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Abstract

Affective and non-affective psychotic disorders are associated with variable levels of impairment
in affective processing, but this domain typically has been examined via presentation of static
facial images. We compared performance on a dynamic facial expression identification task
across six emotions (sad, fear, surprise, disgust, anger, happy) in individuals with psychotic
disorders (bipolar with psychotic features [PBD]=113, schizoaffective [SAD]=163, schizophrenia
[SZ]=181) and healthy controls (HC; n=236) derived from the Bipolar-Schizophrenia Network
on Intermediate Phenotypes (B-SNIP). These same individuals with psychotic disorders were
also grouped by B-SNIP-derived Biotype (Biotype 1 [B1]=115, Biotype 2 [B2]=132, Biotype

3 [B3]=158), derived from a cluster analysis applied to a large biomarker panel that did not
include the current data. Irrespective of the depicted emotion, groups differed in accuracy of
emotion identification (/£<0.0001). The SZ group demonstrated lower accuracy versus HC and
PBD groups; the SAD group was less accurate than the HC group (/<0.02). Similar overall group
differences were evident in speed of identifying emotional expressions. Controlling for general
cognitive ability did not eliminate most group differences on accuracy but eliminated almost all
group differences on reaction time for emotion identification. Results from the Biotype groups
indicated that B1 and B2 had more severe deficits in emotion recognition than HC and B3,
meanwhile B3 did not show significant deficits. In sum, this characterization of facial emotion
recognition deficits adds to our emerging understanding of social/emotional deficits across the
psychosis spectrum.

Keywords
emotion; schizophrenia; schizoaffective disorder; bipolar disorder with psychotic features

Introduction

Successful human interactions depend in part on non-verbal signals, including the ability to
accurately identify facial emotion expressions. Deficits in this crucial function are detectable
and consistent in individuals with schizophrenia (SZ) (Kohler et al., 2010; Ruocco et al.,
2014), which may contribute to impaired interpersonal functioning (Couture et al., 2006).
Such problems appear to precede illness onset, are present in family members at familial risk
for schizophrenia (Eack et al., 2010) and persist throughout the course of illness (Comparelli
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et al., 2013). Facial emotion recognition deficits may therefore be a trait marker (Daros et
al., 2014) or vulnerability indicator (Comparelli et al., 2013) for the disorder. Individuals
with bipolar disorder also display diminished facial emotion recognition regardless of

type (type I vs. type 11) (Martino et al., 2011; Summers et al., 2006) and state of illness
(manic, psychotic or euthymic) (Rocca et al., 2009; Samame et al., 2012; Thaler et al.,
2013a). Studies also indicate that individuals with schizoaffective disorder (SAD) show this
impairment (Fiszdon et al., 2007). These common deficits across diagnoses [SZ, SAD, and
bipolar disorder with history of psychosis (PBD)] suggest similar dysfunction in underlying
neural systems for facial emotion face processing. However, when comparing individuals
with SZ and PBD for accuracy at identifyng specific kinds of emotional faces (e.g., sadness,
happiness), individuals with SZ appear to show greater impairment across recognition of
emotion types such as sadness, fear, and anger relative to patients with bipolar disorder
(Goghari and Sponheim, 2013; Ruocco et al., 2014). This may mean differences in neural
system alterations between the groups, though the mixed findings on specific emotion
recognition deficits in the literature renders it difficult to speculate on what such differences
may be and point to a need for more research.

An important caveat of prior studies is that the stimuli are of static faces. Considering
the mixed results, a key to advancing our understanding of emotion processing within
the psychosis spectrum is to move beyond the use of static face tasks and use dynamic
face tasks. Dynamic facial emotion tasks are ecologically valid (Bernstein and Yovel,
2015) and may account for the heterogeneity in the degree and pattern of facial emotion
recognition impairment within and across the diagnostic groups. In healthy individuals,
dynamic emotional expressions were recognized more accurately than static ones (Darke
et al., 2019). In another study involving a small group of individuals with SZ, static

and dynamic emotional face recognition tasks assessing only fear and surprise were
differentially associated with psychotic symptoms (Johnston et al., 2010).

An additional limitation in prior research was the lack of control for overall cognitive
function when comparing facial emotion recognition deficits among diagnostic groups.
One study on a large sample of healthy individuals showed that there are shared factors
underlying general cognitive function and emotion recognition, especially in terms of
processing speed (Mathersul et al., 2009). Previous research in psychiatrically ill groups
reported the correlation between facial affect recognition and cognition (Goghari and
Sponheim, 2013; Ruocco et al., 2014), but they did not statistically control for such
relationships when comparing emotion recognition deficits. Since individuals with SZ have
more impaired cognitive function (Hill et al., 2013), this may account for the more extensive
deficits across emotions compared to individuals with PBD. A more refined analysis is
needed to better understand the emotion recognition pattern within psychosis, including the
possibility that SAD occupies a middle ground of impairment between SZ and PBD.

The majority, if not all, of the prior work that compares emotion functions in individuals
with psychosis also focuses on differences across the DSM diagnostic boundaries of

SZ, SAD, and PBD. The overlap of neurobiology and clinical presentation across these
diagnoses has led to a paradigm shift towards a transdiagnostic framework (Insel et al.,
2010; Morris and Cuthbert, 2012) and efforts to classify patients based on neurobiological
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features. The Bipolar-Schizophrenia Network for Intermediate Phenotypes (B-SNIP) has
contributed to this evidence base and perspective in the area of psychotic disorders.

Using a large biomarker database (EEG, eye tracking, and cognition), three clusters (i.e.
Biotypes) emerged from a group of individuals with psychosis (diagnoses included Sz,
SAD, and PBD) (Clementz et al., 2016; Mothi et al., 2018) that have since been replicated
and validated (Clementz et al., 2021). The biotype partition does not respect diagnostic
boundaries as every biotype group consisted of a mixed number of SZ, SAD, and PBD
probands. Biotype-1 and Biotype-2 show marked deficits on general cognitive ability as
measured by the Brief Assessment of Cognition in Schizophrenia (Keefe et al., 2004;

Keefe et al., 2008). Biotype-1’s defining features are deficient neural activations and slowed
response latencies. Biotype-2’s defining features are greater deviation on cognitive tasks
that require inhibitory control in sensorimotor performance and excessive nonspecific neural
activity. Biotype-3 cases are similar to healthy participants on biomarker features. The
heterogeneity of neurobiological functioning within SZ, SAD or PBD may contribute to the
mixed findings of specific emotion recognition deficits in prior work, which inspired the
current study to examine emotion recognition performance transdiagnostically, across the
three Biotypes. Notably, emotion processing features were not considered or used in biotype
classification.

Here we aim to address some of the inconsistencies in the literature on emotional face
processing deficits in psychosis by comparing performance on a dynamic facial emotion
recognition task among (1) three diagnostic groups (i.e. SZ, SAD, and PBD) and (2)

three Biotypes to one another and to healthy controls (HC), with data available from the
B-SNIP2 study. We focused on the accuracy and latency of recognizing facial emotions
and assessed whether these deficits are distinct from generalized cognitive deficits. With
respect to diagnostic groups, we expected that each diagnostic group would perform worse
than HC and that individuals with SZ would perform significantly worse than the other
diagnostic groups, as well as show emotion-specific deficits consistent with Ruocco et a/
(2014). We further predicted cognition could account for at least some of the emotion
processing differences noted. We next compared the sample when organized by BSNIP
Biotype group. We expected that Biotype-1 and -2 would perform worse than Biotype-3
and HC, consistent with membership in these groups being determined partly by cognitive
ability. Emotion-specific deficits were exploratory for Biotypes, and were conducted to
determine if such findings may further refine what distinguishes Biotype groups. To our
knowledge, this is the first study to use a dynamic versus static dynamic facial emotion
recognition task to assess emotion recognition functioning across diagnostic groups as well
as the three B-SNIP Biotypes.

Study participants included individuals with SZ (n=181), SAD (n=163), PBD (n=113), and
HC (n=236) from the B-SNIP2 multisite study (Table 1). Full details on study recruitment
and procedures are available in Tamminga et al. (2013) as B-SNIP2 procedures were the
same as in B-SNIP1. DSM-IV-TR diagnoses were made at consensus meetings using all
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available information including findings from the Structured Clinical Interview for DSM-IV
AXxis | Disorders (SCID-1V)(First, 2002) administered by trained clinical raters who held
monthly inter-site reliability conference calls (Tamminga et al., 2013). All individuals with
psychosis were on stable medication with no major changes in the past 30 days. HC had

no history of a psychotic disorder or recurrent mood disorder, and no known close relatives
with these disorders. Participants with an available Biotype classification (N=405) were also
separated into Biotype groups (B1, B2, B3) using a method reported previously (Clementz
et al., 2016; Mothi et al., 2018) (Table 2). Exclusion criteria included: history of head injury
with loss of consciousness >10 minutes; pregnancy; positive urine toxicology screen for
drugs of abuse on the day of testing; diagnosis of substance abuse in the past 30 days or
substance dependence in the past 3 months; history of systemic medical or neurological
disorder affecting mood or cognition; or intellectual disability.

Emotion Processing and Cognition—The Dynamic Affect Recognition Evaluation
Task (DARE) (Bal et al., 2010; Porges, 2016; Porges SW et al., 2007) is a measure of facial
affect recognition. Participants view videos of faces (stimuli developed from Cohn-Kanade
Action Unit-Coded Facial Expression Database (Cohn et al., 1999) starting with a neutral
expression and slowly transitioning into one of the six target emotions (sad, fear, surprise,
disgust, anger, happy). The task consists of three phases. In the first phase, six videos are
passively viewed (~8 seconds each) to give an example of each affective expression. After
each video, a new screen with six emotion labels appeared with the name of the emotion
just shown highlighted. In the second phase, six videos were presented, one example of
each of the six emaotions, to allow the participant to practice the task. This phase could

be repeated if needed to ensure understanding of the task requirements. Participants were
instructed to push a button as soon as they could identify the emotion being depicted. When
the button was pressed, the video stopped, and a new screen appeared with instruction for
the participant to select from six emotion labels for the emotion that had been presented. In
the third phase (test phase), 36 videos were presented (6 of each emotion) in a randomized
order for each participant. As in phase 2, participants press the button and name the emotion
from the list presented. The primary outcome measures were percent accuracy for each
emotion, and two latency measures: 1) latency to report recognizing the emotion overall,

2) and latency on only correctly identified trials. For cognitive function, the Wide Range
Achievement Test (WRAT) Reading Score and BACS battery were administered by certified
research assistants. We used the composite score derived from all six BACS subtests to
represent global neuropsychological function (Hill et al., 2013; Hochberger et al., 2016;
Keefe et al., 2004; Keefe et al., 2008). Direct comparison of BACS among these groups

is reported elsewhere in an overlapping sample (Gotra et al., 2020). Our focus here is on
whether variance in facial affect processing associates with general cognitive ability.

Clinical Symptoms and Social Function—Clinical symptom assessments were
administered by the same trained clinical raters that administered the SCID-1V. Assessments
were the Positive and Negative Syndrome Scale (PANSS)(Kay et al., 1987), Schizo-Bipolar
Scale (SBS) (Keshavan et al., 2011), Montgomery Asberg Depression Rating Scale
(MADRS) (Montgomery and Asberg, 1979), and Young Mania Rating Scale (YMRS)
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(Young et al., 1978). For the PANSS, MADRS, and YMRS, higher scores reflect greater
symptoms. On the SBS, higher scores reflect greater similarity to prototypic schizophrenia.
Community functioning was assessed with the Birchwood Social Functioning Scale (SFS)
(Birchwood et al., 1990); higher scores reflect better functioning.

Medications: A detailed medication history interview was conducted on all participants

All prescription and non-prescription medications were classified into pharmacologically-
based categories of agents (e.g., antipsychotics, antidepressants, etc). Chlorpromazine (CPZ)
equivalent doses were computed for each participant to estimate antipsychotic exposure
(Andreasen et al., 2010). The estimated anticholinergic potency of each medication was
assigned using the updated version of the Anticholinergic Drug Scale (ADS) which has been
previously described (Eum et al., 2017) and used consistently across analyses in B-SNIP
(Eum et al., 2021; Eum et al., 2017).

Statistical Analyses

Results

We used propensity score methods to effectively adjust for confounding effects of age,

sex, and race/ethnicity (see Supplemental Tables 1 and 2); medications were not identified
as confounders. Propensity methods were selected over the approach of adjusting for
confounding variables using covariates because they simplify analytics to only include the
primary predictors in the model. In the overall sample, we used inverse probability weighted
(I1PW) mixed effects regression analyses (Robins et al., 2000) to examine diagnostic group
and Biotype differences on DARE performance. Adding site to the models did not change
the pattern of results and therefore was not included as a covariate. Subsequent analyses
examining diagnostic group differences added in the BACS composite score as a covariate
to determine whether affective processing deficits were significant beyond a generalized
cognitive deficit (Hochberger et al., 2016). As the BACS composite was included in the
creation of the Biotypes, these analyses were not conducted to examine Biotype differences.
Observations were trimmed where the studentized residuals were >|5| to ensure effects

were not driven by extreme values (<1% of observations). A false discovery rate (FDR)
correction (set at 5%) was completed using the Benjamini-Hochberg procedure. Spearman’s
correlations were conducted to examine associations between DARE performance and
clinical symptom severity. Significance was defined as £<0.05 (two-sided). Cohen’s d effect
sizes of significant effects are reported (small effect = 0.2; medium effect = 0.5; large effect
= 0.8)(Cohen, 1992). Analyses were performed using SAS (version 9.4, SAS Institute Inc.,
Cary, NC).

Diagnostic Group Comparisons on DARE Performance

Emotion Recognition Accuracy—Collapsing across all emotions, groups differed in
terms of emotional expression recognition accuracy (A<0.0001) with SAD and SZ worse
than HC (Ps<0.02). Also, the SZ group demonstrated poorer accuracy compared to the
SAD and PBD groups (A<0.0001). The overall pattern of group differences was qualified
by a significant group by emotion interaction (P=0.0001). The interaction was being driven
by the SZ group showing worse accuracy relative to different sets of other groups for five
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of the six emotion types (Figure 1a). Specifically, following FDR correction, the SZ group
demonstrated greater error identifying sad faces compared to all groups (P%<0.01). For
angry and happy faces, the SZ group demonstrated greater error compared to the HC, PBD,
and SAD groups (£%<0.01). For fear, the SZ group demonstrated greater error compared to
the HC and PBD groups (£%<0.01), and for disgust, the SZ group was worse than only the
HC group (P=0.0001). There were no group differences in accuracy of recognizing surprise
after FDR correction.

Reaction Time for Emotion Identification Overall—Groups differed in the speed
of responding to emotional expressions when collapsing across all emotion categories
(P<0.0001), with the SZ and SAD groups responding slower than the HC group (~s<0.01).
The SZ group was also slower than the PBD group (~=0.003). Thus, although taking more
time to consider increasingly apparent emotion features, the SZ and SAD groups were still
particularly impaired. The pattern of group differences was qualified by a significant group
by emotion interaction (£<0.001; Figure 1b). Following FDR correction, the SZ group was
slower to respond to sad faces compared to the HC, PBD, and SAD groups (~%<0.01),

and the SAD group was also slower than the HC group (P=0.009). For angry and fearful
faces, the SZ and SAD groups responded slower than the HC group (£%5<0.01). When
asked to recognize happy faces, the SZ group responded slower than the HC and PBD
groups (P's<0.01), and the SAD group also responded slower than the HC group (P=0.01).
For surprise faces, the SZ group responded slower compared to the HC and PBD groups
(P%<0.01), and the SAD group also responded slower than the HC group (~=0.002).

Reaction Time for Correct Emotion Identification—There were no overall group
differences in the reaction time for correct emotion identification (P=0.44); however, there
were group differences as a function of emotion (A<0.0001; Figure 1c). Following FDR
correction, the SZ group was significantly slower to respond for correct trials to happy,
sad, and surprise faces compared to the HC group (P%<0.01), and the SAD group was also
slower to respond than the HC group on happy and surprise faces (P<0.02). Additionally,
the SZ group was quicker to respond than the PBD and SAD groups in correct trials of
recognizing anger (P%<0.01). The SZ and SAD groups were also quicker to respond than
the HC group in correct trials of recognizing fear (P%<0.02).

Relation to Generalized Cognitive Deficit—For emation recognition accuracy,
covarying for BACS only eliminated the difference between the SZ and HC groups on
happy faces (P=0.04; Figure 2a) and between the SZ and SAD groups on anger, fear,

and happy faces (see Supplemental Table 3 for associations between percent accuracy

and BACS). Conversely, for total reaction time for emotion identification, covarying for
BACS eliminated almost all group differences (Figure 2b). The only differences remaining
were that the SZ group was slower than the HC group for sad, happy, and surprise faces
(Ps<0.01). The SAD group also remained slower than the HC group for fear (P=0.04). For
reaction time for correct trials, covarying for BACS resulted in the SZ group remaining
significantly slower than the HC group for happy and surprise faces (7's<0.05) but quicker
on fear faces (P=0.003). The SAD group also remained slower than the HC group for happy
faces (P=0.03).
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rubin et al.

Page 8

Correlational Analyses with Symptoms—Few correlations were significant between
DARE performance metrics and clinical symptoms within each diagnostic group after FDR
correction (A<0.02). Among the PBD group only, greater positive symptom severity on the
PANSS (P=0.001) and higher burden of manic symptoms (YMRS total score £=0.006) were
associated with slower total reaction times (Table 3).

Biotype Comparison on DARE Performance

Comparison on Emotion Recognition Accuracy—Biotype groups differed in their
correct identification of emotional expressions when collapsing across all emotion categories
(P<0.001) with Biotype 1 and 2 correctly identifying fewer emotions than Biotype 3

and HC (#s<0.05; Cohen’s djysHc=—0.65, Cohen’s dbysqc=—0.45). A different pattern

of Biotype group differences emerged as indicated by a significant group-by-emotion
category interaction (£=0.0003; Figure 3a; Figure 4a). There were no group differences

on correctly identifying happy, sad, or surprise faces. However, compared to HC, Biotypes

1 and 2 demonstrated greater difficulties recognizing anger, disgust, and fear (~s<0.05).
Biotype 2 also demonstrated greater difficulties identifying fear faces compared to Biotype 3
(Ps<0.05).

Reaction Time for Emotion Identification Overall—Groups differed in the speed of
identifying emotional expressions when collapsing across all emotion categories (£<0.0001)
with Biotypes 1 and 2 responding slower than Biotype 3 (Cohen’s dj,53=—0.26, Cohen’s
ahys3=—0.36) and HC (~s<0.0001; Cohen’s djysnc=—0.48, Cohen’s dbysqc=—0.57). The
pattern of group differences was qualified by a significant group by emotion interaction
(P=0.004; Figure 3b). Although the general pattern was similar across all emotions, the
magnitude of group differences differed across emotion (Figure 4b).

Comparison on Reaction Time for Correct Emotion Identification—Groups
differed in the speed of responding to emotional expressions when collapsing across all
emotion categories (~£<0.03) with Biotype 1 and 2 responding slower than Biotype 3 only
(Ps<0.05). A different pattern of diagnostic group differences emerged as indicated by

a significant group by emotion category interaction (£<0.0001; Figure 3c). Biotypes 1
and 2 were slower to respond than HC and Biotype 3 on happy, sad, and surprise faces
(P's<0.001).

Correlational Analyses with Symptoms—Few correlations were significant between
DARE performance metrics and clinical symptoms within Biotype groups after FDR
correction (A<0.02) (Table 3).

Discussion

The present study compared facial emotion recognition performance of HC to three
psychosis diagnostic groups (SZ, SAD, and PBD) using a dynamic facial recognition task.
We found evidence supporting an overall impairment for the SZ group relative to both the
HC and to PBD groups, consistent with the other observations of more limited impairment
for PBD than SZ. We observed that the SZ group was broadly impaired for accuracy and
speed of recognition, while the PBD group did not show significant deficits for either. The
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SAD group had some deficits with specific emotion subsets relative to the other groups,
suggesting a more selective or an intermediate level of impairment. In addition, we explored
facial emotion recognition under a transdiagnostic framework by comparing it across the
individuals organized into three B-SNIP Biotype groups. We found that the more cognitively
impaired Biotype groups - Biotypes-1 and -2 - showed more diminished emaotion recognition
function compared to Biotype-3 and HC. This is the first study to investigate dynamic facial
emotion recognition function both within and beyond the traditional diagnostic boundaries,
which offers additional insights on how such deficits appear in psychosis.

The impairment for the SZ group included poorer accuracy and slower speed for all
emotional expressions when collapsed. This is consistent with the literature on emotion
recognition deficits in schizophrenia (Kohler et al., 2010). The impaired accuracy
observation replicates our group’s previous report of impaired identification in SZ for all
emotions using a static face emotion identification task in an independent sample (Ruocco
et al., 2014). We further observed that, except for happy faces, these accuracy deficits were
still significant after controlling for general cognitive ability. Hence, the affect recognition
inaccuracies appear to be largely independent of well-established general cognitive deficits
in SZ (Hochberger et al., 2016; Krabbendam et al., 2005). The relatively low magnitude

of correlation between the BACS composite score and emotion recognition accuracy for
HC lends support to this interpretation of the functions as showing limited association, a
circumstance not apparently altered by the cognitive ability of individuals with SZ. This is
consistent with prior reports of facial affect recognition accuracy deficits being relatively
unrelated to deficits for non-affective cognitive processing (Barkhof et al., 2015; Chan et al.,
2010), such as face perception and identification.

By contrast, when controlling for general cognitive deficit, the slower response time that
the SZ group had for almost all emotions was no longer significant, except for happy, sad
and surprised faces. For the DARE task, latency scores reflect not only speed, but also the
degree of expressiveness faces needed to have for participants to believe they could identify
the emotion. Hence, latency scores reflect a mix of sensitivity of facial affect recognition,
speed of processing, and decision-making. The BACS composite score is comprised of tests
of somewhat overlapping cognitive domains, and so it is not surprising that this measure

of general cognitive ability accounted for the majority of the difference between SZ and
other groups for DARE latency. However, the slower speed for happy, sad and surprise faces
even after accounting for BACS suggests some possible specific deficit for such emotion
categories in SZ.

When isolating the reaction time analysis for only correct trials, the SZ group was slower
only for the happy, sad and surprise faces, and this was not accounted for by general
cognitive deficits. This finding suggests that for individuals with SZ and for a limited
group of emotions — happy, sad and surprise - accuracy came at a cost of slower speeds

of processing or requirement for a higher strength of facial emotion expressiveness, or a
combination of such factors. Interestingly, no such speed-accuracy trade-off was observed
for SZ for threatening facial expressions such as disgust, anger and fear. In fact, individuals
with SZ even demonstrated a faster speed in correctly recognizing fearful faces than HC.
Prior work has suggested increased attentional bias for threatening stimuli in association
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with paranoia (Kinderman, 1994; Taylor and John, 2004), which may in part explain our
observation of more preserved or even enhanced processing for the threatening emotion
categories.

Our findings confirmed the notion that SAD and SZ share affect recognition deficits relative
to healthy people, and such differences with healthy individuals are not accounted for by
general intellectual functioning. However, individuals with SAD have a lesser magnitude
of deficit than individuals with SZ (see effect sizes). Individuals with SAD were more
accurate than individuals with SZ on sad, angry, and happy faces, though these differences
were generally accounted for by cognitive ability. We also observed that while the SAD
group performed with less overall accuracy relative to HC across all emotions, effect

sizes indicate more substantive deficits for negative, threat-related expressions (fear, anger,
disgust), which suggests more dysfunction in or across limbic structures (such as amygdala,
insula) where negative/threat emotions are processed (Adolphs R et al., 1999). Finally, we
noted that the SAD group had latency deficits, but these were fully accounted for by general
cognition, an observation that was not entirely the case for SZ. Our findings are in line

with the prior report of the independent B-SNIP1 sample, where groups were distinctive
using static emotional faces (Ruocco et al., 2014). One report found that individuals with
SZ and SAD had similar patterns of impairment based on recognition accuracy from the
Bell-Lysaker Emotion Recognition Task (Fiszdon et al., 2007), but the extent to which

such a task is sensitive to similar processes as just facial emotional recogonition is unclear
given the broader set of emation cues in the Bell-Lysaker. These results are interesting in
light of speculation that affective disorders and individuals with SAD (arguably an affective
illness) may be characterized by greater social-emotional processing abnormality compared
to those without affective illness (Ruocco et al., 2014). However, our observations refute
this possibility as anything unique to groups with mood disorders, as least in terms of facial
affect processing. Rather, SZ appears to have the strongest such impairment and again, the
impairment was partly independent of general cognitive deficit for SZ, suggesting SZ is the
group where such alterations are the most apparent.

The most surprising findings occurred in the PBD group, who appeared essentially intact

for emotion recognition. They had no accuracy and latency deficits relative to HC. However,
PBD was the only group with significant clinical associations following FDR correction -
slower latency correlated with worse positive symptoms and mania scores in that group only.
Hence, their impairments in emotion perception may be more dependent on their current
clinical state relative to deficits in schizophrenia spectrum illness. Prior findings on a variety
of neurobiological markers have shown PBD to be impaired in a similar pattern as SZ or
SAD, but usually to the least degree (Clementz et al., 2016; Tamminga et al., 2013). Here,
we show essentially no facial affect recognition impairment in our dynamic facial emotion
processing task, which contradicts with several previous studies using static faces (Daros

et al., 2014; Ruocco et al., 2014; Thaler et al., 2013a; Thaler et al., 2013b) that found
emotion recognition deficits among individuals with PBD relative to HC. We note that the
PBD group in the present study had frequent treatment with mood stabilizers and lithium.
The possible medication effect on emotion recognition performance has been considered in
previous emotion recognition studies, but their impact on task performance remains unclear
(Bilderbeck et al., 2017; Hassel et al., 2008; Kucharska-Pietura and Mortimer, 2013; Ruocco
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et al., 2014). One study showed that the deficits of recognizing certain static emotions

did not resolve after treatment for PBD (Daros et al., 2014), and Thaler et al. (2013b)

found a significant negative relationship between medication dosage and the audio-visual
score on Bell-Lysaker Emotion Recognition Test among the PBD group, indicating that
participants with worse performance were receiving more medication. However, the authors
reported that this relationship was non-linear as individuals achieving high scores had a
range of medication doses, and it is unclear whether this is a pharmacological effect or a
reflection of an illness severity effect. Regardless, these studies either used a static facial
emotion or video clips with audio monologue, which may not predict individuals with
PBD’s performance on a dynamic facial emotion task without audio stimuli.

Also of interest was the finding in the emotion recognition performance among the three
Biotype groups. Facial emotion recognition patterns largely reflected the characteristics of
each Biotype group. The magnitude of the emotion recognition deficits are consistent with
the cognitive deficits of the Biotypes: B1 and B2, defined as having reduced cognitive
ability, had the most severe emotion recognition impairment, while B3 were almost intact
and not surprising had the highest percent of PBD’s. Such a pattern was more evident for
latency data: B1 and B2 patients were significantly slower than both HC and B3 patients
across every emotion category. For accuracy, both B1 and B2 showed significant deficits in
recognizing threatening emotions including anger, disgust, and fear compared to HC, and B2
was worse than B3 in recognizing fearful faces. Though B1 and B2 showed different levels
of deficits in inhibitory control (Clementz et al., 2016; Mothi et al., 2018), these groups did
not differ within the emotion recognition paradigm. When considering latency for correct
trials, the slowness in recognizing threatening faces among B1 and B2 was not significant.
Instead, both groups took a longer time correctly recognizing happy, sad, and surprise
emotions. It is unclear why B1 and B2 patients take more time in recognizing faces in
general but not so in recognizing threatening faces, as research studies in emotion processing
in Biotypes are limited. One possible explaination for this discrepancy is that Biotypes

have different levels of brain alterations compared to the HC (Clementz et al., 2016; Mothi
et al., 2018) or perhaps paranoia-related sensitivity to social threat may contribute to this
observation.

There are a few limitations to the current version of the DARE task worth noting. First,
participants are not asked to rate their confidence in the accuracy of their responses after
each video. Adding this feature to the task may increase its overall clinical utility as greater
confidence on social cognition tasks (Penn Emotion Recognition-40, Bell-Lysaker Emotion
Recognition Test) has been shown to be one of the strongest correlates of social deficits
(Pinkham et al., 2018). Moreover, confidence ratings have been found to account for nearly
five-fold more variance across tasks than task performance itself (Pinkham et al., 2018) and
more strongly correlate with impairments in neuropsychological function than performance
on social cognitive tasks in individuals with SCZ (Jones et al., 2020). Second, the current
version of the DARE task does not provide a means for assessing response speed variability
across harder versus easier items. Other studies demonstrate that individuals with SCZ do
not adjust their response times as a function of difficulty in general (Cornacchio et al.,
2017). Adding this component into the task may further expand our knowledge in psychosis
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about the ability to appraise difficulty and adjust effort to the demands placed by social
cognitive tasks.

In sum, facial emotion recognition appears to add important information that offers insight
into the extent and qualitative features of deficits in the psychosis spectrum. Individuals
with PBD, SAD, and SZ showed a slope of progression in emotion recognition deficits,
from none to extensive, particularly for accuracy. In terms of Biotype groups, Biotype-1 and
Biotype-2 individuals demonstrated more severe emotion recognition deficits, but Biotype 3
was intact, in line with the general neurocognitive characterization of these groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

DARE performance (error bars indicate the standard error of the mean estimates) by
diagnostic groups. *Significant A-values were determined using a false discovery rate
correction. HC=healthy controls; PBD=psychotic bipolar disorder; SAD=schizoaffective;
SZ=schizophrenia.
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SZ=schizophrenia.
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DARE performance (error bars indicate the standard error of the mean estimates) by

Biotype. *Significant P-values were determined using a false discovery rate correction.
HC=healthy controls.
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Spearman correlations between DARE performance (percent correct for recognizing facial emotions, reaction

time for emotion identification) and clinical symptoms by diagnostic group and Biotype.

Diagnostic Group Biotype
PBD SAD SZ 1 2 3

Percent correct
PANSS

Negative -013 -016 002 -0.07 -000 0.0

Positive -015 -0.16 019 002 006  -0.05
YMRS -011 -0.08 023F 008 011  -0.00
MADRS -018 -012 015 005  0.10 0.04
SBS -0.08 -0.01 -017 -0.07 -020 -0.317""
SFS -012 -0.04 -010 -016 -0.14 -0.27""
CPZ equivalents -0.16 -0.13 -0.04 -0.07 -0.09 0.11
Medications with anticholinergic properties 0.08 -0.18 0.15 -0.18" -0.00 -0.20"
RT
PANSS

Negative 021 021° 014 008 013 0297

Positive 035" 005 -023° -006 -001 006
YMRS 030" -002 -025% -001 005  -0.08
MADRS 023* 002 -004 005 001  -001
SBS 007 005 016 008 016 0.14
SFS -0.02 007 017 -007 023° 011
CPZ equivalents 015 -0.09 -011 -0.16 011 0.00
Medications with anticholinergic properties —0.05 -0.16 0.01 0.09 -0.06 -0.14

Note.

Ak
P<0.001;
P<0.01;

*
P<0.05;

After false discovery rate correction only **/*** are significant. RT=reaction time; PANSS=Positive and Negative Syndrome Scale;

MADRS=Montgomery Asberg Depression Rating Scale; YMRS=Young Mania Rating Scale; SBS=Schizo-Bipolar Scale; SFS=Birchwood Social
Functioning Scale; PBD=psychotic bipolar disorder; SAD=schizoaffective disorder; SZ=schizophrenia
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