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Objective: Increased susceptibility to emotional triggers and
poor response inhibition are important in the etiology of vio-
lence in schizophrenia. Our goal was to evaluate abnormali-
ties in neurophysiological mechanisms underlying response
inhibition and emotional processing in violent patients with
schizophrenia (VS) and 3 different comparison groups: nonvi-
olent patients (NV), healthy controls (HC) and nonpsychotic
violent subjects (NPV). Methods: We recorded high-density
Event-Related Potentials (ERPs) and behavioral responses
during an Emotional Go/NoGo Task in35 VS, 24 NV, 28 HC
and 31 NPV subjects. We also evaluated psychiatric symp-
toms and impulsivity. Results: The neural and behavioral defi-
cits in violent patients were most pronounced when they were
presented with negative emotional stimuli: They responded
more quickly than NV when they made commission errors
(ie, failure of inhibition), and evidenced N2 increases and
P3 decreases. In contrast, NVs showed little change in reac-
tion time or ERP amplitude with emotional stimuli. These
N2 and P3 amplitude changes in VSs showed a strong asso-
ciation with greater impulsivity. Besides these group specific
changes, VSs shared deficits with NV, mostly N2 reduction,
and with violent nonpsychotic subjects, particularly P3 reduc-
tion. Conclusion: Negative affective triggers have a strong
impact on violent patients with schizophrenia which may have
both behavioral and neural manifestations. The resulting acti-
vation could interfere with response inhibition. The affective
disruption of response inhibition, identified in this study, may
index an important pathway to violence in schizophrenia and
suggest new modes of treatment.
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Introduction

Aggressive behavior in individuals with schizophrenia has
serious clinical and societal consequences, but is still poorly
understood. It is often associated with dysregulation of
emotion and impaired impulse control.!? The ability to
adequately inhibit responses in the context of emotion, in
particular negative emotions, is essential for control of vio-
lent behavior. Heightened susceptibility to affective triggers
disrupts emotion regulation and interferes with response
inhibition; this may lead to violence,® more specifically to
“impulsive-emotional violence.”** People with schizophre-
nia are at increased risk for this type of violence, possibly
due to affective dysregulation and impaired response inhi-
bition, which are core deficits in this disorder.%’

Individuals predisposed to aggression may have abnor-
malities in the neural circuitry responsible for response
inhibition and emotional processing.’ Imaging studies
indicate that the neural activity related to these 2 processes
are closely interrelated.’® Activation of limbic areas by
affective stimuli suppresses activity in prefrontal cognitive
control areas.'*!! The emotional impact of stimuli can inter-
fere with response inhibition, as it places extra demands on
neural resources.!? This is particularly true of schizophre-
nia where these resources are already compromised.

The Go/NoGo Task has been used as a measure of
response inhibition in many electrophysiological studies.
It elicits 2 important event-related potential (ERP) com-
ponents: N2 (200-400ms post-stimulus) and P3 (300—
500ms post-stimulus).!* The emotional Go/NoGo Task,
which uses emotional stimuli, assesses also emotional
reactivity; the affective valence of stimuli can indepen-
dently modulate ERP outcomes.'
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Enhanced NoGo P3 is considered a prominent index
of response inhibition.'>!® Reduced P3 had been reported
in violent subjects,'"® including violent schizophrenic
patients,” subjects with impulsive or reactive aggres-
sion,'”!® or impaired impulsivity.?

The significance of the NoGo N2 component in
cognitive control is not as clearly defined. It may indi-
cate a wide range of cognitive control processes, such
as response activation,* or conflict monitoring? rather
than response inhibition itself. N2 reflects also aspects
of emotional processing.”** Unpleasant or threatening
stimuli, in particular, increase N2 amplitude.® This may
be the result of rapid amygdala activity in the process-
ing of aversive information.?® N2 increase to unpleasant/
threatening stimuli is particularly strong in subjects who
are sensitized to such stimuli, such as subjects with higher
suspiciousness or anxiety.?’

Because violent patients with schizophrenia may share
characteristics with nonpsychotic violent subjects (NPV)
and with nonviolent schizophrenic patients, we compared
neurophysiological mechanisms underlying response
inhibition and emotional processing in these groups. This
allows us to disentangle the effects related to schizophre-
nia from those related to violence.

We hypothesized that increased emotional reactiv-
ity to negative stimuli contributes to deficient response
inhibition in violent patients with schizophrenia. This is
reflected in an increase in commission errors and in faster
responding when committing such errors. It is expected
that violent patients with schizophrenia will have the
greatest number of commission errors and faster respond-
ing when committing such errors. It is also expected that
they will exhibit a particular ERP pattern, ie, higher N2
and lower P3 when presented with negative stimuli.

Methods

Study Design and Participants

Thirty-five violent patients (VS), 24 nonviolent patients
(NV), 31 NPV and 28 healthy controls (HC) partici-
pated. They had no significant medical/neurological ill-
nesses, no seizure disorder, and had not received ECT
treatment. History of alcohol/drug abuse and depen-
dence were obtained as part of the diagnostic assessment
with the Structured Clinical Interview for DSM-IV Axis
I Disorders (SCID). Participants in all 4 groups who pre-
sented with any drug or alcohol abuse in the preceding
6 months were excluded from the study, so that the results
would not be confounded by this factor. We obtained
information about childhood/adolescence behavior prob-
lems (prior to age 15), including school truancy, school
disciplinary problems (eg, suspension, expulsion from
school), and fire-setting.

The SCID was administered to confirm diagnosis of
schizophrenia in the patients (Patient Version) and the
absence of any psychotic disorder in the non-patient
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groups (Non-Patient Version), as well as for drug and
alcohol abuse. Patients were recruited from inpatient
and outpatient units of a large state suburban hospital;
non-patient participants were recruited from the commu-
nity. All participants provided written informed consent
according to a protocol approved by the institutional
review boards and compliant with the Declaration of
Helsinki.

Procedures

Life History of Aggression.”® This scale was completed
on the basis of all available information, including self-
report, chart review, and official records of arrests,
convictions, parole, and probation obtained from the
Division of Criminal Justice Services. For inclusion as
violent (VS or NPYV), the participant was required to
have a confirmed episode of physical assault within the
past year, and a Life History of Aggression (LHA) score
of >20. For inclusion as a nonviolent participant (HC
or NV), the subject was required to have a LHA score
< 15, as indicated by the scale authors,”® and no episode
of physical aggression over the past year, or any lifetime
episode of severe physical aggression (ie, resulting in an
injury requiring medical treatment).

The Positive and Negative Syndrome Scale.”® This scale
was used to assess psychiatric symptoms in patients.
Interrater reliability, estimated by intraclass correlation
coefficient (ICC), exceeded 0.90. Five factors were used
as determined by a factor analysis study*: Positive symp-
toms, negative symptoms, excitation, cognitive impair-
ment and depression.

The Barratt Impulsiveness Scale Version 11.>' This mea-
sure of impulsive traits often complements the Go/No
Go Task, as it assesses personality traits, while behav-
ioral procedures, such as the Go/No Go task, are more
state-dependent.’!

The Wide Range Achievement Test—Third Edition,
Reading Subtest.*® The Wide Range Achievement
Test—Third Edition, Reading Subtest (WRAT-3) is a
well-accepted method of estimating premorbid academic
skills and 1Q.*

Stimuli and GolNoGo Task One of the most commonly
used paradigms to assess behavioral inhibition is the Go/
NoGo Task. The “emotional” Go/NoGo task yields
the same measure of inhibition, but the substitution of
affective stimuli for the usual cues provides additional
information about emotional modulation of response
inhibition.** We used 478 images from the International
Affective Picture System (IAPS).%

We applied a sampling with replacement procedure
choosing images from a pool of 148 negative (average



valence of 2.56); 158 neutral (average valence 5.2); and
172 positive (average valence: 7.4) pictures. Each block
of stimuli consisted of 180 trials. Emotionally valenced
and neutral stimuli were randomly presented with an
approximately equal probability (25%, 25% and 50%
rate for negative, positive and neutral stimuli, respec-
tively). Images were presented centrally every 1000 ms
for 800ms with an inter-stimulus-interval of 200 m:s.
Images subtended 8.6° horizontally by 6.5° vertically.
Participants had to respond to all stimuli, except for
stimuli that were repeated twice in a row. The probabil-
ity of No-Go trials was .15. Images were selected so that
neutral, positive and negative images did not differ in
luminance, contrast and spatial frequency, based on the
Delplanque procedure.*

Procedure Participants sat in a sound-attenuated,
electrically shielded room, 115cm from the monitor.
A central fixation cross superimposed to the images was
presented and participants were instructed to fixate the
cross to minimize eye movements. Participants completed
at least 1 mandatory practice block prior to the experi-
ment. Fourteen experimental blocks were run, each last-
ing 3.5 minutes with mandatory 1 to 2 minutes breaks
after 2 blocks to prevent fatigue.

ERP Recordings and Analysis ERPs were acquired
through the ActiveTwo Biosemi (Biosemi, Amsterdam,
Netherlands) electrode system from 72 scalp electrodes
(sampling rate: 512Hz, band-pass: D.C. =150 Hz). EEG
signal processing was performed using Brain Electrical
Source Analysis software (BESA GmbH; Version 5.1.8).
Data were referenced offline to the nasion electrode-
site. Epochs of 900 ms, including a 100 ms pre-stimulus
baseline, were analyzed. Trials with eye movements and
blinks were rejected offline using vertical and horizon-
tal EOG records with an artefact criterion of +120 pV
relative to baseline. An automatic artefact rejection cri-
terion of =70 uV was used at all other scalp sites. After
these artefact rejection procedures, the average number
of accepted NoGo trials was 44, 27, 25 for HC, 36, 20,
21 for NV, 26, 16, 17 for VS, and 33, 24, 23 for NPV
participants for neutral, positive, and negative stimuli,
respectively.

We compared N2 and P3 activity evoked by neutral,
negative, or positive stimuli in the 3 groups. N2 and P3
amplitudes were measured by defining time-windows cen-
tered on the latency of the peak amplitude. For N2, peak
latency was 280 ms with a time-window of *50ms; for P3,
peak latency was 450ms, with a time-window of 75ms.3%
Scalp regions-of-interest (ROIs) were computed by aver-
aging across frontal (FP1/FPz/FP2/AF7/AF3/AFz/AF4/
AFS8/F7/F5/F3/F1/Fz/F2/F4/F6/F8), central (FCS5/FC3/
FC1/FCz/FC2/FC4/FC6/C5/C3/C1/Cz/C2/C4/C6), pari-
etal (CP5/CP3/CP1/CPz/CP2/CP4/CP6/P5/P3/P1/Pz/P2/
P4/P6), temporal (FT7/FT8/T7/T8/TP7/TP8) and occipi-
tal (PO7/PO3/POz/PO4/PO8/O1/0z/O2) sites.

Response Inhibition and Violence: An ERP Study

Statistical Procedures

We used Hierarchical Linear Modeling (HLM) which
takes into consideration group heterogeneity and incor-
porates the time-dependent correlation structure of the
sampling points.* Repeated measurements of the ERP
amplitudes (in microvolts) in each time window of inter-
est served as the dependent variables in the analyses. The
independent variable was “group.” Age, gender, years
of education, WRAT scores, inpatient/outpatient sta-
tus, alcohol abuse/dependence (yes/no) and drug abuse/
dependence (yes/no) served as fixed-effect covariates in all
analyses.

A first-order autoregressive moving average correlation
structure of the sampling points allowing for heterogene-
ity among groups was specified in the HLM model. Test
of the Least Squares Mean (LSM) for each emotion indi-
cated whether there was a statistically significant N2/P3
effect within a given group. In order to investigate valence
effect between groups, we formulated pairwise contrasts
between the within-group LSM estimates for each valence.
Analyses were repeated for each of the 5 ROIs. The adap-
tive Hochberg procedure was used to adjust for multiple
testing. For behavioral results (accuracy/reaction times)
and clinical evaluations, we used analysis of covariance
(ANCOVA) with group as between-subject and stimulus
valence as within-subject factors.

For ERP data, in order to characterize statistical effect
sizes for each valence in each group, we computed Cohen’s
d for the effect magnitude in the above-mentioned time
windows at each of the 5 ROIs. Cohen’s d was computed
as the LSM estimate for the waveform divided by the
pooled within-group standard deviation estimate from
the primary HLM model. We considered absolute values
of Cohen’s d between 0.20 and 0.39 as small, between 0.40
and 0.69 as medium, and from 0.70 as large effect sizes.

Results

Demographic and Clinical Variables

Table 1 displays demographic and clinical information.
Overall and pairwise comparisons are provided. There
were no group differences in gender or ethnicity, but there
was a significant difference in years of education. The 2
patients groups differed in years of education, but were
almost identical on the WRAT-3 (P = .99), a measure of
premorbid level of education and premorbid 1Q.*

There was a significant pairwise difference in alco-
hol abuse/dependence between NPV’s and HC’s but not
between the other groups. For drug abuse/dependence, all
pairwise differences were significant except for NPV-VS.
Childhood and adolescence behavior problems were
more frequent in the violent groups as compared to the
nonviolent groups (P < .01).

Diagnostic information was also obtained. In HC’s, 1
subject had a past history of major depressive disorder.
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Table 1. Demographic and Clinical Characteristics of Healthy Controls (HC), and Non-Psychotic Violent Subjects (NPV), of Nonviolent
(NV) and Violent (VS) Patients With Schizophrenia*

Characteristics HC N =28 NPV N =31 NVN=24 VSN=35 ¥, P
Male, N (%) 22 (78.6) 29 (93.5) 19 (79.2) 28 (80.0) 3.31,.35
Race/ethnicity, N (%)

Caucasian 11(39.3) 7 (22.6) 9(37.5) 7 (20.0)

African American 16 (57.1) 21 (67.7) 13 (54.2) 26 (74.3) 5.21,.52

Hispanic 1(3.6) 3(9.7) 2(8.3) 2(5.7)
Subjects with any abuse/dependence® N (%) 3(10.7) 22 (71.0) 7(29.2) 21 (60.0)

Alcohol abuse 3 6 4 7 8.1, .04¢

Alcohol dependence 0 7 1 2

Cannabis abuse 0 S 3 12 37.1, <.0001¢

Cannabis dependence 0 5 0 1

Cocaine abuse 0 2 1 4

Cocaine dependence 0 8 0 0

Other substance abuse 0 2 1 1

Other substance dependence 0 3 0 0
Childhood & adolescence problems (before age 16)° N (%) 10 (35.7) 26 (83.9) 9 (37.5) 24 (68.6) 20.7,.0001

School truancy 3 19 6 14

Other school discipline problem 10 17 4 22

Fire setting 2 8 1 1
Inpatient status N (%) _ _ 11 (45.8) 27(77.1) 6.1,.01

FE P

Mean age, in years 40.1 (9.8) 39.4(10.3) 41.6 (9.4) 35.3(11.0) 2.2,.09
Years of education 14.7 (1.7) 12.4 (1.7) 12.9 (2.0) 11.7 (1.9) 14.9, <.001
Age at first hospitalization _ _ 24.2 (6.2) 22.4(9.1) 0.7, .41
WRAT-3f scores 48.4 (5.8) 44.3(5.3) 43.6(5.9) 43.8(5.7) 5.6, .001
PANSSE scores

Total score _ _ 76.5 (16.6) 80.4 (15.6) .02, .88

Positive symptoms factor _ _ 2.9(1.2) 34(1.1) 1.76, .19

Negative symptoms factor _ _ 2.8 (0.8) 2.4(0.9) 5.38, .02

Excitation factor _ _ 1.7 (0.8) 2.2 (1.0) 1.51,.22

Cognitive impairment factor _ _ 2.7(0.9) 2.6 (0.7) 1.52,.22

Depression factor _ _ 2.2(0.8) 2.7(0.9) 3.66, .06
Life History of Aggression (LHA) total® 13.2(5.9) 33.4(9.2) 10.1 (5.5) 25.7(5.5) 73.3, <.001
LHA aggression! 8.9 (3.9 19.7 (6.4) 6.6 (4.7) 15.9(3.9) 44.8, <.001
LHA self directed aggression’ 0.07 (0.37) 0.77 (1.6) 0.17 (0.48) 0.76 (1.4) 2.96, .04
LHA, social consequences and antisocial behavior® 4.3(2.9) 12.9 (3.0) 3.0(2.5) 8.2(3.4) 62.3, <.001
Barratt Impulsiveness Scale-11" 55.3(8.3) 66.5(11.2) 60.2 (11.5) 62.4(11.1) 5.71,.001

Antipsychotic dosage (chlorpromazine equivalents) 1103.2 (660.4) 1245.5 (649.6) 0.71, .40

Note: *For categorical variables data are presented as relative frequencies; for continuous variables means and SD’s are provided.

*The table provides information about incidence of abuse or dependence. Some subjects present with abuse or dependence to more than 1
substance (subjects with abuse/dependence within 6 months prior to evaluation were not enrolled in the study).

“Overall chi-square is reported for alcohol abuse or dependence in the 4 groups. The HC-NPV comparison was the only to reach
statistical significance (P = .005).

dOverall chi-square is reported for substance abuse or dependence in the 4 groups. All pairwise comparisons reached statistical
significance (P < .05), except for the NPV-VS comparison which was not significant.

¢Overall chi-square is reported for people presenting with any 1 of 3 problems, truancy, school discipline problems or fire setting.
Frequency of these problems were significantly higher in each of the violent group as compared to each of the nonviolent group in
pairwise comparisons (P < .01), but there were no significant differences between the 2 violent pairs and the 2 nonviolent pairs.
'WRAT-3. Wide Range Achievement Test (third edition) Reading Subtest.

ePANSS. The Positive and Negative Syndrome Scale. For all PANSS factors, the score indicated in the table is the total score on that
factor divided by the number of items which compose the factor.

"Tn pairwise comparisons for the LHA Total score, NPV had higher aggression scores than each of the other 3 groups (P <.001); VS had
higher violence than NV’s and HC’s (P < .001).

iIn pairwise comparisons for the LHA Aggression score, NPV had higher scores than all 3 groups (P < .01); VS higher than HC and NV
(P < .01 for each); there was no difference between HC and NV.

In pairwise comparisons for the LHA Self-Directed Aggression, HC had lower score than VS and NPV (<.05 for both). There were no
other differences.

“In pairwise comparisons for the LHA Social Consequences and Antisocial Behavior, NPV had higher violence than each of the other 3
groups (P < .001); VS had higher violence than NV’s and HC’s (P < .001). There was no significant difference between HC’s and NV’s.
'In pairwise comparisons for the Barratt Impulsiveness Scale Version 11 (BIS-11), NPV’s score was significantly higher than HC’s

(P <.001) and NV’s (P = .03), but not VS. VS’s score was higher than HC (P = .01) but not NV’s.
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In NPV’s, 7 subjects had a past history of major depres-
sive disorder and 1 of anxiety disorder.

In pairwise comparisons for impulsivity, NPV’s Barratt
Impulsiveness Scale Version 11 (BIS-11) score was sig-
nificantly higher than HC’s and NV’s, but not VS’s.
VS’s score was higher than NV’s, but the difference was
not statistically significant. The Positive and Negative
Syndrome Scale (PANSS) Total score was similar in the
2 schizophrenic groups, but NV had significantly more
severe negative psychotic symptoms, while VS had mar-
ginally higher Depression score. Depression was the only
PANSS factor that was related to Total LHA score in the
VS’s (r=.42, N =35, P=.01).

Life History of Aggression

Differences in LHA between the violent and the non-
violent groups were expected, as this was a criterion
for group formation. In pairwise comparisons, NPV
had significantly higher LHA Total, “Aggression,” and
“Social Consequences and Antisocial Behavior” scores
than the other groups, including VS. To contrast the
aggressive behaviors present in the 2 violent groups, we
compared the LHA Aggression subscale items in the 2
groups. NPV had significantly more frequent episodes
of tantrums (ie, “screaming, ranting and raving etc. in
response to frustration”), verbal fighting, and assaults
on property than VS (P < .001 for each pairwise com-
parison). There were no significant differences for the
other 2 items, “physical fights” and “specific assaults on
other people.”

GolNo Go Commission Errors. Accuracy and
Reaction Times

There were significant overall group differences in com-
mission errors for neutral (F'=14.9, df = 3,115, P <.001),
positive (F = 17.9, df = 3,115, P < .001) and negative
(F = 13.9, df = 3,115, P < .001) valences. Both patient
groups made significantly more commission errors than
HC and NPV for all 3 valences (P < .01 for all pairwise
comparisons). NPV’s made more commission errors
than HC’s. This difference was significant for the neu-
tral (P = .02), positive (P < .01) and negative (P = .02)
valences. The VS-NV difference, however, was not signifi-
cant (P > .1).

There was an overall difference in reaction time for com-
mission errors on stimuli with neutral (F = 6.0, df = 3,115,
P < .001), positive (F = 10.6, df = 3,115, P < .001) and
negative (F = 12.1, df = 3,115, P < .001) valences. In pair-
wise comparisons, patient groups responded more slowly
than HC (P < .001) and NPV (P < .01) for all valences,
while HC and NPV did not differ (P > .1). VS were signifi-
cantly faster than NV for negative valence (P = .02), and
marginally faster for positive valence (P = .07); there was
no difference for neutral valences (P = .29).

Response Inhibition and Violence: An ERP Study

In order to understand better the association between
commission errors and certain schizophrenic symp-
toms, we obtained Spearman’s correlation coefficients.
Commission errors were positively related to the PANSS
Negative Symptom subscale among schizophrenic sub-
jects (N = 56; r = .27, P=.04; r = .26, P = .05; r = .27,
P = .04 for neutral, positive and negative valences, respec-
tively). Furthermore, commission errors were positively
related to the PANSS Poor Attention item, which pro-
vides a clinical assessment of general alertness including
“difficulties in shifting focus to new stimuli”* (p.243).
This association was present for all patients with schizo-
phrenia (N = 56, r= .28, P = .04, r=.35; P =.009; r = .29,
P = .03, for neutral, positive and negative valences respec-
tively), but was stronger in NV’s (r = .43, N =23, P = .04;
r=.56, P=.005; r=.50, P = .01, for neutral, positive and
negative stimuli).

ERP Responses in the 4 Groups

Table 2 presents the statistical results for N2 and P3 in
the different scalp regions. The left-side columns pres-
ent Cohen’s d values for ERP amplitudes and indicate
whether these are significantly different from zero. The
right side of the table presents pairwise group compari-
sons for all groups.

In HC and NPV, N2 and P3 are salient (ie, significantly
different from zero) in all scalp regions for all valences,
with some increase in N2 and some decrease in P3 as a
result of emotional modulation. In both schizophrenic
groups, N2 is reduced. It is absent in NV in all scalp
areas for all 3 valences. In VS it is absent for neutral and
positive valences, but present in all regions for negative
valences. P3 is present in all groups for all stimuli, except
in VS for negative stimuli where it is absent in all regions.

Pairwise Group Comparisons

N2 is significantly smaller in patients than in HC for all
regions and valences. It is also smaller in patients than in
NPV except for the NPV-VS differences for the negative
valence, where no significant differences were found.

Pairwise P3 differences are not as pronounced. NV’s
do not differ significantly from either NPV or HC in any
pairwise comparison. VS exhibit reduced P3 and differ
from HC for all valences, but much more so for the nega-
tive valence. They differ from NPV more rarely, as the
latter also exhibit reduced P3.

VS-NV pairwise comparisons indicate no N2 differ-
ences for positive and neutral stimuli, but large differences
for negative stimuli, as VS present with larger amplitudes
than NV in all scalp areas. The opposite is true for P3
with few differences for neutral and positive valences, and
many large differences for negative valences, VS present-
ing with smaller amplitudes than NV in all scalp areas.

To illustrate these differences, we present (figure 1)
grand mean ERP averages indicating ERP responses to
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Fig. 1. Grand mean Event-Related Potential (ERP) averages across electrodes in the central area capturing differential ERP responses
to affective stimuli (neutral, negative and positive) during the N2 and P3 in healthy controls (N = 28), nonpsychotic violent subjects
(N = 31), and in nonviolent (N = 24) and violent (N = 35) patients with schizophrenia.

neutral and affective stimuli. The shaded areas show the
time windows in which N2 and P3 were examined. ERP
waveforms were computed across electrodes in the cen-
tral area, an area in which the differences in the N2/P3
complex are prominent. In the schizophrenic groups, in
the neutral condition, N2 and P3 are reduced. In VS, N2
is partially recovered with negative stimuli, and the P3 is
most reduced with these stimuli.

As mentioned above, significant group differences with
negative stimuli were detectable across all broad brain
regions in the inferential statistical analyses. For a fur-
ther illustration of this topographical pattern, a graphi-
cal summary of the detailed spatio-temporal dynamics
of ERPs is provided in figure 2. The figure displays ERP
group differences across the entire time course in terms
of heatmaps and ERP waveforms, and in terms of topo-
graphical distribution for N2 and P3 over the entire scalp.
VS show a reduction in N2 and P3 compared to HC and,
to a lesser extent, NPV. Compared to NV, VS show larger
N2 and smaller P3.

Role of Negative Emotional Valence

As mentioned above, N2 increases and P3 decreases in
VS are particularly prominent for negative stimuli. We
therefore examined further the electrophysiological dif-
ferentiation between negative and neutral stimuli by com-
puting the difference wave for negatively-valenced stimuli
(ERP ..~ ERP_ ) inall4 groups.

The difference wave was significant in VS only. For
N2, it was significant in 3 regions (N = 32): central
(Cohen’s d = —0.44, P = .03), parietal (Cohen’s d = —0.55,
P = .006), and occipital (Cohen’s d = —0.53, P =.008). It
was marginally significant in the temporal area (Cohen’s
d=-0.32, P =.00).

For P3, the difference wave was significant in the same
3 regions (N = 32): central (Cohen’s d = —0.48, P = .02),

parietal (Cohens d = —0.57, P = .005) and occipital
(Cohen’s d = —0.47, P = .02). It was marginally signifi-
cant in the temporal area (Cohen’s d = —0.36, P = .08).
In the other 3 groups of subjects there was not a single
significant difference wave for either N2 or P3.

Impulsivity and Change in ERP Amplitude With
Emotion We examined how impulsivity traits, a major
contributor to impulsive-emotional violence, are related
to the changes in ERP amplitude from neutral to negative
valences. We investigated the relationship between BIS-11
Total score and the difference wave for N2 and P3 (table 3).

Table 3 indicates that higher impulsivity is associated
with significantly greater N2 enhancement as well as P3
reduction for negative compared to neutral valences in
the violent group, in all scalp areas. There was no such
association in the other groups.

Supplementary Secondary Analyses Our main focus in
this article was the contrast between the VS and the other
groups, but it is possible to consider violence as a dimen-
sion across the groups rather than emphasizing group
differences. In order to investigate the common neurophys-
iological mechanism that characterizes violence as a sepa-
rate dimension independently of psychosis, we classified
the groups in an a priori fashion on the basis of presence/
absence of violence and presence/absence of psychosis.
We investigated the relationship between this categorical
classification and measures of N2 and P3 amplitudes in a
multivariate way, through canonical correlation analysis,
in 4 scalp areas for the stimuli with negative valence. This
approach allows us to determine independent dimensions
(canonical factors) of the clinical/behavioral variables
(violence and psychosis) and to examine their multivari-
ate association with ERP components.

There were 2 significant sets of correlations between
these binary variables (ie, the dimensions of psychosis and
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Fig. 2. Heat maps, topographical distribution, and Event-Related Potential (ERP) waveforms for the group difference in averaged
ERPs in response to stimuli with negative valence in violent subjects with schizophrenia (VS) contrasted to Healthy Controls (HC),
Nonpsychotic Violent subjects (NPV), and Nonviolent patients (NV). Notes: (1) In each panel (top, middle, bottom), the figures

show the heatmap, the topograpical map (ie, voltage distribution in microvolts) over the scalp (at cursor position for N2 and P3),

and the ERP curves at Fz, Cz and Pz electrodes. (2) Color coding: Color bars indicate pairwise group differences of grand averages

in microvolts. (3) Channels for the topograpical map are ordered from frontal to occipital, with left and right side interleaved. (4)
Channel assignments for the heatmap for the broader scalp regions (frontal, fronto-central, central, fronto-temporal, temporal,
temporo-parietal, centro-parietal, parietal, parieto-occipital, occipital) are indicated by the tickmarks. Superscripts indicate significant
group differences for a given ERP component (N2, P3). (5) Inlets display: ERP group difference waveform for channels Fz (=38), Cz
(=48) and Pz (=31), respectively.
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Table 3. Relationship Between Differential Activation Elicited by Negative vs Neutral Stimuli (ERP
Impulsiveness-Version 11 (BIS-11) Total Score for the 4 Groups in the 5 Scalp Regions?

Response Inhibition and Violence: An ERP Study

- ERP ) and the Barratt

negative

Relationship of ERP ..  ERP_ ., With the BIS-11 Total Score (Spearman p)
HC (N =28) NPV (N =31) NV (N =24) VS (N =35)
ERP Component Scalp-Region r P r P r P r P
N2 Frontal .29 12 33 .07 —-.04 .86 -.54 .001**
Central .35 .06 .29 12 .01 .95 -.55 .001**
Parietal 43 .02* 27 .14 .03 .90 -.55 .001**
Temporal 27 17 31 .09 .05 .80 —.49 005+
Occipital 31 A1 .14 46 .006 98 -.57 <.001**
P3 Frontal 25 .19 25 17 -.11 .62 -.40 .02*
Central .19 33 .14 44 -.08 .70 —.40 .02*
Parietal 17 .38 .05 78 -.16 46 —42* .01*
Temporal 13 .53 .26 .16 -.13 .55 -41 .02*
Occipital .06 75 .09 .62 -.20 .34 -.51 .003**

Note: *Spearman correlation coefficients were used because the distribution was not normal. For N2 a negative correlation indicates
larger amplitude (greater negativity); for P3 it means reduced positivity.
*P < .05, **P < .01. Values highlighted in bold remain significant after the adaptive Hochberg's procedure for correction for multiple

testing.

violence) and the ERP components (supplementary table).
The correlation for the first pair, which indexes psychosis,
had a P value of <.0001. The correlation for the second
pair, which indexes violence, had a P value of .039. These
2 dimensions were independently related to the ERP vari-
ables. The loadings of the ERP components on these 2
dimensions are presented in the supplementary table. The
first canonical dimension, psychosis, was associated with
large N2 reductions in all 4 scalp areas and mild to mod-
erate P3 reductions in the central and parietal areas. The
second canonical dimension, violence, is statistically inde-
pendent of the first and hence the loadings on this dimen-
sion contributed by VS reflect only violence with no effect
for psychosis. It was associated with P3 reductions in all
scalp areas (with moderate to large reductions in the fron-
tal, central and parietal areas) and with mild to moderate
“increases” in N2 in the frontal and parietal areas.

Discussion

In order to get a better understanding of violent behav-
ior in patients with schizophrenia, we investigated the
neurobiological mechanisms underlying response inhibi-
tion and emotional processing, which are associated with
violence. The patients in this study present with severe
chronic mental illness and it is therefore not surprising
that they are more impaired than the nonpsychotic groups
on many behavioral and ERP parameters. This included
also slower responding to the stimuli for all 3 valences.
These differences in reaction time may be related to psy-
chomotor retardation which is common in patients with
schizophrenia, although the reaction times in our study
were not significantly related to the PANSS Psychomotor
Retardation item.

The patients made more commission errors than HC
or NPV. There was no VS-NV difference in commis-
sion errors, but there was a difference in the reaction
time for these errors. VS responded significantly faster
than NV on negative stimuli. This fast responding
when, in fact, they were required to withhold response,
may indicate a failure in inhibition when emotional
arousal is present. In NV, these commission errors
may reflect a different impairment, ie, a more general
cognitive/behavioral deficit. The literature reports that
commission errors are associated not only with vio-
lence but also with other symptoms, such as negative
symptoms.**? In our study, these symptoms were more
severe in NV than VS (table 1), and commission errors
were positively associated with negative symptoms and
with deficits in attention, including difficulties shifting
focus to new stimuli.

Neurophysiological Differences Among the Groups

There were important neurophysiological group dif-
ferences. N2 was smaller in both patient groups. It was
absent in NVs for all stimuli; in VSs, while it was com-
pletely absent with neutral stimuli, it emerged with emo-
tional stimuli, and in particular negative ones, which
are known to provoke greater emotional arousal.”> The
Emotional Go/NoGo task assesses also emotional reac-
tivity besides response inhibition, and affective valence
can independently modulate the N2 component.'* Thus,
it would seem that in HC and NPV, N2 reflects primarily
cognitive control and may be related to response activa-
tion,?! or conflict monitoring?; it was therefore present
with neutral stimuli. In the VS, however, it appears to be
associated only with emotional reactivity.

971


http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbw005/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbw005/-/DC1

M. I. Krakowski et al

As P3 reflects response inhibition,'>!® smaller P3 may
indicate lesser neural activation for response inhibition. It
was smallest in VS and largest in HC, with intermediate
values for NV and NPV. This is consistent with the above
literature which reports P3 attenuation in both schizo-
phrenia and impulsive violence.'®!

The effect of negative emotional provocation on P3
amplitude (ie, reduction) was quite pronounced in VS. It
may reflect a reduction in response inhibition efficiency,
as emotional arousal draws away cognitive resources.*
The electrophysiological differentiation between nega-
tive and neutral stimuli (ie, the difference wave) was
significant only in VS; furthermore P3 was significantly
lower in that group than in NV for negative stimuli
in all scalp areas. This deficit may also be reflected in
the VS’s faster responding at the expense of accuracy
(ie, increased speed when making commission errors),
discussed above.

ERPs provide a unique tool to follow the temporal
stages for emotional and cognitive processing in vio-
lent patients; the emotional arousal (suggested by N2
increase) is followed by impairment in response inhi-
bition (suggested by P3 decrease). This relationship
between the 2 ERP components is consistent with the sig-
nificant correlations obtained between N2 and P3 in the
VS group, such that the larger the N2 (ie, “more” nega-
tive), the smaller the P3. This relationship was strongest
in the frontal region (» = .63, N = 35, P < .001), but was
also present in central (r = .39, N = 35, P = .02), temporal
(r= .46, N = 35, P = .005), and occipital (r = .34, N = 35,
P = .04) regions. There were no significant relationships
between N2 and P3 in the other groups.

This time frame could provide an explanation for brain
activation findings in imaging studies. It suggests that
negative emotions capture attentional resources, at the
expense of cognitive processing, probably due to their
survival value.!>4

In contrast to the hyper-reactive pattern in violent
patients, NV were minimally responsive to emotional
stimuli, evidencing no significant change in reaction time,
in N2 or P3. Their poor task performance is not asso-
ciated with impulsive/reactive propensities, as is the case
with VS, but instead reflects cognitive perseveration and
negative symptoms, which also interfere with response
inhibition.*#

These different patterns in the 2 groups can be related
to their dissimilar emotional impairments. VS evidenced
disturbed emotional reactivity; they presented with
more depressive symptoms and these symptoms were
related to aggression. NV’s, on the other hand, pre-
sented with more severe negative symptoms, including
blunted affect. Their lack of emotional reactivity on the
Go/NoGo can be seen as part of this particular affective
dysfunction, which has been associated with lower levels
of violence.*
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Impulsive Traits and ERP Changes

Impulsive traits also play a role in the neurophysiologi-
cal results. Greater impulsivity and reactivity are asso-
ciated with greater N2 enhancement and greater P3
reduction in VS with negative stimuli. This is consistent
with reports of N2 increases in subjects who are more
sensitive to emotional provocation.?’” There was no sig-
nificant difference in impulsivity between the 2 patient
groups, but our results suggest that it may play a dif-
ferent role in the VS, as it is associated with important
ERP changes in that group, when there is negative emo-
tional provocation.

In our study, impulsivity was associated with broadly
distributed ERP changes across scalp regions. While
the frontal cortex plays a prominent role as the neural
substrate of impulsivity, other regions are also involved,
such as the inferior parietal cortex,* posterior cin-
gulate** and a distributed fronto-temporal network.*’
Considering these findings and the fact that volume
conduction may lead to widespread scalp distributions,
even for sources that predominantly originate from the
frontal cortex, we can understand why impulsivity was
associated with broadly distributed ERP changes across
scalp regions.

Interestingly, the relationship between N2 and the BIS-
11 was in the opposite direction for HC’s. As mentioned
above, in the HC’s, N2 is associated predominantly with
cognitive control processes, such as response activation,?!
or conflict monitoring.?? Greater impulsivity is associated
with decreased efficiency in these cognitive processes and
hence with smaller N2 amplitude.

The 2 Violent Groups: Shared Characteristics

We included the NPV group in order to investigate the
effect of psychosis and violence independently from
each other. The NPV evidence various disturbances,
some of which are shared with the VS, including a
history of substance abuse, past psychiatric prob-
lems, and childhood/adolescence behavioral problems.
They have more severe antisocial behavior and aggres-
sion than VS, including reactive-expressive aggressive
behaviors, such as temper tantrums, verbal and prop-
erty aggression. NPV made more commission errors
than HC’s. This is consistent with reports of higher
number of commission errors in violent populations,
mentioned above.

In supplementary analyses, we focused on unique neu-
rophysiological patterns related to violence as a dimen-
sion. This dimension is associated with a decrease in P3
and some increase in N2. It is therefore possible that the
neurobiological mechanisms that underlie violence in the
2 violent groups are shared to some extent, and that the
univariate differences found between these 2 groups are
more in degree than in kind.



Strengths and Limitations of the Study

This study included a nonpsychotic violent group which
provides a unique opportunity to examine distinct as well
as shared neurophysiological characteristics of 2 groups
of violent individuals. The use of HLM for ERP data
provides a more precise modeling than is usually used in
ERP studies. Our study also removed an important con-
found in the neurophysiological assessment of violent
behavior, ie, substance abuse within 6 months of entry in
study. Comorbid substance abuse is common in violent
patients,*® but may produce its own set of neurophysi-
ological abnormalities.

There were also a number of limitations. This exclu-
sion of subjects with substance abuse restricts the gen-
eralizability of our results with regard to dual diagnosis
patients. Furthermore, patients in our study had chronic
illness, and our results may not apply to acutely psychotic
patients. In addition, the current design is cross-sectional;
a prospective design which would follow over time peo-
ple with the deficits defined in our study would provide
greater evidence for our model. Future studies using such
a design would determine whether these deficits are true
pathways to violence.

Conclusions

Some factors have been over-emphasized in research on
violence in patients with major mental disorders, such
as psychotic symptoms, while other variables, which are
often more relevant, have been ignored. In one study of
patients with major mental illness,* psychotic symptoms
preceded a violent incident only in a small percentage of
cases. The present results support the idea that behavioral
disinhibition and emotional dysregulation are impor-
tant factors for violent behavior. The violent patients
evidenced strong reactivity to negative stimuli; this may
interfere with response inhibition and lead to impulsive
violence. We found further evidence for this interpreta-
tion of the ERP changes in the fact that the degree of
impulsivity and emotional reactivity in VS are associ-
ated with N2 enhancements and P3 reductions when pre-
sented with negative stimuli. In contrast, NVs’ decreased
emotional reactivity, while clearly abnormal, does not
lead to violence, and may even have a protective effect.
Our findings provide greater understanding of impulsive-
emotional aggression. Recent work in schizophrenia sug-
gests that emotionally based impulsivity is increased in
schizophrenia and that this increase is correlated with
aggression.®

Our study also considered violence as a dimension
independent of psychosis, and found that, to some extent,
the ERP patterns which were most prominent in the VS
were more generally associated with this dimension.

The neural patterns associated with response inhibition
identified in this study may represent altered interactions
between a dorsal brain system involved in what has been

Response Inhibition and Violence: An ERP Study

termed “cold” executive processing and a ventral system
involved in “hot” emotional processing.'®*-* Thus, our
findings on the affective disruption of response inhibi-
tion provide important insights into the neurobiological
underpinning of these altered interactions, and suggest
new modes of treatment which would target these specific
underlying impairments.

Supplementary Material

Supplementary material is available at http://schizophre-
niabulletin.oxfordjournals.org.
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