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Individuals with schizophrenia are more prone to violent behaviors than the general population. It is increasingly recognized that processing of emo-
tionally valenced stimuli is impaired in schizophrenia, a deficit that may play a role in aggressive behavior. Our goal was to establish whether patients
with a history of violence would show more severe deficits in processing emotionally valenced inputs than non-violent patients. Using event-related
potentials, we measured how early during processing of emotional valence, evidence of aberrant function was observed. A total of 42 schizophrenia
patients (21 with history of violence; 21 without) and 28 healthy controls were tested. Participants performed an inhibitory control task, making speeded
responses to pictorial stimuli. Pictures occasionally repeated twice and participants withheld responses to these repeats. Valenced pictures from the
International Affective Picture System were presented. Results in controls showed modulations during the earliest phases of sensory processing
(<100 ms) for negatively valenced pictures. A cascade of modulations ensued, involving sensory and perceptual processing stages. In contrast, neither
schizophrenia group showed early differentiation. Non-violent patients showed earliest modulations beginning �150 ms. For violent patients, however,
earliest modulations were further delayed and highly attenuated. The current study reveals sensory–perceptual processing dysfunction for negatively
valenced inputs, which is particularly pronounced in aggressive patients.
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INTRODUCTION

Violent behavior in patients with schizophrenia, while relatively un-

common, has prevalence rates ranging from 15.3% to 19.1% (Swanson

et al., 2004, 2006). The presence of these behaviors is a significant

public health issue in that they often result in prolonged hospitaliza-

tion, can greatly interfere with reintegration into the community and

are associated with higher rates of criminal conviction (Hodgins et al.,

2005). Understanding the underlying neurobiology that predisposes a

subset of patients to violent behaviors is therefore of primary import-

ance. Multiple risk factors of a clinical, interpersonal and social–envir-

onmental nature have been identified (Swanson et al., 2004, 2006; Fazel

et al., 2009a, b). It should be noted, however, that patients with schizo-

phrenia show significant deficits in basic affective processing (Kayton

and Koh, 1975), and that such deficits have been identified as an im-

portant precursor to violence in the general population (Davidson

et al., 2000). We focus here on disturbances in the processing of affec-

tively valenced inputs in patients with schizophrenia and their poten-

tial relationship to violent behaviors in this population.

Disturbances in the processing of affective information in patients

with schizophrenia include impaired recognition of facial affect

(Morris et al., 2009; Leitman et al., 2010), and deficits in their abilities

to interpret the emotional prosodic content of speech (Ross et al.,

2001; Leitman et al., 2005, 2007). One consistent finding is a negativity

bias, whereby patients show a strong inclination to misidentify neutral

stimuli as negatively valenced (Edwards et al., 2001; Kohler et al., 2003;

Premkumar et al., 2008; Tsoi et al., 2008). Such inabilities to accurately

identify emotional valence, accompanied by a bias to interpret situ-

ations in a negative light, could heighten the risk of violence in schizo-

phrenia. To our knowledge, possible links between affective deficits

and violent behaviors has yet to be investigated in schizophrenia.

Using high-density neurophysiological recordings, we tested how

early during the processing of emotionally valenced stimuli, evidence

of aberrant processing would be observed in patients relative to healthy

controls, and in turn, whether more severe deficits would be evident in

patients with a history of violent behaviors.

Event-related potentials (ERPs) provide temporally precise measures

of information processing well suited to probe for modulation in re-

sponse to affectively valenced inputs, allowing for the dissociation of

early sensory–perceptual from later higher order cognitive processing

stages. Studies in healthy populations have reported modulation of

very early (60–90 ms) and later (500–800 ms) ERP components, point-

ing to valence sensitivity during both processing stages. Direct record-

ings from the amygdala in humans have shown fear-specific

modulations as early as 140 ms after stimulation (Krolak-Salmon

et al., 2004; Pourtois et al., 2010). Scalp-recorded valence-related

ERP modulations have been reported at just 90 ms (Pourtois et al.,

2004). In a clever experiment, pairings of facial stimuli were presented,
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one to each hemifield, with neutral–fearful and neutral–happy pairings

used to test whether the affectively valenced stimuli initiated an auto-

matic shift of spatial attention to that side, which would then facilitate

processing of the following target stimulus at that same location.

Enhanced visual-evoked potentials (VEPs) for targets presented at lo-

cations cued by fearful faces was indeed found, indicating rapid auto-

matic orientation of attention toward fear stimuli. Most important, the

fearful face-cue itself evoked enhanced amplitude at 90 ms (during the

C1 component of the VEP). Eldar et al. (2010), using a similar design,

also reported modulation of the C1 component to threat faces in anx-

ious relative to non-anxious participants. Source analyses have loca-

lized C1 generators to early retinotopic regions, especially V1 (Clark

and Hillyard, 1996; Foxe and Simpson, 2002; Kelly et al., 2008), sug-

gesting that this enhanced processing of negatively valenced stimuli

occurs during the initial phase of activity in primary visual cortex. It

is highly unlikely that extraction of affective information is achieved in

striate cortex; the more parsimonious explanation is that affective

modulations of visual processing are driven by coincident processing

within limbic structures such as the amygdala, as theorized by LeDoux

(e.g. Quirk et al., 1997). LeDoux’s seminal work on fear conditioning

proposed the existence of dual pathways for processing of

threat-related stimuli: a ‘fast’ subcortical pathway rapidly transmitting

low-resolution features of the stimulus to limbic structures, and a

‘slower’ cortical pathway providing more detailed sensory–perceptual

processing. Animal studies have identified direct thalamo-amygdala

transmission with extremely fast amygdalar response latencies

(�20 ms) (Quirk et al., 1997; LeDoux, 2000). In turn, anatomical

studies have shown direct projections from the amygdala to V1

(Amaral et al., 2003). Based on this evidence, striate cortex modulation

seen in humans to valenced inputs most likely results from modulatory

inputs provided via the faster thalamo-amygdalar circuit.

There is reason to predict deficits in this circuit in schizophrenia.

Neuroimaging studies show altered recruitment of limbic structures

during emotional paradigms (Gur et al., 2007; Hall et al., 2008; Rauch

et al., 2010; Satterthwaite et al., 2010). Also, electrophysiological evi-

dence indicates less differentiation of emotional stimuli (90–300 ms) in

schizophrenia (Rockstroh et al., 2006). There has been little effort to

probe the neurobiology underlying violent behaviors in schizophrenia,

although neuroimaging studies have reported aberrant responses in

limbic and prefrontal areas (Dolan and Fullam, 2009). For example,

reduced functional connectivity between amygdala and ventral pre-

frontal regions has been shown, with lower connectivity associated

with higher levels of self-rated aggression (Hoptman et al., 2010). To

date, there are no electrophysiological studies to our knowledge that

test for a possible role of affective processing deficits in the expression

of violent behaviors in schizophrenia. Here, we recorded high-density

ERPs to probe the spatio-temporal dynamics of cortical emotional

processing in violent and non-violent patients. In line with previous

work, we expected to find emotional processing deficits in schizophre-

nia (Rockstroh et al., 2006). Our primary goal, however, was to assess

whether these deficits would be more severe in violent relative to

non-violent patients, and to establish when during neural processing

such differences might arise.

MATERIALS AND METHODS

Participants

A total of 21 patients with a history of violence (VS), 21 without a

history of violence (NVS) and 28 healthy controls (HCs) participated.

All participants (aged 18–60 years) had no significant medical or

neurological illnesses. We excluded participants with any drug or al-

cohol abuse in the last 6 months or any lifetime history of drug or

alcohol dependence. Controls were administered the Diagnostic and

Statistical Manual�non-patient version to confirm absence of any psy-

chiatric disorder. Patients recruited from the Rockland Psychiatric

Center (inpatient and outpatient units) received a SCID diagnosis of

schizophrenia (Diagnostic and Statistical Manual of Mental Disorders,

Fourth Edition). The Life History of Aggression (LHA; Coccaro et al.,

1997) was used to assess aggression. It was completed on the basis of

chart review, staff and patient interviews and official arrest records

(‘Record of Arrest and Prosecution’). For inclusion as a violent

participant, the patient had to have a confirmed episode of physical

assault directed at another person within the past year, a score of �20

on the LHA scale, and a score of �3 on the ‘Physical Aggression

Against People’ scale (PA-people). For inclusion as a non-violent par-

ticipant, the patient could not present with an episode of physical

aggression over the past year, or any lifetime episode of severe physical

aggression, had to have a score of �15 on the LHA and a score �2

on the PA-people. Psychiatric symptom severity was assessed using the

Positive and Negative Syndrome Scale (PANSS; Kay et al., 1987).

To measure sustained visual attention, we administrated part A

of the Trail Making Test (TMT) of the Halstead–Reitan

Neuropsychological Test Battery (Reitan and Wolfson, 1993).

Written consent was required from all participants according to a

protocol approved by the institutional review board at NKI and com-

pliant with the tenets of the Declaration of Helsinki.

Stimuli and task

We used 478 pictures from the International Affective Picture System

(IAPS; Lang et al., 2008), a set of normative photographs that includes

content across a wide range of semantic categories. The 148 negative

pictures depicted attack scenes, mutilated bodies and disgusting objects

(valence: 2.56; arousal: 5.6). The 158 neutral pictures depicted people,

landscapes, abstract pattern and objects (valence: 5.2; arousal: 3.5). The

172 positive pictures depicted babies/toddlers, family gatherings and

prestige objects (valence: 7.4; arousal: 4.8). Images were selected to

ascertain that neutral, positive and negative images did not signifi-

cantly differ in luminance, contrast and spatial frequency. For the

spatial frequency of images, we used a discrete wavelet analysis ap-

proach previously developed by Delplanque and colleagues for the

analysis of the IAPS battery (Delplanque et al., 2007). This approach

allows for the analysis of both small (high spatial frequencies) and large

details (low spatial frequencies) separately (Delplanque et al., 2007).

A band-specific analysis is important, as it is known that low spatial

frequencies are particularly relevant for the processing of emotional

content (Carretie et al., 2007). Analysis of Variance (ANOVA) was

used to test mean values of luminance, contrast and mean energy of

spatial frequency bands. Emotionally neutral, positive and negative

stimuli were randomly presented with a probability of 0.45, 0.275

and 0.275, respectively. Images were presented centrally every

1000 ms for 800 ms with an interstimulus interval of 200 ms. Images

subtended 8.68 horizontally by 6.58 vertically. The emotional valence of

the images was incidental to task performance. To ensure sustained

attention to the IAPS stimuli, participants performed a go/nogo task,

responding quickly and accurately to every presentation, while with-

holding responses to the second instance of any stimulus repeated

twice in a row. The probability of go and nogo trials was 0.85 and

0.15, respectively.

Procedure

Participants were seated in a dimly lit, sound attenuated, electrically

shielded room, 115 cm from a monitor. Central fixation was required

throughout each block (180 trials). Participants completed one man-

datory practice block before the main experiment began. If needed,

additional practice blocks were allowed. Fourteen experimental blocks
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were run, each lasting 3.5 min. Participants took mandatory breaks

between blocks to prevent fatigue.

ERP recordings and analysis

ERPs were acquired from a 72-channel montage at a digitization rate

of 512 Hz with a pass-band of 0.05–100 Hz using the BioSemi

Amplifier System. Data were referenced to the nasion electrode-site.

Epochs of 900 ms, including a 100 ms prestimulus baseline, were ana-

lyzed. Trials with eye movements and blinks were rejected based on

vertical and horizontal EOG records. An automatic artifact rejection

criterion of �70 mV was used at all other scalp sites. All analyses were

conducted on individual subject averages that were not digitally fil-

tered but group data were subsequently low-pass filtered at 45 Hz for

purpose of illustration.

Primary analysis strategy

Guided by previous work identifying ERP components modulated by

valenced input (Olofsson et al., 2008), data were explored for the fol-

lowing components of interest: P1, N1, the Early Sustained Positivity

(ESP) and the Late Sustained Positivity (LSP). Additionally, in light of

previous recordings demonstrating very early valence-related modula-

tion of visual processing (Pourtois et al., 2004), we also explored po-

tential effects during the earliest stages of visual processing. In this

regard, a distinct positive component peaking at 35 ms was identified

in grand averaged waveforms (hereafter referred to as P35), and was

therefore submitted to statistical testing. These five components were

defined by examining the group-averaged data, collapsed across con-

ditions and groups (i.e. independent of any possible between-groups or

between-conditions effects). Amplitudes for P35, P1, N1, ESP and LSP

were measured by defining time windows centered on the latency of

peak amplitude. For the P35, peak latency was 35 ms and a time

window of �5 ms was chosen based on the fast frequency of this com-

ponent. For P1, peak latency was 105 ms, and again a time window of

�5 ms was used. For N1, peak latency was 185 ms; time window was

set as �15 ms. For ESP and LSP, time-windows were set as 300–400 ms

and 600–800 ms, respectively. Scalp regions-of-interest (ROI) were

computed by averaging across frontal (FP1/FPz/FP2/AF7/AF3/AFz/

AF4/AF8/F7/F5/F3/F1/Fz/F2/F4/F6/F8), central (FC5/FC3/FC1/FCz/

FC2/FC4/FC6/C5/C3/C1/Cz/C2/C4/C6), parietal (CP5/CP3/CP1/CPz/

CP2/CP4/CP6/P5/P3/P1/Pz/P2/P4/P6), temporal (FT8/FT8/T7/T8/

TP7/TP8) and occipital (PO7/PO3/POz/PO4/PO8/O1/Oz/O2) sites.

Affect-related modulations for each of the aforementioned five com-

ponents were tested by computing the difference wave for negatively

valenced stimuli (ERPnegative� ERPneutral) and positively valenced sti-

muli (ERPpositive� ERPneutral) and testing them in two separate sets of

analyses. In particular, the principal statistical analysis investigated the

valence effect in each group and compared the valence effects across

the three study groups. Random regression hierarchical linear model-

ing (HLM; Bryk et al., 1992; Gibbons et al., 1998) was the primary

statistical approach; this method (in contrast to the traditional

ANCOVA analysis) makes allowance for heterogeneity among treat-

ment groups and takes into account the time-dependent correlation

structure of the observations (sampling points). In the HLM model,

repeated assessments of the difference wave within each specified time

window served as the dependent variable. The two independent vari-

ables were ‘treatment group’ and ‘time’ (sampling point relative to

stimulus onset). Treatment group served as the between-subject

factor, and Time (ms) as the within-subject, random effect factor.

Age, education and gender served as fixed-effect covariates and were

used for adjustment for potential confounding. Interaction between

treatment group and time was included in the model. A first-order

autoregressive moving average correlation matrix allowing for

heterogeneity among treatment groups was specified in the HLM

model. Test of the least squares mean (LSM) effect indicated whether

there was a statistically significant valence effect in a given group. In

order to compare the valence effect between groups, we formulated

three pairwise contrasts (HC vs NVS, HC vs VS and NVS vs VS) in

the HLM model. Analyses were repeated for each of the five ROIs. The

Hochberg procedure was used to adjust for multiple testing of

the valence effect within-group. For pairwise group comparisons, the

Tukey–Kramer adjustment was used to correct for the three pairwise

contrasts of valence effect. To characterize statistical effect sizes for the

valence effect across components, we computed Cohen’s d (Cohen,

1988) based on the above mentioned time windows at each of the

five ROIs. In particular, Cohen’s d was defined as the LSM estimate

for the difference waveform (negative–neutral or, alternatively, posi-

tive–neutral) divided by the pooled within-group s.d. estimate derived

from the primary HLM model. Thus, the closer the Cohen’s d

approaches zero, the smaller the valence effect. We consider 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. For behavioral

results, we analyzed accuracy and reaction time (RTs) for ‘go’ trials

using ANOVA with group as between-subject and stimulus valence as

within-subject factors.

Source localization

Inverse source modeling using brain electric source analysis (BESA

5.1.8, MEGIS Software, Gräfelfing, Germany; Scherg and Von

Cramon, 1991) was employed to localize neural generators of valence

sensitive ERP components. Source modeling is based on the premise

that an observable ERP deflection is related to a change in local activity

within a circumscribed brain region (Scherg and Picton, 1985). Our

main purpose in performing source analysis was to estimate sources

for early VEP components that showed valence sensitive modulations,

in particular the P35. We reasoned that if generators of the P35 modu-

lation were localized to the amygdala, this would align with converging

evidence suggesting a role for the amygdala in enhancing early percep-

tual processing. We modeled sources only in HC participants, since

significant P35 modulation was only seen in this group. We refrained

from source localizing late components (ESP and LSP) as these com-

ponents likely reflect post-perceptual processing across widely distrib-

uted cortical networks. BESA employs a least squares fitting algorithm,

defining location and orientation of dipoles for which the maximal

amount of variance is explained (Scherg and Picton, 1991; Simpson

et al., 1995). We used a data-driven stepwise approach, with each

segment of the epoch that encompassed an ERP deflection successively

fitted with a pair of symmetric sources. For the purpose of modeling,

an idealized four-shell ellipsoidal head model with a radius of 90 mm

and scalp and skull thicknesses of 6 and 7 mm, respectively, assumed.

Topographic maps

Scalp maps represent interpolated potential distributions, derived from

72-scalp measurements. Maps are displayed on the 3D reconstruction

of a rendered scalp surface (derived from an anatomical MRI) as im-

plemented in BESA.

Statistical cluster plots

An exploratory analysis was also performed to fully explore the rich-

ness of these high-density data, serving mainly as a hypothesis gener-

ation tool for future research. This represents a method for testing the

entire data matrix for putative effects (Murray et al., 2001; Molholm

et al., 2002) and involves the derivation of cluster plots by calculating

pointwise, paired, two-tailed t-tests between the ERP responses to a

given pair of experimental conditions. This method provides a metric
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for both estimating the onset of differential responses between condi-

tions and for assessing significant conditional effects across the entire

epoch. Periods of significant difference are only plotted if an � criter-

ion of 0.05 is exceeded and then only if this criterion is exceeded for at

least 11 consecutive data points (�20 ms). The temporal cluster criter-

ion is a means of obviating the false-positive rates inherent in the

multiple comparisons made using this method, and makes allowance

for possible temporal auto-correlation (Guthrie and Buchwald, 1991;

Foxe and Simpson, 2002).

RESULTS

Demographic and clinical characteristics

Table 1 presents demographic, neuropsychological and clinical char-

acteristics of the groups. There was a significant difference in educa-

tion, inpatient vs outpatient status and a marginal difference in age;

hence these variables were introduced as covariates. In order to char-

acterize further the groups and in particular the two schizophrenic

groups with regard to measures of attention, we investigated attention

in two different ways. We looked at the PANSS Poor Attention item, as

a clinical measure of attention. There were no differences between the

VS and NVS on this measure. We also used a measure of sustained

visual attention, Part A of the TMT. There was a significant difference

among the three groups (F2,67¼ 22.7, P < 0.001). Pairwise comparisons

showed a significant difference between the HC and the VS (P¼ 0.001)

and between the HC and NVS (P < 0.001). There was also a significant

differences between the two schizophrenic groups with the VS showing

a better performance on that test�as indicated by a faster response

(P < 0.001). There were no differences between the two patient

groups on the PANSS Total score, antipsychotic medications (typical

vs atypical), antipsychotic dosage (chlorpromazine equivalents), or

other psychotropic agents used.

Behavioral results

Figure 1 shows RT, hit and correct rejection rates in HC, NVS and VS.

The ANOVA for RT revealed a Group effect (F2,67¼ 11.74, P < 0.0001)

and a Valence effect (F2,134¼ 5.32, P¼ 0.006). For hit rates, a Group

effect was found (F2,67¼ 16.38, P < 0.0001). A Group effect was also

found for correct rejection rates (F2,67¼ 12.9, P < 0.0001). Protected

analyses revealed increased RT and reduced accuracy in NVS and VS

relative to HC (P < 0.002), and no differences between NVS and VS

(P > 0.27). Analyses comparing RT across levels of Valence revealed

increased RT for negative vs neutral stimuli in HC and NVS, but not

in VS (HC: t27¼�4.2, P < 0.0001; NVS: t20¼�2.25, P¼ 0.035; VS:

P¼ 0.81).

Electrophysiological results

Figure 2 shows representative electrodes over fronto-central,

centro-parietal and parieto-occipital scalp. Stimulus valence is

marked by color. Enhanced activation evoked by negative stimuli

Fig. 1 Mean RT, hit and correct rejection rates in HC, NVS and VS. Both groups of patients with
schizophrenia showed increased RT and reduced accuracy. HC and NVS also showed increased RT for
negative compared to neutral valenced stimuli.

Table 1 Demographic, neuropsychological and clinical characteristics

HC (n¼ 28) NVS (n¼ 21) VS (n¼ 21) f/chi valuea P-value

Gender: male/female 22/6 17/4 17/4 0.06 0.97
Ethnicity AA/non-AA 12/16 8/13 5/16 1.97 0.37
Inpatient (in/outpatient) – 10/11 16/5 27.7 0.0001***
Age (SD) 39.7 (10.0) 41.0 (8.6) 35.5 (11.0) 1.82 0.17
Education in years (s.d.) 14.7 (1.7) 13.1 (1.9) 11.7 (2.1) 14.7 0.0001***
PANSS – 75.6 (16.6) 78.9 (15.8) 0.39 0.54
PANSS poor attention (s.d.) – 1.9 (1.3) 2.2 (1.1) 0.73 0.4
Trail making test Part A, LS mean (s.d.) 28 (3.8) 66.4 (4.3) 46.3 (3.9) 22.7 0.001**
Medication dose (CPZ equivalents) – 1094.8 (737.6) 1165.5 (751.0) 0.09 0.76

aANOVA for continuous and chi-square test for categorical variables.
*P� 0.05, **P� 0.001, ***P� 0.0001.
AA¼ African American; s.d.¼ standard deviation; CPZ¼ chlorpromazine.

Violent schizophrenia and affective processing dysfunction SCAN (2013) 681



Fi
g.

2
Ov

er
vi

ew
of

ER
Ps

in
HC

,N
VS

an
d

VS
at

re
pr

es
en

ta
tiv

e
fro

nt
al

,c
en

tr
al

an
d

pa
rie

to
-o

cc
ip

ita
le

le
ct

ro
de

sit
es

fo
r

ne
ut

ra
l,

ne
ga

tiv
e

an
d

po
sit

iv
e

va
le

nc
ed

st
im

ul
i.

HC
sh

ow
ed

ea
rly

di
ffe

re
nt

ia
lE

RP
re

sp
on

se
s

to
ne

ga
tiv

e
va

le
nc

ed
st

im
ul

i,
w

hi
ch

w
er

e
de

la
ye

d
an

d
at

te
nu

at
ed

in
NV

S
an

d
VS

.

682 SCAN (2013) P.De Sanctis et al.



(red trace) was strongest over parieto-occipital scalp regions. The top

row of Figure 3 shows the ERP at POz. The black rectangles capture the

five ERP components for which HC revealed robust affect-related

modulations. The bottom three rows of Figure 3 show statistical cluster

plots, which revealed the topography and onset of the differential ac-

tivations. Table 2 summarizes the statistical results testing differential

activation evoked by negative stimuli (ERPnegative� ERPneutral) for each

of the ERP components. The differential activation evoked by positive

stimuli (ERPpositive� ERPneutral) yielded very few statistically signifi-

cant effects and are therefore not reported.

P35

The LSM analysis (Table 2) indicated that a significant differential

response to negative stimuli was only evident in HC (P� 0.01), with

a medium effect size of �0.51. Both groups, NVS and VS failed to

show valence modulations for the P35. The analyses suggested a P35

deficit for negative stimuli in NVS and VS.

P100

The LSM analysis indicated a significant differential response only in

HC (P� 0.001), with a medium effect size of �0.69. Both groups, NVS

and VS failed to show valence modulations for the P100. The analyses

suggested a P100 deficit for negative stimuli in NVS and VS.

N100

The LSM analysis indicated a highly significant differential response to

negative stimuli in HC and NVS (HC: P� 0.005; NVS: P� 0.0004), but

not in VS (P� 0.22). Pairwise LSM comparisons revealed difference

between HC and VS (P� 0.02) and between NVS and VS (P� 0.01).

The analyses suggested a N100 deficit for negative stimuli present only

in VS.

Early sustained positivity

The LSM analysis indicated a significant differential response to nega-

tive stimuli for all groups (HC: P� 0.01; NVS: P� 0.008; VS:

P� 0.03). The pairwise LSM comparison yielded no significant differ-

ences between groups, suggesting a comparable ESP response to nega-

tively valenced stimuli across groups.

Late sustained positivity

The LSM analysis indicated a significant differential response to nega-

tive stimuli for all groups (HC: P� 0.03; NVS: P� 0.009; VS:

P� 0.01). The pairwise LSM comparison yielded significant results

between all three groups. However, these effects proved not significant

after correcting for multiple comparisons. The analyses suggested a

largely comparable LSP response to negatively valenced stimuli

across groups.

Statistical cluster plot

The bottom part of Figure 3 shows the cluster plots, which test for ERP

differences between Negative vs Neutral stimuli (top), Positive vs

Neutral stimuli (middle) and Negative vs Positive stimuli (bottom)

across all electrodes (y-axis) and sample-points (x-axis). The analysis

supports and extends the results discussed above; showing five robust

clusters of differential ERP responses for negative stimuli in HC. Two

early cluster of activation indexed with 1 and 2 in HC (see Figure 3

Fig. 3 ERPs at electrode side POz and statistical cluster plots capturing the five main timeframes of differential ERP responses to affective stimuli (1: 20–50 ms; 2: 90–135 ms; 3: 150–225 ms; 4: 260–425 ms;
5: 580–800 ms). Color values indicate the result of point-wise t-tests evaluating the Neutral vs Negative trials, Neutral vs Positive trials and Negative vs Positive trials across a 900-ms time epoch (x-axis) and
electrode positions (y-axis) for the entire 64-electrode montage (see ‘Materials and Methods’ section for details of electrode locations). For clarity, only P < 0.05 is color coded and only then when 11 consecutive
data points exceeded this criterion.
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bottom, left panel) are essentially absent in both patient groups.

Furthermore, NVS showed a robust cluster of activation for the

Neutral vs Negative comparison indexed with 3. This cluster was lar-

gely absent in VS. In general, emerging modulations in patient groups

were strongly attenuated, particularly in VS.

Topographic and source localization analysis

Figure 4 shows scalp voltage maps and estimated dipole source loca-

tions for the P35, P100 and N100 component in HC. The P35 topog-

raphy was characterized by a broad centro-parietal distribution, which

is consisted with a deep cortical source projecting widely across scalp

regions. Indeed, source modeling of the P35 produced dipoles situated

bilaterally in the amygdala. The model produced a goodness-of-fit

(GOF) value of 93.6%. The P100 topography was characterized by

the typical bilateral parieto-occipital distribution. Source modeling

of the P100 produced dipoles situated bilaterally in the fusiform

gyri, with a GOF of 90.1%. The N100 topography was also character-

ized by a parieto-occipital focus, with a broader and more anterior

distribution compared to the P100. Source modeling of the N100

produced dipoles situated bilaterally in the middle temporal gyri,

with a GOF of 98.5%. For our source analysis, we assumed bilateral

symmetrical sources, as all components were largely symmetrically

distributed across hemispheres.

DISCUSSION

We found abnormal processing of negatively valenced affective stimuli

in patients with schizophrenia, both in those with and without a

history of violence. In contrast, positive affective stimuli exerted only

minimal ERP effects in all three groups. In line with our hypothesis,

the most pronounced impairments were observed in the violent pa-

tients. High-density ERP data revealed a remarkable delay of the initial

differential ERP response to affective stimuli in both patient groups.

The initial affect-related ERP modulation was observed at just 35 ms in

HC, with a second robust effect evident during the P1 VEP component

(100 ms). Neither of these effects reached significance in either schizo-

phrenia group. Three additional dissociable phases of differential pro-

cessing were evident (�150–225 ms, �270–425 ms and �570 ms

onwards). It was during these later phases of processing that patients

first exhibited sensitivity to the valenced content of the pictorial sti-

muli, and it was then that clear differences between the patient groups

became evident, with greater diminutions in the violent group.

Interestingly, healthy control participants showed a characteristically

slowed response to negatively valenced stimuli relative to neutral sti-

muli (e.g. Leppanen and Hietanen, 2004) and this same slowing pat-

tern was also observed in patients without a history of violence. In

contrast, this slowing was not observed in the cohort with a history of

violence, paralleling the general lack of sensitivity to negative valence

observed in their ERPs.

Comparing healthy controls and schizophrenia patients

A robust ERP modulation was observed at just 35 ms in HC. The

earliest valence-related effects reported in the extant literature have

typically been observed at slightly later latencies between 60 and

110 ms (Krolak-Salmon et al., 2004; Pourtois et al., 2004, 2010; Eldar

et al., 2010). The prevailing interpretation for these early modulations

Table 2 Differential activation evoked by negative vs neutral emotional pictures (ERPnegative� ERPneutral) for the three different groups

LSMs for valence effect (negative–neutral difference)a in each group: P-values (Cohen d) Group difference LSM for valence effect: P-values

Scalp region HC (n¼ 28) NVS (n¼ 21) VS (n¼ 21) HC-NVS HC-VS NVS-VS

P35
Front 0.17 (0.31) 0.55 (�0.14) 0.26 (0.31) 0.17 0.97 0.21
Cent 0.016* (0.51) 0.32 (�0.21) 0.47 (0.17) 0.02* 0.33 0.23
Pari 0.007* (0.55) 0.32 (�0.21) 0.46 (0.17) 0.01* 0.25 0.23
Temp 0.006* (0.64) 0.12 (�0.37) 0.97 (0.01) 0.003* 0.11 0.28
Occi 0.004* (0.56) 0.76 (�0.06) 0.67 (0.09) 0.02b 0.13 0.61

P100
Front <0.0001*** (0.96) 0.27 (0.27) 0.61 (0.13) 0.04b 0.005* 0.26
Cent <0.0001*** (1.06) 0.12 (0.34) 0.99 (0.0001) 0.02* 0.002* 0.29
Pari <0.001** (0.92) 0.14 (0.3) 0.41 (0.18) 0.02b 0.02* 0.69
Temp <0.0001** (1.01) 0.33 (0.21) 0.64 (0.11) 0.01* 0.01* 0.76
Occi <0.0002** (0.69) 0.07 (0.34) 0.45 (0.15) 0.18 0.06 0.49

N100
Front 0.005* (0.45) 0.0004** (0.59) 0.87 (�0.03) 0.45 0.07 0.01*
Cent 0.0002** (0.54) 0.0001*** (0.65) 0.89 (0.04) 0.53 0.02* 0.004*
Pari 0.0001*** (0.63) 0.0001*** (0.71) 0.36 (0.14) 0.64 0.02* 0.006*
Temp 0.0001*** (0.81) 0.0001*** (0.74) 0.31 (0.19) 0.99 0.01* 0.01*
Occi 0.0001*** (0.74) 0.0001*** (0.77) 0.22 (0.15) 0.86 0.006* 0.002*

ESP
Front 0.18 (0.11) 0.15 (0.13) 0.61 (0.05) 0.89 0.66 0.56
Cent 0.01* (0.21) 0.008* (0.24) 0.03* (0.21) 0.79 0.96 0.77
Pari 0.0001*** (0.34) 0.0002** (0.35) 0.002** (0.31) 0.91 0.83 0.74
Temp 0.002* (0.26) 0.0004** (0.32) 0.001** (0.32) 0.57 0.65 0.95
Occi 0.0001*** (0.43) 0.0001*** (0.37) 0.006** (0.27) 0.61 0.24 0.45

LSP
Front 0.03* (0.15) 0.24 (�0.08) 0.41 (�0.06) 0.02b 0.04b 0.98
Cent 0.0001*** (0.41) 0.009* (0.18) 0.01* (0.18) 0.02b 0.06 0.77
Pari 0.0001*** (0.53) 0.0001*** (0.42) 0.0001*** (0.34) 0.25 0.08 0.45
Temp 0.0001*** (0.35) 0.0001*** (0.27) 0.008** (0.21) 0.39 0.13 0.43
Occi 0.0001*** (0.51) 0.0001*** (0.51) 0.0006** (0.27) 0.95 0.03b 0.02b

aHLM.
bEffect becomes marginally significant after adjustment for multiple comparisons.
*P� 0.05, **P� 0.001, ***P� 0.0001.
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is that they reflect enhanced perceptual processing of emotionally sa-

lient stimuli, and that this is likely driven by modulatory inputs to

early visual cortex via direct projections from the amygdala.

The role of the amygdala in enhancing perceptual processing for

stimuli with emotional content is well supported by neuroimaging

(Vuilleumier et al., 2001), anatomical (Satterthwaite et al., 2010),

neurophysiological (Rotshtein et al., 2010) and neuropsychological

data (Anderson and Phelps, 2001). Of particular relevance is a study

in epilepsy patients with varying degrees of amygdala pathology

(Rotshtein et al., 2010). Scalp-recorded VEP modulations to fearful

faces were diminished in these patients relative to a control group of

patients with lesions outside the amygdala. In the current data, source

localization procedures pointed to bilateral amygdalae as the major

generators of the early 35 ms modulation. The absence of this early

modulation in both patient groups might point to dysfunction of

limbic structures (which propagates to primary and secondary visual

cortex), leading to abnormal cortical ERP responses to emotional sti-

muli. The subsequent component, the P1, reflects early sensory pro-

cessing in extrastriate visual cortex (Clark and Hillyard, 1996). It

modulated strongly to valence stimuli in HC, but not at all in either

patient group. Thus this stage of sensory processing of valenced stimuli

is impaired in the patients with schizophrenia, whether they are violent

or not. This valence-specific deficit in the P1 modulation is in line with

the robust finding of a P1 amplitude reduction in patients with schizo-

phrenia (Yeap et al., 2008). The following component, the N1, demon-

strated sensitivity to valence in both the HC and NVS, but not in the

VS. The N1 response has been associated with basic object-recognition

processes within the lateral occipital complex (Murray et al., 2002;

Foxe et al., 2005). Our data indicate dysfunction during this basic

object-processing timeframe for emotional content only in VS. This

is, to our knowledge, the first report of an electrophysiological probe

that distinguishes patients with schizophrenia depending on their

history of violence. We will discuss the implication of this

aggression-related N1 finding for interpersonal and social skills of pa-

tients in greater detail below.

Previous neuroimaging work with schizophrenia patients has also

implicated dysfunctions of the frontal–limbic circuit in emotional tasks

(Holt et al., 2006; Gur et al., 2007; Hall et al., 2008; Rauch et al., 2010;

Satterthwaite et al., 2010). The low temporal resolution of the hemo-

dynamic signal, however, has precluded conclusions about the timing

of such dysfunction, making it impossible to determine whether def-

icits in affective processing stem from dysfunction in early

Fig. 4 Scalp voltage maps, and estimated dipole source locations of activity during the first three time frames (1:20–50 ms; 2:90–135 ms; 3:150–225 ms) for which affect-related modulations in HC were found.
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sensory–perceptual registration of emotional stimuli or, whether they

result from impairment in higher order cognitive processes. Our find-

ings point to the former as the root cause, and the likely antecedent to

a cascade of further reductions in responsivity during later processing

timeframes that reflect cognitive mechanisms.

It should be noted that this is the first study we are aware of to

report affect-related modulation as early as 35 ms in HC. While source

analysis suggests a good fit within amygdalae, consistent with current

models of early amygdalar activation to emotionally valenced inputs

(Quirk et al., 1997), these results are not fully consistent with the

previous EEG/MEG literature where similarly early modulations were

not observed (Krolak-Salmon et al., 2004; Pourtois et al., 2004, 2010;

Olofsson et al., 2008; Eldar et al., 2010). A number of features of the

current study may have bolstered statistical power to detect these rela-

tively small effects. They include the considerably larger cohort of HC

used (N¼ 28), and the fact that individual ERPs were derived from a

substantially larger number of trials than is typical (273–619 per con-

dition). Clearly though, this early valence-related processing modula-

tion will bear replication and further exploration in future studies.

Comparing non-violent and violent schizophrenia patients

When the two groups of patients were compared, striking differences

in their responsivity to valenced inputs were evident. While both

groups showed delayed onset of response sensitivity to valenced

inputs, this was particularly pronounced in VS. NVS showed emer-

gence of a first robust modulation during the third phase of processing

at �150 ms, but this modulation was virtually absent in VS. Instead,

the first robust modulation in VS emerged at �260 ms during phase-4

processing. Even when modulations did emerge in VS, they were con-

siderably attenuated relative to NVS. A possible explanation for the

ERP differences between VS and NVS is that VS have a more severe

deficit in their ability to sustain attention. However, an attention-based

explanation would also predict a more pronounced performance def-

icit in VS, which is not supported by our behavioral data. That is, VS

and NVS do not differ in their ability to inhibit/execute responses to

nogo/go stimuli. The fact that VS and NVS do not differ in task ac-

curacy, but VS are about 10 ms faster in their mean RT, is also not

supportive of the attention-related explanation. We therefore believe

that our findings support a more severe deficits in the processing of

affectively valenced stimuli in VS. This is the first time, to our know-

ledge, that electrophysiological measures have linked processing im-

pairments for affective inputs to violence in schizophrenia.

These deficits in emotional processing may lead to violence. Inability

to process the emotional context of a given situation accurately and

quickly may lead to incorrect appraisal of social cues. The prominent

lack of differentiation between negative and neutral stimuli in the

violent group may underlie a more severe bias to misidentify neutral

cues as negatively valenced, which has been reported more generally in

schizophrenia (Kohler et al., 2003; Premkumar et al., 2008; Tsoi et al.,

2008). If a patient misinterprets or overinterprets neutral situations as

threatening, he is more likely to react with violence.

Advantages/limitations

Whereas in our study, the interstimulus interval was relatively short,

since the stimulus sequence was randomly presented, there is no reason

to believe that an overlapping offset response would confound the

evoked activity differently between negative, positive and neutral sti-

muli. In fact, there was no such differentiation during the entire base-

line period in any of the three groups as a function of stimulus valence.

Furthermore, the reported ERP differences cannot be explained in

terms of differences in physical properties between images, as stimuli

were selected such that no significant differences in luminance, con-

trast or spatial frequency occurred.

It should be noted that our study removes an important confound

in the neurophysiological assessment of aggression in schizophrenia.

Comorbid substance abuse is present in many patients with a history

of violence (e.g. Swanson et al., 2006; Fazel et al., 2009a, b), but may in

itself account for neurophysiological abnormalities reported in this

population. Here, we carefully excluded patients with comorbid sub-

stance abuse in order to remove this confound. Future studies will be

required to explore these more complex interactions between schizo-

phrenia, substance abuse and violence.

CONCLUSION

Fast effective processing of affective content is essential to the naviga-

tion of our interpersonal and social environment. We found differ-

ences in the early emotional processing of stimuli in patients with

schizophrenia. These deficits may be linked to the compromised inter-

personal and social skills present in schizophrenia. Our finding of a

more pronounced deficit in violent patients might be related to the

etiology of the violence: the non-violent patients are able to use com-

pensatory neural mechanisms for this problem, while the violent pa-

tients are not able to do so.

CONFLICT OF INTEREST
None declared.

REFERENCES

Amaral, D.G., Behniea, H., Kelly, J.L. (2003). Topographic organization of projections from

the amygdala to the visual cortex in the macaque monkey. Neuroscience, 118(4),

1099–120.

Anderson, A.K., Phelps, E.A. (2001). Lesions of the human amygdala impair enhanced

perception of emotionally salient events. Nature, 411(6835), 305–9.

Bryk, A.S., Raudenbush, S.W. (1992). Hierarchical Linear Models: Applications and Data

Analysis Methods. Newbury Park: Sage Publications.
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