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Introduction: There is mixed evidence about emotional processing abnormalities in schizophrenia and
schizoaffective disorder, with self-reports and clinician ratings indicating significant differences between pa-
tients and controls, but studies of in-the-moment, self-reported emotional experience finding only small differ-
ences between these groups. The currentmeta-analysis synthesizes statistics from studies measuring the P3 and
LPP, two event-related potential (ERP) components sensitive to attentional allocation, to examine whether pa-
tients exhibit ERP response abnormalities to neutral and valenced visual stimuli.
Methods: Standardized mean amplitudes and standard errors of P3 and/or LPP waveforms (300–2000ms) in re-
sponse to neutral and valenced imageswere calculated for 13 studies (total n=339 individualswith schizophre-
nia, 331 healthy controls).
Results: In response to neutral images, there were very small, non-significant differences in ERP amplitudes be-
tween patient and control groups (k=9;Hedges' g=−0.06, 95% CI:−055, 0.43, p=0.81). In contrast, patients
showed a small, significant reduction in ERP amplitudes compared to controls in response to negative images (k
= 13; Hedges' g=−0.32, 95% CI:−0.59, −0.05, p= 0.02) and a small, but nonsignificant, reduction in ampli-
tudes in response to positive images (k = 7; Hedges' g = −0.27, 95% CI: −0.71, 0.18, p = 0.24).
Conclusions and implications: The current review indicates that compared to controls, patients have slightly di-
minished P3 and LPP amplitudes in response to positive and negative stimuli. This small reduction may reflect
decreased attention allocation, possibly indicating an abnormality during a distinct stage of early processing re-
lated to evaluating the motivational salience of a stimulus.

© 2019 Published by Elsevier B.V.
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1. Introduction

It is widely reported that individuals with schizophrenia and
schizoaffective disorder have emotional abnormalities compared to
controls (Kring and Elis, 2013; Trémeau, 2006). These abnormalities
can have a profound negative impact on the psychosocial functioning,
wellbeing, and overall quality of life of patients (Kohler and Martin,
2006). However, there are mixed reports about the nature of emotional
abnormalities in schizophrenia. Some comparisons indicate a similar re-
sponse to valenced stimuli in patients relative to controls, whereas
others report a decreased or increased response (Cohen and Minor,
2010; Kring, 1999; Trémeau, 2006). Clarifying the nature of emotional
abnormalities in schizophrenia is a crucial step towards developing
targeted and effective treatments that may lead to improved emotional
functioning for individuals with schizophrenia.
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The currentmeta-analytic review presents a comprehensive quanti-
tative synthesis of studies that have applied the event-related potential
(ERP) technique, an objective and direct measure of brain activity in re-
sponse to stimuli, to elucidate the nature of emotional abnormalities in
schizophrenia. Two specific ERP components, the P3 and late positive
potential (LPP), are particularly valuable in the study of emotional func-
tioning, as they reflect neural correlates of attentional allocation to emo-
tional information (Hajcak et al., 2011) – a critical step in emotional
regulation and emotional memory development (Gross, 2002; Talmi
et al., 2007).

1.1. Emotion in schizophrenia

Emotional dysfunction in patients has been assessed in multiple
ways, including in self-reports of trait affect and clinician ratings,
where the differences between patients and controls are largest. How-
ever, recently, it has been suggested that people with schizophrenia
have intact in-the-moment, self-reported experience of positive emo-
tion compared to control participants (Kring and Moran, 2008; but see
Strauss et al., 2017). In a meta-analysis of 26 studies that presented
emotional stimuli, Cohen and Minor (2010) reported small differences
lectrophysiological potentials and emotion in schizophrenia: A meta-
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1 Although the neural origins of the P3 are a subject of continued debate, evidence from
functional magnetic resonance imaging (fMRI), electroencephalography (EEG) source lo-
calization techniques, and intracranial recordings have pointed to areas in the cerebral
cortex, particularly the parietal and temporal lobes, as likely sources of the P3 (Polich,
2007). It is plausible that the P3 is generated from a neural circuit linking these parietal
and temporal areas, reflecting the activation of attentional andworking memory systems.

2 Efforts to localize the origins of the LPP in the brain using fMRI and EEG techniques
have led to the understanding that brain areas involved in emotional processing
(i.e., ventrolateral prefrontal cortex, insula, and prefrontal cortex) may serve as potential
LPP generators (Liu et al., 2012; Sabatinelli et al., 2013).
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between schizophrenia patients and controls in self-reported positive
emotion (Hedges' D = −0.16). Importantly, this does not appear to be
the result of insensitive measures for self-reported positive emotion,
as other disorders associated with emotional abnormalities
(e.g., major depressive disorder) do show significantly diminished pos-
itive responding compared to controls (Dunn et al., 2004; Sloan et al.,
1997). At the same time, individuals with schizophrenia report high
levels of trait negative emotion (Cohen et al., 2011). It has also been sug-
gested that patients show similar in-the-moment responses to negative
stimuli as control participants (mean weighted effect size Hedges D′=
0.24; Cohen and Minor, 2010). Further, “ambivalent” emotional re-
sponses, characterized by some as the co-activation of both positive
and negative emotion and by others as reports of feelings inconsistent
with stimulus valence, have also beenwidely reported in schizophrenia
(Bleuler, 1950; Docherty et al., 2015; Trémeau et al., 2009). These vari-
ous findings have not yet led to a clear and unifying account of the ex-
tent to which people with schizophrenia experience emotion
differently from healthy individuals. However, objective and direct
measures of brain activity, such as event-related potentials (ERPs),
could help reconcile these findings and identify mechanisms that con-
tribute to aberrant emotional functioning in people with psychotic
disorders.

The ERP technique offers a method of examining emotion process-
ing that is complementary to self-report, clinician ratings, and behav-
ioral methods. By synthesizing data across ERP studies of emotion
processing in schizophrenia, we can elucidate one of the apparent con-
flicts in the literature: the finding that differences between patients
and controls are greatest in self-reports of trait affect and clinician rat-
ings of emotional dysfunction, whereas self-reports of in-the-moment
emotion experience show much smaller differences. ERP studies of
emotional functioning employ mixed methodologies, including pas-
sive viewing tasks and tasks wherein participants must respond ver-
bally or by pressing a button. Additionally, the majority of these
studies have small samples, making it difficult to determine whether
findings support the large effects observed in self-reports of trait affect
and clinician ratings or whether they fall more in line with measures
of in-the-moment emotional experience. Currently, there is no com-
prehensive review of this literature, and the present article is the
first quantitative analysis to examine studies of ERP responses to vi-
sual emotional stimuli in individuals with schizophrenia and healthy
controls. By systematically examining objective measures of emotional
experience in individuals with schizophrenia, this work will lead to a
better understanding of patients' emotional abnormalities. This can
contribute to targeted interventions that improve emotional function-
ing and, consequently, improve quality of life for individuals with
schizophrenia.

The purpose of the current review is to determine whether patients
and controls differ inmagnitude in response to neutral, positive, or neg-
ative stimuli on late ERP components (P3 and LPP). Late ERP compo-
nents are typically associated with sustained increase in attention to
emotional information in healthy individuals (Hajcak et al., 2010). “At-
tention” is used here in the context of emotion processing, where it re-
fers to subjective attention and the related constructs of attention to
feelings (Vermeulen et al., 2018), trait meta-mood (Salovey et al.,
1995), and self-reported attention to emotion (Gasper and
Bramesfeld, 2006). For example, attention to emotion is defined as
“the degree of attention that individuals devote to their feelings”
(Salovey et al., 1995, p. 127). These constructs point to the sense in
which “attention” can apply to a relatively later stage in emotional pro-
cessing, once subjective interpretations come online. Additionally,
though several studies have examined responses to neutral and emo-
tional stimuli, the actual size of the difference between patients and
controls using more objective measures remains unclear. We therefore
seek to clarify the effect of valence by investigating potential differences
between responses to neutral, positively, and negatively valenced emo-
tional images, as measured by late ERP components.
Please cite this article as: M.K. Castro, D.H. Bailey, J.F. Zinger, et al., Late e
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1.2. ERP associated with motivational salience: P3

The P3 component can be divided into the P3a and P3b,with the P3a
typically signifying the orienting of attention to a novel stimulus, even
among a stream of unattended stimuli (Näätänen and Kreegipuu,
2011). The P3b, on the other hand, is associated with the motivational
salience of a stimulus, whether from intrinsic or extrinsic sources. The
current review will focus on the P3b component (hereafter referred to
as ‘P3’), which generally appears as a positive deflection over Pz starting
from 250 to 500 ms following stimulus presentation (Hajcak et al.,
2011).

P3 studies have traditionally used nonemotional stimuli (e.g., Xs and
Os) in anoddball design comparing responses to infrequent ‘targets’ and
frequent ‘standard’ stimuli (Polich, 2007). Research indicates that the
amplitude of the P3 ismodulated bymotivation, such that task demands
and proportion of targets to standards impact the magnitude of the re-
sponse to target stimuli (Duncan-Johnson and Donchin, 1977; Hillyard
et al., 1973).More recently, researchers have used the P3 to examine re-
sponses to emotional stimuli in similar oddball paradigms. The reason
the P3 lends itself well to use in emotion studies is that emotional stim-
uli may serve as “natural targets,” automatically capturing attention and
requiring additional processing resources because of their emotional
content (Hajcak et al., 2011). The inherentmotivational salience of emo-
tional stimuli allows researchers to include positive and negative im-
ages in P3 studies as an index of emotional responding.1

1.3. ERP associated with sustained emotional information processing: LPP

Similarly to the P3, another ERP component closely related to atten-
tional allocation to emotional stimuli is the late positive potential (LPP).
Appearing maximally over centro-parietal sites, the LPP is a positive-
going waveform starting from 300 to 2000 ms post-stimulus and con-
tinuing for up to several seconds (Hajcak et al., 2011). As with the P3,
the LPP is thought to reflect sustained attention to and processing of
stimuli that are intrinsically motivating, such as emotional images
(Hajcak et al., 2010). In addition, this sustained attention and processing
is relatively automatic for both the P3 and LPP components (Bradley and
Lang, 2007). Given these important similarities, some have argued that
the LPP can be considered a sustained P3 response, particularly in the
context of emotional information (Gable et al., 2014).

Both pleasant and unpleasant stimuli elicit increased amplitudes of
the LPP waveform compared to neutral stimuli in healthy individuals,
especially in cases where the emotional stimuli are related to survival,
injury, or death (e.g., images depicting erotica or mutilation; Briggs
andMartin, 2009). The LPP appears to track with subjective arousal rat-
ings, such that images rated asmore arousing also elicit greater LPP am-
plitudes (Martin, Li, and Castro, under review; Weinberg and Hajcak,
2010). Because the LPP is considered to reflect the sustained attentional
processing of motivationally relevant emotional stimuli, it may play an
important role in the emotion deficits observed in schizophrenia.2

1.4. The current study

The goal of the current meta-analytic review was to establish
whether there are significant differences in responses to neutral, posi-
tively, or negatively valenced visual stimuli in individuals with
lectrophysiological potentials and emotion in schizophrenia: A meta-
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5 All articleswere examined for overlapping samples.Whenmultiple articleswerewrit-
ten by the same research group, samples were examined to ensure theywere not overlap-

3M.K. Castro et al. / Schizophrenia Research xxx (xxxx) xxx
schizophrenia and schizoaffective disorder compared to healthy con-
trols using the P3 and LPP waveform amplitudes. In addition, the cur-
rent review investigated the role of other variables across studies and
samples that may potentially moderate these effects, such as measure-
ment approach, time window examined, task procedures, and image
content (see Supplementary material). These variables were chosen
for moderator analyses, as they represent the task and participant char-
acteristics often controlled in patient studies.

2. Materials and method

The currentmeta-analysis followedPRISMAguidelines (Moher et al.,
2009) for transparent and replicable methods and findings. Please see
the Supplementary material for the PRISMA checklist.

2.1. Eligibility criteria for meta-analysis

Inclusion criteria for the current analyses were as follows: 1) the
study included a sample of patients meeting DSM-III-R (American Psy-
chiatric Association, 1987) or DSM-IV-TR (American Psychiatric Associ-
ation, 2000) criteria for schizophrenia or schizoaffective disorder;
additionally, studies using DSM-5 (American Psychiatric Association,
2013) criteria would have been eligible for inclusion, but none of the
studies in the current analysis used DSM-5 criteria; 2) the study in-
cluded a nonpsychiatric control sample (i.e., individuals with no history
of psychopathologydetermined by a screening or diagnostic interview);
3) the stimuli used in the study included positively or negatively
valenced visual images (e.g., faces, scenes, objects); 4) at least one of
the ERP components of interest (P3 and LPP, from 300 to 2000 ms)
was measured; 5) mean amplitudes or peak amplitudes were reported
for the P3/LPP waveforms for patients and control subjects; 6) statistics
were reported that allowed for calculation of effect size (standardized
mean difference between groups) of P3/LPP ERP waveform amplitude
(or the authors provided us with this information, upon request); and
7) study findingswere reported in a peer-reviewed journal article in En-
glish. Studies were excluded if they did not meet inclusion criteria.
There were no other exclusion criteria. The literature search took
place between October 19, 2015 and May 2, 2019.3

In response to the variability in ERP nomenclature across studies, we
distinguished the P3 and LPP ERP components by time course and
topography.4

2.2. Information sources, search terms, and study selection

We searched the online databases PubMed, PsycINFO, and Google
Scholar for relevant studies using the following search terms: schiz*
AND (EEG OR ERP) AND (P3 OR LPP OR late positive complex OR late
positive component OR LPC OR late positivity) AND (emotion* OR af-
fect*). The articles resulting from this searchwere examined for eligibil-
ity, and articles referenced by or referencing each article resulting from
the computer search were also examined for eligibility for the meta-
analysis. Furthermore, we contacted experts in the field with more
than two articles identified in the keyword searches for any additional
articles meeting our criteria. We contacted the corresponding author
of the study when the information needed to calculate effect size was
3 We used the Risk of Bias Assessment Tool for Nonrandomized Studies (RoBANS) (Kim
et al., 2013) to evaluate risk of bias in individual studies. Two raters (M. Castro and E.Mar-
tin) completed independent ratings of each study with good inter-rater agreement (87%
agreement, Cohen's kappa=0.66). Scoring discrepancieswere resolved by consensus rat-
ings (M. Castro and E.Martin). For themajority of studies, risk of potential bias was low. A
summary of the RoBANS data can be found in Supplementary Table 2.

4 The P3 was categorized as a positive-going waveform, recorded at midline parietal
sites, that peaks approximately 300–500 ms following the presentation of a visual stimu-
lus. Likewise, the LPP was categorized as a positive deflection, recorded at midline
centroparietal sites, that is evident after 300 ms following the onset of a visual stimulus
and that may continue for 2000 ms or more following stimulus presentation.

Please cite this article as: M.K. Castro, D.H. Bailey, J.F. Zinger, et al., Late e
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not reported in the article.5 Fig. 1 shows a PRISMA flow diagram of sys-
tematic search and study selection (Moher et al., 2009).

2.3. Data analysis plan

Theprimary variables of interestweremean amplitudes of P3 and/or
LPPwaveforms to neutral, positive, or negative visual stimuli in individ-
uals with schizophrenia compared to healthy controls. Standardized
mean amplitudes, standard error, and 95% confidence interval (CI) of
P3 and/or LPP waveforms were calculated for each study. All analyses
were conducted in the statistical software program R (R Development
Core Team, 2011), using the metafor package for meta-analysis
(Viechtbauer, 2010).

Estimates were calculated using a random-effects model and the Q
statistic was used to test for heterogeneity of the effect size distribu-
tions. Funnel plots graphing the effect sizes of each study against the
study's sample size were created and Egger's regression test of funnel
plot asymmetry was used to assess publication bias. Bias is unlikely in
this analysis, as the contrast examined here is not the primary effect
of interest in most of the included studies. For example, one study ex-
amined ERPs and empathic responses in patients (Corbera et al.,
2014). The partitioned Q statistic was used to examine the effects of po-
tential moderators.

3. Results

3.1. Characteristics of included studies and samples

Information about the characteristics of included studies is shown in
Table 1.6

3.2. Results for responses to neutral visual stimuli

The results for responses to neutral visual stimuli for the patient and
control groups are summarized in Table 2, and a corresponding forest
plot of the effect size and 95% confidence interval (CI) for each study
is presented in Fig. 2.

As shown in Table 2, the weighted mean Hedges' g effect size of the
nine studies examining responses to neutral images was not significant
(Hedges' g=−0.06, p=0.807), and the distribution of effect sizes was
significantly heterogeneous (Qtotal(8) = 70.45, p b 0.001; I2 = 91.99%).
The funnel plot appeared symmetrical (see Supplementary Fig. 1), and
Egger's test of funnel plot asymmetry was not statistically significant
(z=−0.02, p=0.98), suggesting limited influence of publication bias.

3.3. Results for responses to positive visual stimuli

The results for studies using positive images are shown in Table 2. A
forest plot of the effect size and 95% CI for each study is presented in
Fig. 2.

As can be seen in Table 2, theweightedmean Hedges' g effect size of
the seven positive-image studies was not significant (Hedges' g =
−0.27, p = 0.242), and the distribution of effect sizes was significantly
ping. When articles reported responses to more than one image type (k = 11), the
samples used were the same for all image types.

6 Information on medication dosing was reported in six studies, and symptom ratings
were reported in seven studies. Patients were excluded based on history of neurological
conditions (11 studies), head injury (five studies), current substance abuse (seven stud-
ies), or intellectual disability (six studies). Inclusion criteria for nonpsychiatric control
samples included screening for DSM-IV-TR (American Psychiatric Association, 2000) Axis
I psychotic conditions using a structured or semi-structured clinical interview (seven
studies) and/or screening for DSM-IV-TR Axis II conditions (nine studies). Control partic-
ipantswere also excluded for recent history of substance abuse (seven studies), family his-
tory of psychotic disorder (five studies), history of neurological disorder (nine studies), or
history of head injury (five studies).

lectrophysiological potentials and emotion in schizophrenia: A meta-
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Fig. 1. The PRISMA flow diagram of systematic search and study selection.

Table 1
Study characteristics (K = 13).

Study Demographic data

Patients Controls

n Mean age (years) Sex (% male) Mean education (years) n Mean age (years) Sex (% male) Mean education (years)

An et al. (2003) 20 31.4 (8.8) 60 14.0 (2.1) 20 27.3 (7.1) 55 14.7 (2.1)
Andersen et al. (2015) 31 24.8 (5.2) 83.9 4.2 (1.6) 47 26.8 (7.0) 53.2 3.2 (1.4)
Corbera et al. (2014) 19 46.05 (9.37) 42 13.42 (2.12) 18 39.78 (8.61) 67 15.61 (2.59)
Herrmann et al. (2006) 22 31.7 (8.4) 77 10.3 22 31.9 (11.0) 77 9.9
Horan et al. (2010) 38 44.5 (10.6) 81.6 12.8 (1.5) 36 38.5 (10.3) 74.3 14.7 (1.5)
Horan et al. (2012) 35 48.3 (7.6) 74.3 13.2 (1.6) 26 44.9 (8.5) 73.1 14.5 (1.7)
Horan et al. (2013) 31 47.8 (9.8) 75 12.5 (1.9) 27 45.5 (6.7) 77.4 14.9 (1.3)
Jung et al. (2012) 23 32.2 (10.1) 52.2 12.8 (2.1) 24 38.0 (11.9) 50 13.0 (2.9)
Kim et al. (2015) 21 37.57 (11.37) 52.4 12.44 (2.33) 18 40.83 (12.07) 44.4 14.17 (4.13)
Lee et al. (2010) 38 30.2 (10.3) 42.1 13.0 (2.3) 38 34.2 (11.9) 47.4 14.1 (2.9)
Okruszek et al. (2016) 26 28.2 (6.4) 69.2 NR 21 24.7 (6.0) 71.4 NR
Turetsky et al. (2007) 16 30.5 (6.0) 75 12.5 (1.8) 16 28.1 (5.4) 75 17.1 (2.5)
Wexler et al. (2014) 19 46.05 (2.1) 42.1 13.4 (0.5) 18 39.7 (2.0) 66.7 15.6 (0.6)
Total 339 36.9 (8.5) 63.6 12.0 (2.6) 331 35.4 (7.0) 64.0 13.4 (3.7)

Note: Means are presented with accompanying standard deviations in parentheses. Totals are unweighted by sample size. NR: not reported.
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Table 2
Effect sizes for differences between groups (K = 13).

Study SZ HC Responses to neutral images Responses to positive images Responses to negative images

n n Hedges' g Standard error 95% CI Hedges' g Standard error 95% CI Hedges' g Standard error 95% CI

An et al. (2003) 20 20 NA NA NA −0.26 0.58 −1.40, 0.88 −0.92 0.50 −1.89, 0.05
Andersen et al. (2015) 31 47 −0.82 0.30 −1.41, −0.22 −1.42 0.49 −2.37, −0.46 −0.78 0.39 −1.54, −0.01
Corbera et al. (2014) 19 18 NA NA NA NA NA NA −0.23 0.60 −1.40, 0.95
Herrmann et al. (2006) 22 22 1.02 0.17 0.69, 1.35 NA NA NA 0.23 0.16 −0.09, 0.55
Horan et al. (2010) 38 36 −1.45 0.66 −2.75, −0.15 1.44 0.54 0.39, 2.50 −0.74 0.64 −2.01, 0.52
Horan et al. (2012) 35 26 −0.38 0.16 −0.70, −0.07 −0.24 0.19 −0.61, 0.14 −0.34 0.20 −0.73, 0.05
Horan et al. (2013) 31 27 −0.05 0.55 −1.13, 1.02 NA NA NA −0.53 0.51 −1.54, 0.48
Jung et al. (2012) 23 24 −0.14 0.14 −0.42, 0.14 −0.51 0.15 −0.81, −0.22 −0.28 0.18 −0.63, 0.07
Kim et al. (2015) 21 18 1.59 0.63 0.35, 2.84 NA NA NA 1.12 0.52 0.10, 2.13
Lee et al. (2010) 38 38 NA NA NA −0.10 0.12 −0.33, 0.14 −0.02 0.12 −0.25, 0.21
Okruszek et al. (2016) 26 21 NA NA NA NA NA NA −0.21 0.53 −1.26, 0.84
Turetsky et al. (2007) 16 16 −0.37 0.12 −0.61, −0.13 −0.45 0.13 −0.71, −0.20 −0.50 0.11 −0.73, −0.28
Turetsky et al., 2007 19 18 0.05 0.16 −0.26, 0.36 NA NA NA −0.98 0.17 −1.32, −0.65
Total 339 331 −0.06;

p = 0.8070
0.25 −0.55, 0.43 −0.27;

p = 0.2425
0.23 −0.71, 0.18 −0.32;

p = 0.0196
0.14 −0.59, −0.05

Note: SZ: individuals with schizophrenia. HC: healthy controls. CI: confidence interval. NA: not applicable. Positive Hedges' g values indicate studies wherein SZ responses were greater
than HC responses. Bold value represents a statistically significant mean effect size across studies.

7 In the literature on automatic sensory processing, “early” frequently refers to ERPs
peaking before 250 ms. However, because our research question is narrowly focused on
attention in the context of emotion processing, we use the term “early” to distinguish
the initial stages of attention allocation to the emotional aspects of stimuli from later emo-
tion processing stages, which may continue for several seconds. Increased LPP amplitude
and emotional modulation of the LPP can continue for a number of seconds following
emotional image onset (Hajcak et al., 2010); thus, it is important to draw a distinction be-
tween these later processing stages and the relatively “early” attention allocation steps.
Additionally, several of the studies included in the present analysis distinguish between
“early” and “late” processing stages with regards to P3 and LPP (e.g., Andersen et al.,
2015; Horan et al., 2013).
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heterogeneous (Qtotal(6)= 22.24, p=0.0011; I2 = 87.53%). The funnel
plot appeared asymmetrical (see Supplementary Fig. 1), but Egger's test
of funnel plot asymmetry was not statistically significant (z=0.51, p=
0.61), indicating that publication bias was unlikely to influence effect
size.

3.4. Results for responses to negative visual stimuli

Table 2 shows the results for responses to negatively valenced visual
stimuli for the patient and control groups. A forest plot of the effect size
and 95% CI for each study is presented in Fig. 2.

As seen in Table 2, therewas a small weightedmeanHedges' g effect
size of the 13 studies examining responses to negative images. The am-
plitude of the patient group was smaller than that of the control group,
and the effect size was significantly different from zero (Hedges' g =
−0.32, p=0.0196). Therewas significant heterogeneity in the distribu-
tion of effect sizes (Qtotal(12)= 46.60, p b 0.001; I2 = 75.47%). The fun-
nel plot appearedmostly symmetrical (see Supplementary Fig. 1). There
was no evidence of a significant influence of publication bias, analyzed
using Egger's test of funnel plot asymmetry (z = −0.02, p = 0.98).

For negative image studies, we conducted additional analyses of
measurement approach, time window examined, task procedures, and
image content as possible moderators. Though these results should be
interpreted with caution given the small number of available studies,
analyses indicated that measurement approach, time window exam-
ined, and task procedures did not account for a significant proportion
of heterogeneity of effect sizes. Image content did appear to be a signif-
icant moderator, with studies using other (non-face) images having
smallermean effect sizes than studies using images of faces, on average.
More information regarding moderator analyses can be found in the
Supplementary material and Table 3. Additional details for each study
can be found in Table 4.

3.5. Parallel analysis of difference scores

In order to confirm our results with a direct examination of impair-
ment across emotional and neutral images, we conducted further anal-
yses comparing difference scores between groups. Specifically, we
subtracted responses to neutral images from responses to negative im-
ages within each group (i.e., negative minus neutral) and did the same
for positive images (i.e., positive minus neutral). For the purpose of
this analysis, and in the absence of enough information to determine
the correlation between components for each sample, we assumed
there was no correlation. This approach tends to result in relatively
large, conservative standard errors. The results of this analysis were
consistent with the results by emotion type: patients showed a smaller
Please cite this article as: M.K. Castro, D.H. Bailey, J.F. Zinger, et al., Late e
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difference between neutral and negative images compared to healthy
controls, and this difference was significant for both groups. For the dif-
ference between neutral and positive images, patients showed a similar
effect size as with negative images, despite this difference being nonsig-
nificant. Forest plots of effect sizes for each study can be found in Sup-
plementary Fig. 2.
4. Discussion

The results of this meta-analysis suggest a small possible disruption
in attentional allocation to valenced visual stimuli in schizophrenia and
schizoaffective disorder. At the same time, patients and controls
responded almost identically to neutral stimuli, indicating a potential
abnormality in early attentional allocation may be specific to valenced
visual information.7 Based on the available information, the current
findings have implications for how we conceptualize dysfunction in
schizophrenia spectrum disorders.
4.1. Small reduction in response to negative visual stimuli in patients

The findings of the current analysis indicate that patients showed a
small, significant reduction in attention allocation to negative images
compared to controls. At the same time, individuals with schizophrenia
or schizoaffective disorder consistently report higher levels of negative
emotion compared to control participants (Horan et al., 2008;
Trémeau, 2006). Considering these results together, it is possible that
because patients have significantly higher trait negative affect, they allo-
cate less attention to negative information because it is their “norm.”
That is, given that their baseline level of negative affect is already high,
negative stimuli do not capture their attention in the same way as
they do for control participants. Consistent with this theory, it is widely
reported that individuals showdiminished responses to familiar stimuli
across a variety of biological systems (Bradley et al., 1993). Thus, it is
possible that patients do not allocate attention to negative stimuli to
lectrophysiological potentials and emotion in schizophrenia: A meta-
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the same extent as control participants because the stimuli lack the
same novelty.

Consistent with the current findings for schizophrenia, blunted P3
and LPP waveforms to negative stimuli have been reported in groups
at risk for psychopathology as well as in individuals already diagnosed
with a disorder. For example, Strauss et al. (2018) found diminished
LPP amplitudes in individuals who are at ultra high-risk for psychosis.
A similar finding has also been reported for individuals at risk for de-
pression (Kayser et al., 2017) and those with psychopathic traits
(Medina et al., 2016). Additionally, individuals with major depression
(Foti et al., 2010) or non-psychotic bipolar I disorder during an episode
of mania (Ryu et al., 2010) show reductions in these later ERP compo-
nents in response to unpleasant stimuli. Thus, measures of attentional
allocation to negative stimuli may indicate risk for or current
psychopathology.

4.2. Small, nonsignificant reduction in response to positive visual stimuli in
patients

The currentmeta-analysis found a small, nonsignificant reduction in
response to positively valenced visual stimuli for individuals with
Mean response

Mean response

Fig. 2. Forest plots of effect sizes and 95%
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schizophrenia or schizoaffective disorder compared to healthy controls.
Although nonsignificant, the effect size was of similar magnitude as the
size of the difference between patients and controls in response to neg-
ative image studies. It is possible that, while the effect sizeswere similar
for positive and negative image studies, the current analysis had insuf-
ficient power to detect significant differences in the case of positive
image studies because there were fewer available studies to include in
the analysis. Thus, the fact that positive and negative image studies
had similar effect sizes may be more meaningful than the fact that
only responses to negative images were statistically significant (for a
discussion of this issue, see Gelman and Stern, 2006).

The finding of a small reduction in response to positively valenced
images for individuals with schizophrenia is largely consistent with lit-
erature indicating small differences between patients and controls in
self-reported positive affect in response to positive stimuli (Cohen and
Minor, 2010). Although current findings suggest only a small abnormal-
ity with respect to attentional allocation to positive stimuli, differences
regarding positive emotions between individuals with schizophrenia
spectrum disorders and healthy controls may emerge at later stages of
processing. For example, a deficit in sustained (as opposed to initial) at-
tention to positive information may be related to findings that
confidence intervals for all studies.

lectrophysiological potentials and emotion in schizophrenia: A meta-
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schizophrenia is associatedwithmemory impairment for emotional ex-
periences, particularly over long time periods (Herbener, 2008). This is
because sustained attentional allocation involves “embellishing” stimuli
by linking them to other information (Anderson, 2005) and deepening
encoding of to-be-remembered information (Anderson and Reder,
1979). This process, sometimes referred to as elaborative processing,
persists for a minimum of several seconds (e.g., Martin et al., 2018;
Siegle et al., 2010) and results inmore durable and easily recalledmem-
ories than non-elaborated material (Anderson, 2005; Craik and
Lockhart, 1972). Thus, impaired sustained attention to positive informa-
tion could contribute to a downstream deficit in memory for emotional
information in schizophrenia. Relatedly, deficits in memory encoding
and retrieval (Strauss and Gold, 2012), as well as abnormal elaborative
processing (Martin et al., 2018), have been linked to low-pleasure be-
liefs (i.e., beliefs that one does not generally experience pleasure or
that certain activities and events are not pleasurable). Low pleasure be-
liefs have been associated with anhedonia (Yang et al., 2018) and may
partially account for the findings that individuals with schizophrenia
Table 3
Moderator analyses studies using negative images (K = 13)

Moderator Q

Measurement approach 0.02

Time window examined 1.64

Task procedures 0.40

Image content 3.99

Note: SE: Standard error. Measurement approach: whether the study used mean or peak ERP a
had minimal overlap (b32%) with the conventional P3 time window (i.e., the majority of time m
measured fell within the conventional P3 time window. Task procedures: whether study used
whether study used images of faces only or used “other” images including people, objects, and
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report diminished experience of positive affect compared to healthy in-
dividuals (Kring andMoran, 2008). Self-reported desires to attend to or
ignore emotions also show large differences between patients and con-
trols (Martin et al., 2013), which supports the theory that subjective
awareness of attentional allocation (to a sufficient extent such as to
allow self-report) may become most apparent later in processing,
when these downstream differences arise.

4.3. Small, nonsignificant differences between patients and controls to neu-
tral visual stimuli

The present analyses found a very small, nonsignificant difference
between the P3 and LPP responses of patients with schizophrenia or
schizoaffective disorder and healthy controls in response to neutral vi-
sual stimuli. Thus, as opposed to evidence of increased amygdala activa-
tion to neutral stimuli in individuals with schizophrenia (Kring and
Barch, 2014; Kring and Elis, 2013) or self-reports of higher positive
and negative emotion coactivation in response to neutral stimuli
p Effect size (SE)

0.88 Mean: −0.33 (0.18)
Peak: −0.20 (0.16)

0.20 Extended P3: −0.58 (0.18)
Conventional P3: −0.18 (0.18)

0.53 Passive: −0.61 (0.40)
Response: −0.30 (0.15)

0.04 Faces: −0.11 (0.19)
Other: −0.62 (0.16)

mplitudes. Time window examined: “extended P3,”wherein the time window measured
easured was after 500 ms) or “conventional P3”, wherein N32% of the total time window
a passive viewing or response required paradigm during ERP recording. Image content:
scenes. Bold values represent statistically significant moderators.
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Table 4
Additional study details (K = 13).

Study Procedures, stimuli, and patient characteristics EEG recording and processing

Task type Task details Image
content
type

Image details Mean image
ratings:
valence

Mean image
ratings:
arousal

Mean
symptom
ratings

Measurement approach
and electrodes

Time windows
(ms)

Offline reference
electrodes

Filtering

An et al.
(2003)

Response
required

Button press for targets Faces
only

Negative and positive faces NR NR PANSS pos
18.4
PANSS neg
16.3
PANSS gen
35.4

Peak amplitudes;
Pz

250–500 NR Online: Bandpass
0.16–30 Hz

Andersen
et al.
(2015)

Response
required

Button press for targets
and other stimuli

Other Neutral, negative, and
positive IAPS: Objects,
activities, violence,
mutilation, disease, animals

Neutral: 5.24
Negative: 2.32
Positive: 7.01

Neutral: 3.28
Negative: 6.44
Positive: 4.21

SOPS gen
5.4

Mean amplitudes;
Pz

350–500,500–
650,650–800

NR Online: Bandpass
0.15–70 Hz, Notch 60
Hz

Offline: Low-pass 15
Hz

Corbera
et al.
(2014)

Response
required

Button press for “pain”
versus “neutral” images

Other Painful hands (accident or
injury) and neutral hands
(matched situation without
injury)

Neutral: b1.25
Negative: N2.5

NR PANSS pos
11
PANSS neg
10.9
PANSS gen
18.9

Mean amplitudes;
Cz Pz

350–550
550–700
700–900

Average mastoids Online: Bandpass
0.1–40 Hz

Herrmann
et al.
(2006)

Response
required

Verbalize judgment of
emotional expression

Faces
only

Neutral faces and negative
(anger, disgust, fear) faces

NR NR PANSS pos
10.7
PANSS neg
24.1
PANSS gen
17.1

Mean amplitudes;
Fz Cz Pz

301–648 Average Online: Bandpass
0.1–70 Hz

Horan et al.
(2010)

Passive
viewing

Simply viewing images Other Neutral, negative, and
positive IAPS: People, scenes,
animals, injuries, crime,
erotica

Neutral: 4.92
Negative: 2.95
Positive: 7.65

Neutral: 3.07
Negative: 5.83
Positive: 5.09

SANS aff 2.2
SANS alog
1.0
SANS avol
3.1
SANS anhe
2.9

Mean amplitudes;
Fz Cz Pz

250–500
500–1000

Left and right mastoids Online: Bandpass
0–100 Hz

Offline: Low-pass 20
Hz

Horan et al.
(2012)

Response
required

Silent counting targets
among standards and
affective pictures

Other Neutral, negative, and
positive IAPS

NR NR BPRS total
41.4

Mean amplitudes;
CPz C1 Cz C2 FCz

400–1000 Average Offline: Bandpass
0.1–30 Hz
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Horan et al.
(2013)

Passive
viewing

Audio description of each
image followed by
passive viewing

Other Neutral and negative IAPS:
People, scenes, animals,
accidents, injuries, crime,
insects

Neutral: 5.05
Negative: 2.82

Neutral: 2.91
Negative: 5.71

BPRS total
36.7

Mean amplitudes;
C1 C2 Cz CPz CP1 CP2

300–600,600–1000
1000–1500
1500–2000

Average Online: Bandpass
0–100 Hz

Offline: Bandpass
0.1–30 Hz

Jung et al.
(2012)

Response
required

Button press for
emotional images

Faces
only

Neutral, fearful, and happy
faces

NR NR PANSS pos
20.2
PANSS neg
18.7

Peak amplitudes; NR 300–450 Average Online: Bandpass
1–100 Hz

Offline: Bandpass
1–30 Hz

Kim et al.
(2015)

Response
required

Button press for
irrelevant stimulus (chair
image)

Faces
only

Neutral and fearful faces NR NR PANSS pos
15.7
PANSS neg
20.2
PANSS gen
39.6

Mean amplitudes;
F1 FC1 F2 FC2

300–450 Average Online: Bandpass
0.1–100 Hz, Notch 60
Hz

Offline: Bandpass
0.1–30 Hz

Lee et al.
(2010)

Response
required

Button press for
emotional images

Faces
only

Neutral, fearful, and happy
faces

NR NR PANSS pos
21.2
PANSS neg
18.9

Peak amplitudes;
F1 FC1 F2 FC2

300–450 Average Online: Bandpass
1–100 Hz

Offline: Bandpass
1–30 Hz

Okruszek
et al.
(2016)

Response
required

Button press for targets Other Neutral and negative social
and nonsocial NAPS images

Neutral: ≧ 4
Negative: 1–4

Neutral: ≦ 6
Negative: ≧ 6

PANSS pos
14.9
PANSS neg
19.6

Mean amplitudes;
Fc Cz Pz

250–450
450–1000

Linked mastoids Online: Bandpass
0.1–200 Hz

Offline: Low-pass 30
Hz

Turetsky
et al.
(2007)

Response
required

Button press for happy,
sad, and neutral images

Faces
only

Very sad, neutral, and very
happy faces

NR NR BPRS
female 27
BPRS male
33.1

Mean amplitudes;
GFP (broad midline
positivity and parietal
maximum)

350–450 “Mathematical average of
all scalp potentials at
each time point”

Online: Bandpass
0.1–50 Hz

Offline: Bandpass
0.5–20 Hz

Wexler
et al.
(2014)

Response
required

Button press for “pain”
versus “neutral” images

Other Painful hands (accident or
injury) and neutral hands
(matched situation without
injury)

Neutral: b1.25
Negative: N2.5

NR NR Mean amplitudes;
Cz Pz

350–900 Average mastoids Offline: bandpass
0.1–40 Hz

Total Response
required:
11;
Passive
viewing: 2

Faces
only: 6;
Other: 7

Peak: 3;
Mean: 10

Note: NA: not applicable. NR: not reported. PANSS: Positive and Negative Syndrome Scale; Kay et al., 1987. PANSS gen, pos, neg: general, positive, negative scores, respectively. SOPS: Scale of Prodromal Symptoms; McGlashan et al., 2001. SOPS gen:
total general score. SANS: Scale for the Assessment of Negative Symptoms; Andreasen, 1983. SANS aff, alog, avol, anhe: affective flattening, alogia, avolition, anhedonia scores, respectively. BPRS: Brief Psychiatric Rating Scale; Overall and Gorham,
1962. IAPS: International Affective Picture System; Lang et al., 2005. NAPS: Nencki Affective Picture System; Marchewka et al., 2014. All image ratings for IAPS images except Corbera et al. and Wexler et al., which used the Wong-Baker scale
(Hockenberry, 2005) and Okruszek et al., which used the NAPS scale.
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compared to controls (Cohen and Minor, 2010), the results from this
meta-analysis suggest similar early attentional allocation to neutral
stimuli between the groups. Given that some techniques
(i.e., functional magnetic resonance imaging, self-report) assess func-
tioning at different stages of emotion processing (Berkman et al.,
2014), they may allow for biases and beliefs about emotion to influence
responses. This is in contrast to ERP measurement, which is a more di-
rect assessment of early attention (Hajcak et al., 2010) that is less likely
to be influenced by beliefs. These findings, taken together, suggest that
there may be a distinct time course of emotion abnormalities in
schizophrenia.

In general, it would be important for researchers to incorporate a
neutral condition that is methodologically consistent with other condi-
tions when investigating responses to emotional stimuli in future stud-
ies. Studies examined for this reviewwere not always consistent in their
conceptualization and measurement of responses to neutral and emo-
tional stimuli. As a result, only studies with neutral conditions that
were procedurally similar to emotion conditions were included in the
analyses (k = 9). Differences between task procedures for neutral and
emotional stimuli may complicate efforts to distinguish results related
specifically to the emotional nature of stimuli. Including neutral stimuli
and maintaining consistent task procedures across stimulus types
makes it possible to draw more robust conclusions about whether dif-
ferences between patients and controls actually reflect a deficit specific
to emotion processing or whether patients show an overall blunting of
ERPs in response to visual stimuli. However, the current finding that
both groups show similar responses to neutral images suggests that in-
dividuals with schizophrenia have relatively intact processing through
the first several thousand milliseconds of viewing for neutral stimuli.
Thus, any abnormalities found in response to emotional images
(i.e., positive or negative images) may be attributable to the specifically
emotional nature of those images.

4.4. Limitations and conclusions

Despite adherence to the PRISMA guidelines (Moher et al., 2009) for
transparent and replicablemethods andfindings, there are some limita-
tions to the current review. Unpublished manuscripts were solicited,
but no manuscripts eligible for inclusion were found, and information
required for inclusionwas not available for all eligible studies. Addition-
ally, there were insufficient details regarding sample characteristics,
such as symptom levels, duration of illness, functional impairment,
and medication dosage information, to test these as potential modera-
tors across all studies. These may be potential sources of the significant
heterogeneity of the effect size distribution detected in response to all
image types. Additionally, the results generalize only to adult popula-
tions, as none of the included studies involved participants under the
age of 18.

Despite these limitations, the current review is the first to show that
initial attention allocation to positive and negative images is slightly di-
minished in schizophrenia and schizoaffective disorder. The size of the
difference between patients and controls for valenced stimuli was
small, with patients showing slightly blunted ERP waveforms. The dis-
ruption of attention allocation to valenced stimuli, coupled with the
finding of intact early-stage responding to neutral images, suggests
that impaired initial allocation of attention may be specific to valenced
stimuli in schizophrenia. Thus, the analysis presented here contributes
to furthering the current understanding of abnormal emotional process-
ing in schizophrenia spectrum disorders.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.schres.2019.07.013.
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