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Contrary to early conceptualizations of emotional
experience in schizophrenia (SZ), recent research indi-
cates that patients do not self-report less in-the-moment
pleasure than controls (CN). Rather, patients report
experiencing elevated levels of negative emotionality in
response to a range of evocative stimuli. In this study, we
examined the possibility that elevations in negative emo-
tionality in SZ may reflect an underlying emotion regula-
tion abnormality. Event-related potentials (ERPs) were
recorded from outpatients with SZ (n = 25) and demo-
graphically matched healthy controls (# = 21) during
passive viewing of unpleasant and neutral photographs.
Unpleasant images were preceded by an audio descrip-
tion that described the image as being either negative or
neutral. Neutral images were preceded by neutral audio
descriptions. The late positive potential (LPP), an ERP
component sensitive to cognitive change strategies, was
examined as an index of emotion regulation. Both CN
and SZ showed an increased LPP to negatively described
unpleasant images compared with neutral images. In
addition, CN showed evidence of emotion regulation,
as reflected by a smaller LPP for unpleasant images
preceded by a neutral descriptor, relative to a negative
descriptor. In contrast, SZ patients showed an inability
to downregulate emotional response, as evidenced by
no difference in the amplitude of the LPP for unpleas-
ant images preceded by negative or neutral descriptors.
Findings provide neurophysiological evidence for an emo-
tion regulation abnormality in SZ and suggest that fail-
ures in cognitive change may underlie increased negative
emotionality in SZ.

Key words: emotion regulation/affect/anhedonia/negative
symptoms/psychosis

Introduction

Contrary to early conceptualizations of anhedonia,'?
recent research indicates that individuals with schizophre-
nia (SZ) do not self-report less in-the-moment pleasure
than controls (CN; see Kring and Moran* for review).
Specifically, individuals with SZ have been shown to
report similar levels of current positive emotion to CN
in response to evocative laboratory stimuli,>!° report
real-world experiences when engaged in activities,''? and
show a similar neural response to pleasant stimuli when
reporting current positive feelings (see Taylor et al.'* for
meta-analysis). These findings have led some to conclude
that anhedonia should be reconceptualized in SZ and no
longer viewed as a diminished capacity for pleasure (see
Strauss and Gold' for review).

However, it is clear that not all aspects of emotional
experience are normal in SZ. Recent meta-analyses have
indicated that while patients display no reduction in
self-reported positive emotion'® or arousal'® to pleasant
stimuli compared with CN, they do report experiencing
greater negative emotion in response to both neutral
and pleasant stimuli. These elevations in state negative
emotionality were seen in response to a range of
stimulus types and showed a large effect size. One
potential explanation for the seemingly contradictory
finding of increased negative emotion to pleasant and
neutral stimuli is that patients experience a coactivation
of positive and negative emotions to these stimuli,'
which may reflect affective ambivalence!” or simply
heightened baseline negative emotionality.!® Studies
using real-world experience sampling methodology!>!%-?
and trait self-report questionnaires (for review see Horan
et al.?!) also indicate that patients report higher negative
emotionality than CN and that these elevations predict
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poor occupational functioning and quality of life.
Collectively, these converging lines of evidence suggest
that abnormalities in negative, but not positive emotional
experience may be core to affective disturbance in SZ.

One possible explanation for these increases in state
and trait negative emotionality is that individuals with
SZ display impairments in “emotion regulation,”!#!1522-24
Emotion regulation refers to the processes by which we
modify our negative and positive emotions with regard to
their intensity, when they occur, how long they last, and
how they are expressed.” To examine how emotion regu-
lation goes awry in SZ, we have adopted the conceptual
framework of James Gross® who proposed that emotions
unfold as a multicomponential process, which can be reg-
ulated via use of strategies at different stages of emotion
generation (see figure 1 and note). Emotion regulation
strategies can be broadly separated into those that are
antecedent focused or response focused.?® Antecedent-
focused strategies are those that are applied before an
emotional response has become fully activated to the
point of producing behavioral and physiological changes.
Examples include situation selection, situation modifica-
tion, attentional deployment, and cognitive change. In
contrast, response-focused strategies are those that occur
late in the emotion-generation process, which are applied
after an emotion and its corresponding response prop-
erties have occurred. An example is affective suppres-
sion, which involves inhibiting the outward expression of
emotion. These strategies are differentially effective, with
greater support for downregulation of negative emo-
tion using antecedent-focused strategies compared with
response-focused strategies.?
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A limited number of studies have examined emotion
regulation in SZ. In 2 studies using self-report question-
naires, individuals with SZ were found to report greater
use of affective suppression and less use of cognitive
change strategies than CN.?? However, 2 other studies
have found no differences between SZ and CN in self-
reported emotion regulation strategy use.”® Despite
these inconsistencies across studies, lower use of cognitive
change strategies has repeatedly been found to predict
poor functional outcome.””? These prior studies provide
valuable information regarding self-reported emotion
regulation strategy use in SZ; however, self-report is only
one means of studying emotion regulation. A number of
paradigms have been validated in the field of affective
neuroscience using event-related potentials (ERPs) and
functional magnetic resonance imaging (fMRI), which
allow emotion regulation to be assessed at the neural level
independent of self-report.

The goal of this study was to extend the literature on
emotion regulation in SZ by examining whether patients
show neural evidence of impaired downregulation
of negative emotion using an antecedent-focused
strategy, cognitive change (ie, altering one’s appraisal
of the meaning of an emotional stimulus). We used
an emotion regulation ERP paradigm developed by
Foti and Hajcak,*' in which individuals passively view
neutral and unpleasant photographs that are preceded
by an audio presentation that describes the upcoming
image. Neutral images are always preceded by a neutral
description of the upcoming image, whereas unpleasant
images are preceded by a description that either describes
the upcoming image as negative (ie, unregulated) or
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Fig. 1. James Gross’ process model of emotion regulation. The “Process Model” by Gross (1998, 2002) proposes that emotions unfold as
a multicomponential process, whereby a situation occurs (either external or internal) that is then attended to, giving rise to an appraisal
of the situation’s valence and motivational relevance, which results in a series of experiential, behavioral, and neurophysiological response
changes (see bottom row). Sometimes responses interact with the environment and lead to changes in the situation that produced the
initial response, resulting in a recursive loop that engenders new emotional responses (see arrow). Importantly, a number of strategies

can be applied to regulate negative and positive emotions at these different stages of the emotion generative process (see top row). These
emotion regulation strategies can be divided into those that are antecedent-focused (situation selection, situation modification, attentional
deployment, cognitive change) and response-focused (response modulation/affective suppression).
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describes the upcoming image as being more neutral (ie,
downregulated via cognitive change). Analyses focused
on the late positive potential (LPP), which is a midline
centroparietal ERP component that becomes evident
starting around 500ms following stimulus onset that
persists as a sustained positive deflection that is larger for
both pleasant and unpleasant than neutral stimuli.’?-¢
In passive viewing paradigms with stimulus durations
lasting for several seconds, the LPP is typically evaluated
across early (eg, 500-1000ms), middle (eg, 1000-
2000ms), and late (eg, 2000-3000 ms) windows. The early
window may reflect increased attention to motivationally
relevant stimuli, whereas the middle and late windows
reflect deeper processing and the appraisal of stimulus
meaning.*>** The magnitude of the LPP across these
windows has been shown to relate to subjective arousal
ratings of emotional stimuli in healthy subjects.’** In
the Foti and Hajcak® paradigm described above, the
typical effect of a larger LPP to unpleasant images was
found when unpleasant images were preceded by negative
audio descriptions. In contrast, unpleasant stimuli with
preceding neutral descriptions had significantly lower
LPP amplitude than unpleasant images with preceding
negative descriptions, suggesting that the LPP is sensitive
to the cognitive change manipulation provided by the
context of the preceding audio description. Using this
same type of paradigm in conjunction with fMRI, it
was found that unpleasant images preceded by neutral
descriptors resulted in increased activation of prefrontal
regions and decreased activation of the amygdala.’’
Similar results have been found in emotion regulation
paradigms in which participants generate their own
alternate explanations of stimuli using ERP measures®®
and fMRIL.*# Collectively, these findings provide strong
evidence that cognitive change strategies are successful
at downregulating the neural response to unpleasant
stimuli.

We hypothesized that both SZ and CN would be
sensitive to the emotional content of the stimuli, as
indicated by a larger LPP amplitude to negatively
described unpleasant images compared with neutral
images. In line with the findings of Foti and Hajcak® on
healthy individuals, we predicted that CN would display
strong neurophyiological evidence for emotion regulation,
as indicated by lower LPP amplitude for unpleasant
stimuli with neutral descriptions relative to those with
negative descriptions. In contrast, individuals with SZ
were expected to show impaired emotion regulation,
as indicated by no difference in LPP amplitude for
unpleasant stimuli with preceding negative or neutral
descriptions. This pattern of results was predicted to occur
at early, middle, and late time windows. Furthermore, we
predicted that the inability to downregulate the neural
response to unpleasant stimuli would be associated with
poorer functional outcome? % and elevated self-reported
state and trait negative emotionality.®
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Methods and Materials

Participants

Twenty-seven individuals with SZ and 23 CN completed
study procedures. Two SZ and 2 CN participants were
eliminated due to excessively noisy EEG data following
artifact correction (see below), yielding a final sample of
SZ n =25and CN n = 21. All results presented for the SZ
and CN groups reflect this final sample.

Individuals with SZ were recruited through the
Outpatient Research Program at the Maryland Psychiatric
Research Center and evaluated during a period of clinical
stability as evidenced by no changes in medication type or
dosage for a period greater than or equal to four weeks.
Consensus diagnosis was established via a best-estimate
approach based upon multiple interviews and a detailed
psychiatric history. This diagnosis was subsequently
confirmed using the Structured Clinical Interview for
DSM-IV (SCID).*

CN subjects were recruited by means of random digit
dialing, by word-of-mouth among recruited participants,
and through the use of newspaper advertisements. CN
had no current Axis I or II diagnoses as established by
the SCID* and SID-P,* had no family history of psy-
chosis, and were not taking psychotropic medications. All
participants denied a history of significant neurological
injury or disease and significant medical or substance use
disorders within the last six months. All participants pro-
vided informed consent for a protocol approved by the
University of Maryland Institutional Review Board.

The CN and SZ groups did not significantly differ in
age, parental education, gender, or ethnicity. SZ had lower
personal education, and Wechsler Test of Adult Reading
estimated premorbid intelligence quotients than CN. On
average, patients displayed moderately severe positive
and negative symptoms at the time of testing (see table 1).

Procedures

In addition to the ERP task, patients also completed
a clinical interview after which the Brief Psychiatric
Rating Scale (BPRS),* Brief Negative Symptom Scale
(BNSS),*# and Level of Function Scale (LOF)* were
rated. Participants also completed the Positive and
Negative Affect Scale (PANAS)® using the “in general”
reporting timeframe, and the Temporal Experience of
Pleasure Scale (TEPS).* The Dot Pattern Expectancy
(DPX)*! task was administered to index general cognitive
control and goal maintenance, and the standard AY-BX
contrast score was used to index a participant’s ability to
represent and maintain contextual information relevant
to task goals.

ERP Emotion Regulation Task

Participants completed the emotion regulation par-
adigm developed by Foti and Hajcak® while the



Table 1. Participant Demographic and Clinical Characteristics
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SZ (n = 25) CN (n=21) Test Statistic P-value
Age 45.3(12.2) 45.7(7.2) F=0.02 .89
Parental education 13.1(2.2) 14.1 (2.2) F=248 12
Participant education 12.6 (1.8) 15.9(1.9) F=349 <.001
% Male 72 % 62% ¥>=0.53 47
Race x> =2.40 .50
Caucasian (%) 60 76 — —
African-American (%) 32 24 — —
Asian-American (%) 4 0 — —
American-Indian (%) 4 0 — —
Neuropsychological tests
WTAR SS 96.6 (15.3) 114.8 (10.1) F=20.96 <.001
DPX (AY-BX trials) =7.0% 3.0% F=2.15 15
PANAS trait self-report
NA 19.8 (8.6) 14.6 (3.4) F=648 <.02
PA 26.3 (7.5) 32.3(5.7) F=1793 <.01
TEPS self-report
TEPS-ANT 4.22 (0.99) 4.63 (0.57) F=2.79 .10
TEPS-CON 3.98 (0.91) 4.93 (0.57) F=16.73 <.001
Symptom ratings
BNSS total 33.0(19.7) — — —
LOF total 14.1 (8.0) — — —
BPRS total 44.6 (12.5) — — —
BPRS positive 2.6 (1.5) — — —
BPRS negative 2.8 (1.4) — — —
BPRS disorganized 1.8 (0.7) — — —

Note: SZ, schizophrenia group; CN, healthy control group; WTAR SS, Wechsler Test of Adult Reading Scale Score; DPX, Dot Pattern
Expectancy Task % error difference score on AY-BX trials; PANAS NA, Positive and Negative Affect Scale Trait Negative Affect
Subscale; PANAS PA, Positive and Negative Affect Scale Trait Positive Affect Subscale; TEPS-ANT, Temporal Experience of Pleasure
Scale-Anticipatory Subscale; TEPS-CON, Temporal Experience of Pleasure Subscale Consummatory Pleasure Subscale; BNSS, Brief
Negative Symptom Scale total score; LOF, Level of Function Scale total score; BPRS, Brief Psychiatric Rating Scale. Subjects were
prescribed the following antipsychotic medications: clozapine (10), risperidone (7), quetiapine (5), olanzapine (4), aripiprazole (2),
haloperidol (2), fluphenazine (1), chlorpromazine (1). Of subjects prescribed more than one antipsychotic medication: risperidone-
clozapine (5), clozapine-quetiapine (1), olanzapine-quetiapine (1), haloperidol-aripiprazole (1). One subject was clinically stable and

unmedicated at the time of testing.

electroencephalogram (EEG) was recorded. Trial
sequence, stimuli, and audio descriptions were identical
to that prior study.*!

Instructions indicated that participants would be pas-
sively viewing a series of unpleasant and neutral stimuli
and that these images would be preceded by an audio file
that described what would be depicted in the upcoming
image. Following each image, participants then rated how
negative the picture made them feel.

A sample trial sequence is presented in figure 2. Each
trial started with a white fixation cross that was presented
against a black screen for 1 s. The fixation cross remained
on screen while a brief audio file (~3 s) that described
the upcoming stimulus was played aloud in a man’s voice.
The fixation then remained on screen for 1 s after the
auditory description had finished playing. A color photo-
graph was then displayed for 3 s across the entirety of the
screen (177 monitor, 1280 X 1024 resolution, 60 Hz refresh
rate) at a viewing distance of approximately 70 cm. After
viewing each stimulus, a screen prompting participants
to indicate their subjective emotional response (“How
negative do you feel?”) was presented with unlimited time

and subjects were asked to respond on a 1 (not at all)
to 5 (extremely) scale using a gamepad. The next trial
sequence began 1 s after behavioral response was made.
Six practice trials were first presented to familiar-
ize participants with the procedures and ensure task
comprehension: 4 were neutral images with preced-
ing neutral descriptions and 2 were unpleasant images
with negative descriptions. There were a total of 75
experimental trials, 25 of which were neutral images
and 50 of which were unpleasant images selected from
the International Affective Picture System (IAPS).>
Of the 50 unpleasant images, 25 were preceded by a
less negative audio description, and 25 were preceded
by a more negative audio description. The 25 neutral
images were preceded by neutral descriptions. All par-
ticipants heard the same 25 audio descriptions of the
neutral images, which simply described the neutral
content of the image (NEU-PIC/NEU-DESC condi-
tion). Each unpleasant image had 2 possible corre-
sponding descriptions: one that focused on the negative
aspects of the image (negatively described unpleasant
image condition: UNP-PIC/NEG-DESC), and another
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(Note. This image is an
example. It was not used in
the experiment and is not
from the IAPS library.)

Fig. 2. Sample trial sequence. The paradigm used in this study developed by Foti and Hajcak (2008) involves an antecedent-focused (ie,
strategy employed before the emotion has been triggered) and incidental (ie, descriptions alter affective response without intentional
effort) emotion regulation manipulation. It was selected to provide a “purer” test of emotion regulation ability, where all subjects
received the same quality of cognitive change strategies that were not dependent upon their own ability to voluntarily generate alternative
descriptions. The sequence of emotional processes involved is likely to be that suggested in Gross’ model, such that after subjects have
heard the appraisal provided by the audio file, they then attend to the image, appraise the image as either neutral or unpleasant, and then
apply the context provided to them in the auditory description to reappraise the image as more negative or more neutral. Downregulation
therefore occurs while the image is on screen and after the context has been applied to reinterpret the meaning of the image.

that described the upcoming stimulus in more neutral
terms (neutrally described unpleasant image condition:
UNP-PIC/NEU-DESC). Each image therefore had 2
possible corresponding audio descriptions, and partici-
pants randomly received one of these. For example, the
audio description of an unpleasant image depicting a
tarantula on a man’s shoulder either said “A poisonous
tarantula is about to bite this man” (UNP-PIC/NEG-
DESC) or said “This is a harmless pet tarantula sitting
on his owner’s shoulder” (UNP-PIC/NEU-DESC). The
goal of these audio descriptions is to provide subject’s
with the type of cognitive change strategy that has typi-
cally been self-generated in studies of emotion regula-
tion and to reduce inter and intraparticipant variability
in the way in which cognitive change is used. The order
in which trials and the preceding audio descriptions
were presented was randomized across participants (see
online supplementary material for images and their pre-
ceding descriptions).
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EEG Recording and Data Processing Procedures

The EEG was recorded during the task from Ag/AgCl
electrodes mounted in an elastic cap using a subset of
the International 10/20 System (Fz, C3, Cz, C4, CPz, P3,
Pz, P4, Oz, Fpl, Fp2, and left mastoid). The signals were
recorded online using a right mastoid reference electrode,
and the signals were re-referenced offline to the average
of the left and right mastoid.”*>* The horizontal elec-
trooculogram (HEOG) was used to measure horizontal
eye movements and was recorded as the voltage between
electrodes placed lateral to the external canthi. The verti-
cal EOG was used to detect eyeblinks and vertical eye
movements and was recorded from an electrode beneath
the left eye. All electrode impedances were kept below 15
KQ. The EEG and EOG were amplified by a Neuroscan
Synamps amplifier with a gain of 5000, a bandpass filter
of 0.05-100 Hz, and a 60-Hz notch filter. The amplified
signals were digitized at 500 Hz and averaged offline.

All signal processing and analysis procedures were
performed in Matlab using EEGLAB toolbox* and
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ERPLAB toolbox (http://www.erpinfo.org/erplab). Data
preprocessing included the removal of large muscle arti-
facts or extreme offsets (identified by visual inspection).
Independent component analysis (ICA) was performed
on the continuous data to identify and remove eyeblink
activity.® The ICA-corrected EEG data were segmented
into epochs that began 200ms prior to the onset of the
stimulus and continued for 3000ms and baseline cor-
rected using a 200ms prestimulus period. The baseline
selected is identical to Foti and Hajcak® and should
not include overlap with the preceding audio presenta-
tion given the 1000 ms gap between the audio description
and image. ERPs were constructed by separately averag-
ing trials from the 3 conditions of interest: UNP-PIC/
NEG-DESC, UNP-PIC/NEU-DESC, and NEU-PIC/
NEU-DESC.

ERP Measurement Procedures. The mean amplitude of
the LPP was measured separately from the waveforms for
the 3 conditions across electrode sites Cz, CPz, and Pz at
3 time windows following stimulus onset: an early win-
dow (500-1000 ms), middle window (1000-2000 ms), and
late window (2000-3000ms). The N1 and P2 components
were used to examine the effects of emotional content on
early attention. The ERP literature on emotion indicates
that the N1 typically develops between 50—150 ms follow-
ing stimulus offset, which is earlier than what is observed
for standard spatial attention paradigms (150-200ms).
The P2 for emotional stimuli typically occurs at anterior
sites between 150-250ms. Thus, the N1 was defined as
the peak amplitude between 50—150ms at posterior sites
(Pz, Oz), and the P2 was defined as the peak amplitude
between 150-250ms at an anterior site, Fz. Measurement

Emotion Regulation and Schizophrenia

procedures are consistent with prior work in this area and
this task.”

Results

Behavioral Data

Repeated measures ANOVA with subjective negative
emotional experience ratings as the dependent variable
indicated a significant within-subjects effect of Condition,
F(2,88)=354.9, P<.001, eta squared = 0.89; however, the
between-subjects effect of Group, F(1,44) =1.09, P = .30,
eta squared = 0.02, and Group X Condition interaction,
F(2, 88) = 0.30, P = .74, eta squared = 0.01, were non-
significant. As can be seen in figure 3, both SZ and CN
demonstrated a similar pattern of self-reported negative
emotionality, where UNP-PIC/NEG-DESC stimuli were
rated as more negative than UNP-PIC/NEU-DESC,
which were in turn more negative than NEU-PIC/NEU-
DESC. One-way ANOVAs indicated that SZ reported
more negative emotion to NEU-PIC/NEU-DESC stimuli
than CN (P < .05); however, there were no differences in
the UNP-PIC/NEG-DESC and UNP-PIC/NEU-DESC
conditions. Thus, SZ and CN self-reported similar mag-
nitude of decrease in negative affect in response to the
emotion regulation manipulation, but patients reported
greater negative emotion to neutral stimuli.

Omnibus ANOVA

Grand average waveforms for the LPP in each of the
3 conditions are presented for CN and SZ in figure 4
panel A. An omnibus 2 Group (SZ, CN) X 3 LPP
Window (Early, Middle, Late) X 3 Condition (UNP-PIC/
NEG-DESC, UNP-PIC/NEU-DESC, NEU-PIC/NEU-

450
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mSZ MCN

350 +— I

3.00 +—
250 ——
200 —
1.50 +—
1.00 +—
0.50 —

Negative Emotion Self-Report (0-5)

0.00

UNP-PIC/NEG-DESC UNP-PIC/NEU-DESC NEU-PIC/NEU-DESC
Emotion Regulation Condition

Fig. 3. Mean self-reported state negative emotional experience in response to stimuli. UNP-PIC/NEG-DESC, unpleasant image with
preceding negative audio description; UNP-PIC/NEU-DESC, unpleasant image with preceding neutral description; NEU-PIC/
NEU-DESC, neutral image with preceding neutral audio description. * P < .05.
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DESC) repeated measures ANOVA indicated a sig-
nificant 3-way Group X Window X Condition interac-
tion, F(4, 176) = 2.38, P < .05, eta squared = 0.05, as
well as a significant Group X Condition interaction,
F(2, 88) = 7.30, P < .001, eta squared = 0.14; significant
main effects of Condition, F(2, 88) = 33.02, P < .001, eta
squared = 0.43; and Window, F(2, 88) = 40.18, P < .001,
eta squared = 0.48. The Window X Group, F(2, 88) =0.58,
P = .56, eta squared = 0.01, and Window X Condition,
F(4, 88) = 1.2, P = .30, eta squared = 0.03, interactions
were nonsignificant, as was the between-subjects effect of
Group, F(1,44) = 0.39, P = .54, eta squared = 0.01.

LPP Early Window

To follow up the significant interactions and directly test
the hypothesized emotion regulation effects in each group,
paired-samples ¢ tests were conducted. In CN, the ampli-
tude of the LPP was higher for UNP-PIC/NEG-DESC
(t=8.7, P<.001)and UNP-PIC/NEU-DESC(t=4.67, P<
.001) than NEU-PIC/NEU-DESC, and UNP-PIC/NEG-
DESC was higher than UNP-PIC/NEU-DESC (¢ = 3.3,

P < .01). These findings indicate that cognitive change
successfully downregulated the early neural response to
unpleasant stimuli in CN. Individuals with SZ also dem-
onstrated higher amplitude of the LPP to UNP-PIC/
NEG-DESC (1=3.3, P<.01) and UNP-PIC/NEU-DESC
(t=13.7, P <.01) than NEU-PIC/NEU-DESC, suggesting
a robust neural response to unpleasant stimuli; however,
there was no difference between UNP-PIC/NEG-DESC
and UNP-PIC/NEU-DESC (¢ = 0.57, P = .57), suggest-
ing that cognitive change did not downregulate the neural
response to unpleasant stimuli (see figure 5, panel A).

LPP Middle Window

In the middle window (1000-2000ms), CN had higher
LPP amplitude for UNP-PIC/NEG-DESC (¢ 7.2,
P < .001) and UNP-PIC/NEU-DESC (¢ = 3.6, P = .002)
than NEU-PIC/NEU-DESC, and UNP-PIC/NEU-
DESC was lower than UNP-PIC/NEG-DESC (z = 4.98,
P < .001). Patients with SZ demonstrated higher ampli-
tude of the LPP to UNP-PIC/NEG-DESC (r = 24,
P < .03) and UNP-PIC/NEU-DESC (¢t = 2.8, P < .01)

—+10 Vv Controls
LPP (Average Cz, CPz, Pz)
3 [l ! L L ! L . - O
T T T T T A J ! 1 VRIS AC AnA ot
-200 VVF200 400 600 800 1000 1200 1400 1600 1800 2000 * 2200 2400 2600 2800 'v' 3000
45 —— UNP-PIC/NEG-DESC
——— UNP-PIC/NEU-DESC
------ NEU-PIC/NEU-DESC
“A-10puV
—+10pV Schizophrenia
LPP (Average Cz, CPz, Pz)
<+5
W"‘/\ U/ Il Il Il I Il Il e TR i T WO PRSP S |
' 1 | 1 U 1 1 U 1 U 1 T DS " YR
-200 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
<45 —— UNP-PIC/NEG-DESC
——— UNP-PIC/NEU-DESC
------ NEU-PIC/NEU-DESC
10 pVv

Fig. 4. Late positive potential (LPP) grand average waveforms. Top panel presents grand average LPP waveforms for controls; bottom
panel presents grand average LPP waveforms for individuals with schizophrenia.
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Fig. 5. Mean LPP amplitudes in early, middle, and late windows per condition. Panel A presents mean LPP amplitude in the early
window (500-1000 ms); panel B presents mean LPP amplitude in the middle window (1000-2000 ms); panel C presents mean LPP

amplitude in the late window (2000-3000 ms).

than NEU-PIC/NEU-DESC; however, the UNP-PIC/
NEG-DESC and UNP-PIC/NEU-DESC contrast was
nonsignificant (¢ = —0.86, P = .40). Thus, cognitive
change reduced the neural response to unpleasant stimuli
in CN, but not in SZ (see figure 5, panel B).

LPP Late Window

In the late window (2000-3000ms), CN had higher LPP
amplitude for UNP-PIC/NEG-DESC (¢ = 6.03, P < .001)

and UNP-PIC/NEU-DESC (¢ = 2.46, P < .03) than NEU-
PIC/NEU-DESC, and UNP-PIC/NEU-DESC was lower
than UNP-PIC/NEG-DESC (¢ = 5.08, P < .001). In con-
trast, while SZ demonstrated higher amplitude of the LPP
to UNP-PIC/NEG-DESC (1 = 2.1, P < .05) and UNP-PIC/
NEU-DESC (¢ = 3.04, P < .01) than NEU-PIC/NEU-
DESC, the UNP-PIC/NEG-DESC and UNP-PIC/NEU-
DESC contrast was nonsignificant (r = —1.1, P = .32).
These results indicate intact emotion regulation in CN, but
not in SZ participants (see figure 5, panel C).

879



G. P. Strauss et al

Early Components: N1 and P2

Analyses of the peak amplitude for the N1 and P2 com-
ponents indicated that SZ and CN showed a similar pat-
tern of neural response across conditions (see online
supplementary material).

LPP Associations With State and Trait Emotional
Experience, Cognitive Control, and Symptoms

To directly index emotion regulation, a difference score of
mean LPP amplitude was calculated separately for early,
middle, and late windows as (UNP-PIC/NEG-DESC) -
(UNP-PIC/NEU-DESC). Higher difference scores reflect
better emotion regulation, as reflected in greater reduc-
tion of the LPP in the UNP-PIC/NEU-DESC condition
relative to the UNP-PIC/NEG-DESC condition. In SZ,
poorer neurophysiological emotion regulation was gen-
erally associated with higher self-reported state nega-
tive emotion for the UNP-PIC/NEU-DESC condition
at each time window and higher PANAS trait negative
affect in the early and late time windows. However, there
were no significant correlations between state/trait self-
reports and the LPP difference score in CN (see table 2).
There were no significant correlations between LPP dif-
ference score and the DPX or TEPS in SZ or CN. In SZ,
associations with BNSS total score and subscales, LOF
total score, BPRS positive, BPRS negative, BPRS disor-
ganized, and BPRS total scores were nonsignificant.

Discussion

Results supported the hypothesis that both CN and SZ
would be sensitive to the emotional content of IAPS
stimuli, as indicated by larger LPP amplitude to nega-
tively described unpleasant images compared with neutral
images. This pattern of differences was most prominent
in the early window but present for both groups at the
middle and late windows as well. There was also support

for the hypothesis that individuals with SZ would show
neurophysiological evidence for an emotion regulation
abnormality. Specifically, CN had higher LPP amplitude
for unpleasant stimuli with preceding negative descrip-
tions relative to unpleasant stimuli with preceding neu-
tral descriptions. These findings are consistent with those
of Foti and Hajcak® using this same ERP paradigm, as
well as numerous other ERP and fMRI findings using
other tasks, which collectively indicate that cognitive
change successfully downregulates the neural response to
unpleasant stimuli. In contrast, individuals with SZ failed
to show differences in the amplitude of the LPP between
unpleasant stimuli with preceding negative descriptions
and those with neutral descriptions, suggesting that cog-
nitive change was ineffective at downregulating the neu-
ral response to unpleasant stimuli in patients.

Interestingly, the neurophysiological evidence for an
emotion regulation abnormality in SZ occurred in the
context of intact self-reported emotion regulation to the
UNP-PIC/NEU-DESC condition. These behavioral find-
ings are consistent with several other studies examining
self-reported emotion regulation strategy use in SZ using
questionnaires, which found that patients indicated using
cognitive change strategies to decrease negative emotion
as frequently and effectively as CN.>* However, SZ did
report higher negative emotion to the neutral stimuli than
CN, which may indicate that SZ have elevated baseline
negative emotions that bleed into these reports and reflect
underlying emotion regulation impairments.

Although the group differences in self-report to the
unpleasant stimuli were nonsignificant, there was a dif-
ferent pattern of correlations between neural response
and subjective experience in SZ and CN. Individuals with
SZ showed robust correlations between the LPP differ-
ence score and state negative emotion across the LPP
time windows, such that poor neurophysiological emo-
tion regulation was associated with higher state negative
emotion to stimuli. Furthermore, patients also showed a

Table 2. Correlations Between Self-Reported State and Trait Emotional Experience and LPP Difference Score (UNP-PIC/NEG-DESC -

UNP-PIC/NEU-DESC)

Early Window Middle Window Late Window
Sz CN Sz CN Sz CN
State self-report
UNP-PIC/NEG-DESC —-0.24 —-0.28 —-0.36 —-0.14 —0.47* —=0.15
UNP-PIC/NEU-DESC —0.44* —-0.16 —0.40* —-0.28 —0.52%* 0.09
NEU-PIC/NEU-DESC —0.11 0.01 —-0.06 —-0.21 —0.41* —-0.09
Trait self-report
PANAS NA —0.49* 0.04 —0.09 —-0.12 —0.41* 0.20
PANAS PA —-0.13 0.03 0.01 0.24 0.25 0.13

Note: UNP-PIC/NEG-DESC, unpleasant image with preceding negative audio description; UNP-PIC/NEU-DESC, unpleasant image with
preceding neutral description; NEU-PIC/NEU-DESC, neutral image with preceding neutral audio description; LPP, late positive potential.
Higher LPP difference score values reflect better emotion regulation; higher behavioral ratings reflect greater self-reported negative affect.

*=p<.05**=p<.01
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significant correlation between self-reported trait nega-
tive emotion on the PANAS and the LPP emotion regu-
lation difference score. In CN, the LPP difference score
was not significantly correlated with state or trait self-
reported negative emotion. It is unclear why these cor-
relations were nonsignificant in our CN group because
some prior studies have found significant associations
between the LPP and self-reported arousal®***°; however,
one possibility is that these associations are most robust
when negative emotionality exceeds a certain threshold
and becomes pathological. Alternatively, the LPP may be
more strongly related to arousal than valence, and arousal
was not measured in this study. Altogether, the correla-
tional findings evidenced by the patient group support
our novel hypothesis that elevated self-reported state and
trait negative emotion is related to an emotion regulation
abnormality in SZ. It is plausible that emotion regulation
dysfunction results in increased state and trait negative
emotions, and/or that chronically elevated negative emo-
tions make it harder for patients to learn and successfully
apply cognitive change strategies to decrease their nega-
tive emotions.

The neural substrates responsible for these emotion
regulation abnormalities cannot be definitively deter-
mined using ERP alone. Although the excellent tempo-
ral resolution of ERP enables a precise evaluation of the
timecourse of neural response in relation to the emotion
regulation manipulation, its low spatial resolution makes
it difficult to draw accurate conclusions regarding the
neural circuitry involved. Based upon prior fMRI find-
ings with this and similar tasks indicating that successful
cognitive change is associated with increased prefrontal
cortex activity and decreased amygdala activity,¥# it
is possible that the present ERP findings reflect that SZ
patients either have ineffective cortical control over the
amygdala and limbic regions or a failure to adequately
engage prefrontal and limbic regions when applying cog-
nitive change strategies. Another possibility is that abnor-
mal activation of dorsal regions of the anterior cingulate
cortex cause failures in monitoring the extent to which
cognitive change strategies effectively decrease negative
emotions. Future studies should examine these possibili-
ties directly in SZ using fMRI.

Several alternative explanations for these findings
should be ruled out. One possibility is that the LPP abnor-
malities noted in SZ occur due to some process other
than cognitive change, such as a failure to attend to the
auditory stimuli, impaired priming, or a generalized con-
text processing deficit. Given that SZ and CN had simi-
lar self-reported negative emotionality to the UNP-PIC/
NEG-DESC and UNP-PIC/NEU-DESC conditions, it
is unlikely that SZ simply did not attend to the auditory
stimuli. We also doubt that the findings reflect abnormal
priming for 3 reasons: (1) the temporal characteristics of
the task are not amenable to a priming explanation; the
duration between the auditory description and the image

Emotion Regulation and Schizophrenia

is much longer than the very brief durations needed for
priming to reliably take place; (2) there were no group
X condition interaction effects at the N1 and P2 early
ERP components, which would be expected if priming
were a potential explanation; and (3) the results obtained
on healthy individuals in our sample and 2 prior stud-
ies using this implicit cognitive change paradigm?!’ are
very similar to those obtained via explicit ERP regula-
tion paradigms when healthy subjects generate their own
reappraisals.® Given that the timecourse of the LPP
response to reappraisals is similar in this task and those
where subjects generate their own reappraisals, we think
it is unlikely that this paradigm reflects priming or some
process other than cognitive change and reappraisal.
Finally, it is unlikely that the LPP findings in patients are
best explained by a generalized context processing deficit
because the correlation between the LPP difference score
and the DPX task was nonsignificant.

These findings have important treatment implications.
A number of psychosocial treatment programs have been
developed and shown to be efficacious in other disorders
(eg, mood and anxiety), which use cognitive-behavioral
therapy techniques to improve emotion regulation by
teaching cognitive change techniques, facilitating adap-
tive action tendencies, and preventing emotional avoid-
ance.” These methods could be adapted for use in a SZ
population and may have utility for improving emotion
regulation, symptoms, and functional outcome.

Supplementary Material

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