia, obsessive-compulsive disorder, response inhibition, error processing, N2, P3,
theta oscillation

INTRODUCTION profile and severity (20). An fMRI study found that OCD patients

Schizophrenia (SCH) patients are at high risk for comorbid
obsessive-compulsive disorder (OCD); indeed, about 25% of
SCH patients have clinically significant OCD (1, 2). Furthermore,
OCD can occur with psychotic symptoms, and OCD patients
are at elevated risk for SCH (3). This high comorbidity rate can
make differential diagnosis difficult (4) despite distinct disease
classifications and responses to different treatment methods (5).
Thus, sensitive and objective behavioral and neurophysiological
indicators for distinguishing SCH from OCD would be of great
value for timely differential diagnosis and initiation of appropriate
treatment.

Response inhibition is a critical ability for adaption to rapid
changes in the environment as well as for social interactions.
Response inhibition impairments are of clinical interest because
of the potential relationship with impulsive behavior and suicide.
The Stop signal task (SST) is a classic paradigm for measuring
response inhibition (6). The neurological processes underlying
response inhibition can be investigated by recording event-
related potentials (ERPs) from the scalp, specifically ERP
components N2 and P3. It has been reported that N2 and P3
elicited by the Stop signal reflect distinct cognitive process in
successful and unsuccessful Stop task trials. In successful trials,
N2 distributed at the frontocentral area is an indicator of conflict
monitoring, while P3, which has a more central and parietal scalp
distribution, reflects behavioral inhibition (7). In unsuccessful
trials, N2 is related to automatic error detection. Alternatively,
P3 is associated with conscious error recognition and response
regulation after error commission (8). Moreover, event-related
spectral perturbation analysis (ERSP) has revealed enhanced
theta-band power over frontocentral sites. This event-related
oscillations (EROs) is important for response inhibition because
it may reflect response conflict and control processes (9, 10). The
theta-band activity also shows increased synchronization in error
performance and is related to action strategy adjustment (11).

Numerous studies have reported that both SCH and OCD
patients showed deficient response inhibition. Hughes and
colleagues found that SCH patients demonstrated slower stop-
signal reaction time (SSRT) than controls (12). It was further
demonstrated that the response inhibition impairment in SCH
patients was associated with impaired social functioning (13, 14).
Other studies have detected prolonged P3 latency and decreased
theta-band oscillation strength in right inferior frontal gyrus,
a key brain area for response inhibition in SCH (12, 15, 16).
Impaired response inhibition has also been reported consistently
in OCD as indicated by a longer SSRT (17-19). An ERP study
using the SST found that OCD patients exhibited larger N2
amplitude when inhibit stop signals irrespective of symptom

showed greater activity in the left pre-supplementary motor area
and reduced activity in inferior frontal gyrus during successful
inhibition relative to healthy controls (HCs) (21). To sum up, both
SCH and OCD patients show impaired response inhibition, but it
is unclear if the neural substrates are common or distinct.

In SCH, the ERN in unsuccessful trials has been consistently
shown to be blunted across a range of tasks and related to poorer
executive function. The reduced ERN indicates an impairment of
automatic error detection. In contrast to SCH patients, numerous
studies have consistently reported ERN enhancement in OCD
patients, which indicates enhanced performance monitoring (22,
23). Foti and colleagues found that reduced ERN was not specific
to SCH, but was also observed in other psychotic disorders,
including psychotic mood disorder and substance abuse, while Pe
was blunted only in SCH but not in other psychotic disorders (24).
Although numerous studies have investigated error processing in
SCH and OCD patents, extant studies have not directly compared
the ERN and Pe between SCH and OCD during the same task.

Using ERP measures during the SST, the present study
compares the neural substrates regulating response inhibition
between SCH and OCD patients. It was hypothesized that in
successful Stop task trials, both patients groups showed lower N2
and P3 amplitudes as well as weaker theta-band synchronization
compared to HCs. In unsuccessful Stop task trials, however, OCD
patients showed enhanced N2 and P3 amplitudes compared to
SCH patients and HCs because of the impaired performance
monitoring in SCH. We proposed that theta-band activity were
impaired in SCH and OCD compared to HC in successful stop
task. But in unsuccessful task, SCH showed lower theta activity in
SCH than OCD and HC.

METHODS

Participants

Twenty-seven SCH and 26 OCD patients were recruited from
out-patient and in-patient clinics at Anhui Mental Health
Centre, China. All patients were diagnosed by two licensed
clinical psychologists using the 10th version of the International
Classification of Diseases (ICD-10). Three SCH patients and one
OCD patient were removed from further analysis due to poor
quality electroencephalographic (EEG) data. Of the 24 remaining
SCH patients, 22 were receiving olanzapine as antipsychotic
therapy, of which six were also taking selective serotonin
reuptake inhibitors, and two patients were drug-naive. Of the
25 remaining OCD patients, 24 were taking selective serotonin
reuptake inhibitors, one patient was also prescribed a small
dose of olanzapine as an adjuvant, and one OCD patient was
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drug-naive. The Positive and Negative Syndrome Scale (PANSS)
was used to assess positive and negative symptom severity of
SCH patients. All OCD patients were assessed by the Yale-Brown
Obsessive-Compulsive Scale (Y-BOCS) (25). OCD patients were
also assessed using the Hamilton Anxiety Scale (HAMA) and
Hamilton Depression Scale (HAMD). Twenty-seven matched HC
participants were recruited via online advertisement. All patients
were required to be normal or corrected-to-normal vision. The
exclusion criteria were history of neurologic disorders, any brain
injury with loss of consciousness, mental retardation or other
severe developmental disorders, and history of substance abuse.
The participants included in the study did not take any type of
psychotherapy. All participants signed an informed consent form
for the study.

Stimuli and Experimental Procedure

All study procedures were approved by the Anhui Medical
University Ethics Committee and conformed to the ethical
principles of the Declaration of Helsinki of 1975, as revised in
2008. This study used a modified SST with randomized design
(26). Go and Stop trials were included in each session (Figure 1),
of which 70% were Go trials. Each trial was initiated by a central
white cross on a black computer screen lasting for 200-400 ms.
A left- or right-pointing white arrow then appeared at the central
fixation target for 1,000 ms. Participants were required to judge
the orientation of the arrow as accurately and quickly as possible.
The remaining 30% of trials were Stop signal trials. These trials
were initially identical to the Go trials, but the arrow turned red
after a variable delay (stop signal delay; SSD), cuing participants
to inhibit the target response. The SSDs were dynamically
adjusted using a 1-up/l-down tracking procedure, thereby
ensuring successful inhibition on 50% of the Stop signal trials.
The initial SSD was set at 225 ms and increased by 50 ms when
the subjected succeeded in response inhibition or decreased by
50 ms when the subject failed to inhibit the response. The SSRT

was estimated by subtract the mean SSD from the mean Go time
(26). The inter-trial interval varied from 2200 to 2500 ms. There
were three experimental blocks of 120 trials each. The entire
session required about 25 minutes to complete.

EEG Data Recording and Analysis
EEG data were recorded from 64 tin electrodes placed on the
scalp according to the extended International 10/20 system using
a Neuroscan recording system (Neuro Scan, Sterling, VA, USA).
EEG signals were recorded using a left mastoid electrode as the
online reference. All electrode impedances were maintained
below 10 kQ. EEG activities were amplified with 0.01-100 Hz
band-pass filtering and continuously sampled at 500 Hz/channel.
MATLAB scripts using functions from the EEGLAB
environment was adopted to process and analyze the EEG data
(27). The collected data were re-referenced to the average of left
and right mastoids and were down-sampled to 250 Hz. Then,
the data were subjected to a high-pass filter at 1 Hz (FIR filter
conducted with pop_eegnewfilt with the default parameters, cutoft
frequency of 0.5 Hz, and 26 dB) to remove baseline drift, thereby
ensuring reliable results for independent component analysis
(28). Artifactual channels and nonbrain electrodes were rejected
by the clean_rawdata plugin in EEGLAB, leaving an average of
58.52 [95%, (29, 61)] clean channels per participant. Continuous
data were filtered and segmented from 1,000 ms before the go
and stop signal to 2,000 ms after the stimulus. Artifactual epochs
were identified and removed based on a) abnormal spectral
characteristics of high frequency noise (rejspec; 20-40; <—35 or
>35 dB), b) abnormal trends (rejtrend; slope > 200 uV with R2
> 0.3), ¢) abnormal amplitude (threshold —500 pV or +500 puV),
d) improbable data using joint probability [jointprob, 8 standard
deviation (SD) for single channel and 4 SD for all channels], or
e) abnormal distributions (rejkurt; 8 SD for single channel and
4 SD for all channels). Data from electrodes responsible for
more than 10% of rejected epochs were rejected. Subsequently,

Go Trial

200-400ms

1000ms

FIGURE 1 | Timeline of Go and Stop trials in the stop signal task.

Stop Trial

200-400ms

1200-1500ms
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epoched data were decomposed into maximally independent
components using an extended infomax algorithm implemented
by the runica function with default parameters. Artifactual
components electrooculogram and electromyogram were
identified and removed by the EEG_SASICA plugin in EEGLAB
(29). On average, there were 53.03 [95%, (27, 57)] components
left per participant. The mean proportion of rejected epochs was
3.2% [95%, (1%, 9%)] in the HC group, 3.07% [95%, (0%, 9%)] in
the SCH group, and 2.85% [95%, (0%, 9%)] in the OCD group.
Rejection rates did not differ significantly among groups (F, ¢, =
0.25, P=0.78).

The time-frequency information was obtained using Morlet
wavelet decomposition operated with the EEGLAB newtimef
function. Spectral power was calculated with 50 log-spaced
center frequencies ranging from 3 to 50 Hz, and 200 linearly
spaced time bins across the epoch. Given the balance between
frequency and temporal resolution, the wavelets were built on
the parameter [3, 0.8] specifically for three cycles at the lowest
frequency (3 Hz) and 10 cycles at the highest frequency (50 Hz).
The normalized power employed a dB transform [dB power =
10*log10 (power/baseline)].

The cleaned ERP waveforms were time-locked to stimulus
onset and epoched to 200 ms pre-stimulus and 1,000 ms post-
stimulus. The ERPs were averaged separately for successful and
unsuccessful Stop signal trials and correct Go signal trials. As
N2 and P3 are common indices for response inhibition, we
analyzed these two components in this experiment. N2 was
defined as the peak amplitude between 150 and 250 ms and P3
as the mean amplitude within the 100-ms time window from
350 to 450 ms.

The ERSP and inter-trial coherence (ITC) measurements for
successful and unsuccessful Stop signal trials and successful Go
signal trials were calculated and averaged across participants. The
ERSP measures changes in the amplitude of the EEG spectrum
relative to experimental events. The time-frequency window of
interest (TF ROI, 4-7 Hz, 200-600 ms) was selected based on
evidence from previous studies and visual inspection according
to the maximal strength of event-related synchronization in the
theta band averaged across all subjects, and conditions.

The ERP and ERSP data were extracted from left-frontal (F3,
F7, FC3, FT7), right-frontal (F4, F8, FC4, FT8), medial-frontal
(Fz, FCz, Cz), left-temporal (T7, TP7), right-temporal (T8,
TP8), left parietal (P3, P7, CP3), and right-parietal (P4, P8, CP4)
electrode clusters according to a previous study (16).

Statistical Analysis

All data were analyzed using IBM SPSS 16.0 (IBM Corp.,
Armonk, NY, USA). Chi-square tests were used to assess the
difference in sex ratio between groups. One-way analysis of
variance (ANOVA) was used to assess group differences in age,
years of education, Go RT, SSD, SSRT, and accuracy of Go tasks
(Go ACC) and Stop tasks (Stop ACC). Independent samples
t-test was used to compare disease duration between SCH and
OCD groups. We modeled the statistical analysis on each ERPs
component and EROs power separately for successful and
unsuccessful Stop task trials, as they reflect distinct cognitive

process in the two tasks. In successful task, they were analyzed
using repeated measures ANOVA with task (Go and SST) and
clusters (left frontal, right frontal, medial frontal, left temporal,
right temporal, left parietal, and right parietal) as within-subject
factors and group (SCH, OCD, HC) as the between-subject factor.
In unsuccessful task, they were analyzed using repeated measures
ANOVA with task (Go and UST) and clusters (left frontal, right
frontal, medial frontal, left temporal, right temporal, left parietal,
and right parietal) as within-subject factors and group (SCH,
OCD, HC) as the between-subject factor. Bivariate Pearson
correlations were calculated to examine the association strengths
among ERP waves and symptom severity measured by subscale
of PANSS and Y-BOCS scores within SCH and OCD group. We
also calculated the relationship between the symptom severity
and behavioral performance (SSD, SSRT, GO RT, Stop ACC, Go
ACC) of SST task within SCH and OCD group. A two-tailed P <
0.05 was considered significant for all tests.

The FDR (false discovery rate) method was selected
for multiple comparison correction over measurements of
multiple dependent variables (30). The bonferroni method
was used for multiple comparison corrections in post hoc tests.
Greenhouse-Geisser correction was used to correct p values.
Partial eta squared (n,?) values were reported to examine the
size of effects in the models of anova, where.05 Represented a
small effect,.1 Represented a medium effect, and.2 Represented
a large effect (31).

RESULTS

Group Differences in Demographics and
Task Performance

Demographic data are summarized in Table 1. There was no
significant differences in age (F,,; = 0.80, P = 0.46) and years of
education (F,,; = 1.02, P = 0.37) among the three groups. The
disease duration was also not significant between SCH and OCD
groups (t,, = 0.31, P = 0.76).

The three group showed significant effect on SSRT (F,,; =
6.09, P = 0.01). SSRT was significantly longer in the SCH group
(335.51 + 66.05 ms) than the HC group (286.00 + 36.36 ms, P =
0.016). The OCD group also exhibited marginally longer SSRT
than the HC group (P = 0.076). The SCH group also exhibited
longer SSRT than the OCD group (301.74 + 45.45 ms), but the
difference did not reach significance. In contrast, there was
no significant main effect of group on SSD, goRT, goACC, or
stopACC.

Group Differences in Erps and Eros Data
During Successful Stop Task Trials

N2 Component

The task main effect was significant on N2 amplitude (F, ;;=19.33,
P <0.001, n,? = 0.21), with significantly larger Mean N2 amplitude
on successful Stop trials than Go trials (-1.36 + 0.45 uV vs. 0.5 +
0.18 uV). There was also a significant interaction effect between
task and electrode cluster (F ;5 = 11.75, P < 0.001, n,> = 0.14).
The N2 amplitudes were mainly distributed at right-temporal
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TABLE 1 | Demographic data and clinical Parameters for SCH, OCD, and

HC groups.
Measure SCH(n = 24) OCD(n=25) HC(n=27) P=
Age, yr 29.04(10.25) 24.70(7.93) 26.97(7.63) Fozs=
0.80/P = 0.46
Sex, male: 14:10 14:11 16:11 X2 =0.06/P =
female 0.97
Education, yr 12.25(2.63) 13 (3.03) 13.84(3.1) F,.,5=1.02/P
=0.37
liness duration, 6.46(5.64) 5.93(5.03) — t,,=0.31/P=

yr 0.76
PASS positive 15.01(4.26) - -
PASS negative 12.01(3.52) — —

(

PASS total 55.57(9.61) — —
Y-BOCS — 8.30(5.48) —
behavior

Y-BOCS — 9.65(5.02) —
thought

Y-BOCS total - 17.97(8.43) —
HAMA 5.73(3.85)

HAMD 5.89(4.33)

HAMA, Hamilton Anxiety Scale; HAMD, Hamilton Depression Scale; HC, healthy
control; OCD, obsessive-compulsive disorder; SCH, schizophrenia; Y-BOCS,
Yale-Brown Obsessive-Compulsive Scale.

(—3.12 £ 0.43 uV) and right-parietal areas (—4.24 + 0.50 (V). The
interaction effect between task and group was not significant
(F,75 = 1.86, P = 0.16, 1,2 ~ 0.049).

P3 Component

The task main effect was significant on P3 amplitude (F,,; =
140.72, P < 0.001, n,* = 0.66), with greater P3 amplitude during
successful Stop task trials than Go task trials (12.78 + 0.80 pV
vs. 0.83 £ 0.33 uV). Moreover, the task x group interaction was
significant (F,,, = 10.96, P < 0.001, n,> = 0.23). Further analysis
demonstrated a group effect in successful Stop task trials (F,
73 =10.41, P < 0.001, > = 0.22) but not in Go task trials (F,,; =
0.43, P = 0.65, n,> = 0.012). Post hoc analysis revealed lower P3
amplitudes in successful Stop task trials for both OCD (11.19 +
7.41 uV, P < 0.01) and SCH patients (9.61 £ 7.81 pV, P < 0.001)
compared with HCs (17.54 + 5.65 pV) but no significant
difference was found between the OCD and SCH groups (See
detail in Figure 2).

Event-Related Oscillations

The task main effect was significant on the spectral power of
theta (F, ,; = 112.06, P < 0.0001, n,? = 0.61). Successful Stop
trials elicited stronger power than Go trials. There was also a
significant main effect of electrode cluster (F,,;, = 19.84, P <
0.0001, n,? = 0.21), with highest power at central-frontal areas
(1.07 + 0.12 dB). Moreover, there was a significant interaction
among task x cluster x group (F, 44 = 2.34, P = 0.039, .2 =
0.06), and further analysis revealed a significant task x group
interaction at the middle-frontal area (F,,; = 2.49, P = 0.049,
n,” = 0.064). There was a significant main effect of group on
successful Stop task trials (F,,; = 4.34, P=0.017,1,> = 0.11), and
post hoc Bonferroni analysis demonstrated that SCH patients

showed significantly reduced theta power compared with HCs
(0.75 £ 0.28 vs. 1.84 + 0.26, P = 0.015). The OCD patients also
showed lower theta power than HCs (1.50 + 0.26 vs. 1.84 + 0.26),
but the difference did not reach significance. The difference
between OCD and SCH patients was also not significant (See
detail in Figures 3 and 5).

The ITC of 4-7 Hz was analyzed during the 200-600-
ms epoch. We found a significant main effect of task (F,,; =
127.65, P < 0.001, n,? = 0.64), with higher ITC in successful
Stop condition trials (0.37 + 0.016) than in Go trials (0.19 *
0.006). More importantly, the interaction between task and
group was significant (F,,, = 10.41, P < 0.001, n,?> = 0.22).
Further analysis showed a significant main effect of group in
successful Stop trials (F, ;; = 13.23, P < 0.001, 1,2 = 0.27). Post
hoc Bonferroni analysis revealed significantly higher ITC in
the HC group (0.48 + 0.26) compared with the OCD group
(0.31+0.27, P <0.001) and SCH group (0.31 + 0.28, P < 0.001),
but no significant difference between OCD and SCH groups
(See detail in Figures 4 and 5).

Group Differences in Erps and Eros Data
During Unsuccessful Stop Task Trials

N2 Component

The task main effect was significant on N2 amplitude (F,,; =
40.76, P < 0.001, n,* = 0.36), with larger N2 amplitudes in
unsuccessful Stop trials than Go trials (-1.93 £ 0.39 pV vs. 0.5 +
0.18 uV). The interaction effect between task and group was not
significant (F,;; = 0.68, P = 0.51,n,> = 0.018).

P3 Component

The task main effect was significant on P3 amplitude (F,; =
56.68, P < 0.001, n,* = 0.44), with higher P3 amplitudes during
unsuccessful Stop task trials than Go task trials (4.76 + 0.48 uV vs.
0.77 £ 0.21 pV). There was also a significant interaction between
task and group (F,;; = 11.94, P < 0.001, n,> = 0.25). Further
simple analysis showed a significant group effect in unsuccessful
Stop task trials (F,,; = 13.17, P < 0.001, n,*> = 0.27) but not in Go
task trials. Post hoc analysis revealed reduced P3 amplitude in the
SCH group during unsuccessful Stop task trials (6.18 + 5.74 pV)
compared with both the OCD group (10.98 + 7.15 uV, P < 0.05)
and HC group (15.06 + 6.98 uV, P < 0.001), while the difference
between OCD and HC groups did not reach significance (See
detail in Figure 2).

Event-Related Oscillations

The task effect was significant on the spectral power of theta
(F,7; = 106.23, P < 0.0001, n,* = 0.59). Unsuccessful Stop trials
elicited stronger power than Go trials (1.71 £ 0.18 dB vs. —0.29 +
0.12 dB). There was also a significant main effect of electrode
cluster (Fs 453 = 20.10, P < 0.001, n,2 = 0.22), with stronger theta
power at middle-frontal areas (1.25 + 0.14 dB). Moreover, the
interaction of task and group was marginally significant (F,,; =
3.90, P =0.033, n,” = 0.097). The further simple analysis showed
that main effect of group was significant for unsuccessful Stop
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S~

Time (ms)

FIGURE 2 | (A) Left panel: Grand average waves at the medial-frontal area evoked by Go signals (dashed lines) and successful Stop signals (solid lines), and the
topography of the P3 component in SCH, OCD, and HC groups. Right panel: Bar graph of P3 amplitudes for the three groups in successful Stop trials. (B) Left
panel: Grand average waves at the medial-frontal area evoked by Go signals (dashed lines) and unsuccessful Stop signals (solid lines), and the topography of the
P3 component in SCH, OCD, and HC groups. Right panel: Bar graph of P3 amplitudes for the three groups in unsuccessful Stop trials. HC, healthy control; OCD,

obsessive-compulsive disorder; SCH, schizophrenia. **: P < 0.01; *: P < 0.05; ns: P > 0.05.

task trials (F,;; = 9.32, P = 0.017, n,? = 0.20). Post hoc Bonferroni
analysis demonstrated significantly reduced theta power in SCH
patients (0.59 + 0.32) compared with OCD patients (2.15 + 0.32,
P = 0.003) and the HC group (2.37 £ 0.31, P < 0.001) but no
significant difference between OCD and HC groups (See detail
in Figures 3 and 4).

The task main effect was significant on the ITC (F, ,; =
225.09, P <0.001, n,*> = 0.75), with higher ITC in unsuccessful
Stop task trials (0.35 + 0.01) than in Go task trials (0.18 +
0.006). Furthermore, the interaction between task and group
was significant (F,;; = 7.91, P = 0.002, > = 0.18). Further
simple analysis showed that the main effect of group was
significant in unsuccessful Stop task trials (F,,, = 14. 05, P <
0.001, n,? = 0.28), with significantly lower ITC in the SCH
group (0.27 + 0.02) than in the OCD group (0.35 + 0.02, P =
0.008) and HC group (0.41 + 0.02, P < 0.001). The difference
between OCD and HC groups did not reach significance (See
detail in Figures 3 and 4).

Correlation Analysis

Pearson correlation analysis revealed marginally significant
negative association between Positive Scale PASS score and
stop ACC in the SCH group (r = —0.453, P = 0.05) (See detail
in Figure 5). No other significant relationship was found among
ERP waves and symptom severity measured by subscale of
PANSS and Y-BOCS scores within SCH or OCD group. We also

did not found any significant correlations between symptom
severity and behavioral performance of SST task within each
SCH or OCD group.

DISCUSSION

The present study directly compared response inhibition among
SCH, OCD patients, and healthy age- and sex-matched controls.
As expected, both SCH and OCD patients showed impaired
response inhibition, as manifested by longer SSRT, reduced P3
amplitudes, weaker theta-band power, and reduced ITC of theta-
band activity in successful Stop trials compared to HCs. However,
in unsuccessful Stop trials, the SCH group exhibited lower P3
amplitude, theta-band power, and ITC than OCD and HC groups,
while the difference in P3 amplitude and theta activity between
OCD and HC groups did not reach significance. Collectively,
these results suggest similar mechanisms for deficient response
inhibition in SCH and OCD patients but mechanistically distinct
error processing mechanisms.

As expected, both OCD and SCH group showed slower
SSRT compared to HCs. The SSRT provides a temporal window
in which to inhibit the initial behavior and is an important
index of SST performance. Our findings are consistent
with the notion that OCD and SCH patients both require a
longer time to stop the prepotent behavior in SSTs, indicating
impaired response inhibition (12). In addition, SCH patient
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demonstrated a significant correlation between PANSS positive
symptom subscore and Stop ACC, another important index
reflecting the ability for response inhibition. This relationship
suggests that decreased response inhibition contributes to the

positive symptoms of SCH. Indeed, it has been confirmed that
positive symptoms such as auditory hallucinations are linked to
dysfunction of the prefrontal cortex, a critical region for response
inhibition (32, 33).
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In line with previous studies, successful Stop trials elicited
larger P3 signals compared to Go trials. The P3 is a classical
index of action inhibition processing for successful inhibition
of inappropriate responses (8, 34). We found that both SCH
and OCD patients exhibited lower P3 amplitudes than HCs
in successful Stop task trials, consistent with previous studies
(35, 36). These decreased P3 amplitudes indicate that both
patient groups have impaired action inhibition. It is well
known that like OCD patients, SCH patients demonstrate
obsessions, especially during the early onset stage of SCH
(37). Lee and colleagues proposed that obsessions predict
difficulty in response inhibition (38). The longer SSRT and
decreased P3 amplitudes may be linked to obsessions in OCD
and SCH groups.

The EROs in the present study also provided important
information on the aberrant neural processes underlying
deficient response inhibition in SCH and OCD. The temporal
location of ERP components and both ERSP and ITC images
suggest that the higher P3 amplitude in Stop trials compared
to Go trials is most likely generated by theta-band activity.
Previous studies have confirmed that theta-band oscillations are
critical for cognitive control (39). Under conditions with a low
likelihood of a Stop signal (e.g., 30% in this study), participants
must inhibit the tendency to respond. The “surprise” Stop
signal is coded by increased theta-band activity, which may
help to shift the response strategy and to stifle premature Go
responses (40). Consistent with ERP results, theta-band power
and ITC during successful Stop trials was reduced in OCD and
SCH patients within the 200—-600-ms time window compared
to HCs, providing convergent evidence that altered theta
activity may mediate the slower stopping demonstrated by
these patients, thereby disrupting efficient inhibitory control
(16). This common reduction in theta-band activity has not
been reported previously as there are few direct comparisons
of EEG activity in OCD and SCH patients performing the
same task. Thus, the present study is significant as it implies

common neural substrates for impaired response inhibition in
these two disorders.

In contrast to successful Stop trials, SCH and OCD groups
showed distinct P3 amplitude modulation in unsuccessful
Stop trials, with SCH patients exhibiting significantly reduced
P3 amplitudes compared to OCD patients and HCs. The
neurological significance of P3 elicited in unsuccessful Stop
trials is similar to Pe in error processing, and is considered an
index of “post-decision” stage processing (7). During this task,
the Stop signal provides error feedback to participants. Thus,
the P3 could reflect conflict monitoring, conscious error
recognition, and response regulation after the Stop signal
appears. The error processing indexed by P3 in the present
study is related to subjective motivational significance and
emotional assessment of error (41, 42). Following this line of
interpretation, the smaller P3 amplitude in SCH suggests that
errors were of less significance and less distressing compared
to OCD patients. Alternatively, OCD patients show overactive
performance monitoring and tend to feel dejected about their
inappropriate responses and failure to control themselves
(43). These results are in line with clinical observations that
SCH patients lack self-knowledge, while self-knowledge is
intact in OCD.

In addition, we detected increased spectral power and ITC
of frontal theta-band activity time locked to unsuccessful
Stop trials compared to Go trials at 200-600 ms. A previous
study confirmed that the theta-band activity is the neural
mechanism of error detection and action regulation, and has
similar significance as Pe (11). We found that theta activity,
including spectral power and ITC, was also reduced in SCH
patients compared to OCD and HC groups. The lower ERN/
Pe of SCH patients has been reported in previous studies, but
few studies have examined the underlying neural rhythm. It has
been proposed that oscillatory electrical activity plays a central
role in the recruitment of cerebral systems during information
processing (44). The difference between OCD and HC groups
did not reach significance, although OCD patients did exhibit
weaker activity compared to the HC group. This result is
inconsistent with previous studies reporting that OCD patients
exhibit stronger theta activity during incorrect responses
irrespective of symptom expression (45). This discrepancy
may be explained by Riesel et al., who found that the theta
oscillation was response-locked. It is unlikely, however, that the
theta activity was locked to the stop signal in the present study.
In addition, the paradigm used in the study of Riesel et al. was
a flanker task. Combined with ERP results, the decreased P3
amplitudes and weaker frontal theta activity in SCH compared
to OCD provided evidence that distinct disease-specific
neural substrates underlie the unsuccessful stop response. This
difference may allow for the objective differentiation of SCH
from OCD and facilitate targeted treatment.

The reason we didn’t analyze the response locked EEG data is
that in unsuccessful stop task, response locked EEG data could
not exclude the neural activity induced by motor execution. It
has been confirmed that OCD patients showed higher activity
of pre-supplementary area which was important in motor
execution (21, 46), which may contaminant the neural signal
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induced by error processing. In SST, according to horse race
model, the unsuccessful stop was on the account that the motor
response was sponsored before stop signal appeared(26). Thus,
the stop signal could be served as error signal which elicited
neural activity of error processing.

Consistent with previous studies, the N2 component
was more pronounced in successful and unsuccessful Stop
trials than GO trials. N2 is an indicator of automatic conflict
monitoring in successful Stop trials or automatic error detection
in unsuccessful Stop trials. However, we did not detect any
group difference in the N2 component. This suggests that main
difference between SCH and OCD is in conscious processing,
which is reflected by P3.

Some limitations of this study should be noted. First, almost all
SCH patients were taking antipsychotic medication, which may
account for some of the differences in neural activity between patient
groups. Future studies should investigate unmedicated patients or
those with limited antipsychotic drug exposure to confirm our
results. Second, it was with great regret that the SCH patient was not
assessed by Y-BOCS and OCD patient was not assessed by PANSS
to quantify the overlapping comorbidity. However, the overlapping
comorbidities were excluded by two professional psychiatrists. For
the future research, we will comment the overlapping comorbidity
using Third, the number of participants was limited and all were
from one region of China. Thus, a larger-scale study enrolling
different ethnicities is required to ascertain the relevance of these
observations to OCD and SCH patients in general. Finally, EEG has
much less precise spatial resolution compared to neuroimaging,
so the specific brain regions involved cannot be identified with
certainty, such as the frontal-striatum network.

CONCLUSION

The behavioral and ERP results demonstrated that both SCH
and OCD patients showed impaired response inhibition.
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