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Abstract

Social-emotional deficits in psychosis may be indexed by deviations in emotional scene
processing, but event-related potential (ERP) studies indicate such deviations may not map cleanly
to diagnostic categories. Neurobiologically defined psychosis subgroups offer an alternative

that may better capture neurophysiological correlates of social-emotional deficits. The current
study investigates emotional scene-elicited ERPs in Biotypes of psychosis in a large (AN=622),
well-characterized sample. Electroencephalography was recorded in healthy persons (A=129),
Biotype-1 (A=195), Biotype-2 (AM=131), and Biotype-3 (A=167) psychosis cases. ERPs were
measured from posterior and centroparietal scalp locations. Neural responses to emotional scenes
were compared between healthy and psychosis groups. Multivariate group discrimination analyses
resulted in two composite variates that differentiated groups. The first variate displayed large
differences between low-cognition (Biotype-1, Biotype-2) and intact-cognition groups (Biotype-3,
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healthy persons). The second indicated a small-to-moderate distinction of Biotypes-2 and -3

from Biotype-1 and healthy persons. Two multivariate correlations were identified indicating
associations between 1) self-reported emotional experience and generalized cognition and 2)
socio-occupational functioning and late-stage emotional processing. Psychosis Biotypes displayed
emotional processing deficits not apparent in DSM psychosis subgroups. Future translational
research may benefit from exploring emotional scene processing in such neurobiologically-defined
psychosis groups.

Keywords

psychatic disorders; emotions; electroencephalography; biomarkers; social cognition; cognitive
neuroscience

1. Introduction

Socioemotional deficits are core features of schizophrenia-spectrum disorders and are
related to emotional processing impairments. These deficits may manifest as difficulties
perceiving and responding to emotional signals from others, impairing social functioning.
However, it is unclear if individuals with schizophrenia-spectrum disorders differ in their
internal emotional experiences (Green et al., 2015). Internal emotion processing may be
studied using neural correlates of complex emotional scenes which index rapid responses
to naturalistic emotional stimuli. Our previous work with a large sample (/> 1000)
showed that EEG correlates of emotional scene processing are only mildly deficient in
schizophrenia and schizoaffective disorder and do not differ from healthy comparisons in
bipolar disorder. However, we found a strong multivariate correlation across diagnostic
groups (r=.44) between emotional-scene evoked ERPs and socio-cognitive deficit (Trotti et
al., 2020, 2021). This finding indicates that individuals with severe cognitive and social
difficulties, regardless of diagnosis, are more likely to experience reduced neural reactivity
to emotional scene stimuli.

Despite largely null results regarding emotional scenes, other domains of emotional
perception and recognition show abnormalities in clinically defined psychosis groups (Facial
emotion: Addington et al., 2006; Rubin et al., 2021; Turetsky et al., 2007; Emotional
prosody: Hoekert et al., 2007). Furthermore, psychiatric subtype analyses using various
unsupervised machine learning methods have been growing in popularity (Moineskos et

al., 2020). These analyses may be sensitive to individual variation in emotional processing
abilities. For example, a hierarchical clustering analysis of self-reported emotion measures
identified a schizophrenia subgroup with atypical emotional experience and emotionally
relevant clinical features (Strauss and Herbener, 2011).

Similarly, the B-SNIP consortium described and replicated three bio-cognitive subtypes
(“Biotypes”) of idiopathic psychosis. This process parsed the substantial biological
heterogeneity present in schizophrenia-spectrum disorders to identify groups that are
biologically and cognitively more homogenous than traditional DSM diagnoses. Biotypes
may represent differing etiologies or responsiveness to particular treatments. Groups were
identified by performing k-means clustering on auditory EEG, cognitive, and saccade
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variables (Clementz et al., 2022, 2016). Subsequent clinical characterization demonstrated
that Biotypes have unique behavioral signatures, with differences in cognitive, social, and
emotional features. Biotypes-1 and -2 display high levels of socio-cognitive disability
and difficulties recognizing facial emotion while Biotype-3 has relatively intact abilities
(Clementz et al., 2020; Rubin et al., 2021). These differences indicate that Biotypes-1 and
-2 may capture emotional scene processing abnormalities within idiopathic psychosis not
apparent in DSM categories.

Two well-studied EEG correlates of emotional scene processing are the early posterior
negativity (EPN) and the late positive potential (LPP). The EPN occurs early (~150-300 ms)
in occipito-temporal scalp regions and may arise from lateral occipital sources (Junghofer
etal., 2001; Schupp et al., 2006). The LPP occurs later (~400 ms onward) in centroparietal
scalp regions (Hajcak et al., 2010; Schupp et al., 2000) and likely arises from widespread
cortical and subcortical structures (Liu et al., 2012; Mini et al., 1996; Sabatinelli et al.,
2013). Psychosis research most commonly focuses on these components because the EPN
and LPP may capture problems with visual and emotional brain systems at early and late
processing stages.

The current study investigated how psychosis Biotypes differ on EEG measures of emotional
scene processing using the EPN and LPP. We hypothesized that Biotypes with low cognitive,
social, and emotional functioning (Biotypes-1 and —2; Clementz et al., 2020; Rubin et

al., 2021) will show significant, moderate-to-large reductions in emotional EPN and LPP
amplitudes compared to healthy participants. We expect only mild differences between
healthy and Biotype-3 groups, concordant with their mild social expressive deficit and
negative symptoms (Clementz et al., 2020). Additionally, six other components of the
emotional scene ERP response were evaluated in line with previous work. This approach

has identified useful features for characterizing and distinguishing psychosis subgroups
(Parker et al., 2021, 2020, 2019). While we expect to find a general pattern of the most
severe deficits in Biotypes-1 and -2, this more comprehensive approach may also identify
biomarkers unique to Biotype-3.

We employed multivariate methods to identify emotional biomarkers with promise for
translation to clinical practice. Our prior work indicated that late-occurring emotional

ERPs were associated with composite scores on the Brief Assessment of Cognition in
Schizophrenia (BACS; Keefe et al., 2004) and Social Functioning Scales (Birchwood et al.,
1990; Trotti et al., 2021). To further specify the nature of this association, we performed

a multivariate correlation between ERP components and specific domains of social and
cognitive function. We hypothesize a prominent relationship between emotional ERP
amplitudes and subdomains of these scales most relevant to socio-emotional communication,
particularly social engagement and activity, communication, and verbal fluency.

Methods

Participants

Researchers from five sites of the B-SNIP consortium collected EEG data from 129 healthy
participants, 195 participants from Biotype-1 (BT-1), 131 from Biotype-2 (BT-2), and 167
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from Biotype-3 (BT-3). All individuals assigned a Biotype were previously diagnosed with
schizophrenia, schizoaffective disorder, or bipolar disorder with psychosis. Biotypes were
derived from a biomarker panel of neurocognitive, saccade, and auditory EEG data. Briefly,
participants completed the BACS (Keefe et al., 2004), stop-signal, pro- and anti-saccade,
and auditory paired stimulus and oddball tasks. B-SNIP methods and findings within each
task are documented in prior publications (Clementz et al., 2016; Ethridge et al., 2015,
2014; Gotra et al., 2020; Hamm et al., 2014; Hill et al., 2013; Huang et al., 2021; Parker
etal., 2021, 2020; Reilly et al., 2014). Within each task, a principal components analysis
was completed based on the full combined sample (healthy and psychosis), reducing the

2 stop-signal, 6 saccade, and 31 EEG variables to 9 composite “Biofactors.” Biofactor

data were winsorized, standardized, and submitted to a k-means clustering algorithm. GAP
statistics and other clustering validation tools were used to verify that a 3 cluster solution
was optimal. These 3 clusters were termed “Biotypes.” Additional details about this process
are documented in the supplement, with extensive details and discussion in Clementz et al.,
(2016) and (2022).

Healthy participants had no history of psychosis, mania, recurrent depression, or first-degree
family history of psychosis. Across-site consistency was ensured with a human phantom
system. Full study procedures and inclusion/exclusion criteria are detailed in Tamminga et
al., (2013). Demographics are provided in Table 1, and full clinical details (medications,
illness duration, clinical scales) are reported in Supplement Table S1.

All subjects provided written informed consent prior to participation after obtaining a
complete description of study procedures. This project was approved by the institutional
review board at all participating sites and procedures were in accordance with the Helsinki
Declaration of 2013.

Procedures

2.2.1. Stimuli—Participants viewed 20 neutral, 20 pleasant, and 20 unpleasant grayscale
scene stimuli in pseudorandom order during continuous 64-sensor EEG recording. Scenes
were obtained through internet searches and consistent with the International Affective
Picture System (IAPS; Lang et al., (1997)). Additional stimulus details can be found in
Trotti et al., (2021). Participants viewed each scene three times during the experimental
session and were instructed to passively view scenes with their eyes loosely fixed on the red
central fixation point.

2.2.2. Data collection—Participants wore a 64-sensor EEG net plus mastoid and CB
1/2 sensors with nose reference and forehead ground (QuikCap, Compumedics Neuroscan,
El Paso, TX). Impedances were kept below 10 kQ and data were sampled at 1000 Hz with

a bandpass filter of direct current (DC)-100 Hz. Participants viewed each image for 1000
ms, followed by 3.5 seconds of a black screen. After EEG recording, participants rated each
scene according to experienced pleasantness and arousal using the Self-Assessment Manikin
(Bradley and Lang, 1994).

2.2.3. Data preprocessing—~Preprocessing followed previously published methods
(Parker et al., 2021, 2020; Thomas et al., 2019; Troth et al., 2020, 2021). Raw data
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were inspected for bad sensor recordings and interpolated in BESA (MEGIS Software,
Gréfelfing, Germany) with no more than 5% of channels interpolated per subject. Data
were transformed into an average reference and digitally filtered from 0.1 (12 dB/oct, zero
phase) to 100 Hz (48 dB/oct, zero phase) with a notch filter at 60 Hz and width of 2 Hz.
Eye blinks, heart rate, and muscle tension artifacts were minimized using the ICA toolbox
in EEGLAB (Delorme and Makeig, 2004) under Matlab (MathWorks, Natick, MA). No
more than 5 of ICA artifacts were removed per subject. Data were downsampled to 500
Hz and epochs containing an amplitude greater than 120 pV at any sensor were excluded.
No less than 25 trials were included in each subject’s ERP waveform average per scene
content. Number of included trials did not differ between conditions (H2,1242) = 21, p=
.81), with an average of 56.9 trials included in neutral ERPs (SD = 4.31; range = 34-60),
56.96 (SD = 4.39; range = 28-60) in pleasant ERPs, and 56.93 (SD = 4.16; range = 34-60)
in unpleasant ERPs. Continuous data were adjusted for effects of age by calculating age
regression coefficients in the healthy group and removing these age-related effects from all
groups’ data, as documented in Dukart et al., (2011).

2.2.4. Component extraction—As in prior work (Trotti et al., 2020, 2021), 64-sensor
data was downsampled to 2 sensor clusters where the emotional scene response is

maximal: 1 cluster from 6 posterior sensors (P7, P8, PO7, PO8, CB1, CB2) and 1

from 5 centroparietal sensors (FCz, C1, Cz, C2, CPz). The EPN (150-250 ms) and LPP
(400-900 ms) time ranges were chosen to correspond with previous publications. Additional
components were selected according to visual inspection of waveforms. This resulted in 4
components extracted from each cluster: 70-150 ms, 150-250 ms, 250-400 ms, and 400-900
ms. Components from the posterior cluster were named P1, EPN, early P3, and late P3.
Components from the centroparietal cluster were named N1, P2, early N3, and LPP. These
names were chosen based on EEG convention and prior publications (Jessen and Kotz, 2011;
Naumann et al., 2022; Tavakoli et al., 2021). This segmentation is illustrated in Figure 1.

2.2.5. Univariate analyses—To determine entry into subsequent multivariate analyses,
individual variables (ERP components, pleasantness ratings, valence ratings) were first
examined for effects of Biotype, valence, and sex in SPSS using mixed-design ANOVAS
with a 3 (valence: neutral, pleasant, unpleasant) X 4 (group: HC, BT-1, BT-2, BT-3) X 2
(sex: male, female) design and Bonferroni correction (ERP a=.00625, self-report a=.025)1.
Sex was included as a variable to address the NIH policy on sex as a biological variable
(National Institutes of Health Office of Research on Women’s Health, 2023) and increase
translational value of results. Tests violating Mauchley’s Test of Sphericity were performed
using Greenhouse-Geisser corrections, though uncorrected degrees of freedom are reported
in the text for ease of reading. In any case of group X valence interactions where the

nature of the interaction was not apparent by main effects of group or valence, an emotional
difference score was calculated (average pleasant/unpleasant response amplitudes minus
neutral amplitude) and compared between groups. Individual variables demonstrating a
significant main effect of group were then entered into subsequent multivariate analyses.

1Figures depicting results for individual ERP variables found in Supplementary Figures S1-3.
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2.2.6. Group discrimination analysis—A canonical discriminant analysis (CDA)
was conducted to identify the most promising candidate biomarkers and summarize

overall data patterns since univariate methods can produce many variables that include
redundant information. A CDA is a supervised factor analysis procedure similar to principal
component analysis (PCA) but uses pooled within-group covariance matrices and pits

group means as variables and measurements as observations (Kshirsagar, 1972; Lawley,
1959; Mardia et al., 1979). Resulting latent variables are uncorrelated and maximize group
differences (Parker et al., 2019). Weights/loadings of individual variables indicate which
single variables best differentiate groups. Measures displaying significant main effects of
Biotype in univariate analyses were entered into the CDA. Consistent with prior studies
(Parker et al., 2020; Thomas et al., 2019), Tukey’s B tests were conducted on resulting CDA
latent variables (components) to compare groups while controlling for multiple comparisons.

2.2.7. Symptom associations—Our previously published findings indicated an
association between emotional scene ERPs and socio-cognitive function. To specify which
facets of social and cognitive functioning were most related to emotional scene processing, a
canonical correlation analysis (CCA) was conducted using scores from subdomains of these
2 scales. CCA identifies the relationship between two sets of variables by forming linear
combinations of each set that maximize the correlation between “predictor” and “criterion”
variable sets. In this case the two sets were 1) EEG and self-reported emotion measures and
2) cognitive and social measures. CCA is most suitable when there are high intercorrelations
within variable sets (Levine, 1977). Results of a CCA are correlated pairs of latent variates.
Each pair is independent and composed of weighted sums of the predictor variables that
maximally correlate with the weighted sums of the criterion variables. Interpretation of what
the latent variates represent and how they are related to each other can be determined by

the weighted sums (loadings) of individual measures on the latent structure (Rodrigue et al.,
2018).

In this analysis, cognitive items included verbal memory, digit sequencing, token motor
task, verbal fluency, symbol coding, and Tower of London (Keefe et al., 2004). Social
functioning items include social engagement/withdrawal, interpersonal communication,
independence-performance, independence-competence, recreation, prosocial activity, and
occupation/employment (Birchwood et al., 1990). Emotional items include all variables
demonstrating significant group differences, as in the CDA.

3. Results

3.1.

ERP main effects

Effect sizes for all significant group differences are listed in Table 2. The EPN and LPP
exhibited interaction effects (below), but not significant main effects of Biotype (A3,614)

= 3.16, 3.45; both p=.02). However, all other ERP measures displayed significant

main effects of Biotype (all A3,614) > 4.60, p < .004), suggesting they may index

visual processing differences in psychosis. BT-1 displayed blunted response amplitudes

at most measures (P/N1, centroparietal P2, and early P/N3). BT-2 displayed blunted P/N1
amplitudes but enhanced posterior late P3 amplitudes. BT-3 had intermediate blunting of the
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centroparietal N1. Main effects of valence were significant and in expected directions for
all components (all A2,1228) > 19.99, p < .001). Significant main effects of sex were also
observed in the two early components at both sensor clusters (see Supplementary Table S2).

3.2. ERP interaction effects

All measures except the posterior P1 (A6,1228) = 1.77, p=.10) displayed significant
Biotype by valence interactions (all A6,1228) > 3.4, p< .001). These interactions are
described below. No significant valence by sex (all A2,1228) <5, p> .01), Biotype by
sex (all A3,614) < 1.6 p>.05), or Biotype by valence by sex interactions were observed
(all A6,1228) < 1.2, p>.05). These results indicate that effects of emotional content and
Biotype group do not differ between males and females.

3.3. Nature of Biotype by valence interactions

3.3.1. Posterior sensors—In the traditional EPN measure, there was a significant main
effect of Biotype on the neutral response (BT-1 < BT-2/BT-3/HC; A3,618) = 6.94, p<
.001), but not on emotional responses (A3,618) = 2.85, 2.37; p= .04, .07). Effects suggest
that Biotype 1 displays reduced neural responses during early visual appraisal of neutral
scene content. In the early posterior P3 (250-400 ms), there was an effect of Biotype

on the emotional difference score (average pleasant/unpleasant amplitude minus neutral
amplitude; HC/BT-3 < BT-3/BT-1 < BT-1/BT-2; A3,618) = 5.65, p< .001). This indicates
that emotional modulation of this component was reduced (smaller absolute difference) in
Biotype-2 with intermediate reductions in Biotype-1 and Biotype-3. In the late posterior P3
(400-900 ms), there was a significant effect of Biotype on the emotional responses (both
pleasant and unpleasant: HC/BT-1/BT-3 < BT-2; A3,618) = 5.63, 5.30; both p< .001),

but not the neutral response (A3,618) = 3.33, p=.019). This suggests that Biotype-2
experiences reduced (less negative amplitude) late-stage processing of emotional stimuli.

3.3.2. Centroparietal sensors—In the centroparietal N1 (70-150 ms), there was a
significant effect of Biotype on the unpleasant emotional difference score (unpleasant

— neutral amplitude; HC/BT-1/BT-3 < BT-3/BT-2; A3,618) = 5.44, p=.001), but not

the pleasant difference score (A3,618) = 1.01, p=.39). This effect indicates reduced
modulation of early scene processing by negative content in Biotype-2, with intermediate
effects in Biotype-3. There was also a significant effect of Biotype on the early
centroparietal N3 (250-400 ms; unpleasant difference: BT-1/BT-2 < HC/BT-3; A3,618) =
5.73, p<.001, pleasant difference: A3,618) =.78, p=.51). This indicates that Biotypes-1
and -2 also exhibit blunted effects of unpleasant content on mid-latency processing. In

the centroparietal P2 (150-250 ms), there were significant effects of Biotype on neutral
and pleasant responses (both HC/BT-3/BT-2 < BT-1; A3,618) =9.11, 5.33; p<.001, p=
.001), but not unpleasant responses (A3,618) = 2.29, p=.08). This indicates blunted early
processing of neutral and pleasant scenes. Finally, in the LPP, there was a significant effect
of Biotype on unpleasant responses (BT-2/BT-1/BT-3 < BT-1/BT-3/HC; A3,618) =4.17, p
=.006), but not neutral and pleasant responses (A3,618) = 3.76, 3.89; both p=.01). This
suggests impaired late-stage processing of unpleasant scenes in Biotype-2 and intermediate
effects in Biotype-1 and Biotype-3.
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3.3.3. Within-subject results—Every group consistently exhibited significant effects
of stimulus valence across every measure (all /> 6, p < .01) except for Biotype-2 and
Biotype-3 at the centroparietal N1 (B2: A2,260) = 4.35, p=.01; B3: A2,332) =3.35, p
=.04). Aside from the N1, results indicate that even though groups with psychosis display
some reduced emotion-sensitive ERP amplitudes or weakened emotional responses, neural
sensitivity to emotional content in scenes is not entirely absent. Non-significant valence
effects on the N1 may indicate that Biotype-2 and Biotype-3 have reduced early registration
of emotional content in scenes.

3.4. Self-report analysis

Effect sizes for all significant group differences are listed in Table 2.

3.4.1. Pleasantness—Pleasantness ratings exhibited a significant main effect of
Biotype (BT-2/BT-1/HC < BT-1/HC/BT-3; A3,592) = 3.68, p=.01). Interactions of
valence by Biotype (A6,1184) = 2.54, p=.03), sex by Biotype (A3,592) = .23, p=

.88), and valence by sex by Biotype (H6,1184) = .74, p=.60) were not significant. As
expected, within-subject pleasantness ratings exhibited a main effect of valence in expected
directions (unpleasant < neutral < pleasant; A2,1184) = 1810.78, p< .001). Sex effects and
interactions are reported in the supplement.

3.4.2. Arousal—Arousal ratings did not show a main effect of Biotype (A3,592) = .56,
p=.64), but there was a significant valence by Biotype interaction (AH6,1184) = 11.92, p<
.001). This effect was explained by a main effect of Biotype on arousal ratings of neutral
(BT-2/BT-1 < BT-3/HC; A3,596) = 13.42, p< .001) and unpleasant scenes (HC/BT-3

< BT-1/BT-2; A3,596) = 6.39, p<.001) but not pleasant scenes (A3,596) = 2.18, p=
.09). BT-1 and BT-2 reported enhanced arousal to neutral scenes and reduced arousal to
unpleasant scenes relative to BT-3 and HC.

Also as expected, there was a significant within-subjects effect of valence on arousal ratings
in expected directions (neutral < pleasant/unpleasant; A2,1184) = 144.34, p < .001). Sex
effects and interactions are reported in the supplement.

3.5. Canonical discriminant analysis (CDA)

The 13 variables differentiating groups (out of 30 possible variables) were used to identify
canonical variates best capturing group differences: overall P1, neutral EPN, early P3
emotional difference score, pleasant and unpleasant late P3, N1 and early N3 unpleasant
difference scores, neutral and pleasant P2, unpleasant LPP, overall pleasantness rating, and
neutral and unpleasant arousal ratings.

The CDA yielded two significant variants accounting for 75% and 20% of the variance
respectively (variate-1: Wilks’ Lambda = .79, p < .001; variate-2; Wilks’ Lambda = .94,
p=.045). Variate-1 formed a continuum of illness severity (Figure 2; HC < BT-3 < BT-1/
BT-2; A3,596) = 36.97, p<.001). Effect sizes were large for Biotypes-1 and -2 (BT-1:
0.94, BT-2: 1.09) and moderate for Biotype-3 (0.29). This variate was primarily driven
by arousal ratings and early visual processing components, variables indexing complex
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cognitive appraisal and early sensory registration (Table 3). The second variate displayed

an unexpected pattern of BT-1/HC < HC/BT-3 < BT-3/BT-2 (Figure 2; A3,596) = 9.80,
p<.001). Effects were small to moderate in size (BT-1: —=0.20, BT-2: 0.40, BT-3: 0.23).
This variate was largely defined by ERP components in the EPN and LPP time ranges at
both sensor clusters (Table 3). Results from this variate indicate that Biotypes-2 and -3
may exhibit emotion-relevant neural differences from Biotype-1 and healthy persons. Glass’
Delta effect sizes for Biotypes on these variates are shown in Figure 2.

3.6. Canonical correlation analysis (CCA)

The CCA yielded two significant variates. Variate-1 had a correlation of r = .54
(H169,4996) = 2.275, p< .001, eigenvalue = .41, Wilks’ Statistic = .50) and variate-2

had a correlation of r = .30 (A144,4624) = 1.31, p= .01, eigenvalue = .10, Wilks’ Statistic
=.71). Variate-1 depicted a relationship between general cognitive ability (except for motor
skills [Token Motor task]) and self-reported arousal ratings (Table 4). Variate-2 depicted

a relationship between socio-occupational functioning and late-occurring emotional ERP
components (Table 4).

By plotting CCAs by group identity (Figure 3), the first variate pair differentiates Biotype-1
and Biotype-2 from healthy participants and Biotype-3, with Biotypes-1 and -2 showing
abnormal arousal (heightened to neutral stimuli, reduced to unpleasant) and cognitive deficit
relative to healthy persons and Biotype-3. This is consistent with the pattern of cognitive
abilities in each group. The second variate pair is unrelated to group membership and
indicates a relationship between late ERP components and socio-occupational functioning
irrespective of psychosis presence.

3.7. CDA for DSM groups

To provide a direct comparison between the Biotype and DSM models of psychosis
subgroups, we performed a CDA using the same methods, variables, and sample as the
Biotype analysis (above) to differentiate DSM groups (schizophrenia [SZ], schizoaffective
disorder [SAD], bipolar disorder with psychosis [BD]). This analysis is like that performed
in Trotti et al. (2021) which only tested the EPN and LPP and did not incorporate a

CDA. Univariate analyses (Supplementary Tables S3 & S4) yielded 4 variables out of a
possible 30 to include in the CDA: late posterior P3 and LPP responses to unpleasant scenes,
and arousal ratings of neutral and unpleasant scenes. The CDA yielded one significant
variate accounting for 91% of the variance (Wilks’ Lambda = .88, p < .001). This variate
separated HC and bipolar disorder from schizophrenia and schizoaffective disorder (HC/BD
< SAD/SZ, A3,596) = 23.49, p<.001), consistent with prior findings (Trotti et al.,

2021). Effect sizes were as follows: SZ = .87, SAD = .68, BD = .05. This variate was
primarily driven by arousal ratings (loadings: unpleasant arousal = .70, neutral arousal =
-.65, unpleasant LPP = —-.35, unpleasant late P3 = .32).

Compared to the CDA differentiating Biotypes, this analysis indicates that fewer emotional
scene processing variables substantially distinguish DSM categories from one another and
healthy controls, and these variables distinguish only schizophrenia and schizoaffective
disorder from healthy, not bipolar disorder or psychosis as a whole. Self-report measures
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primarily contribute to this relationship with little contribution from ERP variables. While
effect sizes in schizophrenia and schizoaffective disorder are large, they are more notable in
the first CDA variate distinguishing Biotype groups.

4. Discussion

This study examined emotional scene processing in neurocognitively defined psychosis
subgroups using electrophysiology and self-report. Results support the hypothesis that
emotional processing primarily differentiates Biotypes-1 and —2 from Biotype-3 and healthy
persons, along a general cognitive functioning dimension. Additionally, some emotional

ERP components from early (N1, P2/EPN) and late (late P3/LPP) time ranges may further
distinguish Biotypes-2 and —3 from Biotype-1 and healthy persons. This finding warrants
further evaluation, as few variables in our biomarker battery show abnormality in Biotype-3
(Tamminga et al., 2021). The association with cognitive ability displayed by multiple
structural and functional neural markers (termed “BANCC,” or “BAsic Neuro-Cognitive
Continuum” in Tamminga et al., (2021)) suggests that such biomarkers could be related to “a
broad vulnerability to serious psychiatric syndromes,” rather than psychosis-specific features
(McTeague et al., 2016; Tamminga et al., 2021).

Measures that deviate from this trend could be related to a “second hit,” whether
environmental or genetic, that specifically affects the development of psychosis. Another
measure that may deviate from this pattern is hippocampal structure (Guimond et al., 2021),
which could affect emotional ERP amplitudes identified in the present study.

4.1. Multivariate relationships

As hypothesized, the largest differences in emotional processing were found between
low-cognition Biotypes (Biotypes-1 and —2) and groups with higher levels of cognitive
performance (Biotype-3, healthy comparisons). Further, general cognition shared the
strongest relationship with emotional measures. This relationship was not domain-specific,
supporting the presence of a basic neurocognitive continuum underlying neural liability

for serious psychiatric syndromes. As such, the emotional measures that track with

general cognition may only yield biomarker information that is overlapping with cognitive
functioning and may not usefully supplement diagnosis and treatment selection in the clinic,
although they could be beneficial for tracking practical functional outcomes.

In contrast, the second CDA variate separates Biotypes-2 and —3 from Biotype-1 and healthy
persons, deviating from the pattern of a cognitive continuum. This variate emphasized
impairments in Biotypes-2 and -3, primarily from emotion-sensitive ERP components

in the EPN and LPP time ranges. Amplitude differences in these components suggest

that Biotypes-2 and —3 could share emotional processing abnormalities in occipital and
subcortical structures that give rise to these components. Functional studies using MRI and
source analysis in high density EEG or MEG are necessary to test this hypothesis.

4.2. Contrast with DSM findings

In our prior publication assessing the EPN and LPP in DSM-defined psychosis subgroups,
some significant differences between schizophrenia/schizoaffective disorder and healthy
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comparisons were found, but these differences were small in size. In the current report, more
measures show significant effects of Biotype than of DSM diagnosis, particularly biological
measures, and multivariate analyses show that effect sizes are larger in Biotypes-1 and —2
than in schizophrenia and schizoaffective disorder. These outcomes indicate that biomarkers
of emotional scene processing have limited utility in symptom-defined categories but may
be important and useful biomarkers of emotion differences in biologically defined groups.
Future investigations could also employ biological or cognitive subtypes of psychosis to test
other domains of emotion and aspects of scene processing.

4.3. Limitations

Biotypes were identified in a cross-sectional community sample of people with idiopathic
psychosis. Participants were taking a wide range of psychoactive medications and had
varying lengths and severity of illness. It is possible that some variance parsed by the
Biotype clustering procedure is related to medication status, illness state, or other factors,
although such a conclusion is not consistent with previous analyses (Clementz et al., 2022).
Several studies are underway to determine the boundaries of these Biotype categories and
whether biomarkers can be affected by targeted therapies.

The clear differences between Biotype groups on these emotional measures support the
hypothesis that Biotypes are trait-based entities indicative of underlying neurobiology. It
should be noted that Biotype groups were largely defined by ERP measurements from
auditory, non-emotional tasks, so while the emotional scene-evoked ERPs analyzed in
the present article are valid external validators of the Biotype model, they are not ideal.
Behavioral variables, such as the emotional self-report variables, are more ideal for the
purpose of model validation.

Finally, the sample assessed in this article was limited by symptom range. Most participants
were clinically stable and not experiencing severe symptoms. It is possible that results
could differ or be more prominent in an inpatient setting where symptoms are more acute.
However, this study was primarily interested in cognitive and social variance, which had

a wide range in the present sample and could be adequately related to neural processing
variables.

4.4. Conclusions and future directions

One aim of the B-SNIP consortium is identifying biomarkers that could be used in clinical
practice for diagnosis and treatment. Preliminary data from cross-sectional samples predict
that B-SNIP psychosis Biotypes may differentially benefit from existing pharmaceutical,
sensory, and early intervention treatments. If so, Biotype identification could be useful for
treatment stratification. The current study tested measures that would be easily implemented
in most clinical settings (EEG and self-report) and are readily translatable to clinical
practice. Multivariate analysis shows that these measures can provide useful separation
between groups to aid diagnosis or track treatment response, especially for interventions
aimed at cognitive or emotional symptoms. Longitudinal intervention studies should

use these measures to identify likely treatment responders and track biological changes
during social, cognitive, and biological treatments. For example, Cognitive Enhancement

Psychiatry Res. Author manuscript; available in PMC 2024 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Trotti et al.

Page 12

Therapy (CET), has shown preliminary efficacy towards improving social cognition (Eack
et al., 2007). Future CET studies could incorporate these emotional biomarkers to track
neurobiological changes underlying sociocognitive improvements. Additionally, biological
interventions using noninvasive brain stimulation could use emotional biomarkers as
treatment targets and track neural engagement with stimulation (Yamada et al., 2022). We
look to examine these possibilities in future studies to test the translational value of these
findings.
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Highlights
. Biological subtypes of psychosis display unique emotional processing deficits
. Biotypes with impaired cognition displayed severe impairments in emotional
ERPs
. Some ERPs were impaired in a cognitively-intact Biotype
. ERPs and self-reported emotion are primarily related to generalized cognition
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Figure 1. ERP segmentation.
ERPs were constructed from 2 sensor clusters: a posterior cluster and a centroparietal

cluster based on scalp distributions of the emotional difference wave (average of pleasant
and unpleasant minus neutral response) at EPN and LPP time periods. Headplots of these
difference waves are shown on the top left (EPN; negative maximal difference shown in blue
at posterior region of scalp) and top right (LPP; positive maximal difference shown in red

at centroparietal region of scalp). Components were chosen and named based on their peaks
and timing. The P/N1 (1/2a) spans from 70-150 ms, the EPN/P2 (1/2b) spans from 150-250
ms, the early P/N3 (1/2c) spans from 250-400 ms, and the late P3/LPP (1/2d) spans from
400-900 ms. Components are visually separated using dotted lines, with ERPs from neutral,
pleasant, and unpleasant scenes depicted in descending order for both clusters. Under the
ERPs, a plot shows which components exhibited statistically significant effects of group and
group X task interactions. Yellow indicates p<.00625 in omnibus ANOVAs.
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Figure 2. Glass’ Delta effect sizes of CDA variate scores.
The mean of the healthy group is the 0 point on the Y axis. Variate 1 (left) depicts a pattern

of differences associated with psychosis & cognitive severity: HC < BT-3 < BT-1/BT-2.
Variate 2 (right) separates BT-1 from BT-2 and BT-3, with HC intermediate. Error bars show
+/- 1 standard error.
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CCA Variate 2
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The first CCA variate (left) depicts a moderate (r = .54) correlation between cognitive ability
(set 1, x axis) and arousal ratings (set 2, y axis). Variate 2 (right) depicts a weak relationship
(r = .30) between social-occupational functioning (set 1, x axis) and late emotional ERP
components (set 2, y axis). In both panes, negative scores indicate deficit values/lower
functioning and positive scores indicate intact values/higher functioning. Black sloped lines
indicate the overall correlation. Dots represent individual scores on the two latent variables
and are colored according to their group: purple dots are healthy participants, red are BT-1,
blue are BT-2, and green are BT-3. Large circles are group means and ellipses indicate

standard deviation of each group.
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Table 1.
Demographics

HC BT-1 | BT-2 | BT-3 Statistic p
N 129 195 131 167
Mean age 40 41 39 35

A3,613) = 7.64*** | <.001

Age SD 11.08 | 10.75 | 11.05 | 11.92
Sex (% F/IM) | 44/66 | 57/43 | 43/57 | 52/48 X(3) = 8.96* .03
N from each site
Boston 24 16 21 23
Chicago 34 68 18 66
Dallas 16 14 16 9
Georgia® 32 42 35 25
Hartford 23 55 41 44

Note. HC = Healthy comparisons, BT-1 = Biotype-1, BT-2 = Biotype-2, BT-3 = Biotype-3.

+
Participants recruited from Athens, GA and Augusta, GA.
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Univariate Effect Sizes

BT-1 | BT-2 | BT-3
Average P1 -0.45 | -0.43 | -0.15
Neutral EPN -0.40 | -0.09 | -0.02
Early P3 Emotional A 0.30 0.44 0.11
Pleasant Late P3 0.11 0.52 0.20
Unpleasant Late P3 0.14 0.48 0.10
N1 Unpleasant A 0.01 0.43 0.21
Neutral P2 0.42 0.11 0.03
Pleasant P2 0.29 | -0.04 | 0.00
Early N3 UnpleasantA | —0.31 | -0.26 | 0.05
Unpleasant LPP -0.19 | -0.41 | -0.19
Average Pleasantness -0.28 | -0.36 | 0.06
Neutral Arousal -0.64 | -0.73 | -0.19
Unpleasant Arousal 0.42 0.48 0.11

Note. Glass’ A effect sizes relative to healthy group. Effect sizes also presented visually in supplement.
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CDA Variate Weights

Table 3

Neutral Arousal
Average P1
Unpleasant Arousal
Early P3 Emotional A
Neutral P2

N1 Unpleasant A
Pleasant P2
Neutral EPN
Pleasant Late P3
Unpleasant Late P3
Unpleasant LPP

Average Pleasantness

Early P3 Unpleasant A

Variate 1

42
.39
.33
14
.16

-.27

.24
.28

-.27
-.30
=.35

Variate 2
.02
17

-.03
a7

Page 22

Note. Color of variate weights indicate their direction, saturation indicates their intensity. Weights > .30 are considered to meaningfully contribute

to variance in the data.
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Table 4.
CCA Weights for Sets 1 and 2
) Variate 2: Variate  Variate 2:
Set1 \Cé?)g:itteiolr; Occi%(;:?i-onal Set2 An)lL:JsaI Emlr)?itgnal
Functioning Ratings ERP
Social Engagement/Withdrawal -.27 -.28 Average P1 22
Interpersonal Communication -.49 -.26 Neutral EPN .08
Independence-Performance -.32 .15 Early P3 Emotional A .16 45
Independence-Competence -.25 =11 Pleasant Late P3 .06 43
Recreation -.27 21 Unpleasant Late P3 14 27
Prosocial .05 Early N3 Unpleasant A _
Occupation/Employment N1 Unpleasant A .07 .10
Verbal Memory Neutral P2 37 =11
Digit Sequencing Pleasant P2 .24 -.28
Token Motor -.22 Unpleasant LPP -.25 -
Verbal Fluency .04 Average Pleasantness =27 42
Symbol Coding -.34 Neutral Arousal -.08
Tower of London .03 Unpleasant Arousal -.20

Note. Color of variate weights indicate their direction, saturation indicates their intensity. Weights > .30 are considered to meaningfully contribute
to the correlation between sets. Set 1 (cognition and social function) is shown on the left. Set 2 (emotional ERPs and ratings) are shown on
the right. Weights for each variate maximize the relationship between each set. 2 variates resulted from this analysis, indicating that there are 2

independent relationships/correlations between input variables.
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