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Background: Emotion dysregulation is crucial to both
poor social functioning and psychotic symptom formation
in patients with schizophrenia. The efficient use of emo-
tion regulation strategies, such as cognitive reappraisal,
has been less frequently observed in the early phases of
psychotic disorder. It is unknown whether neurophysio-
logical responses related to emotion regulation by cogni-
tive reappraisal are altered in early psychosis. Methods:
Fifty-four patients with first-episode psychosis (FEP), 34
subjects at clinical high risk (CHR) for psychosis, and
30 healthy controls (HCs) participated in event-related
potential recordings during a validated emotion regula-
tion paradigm to measure the effect of cognitive reap-
praisal on emotion regulation. Late positive potentials
(LPPs), which reflect emotional arousal, were compared
across the groups and the 3 conditions (negative, cogni-
tive reappraisal, and neutral). The relationship among
LPP modulation by cognitive reappraisal and social/role
functioning and severity of psychotic symptoms was in-
vestigated in the early psychosis group. Results: The FEP
and CHR participants showed comparably larger LPP
amplitudes in the negative and cognitive reappraisal con-
ditions than in the neutral condition, whereas the HCs
presented larger LPPs in the negative condition than in
the cognitive reappraisal and neutral conditions. LPP
modulation by cognitive reappraisal was negatively cor-
related with positive symptom severity in the FEP pa-
tients and with disorganization severity in the CHR
subjects. Conclusions: Inefficient use of cognitive reap-
praisal may be related to the impaired emotion regulation
and psychotic symptoms from the very beginning of psy-
chotic disorder. This study provides the first neurophysi-
ological evidence regarding current concepts of emotion
regulation in early psychosis.
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Introduction

Patients with schizophrenia suffer from poor social
functioning in addition to various psychotic symptoms.
Impaired social functioning is prevalent starting at the
prodromal stage of psychosis in those at clinical high risk
(CHR) for psychosis and is a predictor of the onset of
psychotic symptoms.'* Early intervention strategies for
first-episode psychosis (FEP) and CHR often target so-
cial functioning; however, these strategies have not always
been successful in terms of both functional and symp-
tomatic recovery.*”’ These previous studies suggest the
need for further investigation of factors influencing social
functioning and psychotic symptoms in early psychosis.
Emotion plays a crucial role in social functioning by
providing information about the significance of social situ-
ations and helping people respond appropriately to given
social situations.® Emotion regulation is the process that af-
fects emotional responses to a certain social situation and
can be categorized into antecedent- and response-focused
strategies.” Antecedent-focused strategies, including cog-
nitive reappraisal, aim to modulate emotional processes
before the full emotional response occurs. On the other
hand, response-focused strategies, such as affective sup-
pression, target the full emotional response itself and thus
are less effective and more burdensome than antecedent-
focused strategies.'™!! Studies using self-report question-
naires in schizophrenia patients and CHR subjects found
that lower use of cognitive reappraisal strategies in emo-
tion regulation was related to poor social functioning. !>
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In addition, negative affect resulting from impaired
emotion regulation has been suggested to be related to
psychotic symptoms of schizophrenia. Models of pos-
itive symptom formation suggest that negative affect,
along with cognitive biases, contributes to emphasizing
the threatening value of ambiguous experiences and
thus increase the likelihood of delusional or paranoid
interpretations.'®'” Klippel et al'® showed that affective
disturbances mediated the pathways of the effects of
stress on psychotic symptoms in FEP and CHR groups.
Similarly, the negative affect produced by impaired emo-
tion regulation comprises a part of the model explaining
why social exclusion triggers paranoid ideation in CHR
individuals.” A recent meta-analysis of self-report ques-
tionnaires about emotion regulation in patients with
schizophrenia supports those models in that lower use
of adaptive emotion regulation strategies, such as cogni-
tive reappraisal, was correlated with more severe positive
symptoms in patients with schizophrenia.*

These previous studies provide important concepts re-
lated to impaired emotion regulation and its association
with poor social functioning and psychotic symptoms
in patients with schizophrenia and those experiencing
early psychosis. Regarding a neurophysiological corre-
late of emotion regulation that supports those concepts,
2 seminal studies have investigated late positive potential
(LPP), which reflects emotional arousal, during a valid-
ated emotion regulation event-related potential (ERP)
paradigm developed by Foti and Hajcak®' as a marker
for emotion regulation by cognitive reappraisal in chronic
schizophrenia patients.”>** Both studies showed that cog-
nitive reappraisal failed to downregulate negative emo-
tions in patients with schizophrenia, as reflected by an
enlarged LPP in response to cognitively reappraised neg-
ative stimuli that were comparable to that of attended-to
negative stimuli in an early latency LPP window. In
particular, Strauss et al*®* found that less modulation of
LPPs by cognitive reappraisal was associated with higher
scores on self-reported state and trait emotional experi-
ences, suggesting the usefulness of LPP modulation by
cognitive reappraisal as a neurophysiological marker for
ineffective use of cognitive strategies in emotion regula-
tion. However, no meaningful correlations were reported
between the modulation of LPP by cognitive reappraisal
and relevant clinical scale scores, and study participants
were limited to relatively chronic schizophrenia patients.
Therefore, further neurophysiological evidence is needed
to support the concept of impaired emotion regulation
and its relationship with clinical status in early psychosis.

In the current study, we aimed to investigate whether
this neurophysiological correlate of emotion regulation
by cognitive reappraisal was impaired in early psychosis,
as it is in chronic schizophrenia,''*>* and whether the ef-
fect of cognitive reappraisal on emotion regulation was
associated with social functioning or psychotic symptom
severity. We hypothesized that both FEP patients and
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CHR individuals would show failure in emotion regula-
tion by cognitive reappraisal, as indicated by a similarly
large LPP amplitude in both the cognitive reappraisal
condition and the negative condition compared with the
neutral condition. On the other hand, successful emotion
regulation by cognitive reappraisal, as indicated by a re-
duced LPP amplitude in the cognitive reappraisal condi-
tion compared with the negative condition, was expected
in healthy controls (HCs). In addition, we hypothesized
that these early psychosis groups would show a positive
correlation between LPP modulation by cognitive reap-
praisal and social functioning. Furthermore, negative
correlations of LPP modulation by cognitive reappraisal
with psychotic symptoms in FEP patients and with prod-
romal psychotic symptoms in CHR individuals were
expected.

Methods

Participants

A total of 54 patients with FEP, 30 subjects at CHR for psy-
chosis, and 34 HCs underwent electroencephalographic
(EEQG) recording during the emotion regulation task.?!
The FEP patients and CHR subjects were recruited
through the Seoul Youth Clinic (SYC; www.youthclinic.
org), a center for early detection of and intervention for
psychosis, at the Seoul National University Hospital
(SNUH).» FEP was defined in individuals aged 16 to
40 years who satisfied the diagnosis of schizophreniform,
schizophrenia, or schizoaffective disorder when assessed
with the Structured Clinical Interview for Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition
(DSM-1V), Axis I Disorders (SCID-I), and whose dura-
tion of psychotic illness was less than 2 years. Psychotic
symptoms were assessed using the Positive and Negative
Syndrome Scale (PANSS), and the duration of illness was
determined by interviewing the participants and their
family members. The CHR status of the participants was
confirmed when they met at least 1 of the 3 criteria of the
Structured Interview for Prodromal Symptoms (SIPS)?*:
attenuated positive symptoms (APS), brief intermittent
psychotic symptoms (BIPS), and genetic risk with deteri-
oration (GRD). Among the 34 CHR individuals, 32 met
the APS criteria, 2 met the BIPS criteria, and none met
the GRD criteria. Comorbid axis I diagnosis in the CHR
participants was assessed using the SCID-I, and details
are provided in the supplementary material. The valid-
ated Korean version of the Scale of Prodromal Symptoms
(SOPS)?"? was used to assess prodromal symptoms. In
both the FEP and CHR groups, social functioning was
assessed using the Global Functioning Scale: Social
(GFS:S).?3% The HCs were recruited via an internet ad-
vertisement and were screened using the SCID-I Non-
patient Edition (SCID-NP). Potential HC participants
were excluded if they had any first- to third-degree bio-
logical relatives with a psychotic disorder. The common
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exclusion criteria included substance abuse or dependence
(except nicotine), neurological disease or significant head
trauma, and medical illness that could be accompanied
by psychiatric symptoms, sensory impairments, and intel-
lectual disability (intelligence quotient [IQ] < 70).

All participants provided written informed consent
after receiving a thorough explanation of the study pro-
cedure. For minors, informed consent was obtained from
both the participants themselves and their parents. This
study was conducted in accordance with the Declaration
of Helsinki and was approved by the Institutional Review
Board of SNUH.

Emotion Regulation Task

We used the emotion regulation task developed by Foti
and Hajcak,?! and the sequence within a trial is provided
in supplementary figure S1. In brief, each trial consisted
of a sequence of fixation on a gray cross on a black back-
ground (1 s), an audio description of the upcoming picture
in a male’s voice (3~6 s), fixation (1 s), passive viewing of
a picture stimulus (3 s) from the International Affective
Picture System (IAPS),*! and the participant’s rating for
negative feelings (time unlimited). Each trial was assigned
to 1 of 3 conditions: a cognitive reappraisal condition to
examine emotion regulation and 2 control conditions,
which were the negative and neutral conditions. In the
cognitive reappraisal condition, a neutral audio descrip-
tion that neutralized the upcoming unpleasant picture
was provided to promote the use of a cognitive reap-
praisal strategy for emotion regulation. In the negative
condition, a negative audio description that focused on
the negative aspects of the upcoming unpleasant picture
was given; this description prompted the participants to
attend to negative feelings. A neutral audio description
followed by a neutral picture was presented in the neutral
condition. The task consisted of 6 practice trials (2 nega-
tive condition and 4 neutral condition trials) and 2 blocks
of 75 experimental trials (25 trials for each condition in
an experimental block).

EEG Recording and Preprocessing

Continuous EEG recordings were acquired during the
emotion regulation task using a Neuroscan 128 Channel
SynAmps system equipped with a 128-channel Quick-
Cap based on the modified 10-20 international system
(Neuroscan). The left and right mastoids were used as the
reference. The EEG signals were digitized at a sampling
rate of 1 kHz, and an online lowpass filter of 100 Hz was
applied. Electrodes placed below and on the outer can-
thus of the left eye were used to obtain horizontal and
vertical electrooculograms (EOGs). The impedance of all
electrodes was less than 5 k2.

Curry 7 software (Compumedics) was used to ana-
lyze continuous EEG data. Up to 7% of bad channels
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per participant were reconstructed via the linear inter-
polation of the adjacent channels. The artifact reduc-
tion algorithm developed by Semlitsch et al*> was used
to reduce ocular artifacts. Then, EEG recordings were
rereferenced to the common average reference data and
bandpass filtered between 0.1 and 30 Hz. Continuous
EEG data were epoched to a 200-ms prestimulus interval
and a 3000-ms poststimulus interval. Baseline correc-
tion was performed using the averaged prestimulus in-
terval voltage. Epochs containing EEG amplitudes that
exceeded +100 uV were automatically discarded. The
number of remaining epochs in each condition was not
different across the groups (supplementary table S1).
ERP waves were obtained by separately averaging epochs
from the 3 conditions. LPP was calculated as the mean
amplitude between 350 and 750 ms after stimulus onset
at the Pz electrode site to focus on the time window and
electrode site where the largest LPP was observed in pre-
vious studies.?’>*¥ Emotion regulation scores were cal-
culated by subtracting the mean LPP amplitudes in the
cognitive reappraisal condition from those in the negative
condition.

Statistical Analysis

For the group comparisons of the demographic and clin-
ical data, analysis of variance (ANOVA) was used for con-
tinuous variables, and y? tests or Fisher’s exact tests were
used to analyze the categorical data. Repeated measures
ANOVA with condition (negative, cognitive reappraisal,
and neutral) as the within-subject factor and group (FEP,
CHR, and HC) as the between-subjects factor was con-
ducted to reveal the effect of cognitive reappraisal on the
mean LPP amplitude and rating scores for negative feel-
ings across the groups. Emotion regulation scores were
compared across the groups using ANOVA. Sex was con-
sidered a covariate in the group comparison analysis of
LPPs. Post hoc Fisher’s least significant difference anal-
ysis was performed to find specific LPP differences across
the groups and conditions. When a significant group-by-
condition interaction was found, a paired samples z-test
was used to reveal the specific LPP difference across the
conditions within each group. The relationship between
emotion regulation scores and the scores on the PANSS
in the FEP patients, the scores on the SOPS in the CHR
subjects, and the scores on the GFS:S in both early psy-
chosis groups were investigated using Pearson’s correla-
tion analysis. SPSS software ver. 23.0 (IBM Corp.) was
used for the statistical analyses. Significance levels were
set at P <.05.

Results

Participant Characteristics

The demographic and clinical characteristics of the par-
ticipants are provided in table 1. The patients with FEP,
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Table 1. Demographic and Clinical Characteristics of Patients With First-Episode Psychosis (FEP), Subjects at Clinical High Risk

(CHR) for Psychosis, and Healthy Controls (HCs)

FEP CHR HC Statistical Analysis®
(N =54) (N =34) (N =30) For Tory2 P

Sex (male/female) 19/35 21/13 24/6 16.696 <.001%*
Handedness (right/left) 51/3 33/1 28/2 0.504 177
Age (y) 21.9+38 21.3+4.7 20.1 +1.8 2.231 112
1Q 101.3 £ 16.1 99.2£12.9 106.1 £ 11.7 1.991 141
Education (y) 135+£23 13.0£1.9 13.0£14 0.916 403
DOI (mo) 73+58 — — — —
PANSS

Positive symptoms 152+£58 — — — —

Negative symptoms 149+64 — — — —

General symptoms 30.6 £10.3 — — — —
SOPS

Positive symptoms — 10.7+4.6 — — —

Negative symptoms — 124+£72 — — —

Disorganization — 3633 — — —

General symptoms — 72+44 — — —
GFS:S 54+ 1.5 5712 — —0.794 429
Prescribed medication®

Antipsychotics 52(96.3) 4(11.8) — 60.869 <.001**

Antidepressants 2(3.7) 2(5.9) — 0.228 .633

Mood stabilizers 10 (18.5) 6(17.6) — 0.011 918

Anxiolytics 32(59.3) 9(26.5) — 0.914 .003**
Antipsychotic dose* 14.3£9.7 0.5t1.6 — 8.168 <.001%**
Anxiolytic dose? 04£0.5 0.1£0.3 — 9.049 .003%*

Note: 1Q, intelligence quotient; DOI, duration of illness; PANSS, Positive and Negative Syndrome Scale; SOPS, Scale of Prodromal
Symptoms; GFS:S, Global Functioning Scale: Social. Data are given as the mean * standard deviation.
2Analysis of variance, independent 7-test, or Welch’s #-test if the variances were not equal; %2 analysis or Fisher’s exact test for categorical

data.

"Number (percentage) of FEP patients and CHR subjects who were prescribed each medication at the time of late positive potential

(LPP) measurement.

‘Olanzapine equivalent dose of antipsychotics prescribed at the time of LPP measurement.
9Lorazepam equivalent dose of anxiolytics prescribed at the time of LPP measurement.

**The mean difference is significant at the .005 level.

subjects at CHR for psychosis, and HCs were not different
in handedness, age, IQ, and education years. However,
there were more females in the FEP group than in the
CHR and HC groups (x*> = 16.696, P < .001). Scores on
the GFS:S (¢ = —0.794, P = .429) were not different be-
tween the FEP and CHR groups.

LPP and Negative Emotion Rating Results

The results of the LPP and negative emotion ratings
are summarized in table 2. Figure 1 displays the grand-
averaged LPP waveforms across the 3 conditions in each
group. Topographic maps are provided in supplementary
figure S2. Repeated measures ANOVA with condition as
the within-subject factor, group as the between-subjects
factor, and sex as a covariate showed that there was a
significant effect of condition (F = 4.201, P = .016) and
group-by-condition interaction (¥ = 3.054, P = .018) on
mean LPP amplitude at the Pz electrode site. There was
no significant effect of group (F=0.886, P = .415). Paired
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samples -tests showed that mean LPP amplitudes were
smaller in the cognitive reappraisal condition than in
the negative condition only for the HC group (z = 2.830,
P = .008; FEP: r = 0.152, P = .880; CHR: r = —1.185,
P =.244), suggesting that emotion regulation by cognitive
reappraisal was successful in the HCs but not in the FEP
and CHR participants (figure 2a). Regarding the nega-
tive emotion rating scores, repeated measures ANOVA
with condition as the within-subject factor and group as
the between-subjects factor showed significant effects of
group (F = 3.641, P = .029) and condition (F = 348.897,
P < .001). No significant group-by-condition interaction
was found (F = 0.594, P = .668). A post hoc Fisher’s least
significant difference analysis showed that the FEP pa-
tients reported higher negative feelings in the cognitive
reappraisal (P = .012) and neutral (P = .014) conditions
than the HC subjects did. The individuals at CHR for
psychosis reported higher negative feelings scores than
the HCs in the neutral condition (P = .002; figure 2b).
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Fig. 1. Grand-averaged waveforms of the late positive potential at the Pz electrode site in negative, cognitive reappraisal, and neutral
conditions across the first-episode psychosis (FEP), clinical high risk (CHR) for psychosis, and healthy control (HC) groups. Areas

between 350 and 750 ms after stimulus onset are marked in gray.

Emotion Regulation Scores and Their Association With
Clinical Status

The emotion regulation scores, which were calculated by
subtracting the mean LPP amplitudes in the cognitive re-
appraisal condition from those in the negative condition,
were significantly different across the 3 groups (F = 3.433,
P = .019). Post hoc Fisher’s least significant difference
analysis revealed that the emotion regulation scores of the
HC group were higher than those of the FEP (P = .024)
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and CHR (P = .004) groups (table 2; figure 3a). Pearson’s
correlation analysis showed that there was a significant
relationship between high emotion regulation scores and
low PANSS positive symptom scores in the patients with
FEP (r = —.281, P = .025; figure 3b). In the CHR group,
the emotion regulation scores were negatively correlated
with the SOPS disorganization scores (r = —.387, P = .024;
figure 3c). Other variables, including GFS:S scores, did not
show significant correlations (supplementary table S2).
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regulation scores and the scores on the Scale of Prodromal Symptoms (SOPS) disorganization subscale in the CHR individuals.
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Discussion

This study is the first to investigate neurophysiological
correlate of impaired emotion regulation by cognitive
reappraisal in early psychosis. In both the FEP patients
and the CHR individuals, LPP in the cognitive reap-
praisal condition was comparable to that in the negative
condition. In contrast, the HCs presented larger LPP in
the negative condition than in the cognitive reappraisal
condition. In addition, emotion regulation scores (ie, the
modulation of LPP by cognitive reappraisal) were neg-
atively correlated with positive symptom severity in the
FEP patients and with disorganization severity in the
CHR subjects. Our results not only add electrophysiolog-
ical evidence to the previous literature based on self-re-
port questionnaires, which showed that impaired emotion
regulation was present in the early phase of psychosis and
also highlighted the association between emotion regu-
lation difficulties, reflected by LPP modulation, and the
severity of psychotic symptoms.

Compared with HCs, patients with schizophrenia have
shown less use of cognitive reappraisal strategies and
greater use of affective suppression in self-reported meas-
ures of emotion regulation strategy use.!*!>3 Providing
biological evidence to support behavioral or self-report
results is important for understanding psychopathology
and related brain dysfunction. In this context, 2 previous
studies reported reduced LPP modulation as a result of
cognitive reappraisal in chronic schizophrenia patients,
and this measure is the first neurophysiological corre-
late of impaired emotion regulation by cognitive strategy
in patients with schizophrenia.”>?* Although self-re-
port studies with early psychosis patients present results
similar to those found for chronic schizophrenia pa-
tients,'*!*¥ the neurophysiological correlate of impaired
emotion regulation by cognitive reappraisal in FEP pa-
tients and CHR individuals has not yet been reported.
In the current study, we found that the FEP and CHR
participants presented larger LPPs (ie, greater emotional
arousal) in response to cognitively appraised negative
stimuli than to neutral stimuli; these LPPs were similar
to those evoked by the attended-to negative stimuli, and
this finding was similar to that reported for chronic schiz-
ophrenia patients.”>>* Only the HCs produced smaller
LPPs in the cognitive reappraisal condition than in the
negative condition, showing that cognitive reappraisal
had an effect on emotion regulation in the HC group but
not in the FEP and CHR groups. These findings suggest
that the neurophysiological correlate of impaired emo-
tion regulation by cognitive reappraisal presents starting
in the early phases of psychotic disorder.

We found that lower emotion regulation scores (ie, less
modulation of LPP by cognitive reappraisal) were asso-
ciated with higher scores on the PANSS positive subscale
in the FEP patients and with higher scores on the SOPS
disorganization subscale in the CHR individuals. In
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addition, similar to chronic schizophrenia patients,*%*
both the FEP and CHR participants reported higher neg-
ative emotion rating scores in response to neutral stimuli
than the HCs. It has been shown that patients with schiz-
ophrenia experience more negative affect in response to
neutral stimuli due to inefficient emotion regulation, and
negative affect combined with cognitive biases plays a key
role in psychotic symptom formation.!*!”? Our findings
are the first to provide the neurophysiological evidence
for previous study results suggesting that inefficient use
of cognitive negative emotion regulation strategies was
associated with psychotic symptoms starting in the early
stages of psychosis, such as FEP and CHR .81

Unlike our initial expectation based on previous
studies that reported a significant correlation between
self-reported use of emotion regulation strategies and so-
cial functioning in schizophrenia patients,'>!*!5 our early
psychosis participants did not show significant correl-
ations between LPP modulation by cognitive reappraisal
(ie, emotion regulation) and scores on the GFS:S. It is
unclear why these correlations were not significant; how-
ever, one possibility is that social functioning is affected
by multiple factors, such as negative symptoms and cog-
nitive dysfunction, rather than by emotion regulation
alone. In particular, people in the early course of schizo-
phrenia present with prominent positive symptoms rather
than negative symptoms, in contrast with chronic schiz-
ophrenia patients.’” Therefore, the results of the current
study, which showed a significant association between
LPP modulation by cognitive reappraisal and positive
symptom severity but a nonsignificant correlation be-
tween LPP modulation and social functioning, may be
due to the characteristics of participants who are in the
early stage of psychotic disorder and thus have rather in-
distinct negative symptoms.

This study has several limitations. First, the FEP
group comprised a greater proportion of females than
the CHR and HC groups did. Although one study has
shown that LPP modulation by cognitive reappraisal
did not differ between boys and girls,*® others have re-
ported that females presented higher LPP amplitudes
in response to negative stimuli than males did.3*#
Although sex was used as a covariate in the group
comparison analysis, cautious interpretation is war-
ranted because sex was not matched across groups
in this study. Second, most of the FEP patients were
taking antipsychotic and anxiolytic medication at the
time of the ERP measurements, and the effect of anti-
psychotics and anxiolytics on emotion regulation and
LPP is unknown. Although there was no significant
correlation between the olanzapine equivalent dose of
antipsychotics*! (r = —.043, P = .758) or the lorazepam
equivalent dose of anxiolytics® (r = —.197, P = .154)
and LPP modulation by cognitive reappraisal, future
studies with medication-free patients are needed to



support the current study results. Third, the emotion
regulation task used in the current study was designed
to specifically focus on the effect of forced cognitive re-
appraisal on LPP modulation,?"** in contrast with other
studies that allowed participants to regulate their emo-
tions with their own resources and preferred strategies.
Therefore, interpretation of the current study’s results
should be limited to the effect of specific cognitive reap-
praisal on LPP modulation in early psychosis patients.
The diagnosis of psychiatric disorders based on symp-
tomatic phenotype leads to tremendously increased het-
erogeneity, even within a diagnosis; thus, rigorous efforts
have been made to investigate biomarkers that can con-
nect pathophysiology with behavioral observations and
can be used to predict treatment response as well as prog-
nosis.** In line with these efforts, the current study re-
sults have important clinical implications in that they
present the biological background underlying inefficient
cognitive emotion regulation and psychotic symptoms
as a target for early intervention in FEP and CHR. The
modulation of LPP by cognitive reappraisal may be util-
ized as a potent biomarker in future longitudinal studies
that aim to measure and predict responses to treatments
for improving emotion regulation, psychotic symptoms,
and the long-term prognosis of early psychosis patients.
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