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P501. Value Representation, Working Memory, and Negative
Symptoms in Early Psychosis

Zachary Millman*, Daphne Holt, Matcheri Keshavan, Larry
Seidman, Alan Breier, Martha Shenton, Dost Ongur

McLean Hospital - Harvard Medical School, Belmont, Massachusetts,
United States

Background: Negative symptoms of schizophrenia often involve
difficulty orienting behavior toward long-term goals. These and
other negative symptoms are typically stable over time and
contribute to disability. However, no effective treatments for
negative symptoms are available, partly due to a poor under-
standing of the psychological mechanisms involved. The NIMH
Research Domain Criteria subconstruct of “value representation”
has been proposed as a fundamental mechanism underlying
negative symptoms. Value representation refers to the ability to
generate, maintain, and use mental abstractions of reward value
to guide decision-making. People with chronic schizophrenia
show deficits in a range of behavioral tasks requiring intact value
representation, including delay discounting (DD) paradigms,
which assess the tendency to favor smaller, more temporally
immediate rewards over larger, more distal rewards. Greater
discounting rates are also associated with more severe negative
symptoms and working memory impairments, consistent with the
hypothesis that deficits in cognitive control impair the generation
or maintenance of value representations and thereby reduce goal-
directed activity. Despite these findings in chronic schizophrenia,
very little is known about the extent to which DD impairments
extend to the early course of illness, when disease mechanisms
are rapidly evolving. Moreover, only one study to our knowledge
has compared DD performance between people with early
schizophrenia spectrum vs. affective psychosis, despite evidence
that these two syndromes may represent distinct neurodevelop-
mental subtypes. Here, we examined DD in a transdiagnostic
sample of people with early psychosis and tested for relations of
DD with working memory and negative symptoms.

Methods: This study drew from the Human Connectome
Project for Early Psychosis, representing what is to our knowledge
the largest study to date of DD in early psychosis. The sample
included 161 patients ages 18-36 with a psychotic disorder
emergent in the past two to just under 5 years (115 schizophrenia
spectrum, 47 affective) and 62 healthy controls. Participants
completed measures of DD (Connectome Discounting Task),

working memory (NIMH Toolbox List Sorting), and negative
symptoms (Positive and Negative Syndrome Scale). In the DD
task, participants chose between smaller ($200) and larger
(540,000) hypothetical monetary outcomes that were delivered
trial-wise at one of five delay intervals (3 months to 10 years). DD
values were calculated as the area under the curve of indifference
points, with smaller DD values reflecting greater discounting. We
hypothesized that (a) patients as a group would present with
impaired DD, particularly at higher monetary values (given the
added mental abstraction required), but that these impairments
would be explained by the schizophrenia-spectrum subgroup. We
also hypothesized that greater DD impairment would be
associated with (b) poorer working memory performance and (c)
greater negative symptom severity, particularly in patients with
schizophrenia-spectrum disorders; and that (d) controlling for
working memory would eliminate patient-control differences in
DD. Finally, given that negative symptoms are more prominent in
males, we expected that male patients would present with greater
DD impairment than females patients.

Results: Patients as a whole presented with lower DD scores
(greater discounting) than controls at higher (t[221]=2.34,
p =.020) but not lower (t[221] = 0.599, p = .550) monetary values.
ANOVA with post hoc tests revealed schizophrenia-spectrum
patients showed lower DD scores at higher monetary values than
both controls (t[173] = 3.181, p =.002) and patients with affective
psychosis (t[160] = 2.502, p =.013), whereas patients with affec-
tive psychosis did not differ from controls (t[105]=0.320,
p =.750). Reduced DD scores at higher monetary values were
associated with poorer working memory (r =.224, p=.019) and
greater negative symptom severity (r=-—.235 p=.014) in
schizophrenia-spectrum but not affective psychosis patients
(r=.164, p=.289 and r=.174, p =.258, respectively). Patient-
control differences in DD were eliminated when controlling for
working memory performance (F[1, 209]1=2.177, p=.142).
Among patients with schizophrenia spectrum disorders, males
showed lower DD scores than females at higher monetary values
(t[113] = —2.115, p=.037).

Conclusions: Similar to chronic schizophrenia, individuals in the
early course of psychosis present with reduced DD performance.
However, these impairments appear more specific to individuals
with schizophrenia spectrum vs. affective psychosis. Impairments
seen at higher vs. lower hypothetical monetary values are
consistent with the hypothesis that schizophrenia involves a
deficit in value representation, particularly at higher levels
of abstraction. This interpretation is bolstered by observed
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correlations between DD and working memory, which accounted
for patient-control differences, and with negative symptoms.
Greater DD impairment in males vs. females with early schizo-
phrenia spectrum disorders further highlights the relevance of DD
impairments to neurodevelopmental features of psychosis, which
are more common in males. Future work in early psychosis would
benefit from studies integrating DD tasks with measures of neural
activity to point toward brain-behavior mechanisms of negative
symptoms.

Keywords: Early Psychosis, Negative Symptoms, Delay Dis-
counting, Cognitive Control, Reward
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P502. Connectivity of a Pons-To-Cerebellum Sensory
Prediction Circuit Correlates With Hallucination Severity in
Schizophrenia

Samantha Abram*, Jessica Hua, Spero Nicholas, Brian Roach,
Sarah Keedy, John Sweeney, Daniel Mathalon, Judith Ford

San Francisco Veterans Administration Health Care System, San
Francisco, California, United States

Background: Sensory prediction occurs rapidly and outside of
conscious awareness, allowing the brain to anticipate and parse
incoming self-generated sensory information from externally
produced signals. The pons is a central node in a broader
cortico-ponto-cerebellar-thalamo-cortical circuit thought to sup-
port sensory prediction. For every action, an efference copy of the
motor plan generates a corollary discharge of the expected
sensory consequences, which is compared to the actual sensation;
this process is driven by automatic cerebellar side-loops, where
motor information is transmitted to the cerebellum via the pons. If
supporting mechanisms go awry, sensations that should have
been predicted, but were not, may acquire inappropriate salience
and lead to aberrant sensory experiences and/or delusional
schema. To date, no studies have directly tested whether pons
connectivity directly relates to neurophysiological and clinical
signatures of sensory prediction among people with psychosis.

The extent to which self-produced are expected and align with
actual sensations can be studied using vocalization paradigms
(e.g., Talk-Listen paradigm), where neural responses to self-
generated sounds are compared to responses to external sources.
The N1 component of the EEG-based event-related potential is
suppressed during vocalizing relative to listening and is indicative
of expectancy when self-generating auditory  stimuli.
N1 suppression is attenuated in psychosis and may reflect a
deficiency in distinguishing self versus externally generated
sensory feedback. One possibility is that deficient
N1 suppression in psychosis arises from aberrant connectivity
between the pons and other sensory prediction circuit nodes (e.g.,
hypoconnectivity with the cerebellum and/or thalamus). Aberrant
pons connectivity may also correlate with relevant clinical
features, i.e., hallucinations and delusions.

We tested these hypotheses using a combination of resting-
state fMRI (rsfMRI) and EEG data in a large dataset of psychotic-
spectrum participants (PSP with schizophrenia, schizoaffective, or
bipolar disorder), first-degree relatives of individuals with psycho-
sis (REL), people at clinical high-risk for psychosis (CHR-P), and
unaffected comparison participants (UCP). This unique study
design allowed us to test for variation along the illness trajectory
and across the psychosis spectrum.

Methods: 137 PSP, 69 REL, 45 CHR-P, and 124 UCP underwent
rsfMRI at the University of California, San Francisco or the
University of lllinois, Chicago. Seeding from the pons, we tested
for thalamic and cerebellar clusters showing PSP versus UCP

SPRINGER NATURE

differences and extracted mean connectivity values from sig-
nificant clusters for all four groups. 129 PSP, 66 REL, 37 CHR-P, and
114 UCP also completed an EEG-based Talk-Listen paradigm. In
the Talk condition, participants repeated short “ah” vocalizations
in a self-paced manner. Speech sounds were transmitted back in
real time to the participant through headphones. In the Listen
condition, participants listened to recorded vocalizations from the
Talk condition. N1 peak amplitudes were measured as the max
negative voltage between 60-150 ms (site Cz). rsfMRI and EEG
metrics were age- and site-corrected based on UCP data to
account for normal brain maturation and study site differences.
We tested if mean pons connectivity from significant clusters
correlated with 1) N1 Talk-Listen difference scores among PSP
relative to UCP, and 2) hallucination and delusion severity in PSP.

Results: PSP showed pons hypoconnectivity in two cerebellar
clusters based on a voxel height threshold of z > 3.29 (correspond-
ing to p<.001, two-tailed) and a corrected cluster-significance
threshold of p<.05. Compared to UCP, REL, and CHR-P, PSP
showed hypoconnectivity with the cerebellar vermis IX (d = 0.59).
PSP and REL also showed hypoconnectivity with the right
cerebellar Vllla/Vllb lobules (d =0.56) compared to UCP and
CHR-P. Connectivity values extracted from these cerebellar
clusters were used in the remaining analyses. There was an
interaction between UCP and PSP for the cerebellar vermis IX
cluster (F = 5.45, p = .02), driven by a positive association between
connectivity and N1 auditory suppression for Talk vs Listen in UCP
(p =.02). N1 suppression was not related to cerebellar vermis IX
connectivity in PSP. Pons-cerebellar vermis IX connectivity also
negatively correlated with hallucination (but not delusion) severity
in PSP, specifically PSP with schizophrenia (and not schizoaffective
or bipolar disorder) (t-ratio = —3.09, p = .007). Connectivity within
the Vllla/Vllb lobules was not significantly related to EEG or clinical
measures.

Conclusions: Deficient pons-to-cerebellum connectivity was
present in PSP and REL, but not CHR-P, suggesting a possible
genetic liability. Greater connectivity between the pons and
cerebellar vermis correlated with better N1 suppression in UCP,
suggesting feedback between the pons and cerebellum may help
distinguish self-generated versus external sounds in people
without psychosis. While this N1 association was not found in
PSP, greater pons-to-cerebellar vermis connectivity correlated
with less severe hallucination in PSP with schizophrenia; i.e.,
greater synchrony of the same circuit corresponded with a clinical
marker of sensory prediction success. Together, these findings
highlight both shared features and clinical heterogeneity along
the psychosis spectrum.

Keywords: Resting State Connectivity, EEG, Psychosis, N1,
Efference Copy/Corollary Discharge

Disclosure: Nothing to disclose.

P503. Identification of Kat Ill as a Novel Pharmacological
Target for the Treatment of Cognitive Impairment

Sophie Erhardt*, Yiva Gravenfors, Lilly Schwieler
Karolinska Institutet, Stockholm, Sweden

Background: Cognitive impairment is commonly observed in
patients with psychiatric disorders and infectious diseases, and
there is a lack of pharmacological treatment for this condition.
Growing evidence suggests immune activation to be important
for cognitive dysfunction. Indeed, immune activation increases the
levels of brain kynurenic acid (KYNA), a neuroactive metabolite
interfering with neurotransmission and impairing cognitive
functioning. Kynurenine aminotransferases (KAT I-IV) convert
kynurenine to KYNA. Under normal conditions, KAT Il is
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responsible for 70% of the production of KYNA. However, the role
of KATs in KYNA production during immune activation is not clear.

Methods: Quantitative reverse transcription was used to
analyze the mRNA expression levels and western blot to analyze
the protein expression levels of KAT isoforms (I-IV). To obtain
single-cell transcriptomic profiles, we used publicly available
human postmortem data sources. KYNA levels were quantified
using an ultra-performance liquid chromatography-tandem mass
spectrometry system.

Results: We first observed an upregulation of KAT Il expression
in the mouse brain. Thus, KYNA levels in brain tissue were
measured after repeated lipopolysaccharide (LPS) injections
(2x0.83 mg/kg, i.p.) in wildtype (WT) and KAT Il knockout (KO)
mice. A main effect of treatment and treatment x genotype
interaction was observed. No effect of genotype was found in the
analysis (treatment: F (1, 29) = 50.21, p < 0.0001; Interaction: F (1,
29) =4.722, p = 0.038; genotype: F (1, 29) < 1). Brain KYNA levels
increased following repeated LPS injections in WT (mean + SEM:
WT saline+-saline: 2.3 +0.7 nM (n = 8); WT LPS+LPS: 8.8+ 1.3 nM
(n=28); **p<0.01) and KAT Il KO mice (mean = SEM: KAT Il KO
saline+saline: 0.3+£0.1 nM (n = 8); KAT Il KO LPS+LPS: 12.5+2.0
nM (n=29); ****p<0.0001). Quantification of mRNA expression
levels on all four KATs in mice revealed effects of genotype on KAT
I (F (1,20) =116.0, p < 0.0001), KAT Ill (F (1, 20) =57.1, p < 0.0001)
and KAT IV (F (1, 20) =9.8, p=0.0054). KAT I mRNA was not
detected in KAT Il KO mice. Repeated LPS injections did not affect
KAT |, KAT Il or KAT IV expression levels of mRNA in brain.
However, this treatment was associated with increased KAT llI
mMRNA expression (Treatment: F (1, 20) = 34.3, p<0.0001) in WT
and KAT Il KO mice at P 22 (WT LPS+LPS vs WT saline+saline:
¥*¥p <0.001; KAT Il KO LPS+LPS vs KAT Il KO saline+saline:
*p < 0.05).

Follow-up experiments confirmed that immune activation
induces KAT Il and increases KYNA production in human
fibroblasts, epidermal cells, and monocytes. Interestingly, we
detected increased expression of KAT Ill in post-mortem brain
samples from COVID-19 infected patients. In ongoing effort to
develop selective and potent KAT Il inhibitors (ongoing drug
discovery project together with Science for Life Laboratory,
Stockholm, Sweden), we have data showing that a selective KAT
Il inhibitor effectively reversed the immune-induced KYNA in our
human cell model.

Conclusions: Our study provides evidence that KAT Il is not the
primary enzyme responsible for KYNA production under condi-
tions of immune activation. Instead, our study highlights a critical
role of KAT Ill. These findings have significant implications for the
development of therapeutic strategies aimed at addressing the
cognitive impairments commonly observed in patients with
psychiatric disorders and infectious diseases.

Keywords: Kynurenic Acid, Drug Discovery - New Approaches,
COVID-19, Cognitive Impairment Associated with Schizophrenia,
Cognitive Impairment

Disclosure: Nothing to disclose.

P504. Longitudinal Study of Intrinsic Motivation in Youth at
Risk for Psychosis

Chloe Savage, Greer Prettyman, Paige Didier, Joseph Kable,
Theodore Satterthwaite, Christos Davatzikos, Russell Shinohara,
Monica Calkins, Mark Elliott, Ruben Gur, Raquel Gur, Daniel
Wolf*

University of Pennsylvania, Wynnewood, Pennsylvania, United States

Background: Amotivation in psychosis risk is disabling, lacks
proven treatments, portends a worse prognosis, yet is
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understudied. Most fMRI research on motivation impairment has
examined responses to extrinsic reinforcers (e.g., money). How-
ever, intrinsic motivation (IM), related to internal desires like
mastery or curiosity, may be even more impaired than extrinsic
motivation (EM). We previously demonstrated that fMRI response
in ventral striatum (VS), a core brain motivation region, is greater
for correct than incorrect responses during cognitive tasks even in
the absence of any feedback. This fMRI operationalization of IM is
reduced in schizophrenia as well as youth with subclinical
psychosis spectrum symptoms (PS). Here we describe preliminary
results from a longitudinal study comparing IM and EM during a
challenging cognitive task, in relation to trait self-reported IM and
EM and clinical amotivation. We hypothesized that clinical
amotivation and PS status would be more strongly associated
with impairment in IM than EM. We expected intrinsically
motivated performance to activate VS as individuals internally
evaluate their performance relative to their expectations, and that
VS activation would relate to IM both cross-sectionally and
longitudinally.

Methods: Data collection for 2-year longitudinal follow-up (T2)
was recently completed, achieving 67% retention of participants
who completed the identical baseline (T1) procedures. Preliminary
results here utilized the fMRI-analyzable T1 sample of 95
individuals with PS and 31 typically developing controls (TD)
aged 16-26 (40% female, group-balanced); at T2 there were 64 PS
and 21 TD. During fMRI, participants performed a visual fractal
memory task, under three counterbalanced feedback conditions:
1) none 2) accuracy information 3) monetary. On each trial,
participants identified which of two presented fractals was the
one viewed previously during pre-scan encoding. Trials included
three phases: choice, confidence rating, and feedback, separated
by jittered delays. fMRI analysis focused on VS, together with
secondary regional and whole-brain analyses. The primary
measure of IM was our new brief self-report measure of trait-
like/general IM; additional study measures include clinical
amotivation and other negative symptoms (CAINS), positive
symptoms (SIPS, PRIME), self-reported and behavioral (free-choice)
measures of task IM, and a behavioral discounting battery. MRI
data also included structural MPRAGE and resting state BOLD
(ABCD sequences).

Results: At T1, PS showed elevated clinical amotivation (CAINS)
(t=6.2, p<0.001) and impaired trait IM (t=2.6, p=0.01), but
intact trait EM (t=0.14, p =.89), CAINS amotivation correlated
more strongly with self-reported trait IM (all: r=—0.37, p < 0.001;
PS only r=—0.29, p =0.005) than EM (all: r=—0.09, p = 0.33; PS
only:r=—0.10, p = 0.35). fMRI revealed robust VS activation to the
fractal stimulus (memory choice) phase, to parametric variation in
across-trial confidence ratings during choices, to correct vs.
incorrect feedback and to across-trial prediction errors (out-
come-confidence) during feedbacks (p’s<0.01). VS activation
during the choice phase across feedback conditions was
dimensionally related to IM (t=3.85 p<0.001) but not EM
(t=1.26, p=0.21) across all participants, controlling for group
status. VS activation did not show significant categorical PS vs. TD
differences. At T2, 67% of PS and 68% of TD returned, with no
significant retention differences within based on clinical amotiva-
tion or trait IM (p's > 0.10).

Trait-like IM and EM correlated robustly across T1 and T2 (IM
r=0.67; EM r=.67), showing greater two-year stability than the
CAINS clinical interview amotivation measure (r=0.55) or the
3-item IM measure from the Quality of Life Scale (r=0.44).
Preliminary analysis of T2-only fMRI data showed the same pattern
of VS activation relating to IM seen at T1, and 2-year change
(T2 minus T1) in VS activation significantly related 2-year change
in IM (p < 0.05, corrected).

Conclusions: Our findings support the hypothesis that intrinsic
motivation is selectively impaired in PS and selectively related to
clinical amotivation, relative to extrinsic motivation. The fMRI
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results demonstrate that VS responses during a challenging
cognitive task indeed reflect internally generated reinforcement
signals related to accuracy and confidence, as well as to self-
reported trait IM. Preliminary longitudinal analysis suggests that
trait-like IM is fairly stable over two years, but also exhibits
meaningful change that correlates with change in VS activation.
Thus, VS encodes IM-related task responses both cross-sectionally
and longitudinally. Our ultimate goal is to characterize neural
mechanisms of amotivation and develop biomarkers for
neurobehaviorally-defined amotivation dimensions or subtypes.
These biomarkers will be tested for prognostic utility and as
moderators or mediators for early interventions in at-risk youth.
Keywords: Psychosis-Risk, Intrinsic Motivation, Avolition, fMRI
Disclosure: Nothing to disclose.

P505. Weaker Surround Suppression in Schizophrenia is
Consistent With Narrower Spatial Attention

Michael-Paul Schallmo*, Samantha Montoya, Hannah Moser,
Scott Sponheim

University of Minnesota, Minneapolis, Minnesota, United States

Background: In the visual illusion known as surround suppression,
the salience of a central stimulus is reduced by the presence of a
surrounding image. Previous studies from our group and others
have shown that this illusion is weaker among people with
schizophrenia. A recent study from our group (Pokorny et al,
2023) found weaker surround suppression in schizophrenia for
center stimuli with orthogonal surrounds, but no difference for
parallel surrounds. In that study, relative orientation served as the
primary cue for segmenting (or grouping) center and surround.
Cues for segmentation and grouping can influence the allocation
of visual attention. As abnormal spatial attention is well
documented in schizophrenia, one possibility is that there may
have been differences in the allocation of spatial attention
between groups. Recent studies have shown that narrower spatial
attention yields weaker surround suppression in healthy adults.
Methods: In a series of experiments, we examined how task
manipulations that influenced center-surround grouping affected
the surround suppression illusion among people with schizo-
phrenia and healthy controls. In Experiment 1, we measured
surround suppression using a visual contrast discrimination task,
in which grouping cues were strong (i.e., simultaneous center and
surround onset, parallel orientation). Experiment 1 included data
from 33 healthy controls and 31 people with schizophrenia (both
sexes). In Experiment 2, we measured surround suppression of
perceived contrast across conditions in which grouping cues
varied (i.e., surround onset preceded center, parallel or orthogonal
surrounds, presented to the same or to opposite eyes). Experiment
2, which is ongoing, included 27 healthy controls and 18 people
with schizophrenia (both sexes). Finally, we used an established
computational model based on divisive normalization (Reynolds
and Heeger, 2009) to explore how broader vs. narrower spatial
attention may affect the strength of surround suppression.
Results: In Experiment 1, we quantified surround suppression
by measuring the ratio of contrast discrimination thresholds for
parallel surrounds / no surrounds. Surprisingly, suppression was
stronger among people with schizophrenia vs. controls (Wilcoxon
rank sum, Z=—1.96, p =0.050). We did not observe significant
differences in surround suppression among people with bipolar
disorder (n =20), nor among biological relatives of people with
psychosis (n=44) vs. controls. In Experiment 2, we measured
suppression of perceived contrast for parallel and orthogonal
surrounds presented to the same or opposite eyes. Here, we found
significantly weaker surround suppression among people with
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schizophrenia (ANOVA, main effect of group, F(1,43)=6.86,
p=0.012; group x condition, F(4,172)=2.63, p=0.036), in
agreement with previous findings in the literature. Our computa-
tional modeling results were consistent with the idea that
differences in attention between groups could modulate the
strength of surround suppression. In particular, our model showed
that narrower spatial attention could evoke weaker surround
suppression, whereas broader attention made suppression
stronger.

Conclusions: Significantly weaker surround suppression in
schizophrenia was observed only when center and surrounding
stimuli were easily segmented (Experiment 2). When grouping
cues were strong (Experiment 1), people with schizophrenia
instead showed stronger suppression. Using a computational
model, we found that this pattern of results was consistent with
differences in the width of spatial attention across groups and
experiments. In particular, people with schizophrenia may have
particularly struggled to segment center and surrounding stimuli
in Experiment 1, leading to broader spatial attention and stronger
surround suppression. In Experiment 2, stronger segmentation
cues may have allowed people with schizophrenia to focus their
attention more narrowly on the center stimuli, yielding weaker
suppression compared to controls.

Keywords: Psychosis, Visual
Context

Disclosure: Nothing to disclose.
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P506. Medial Frontal GABA in Psychosis: Preliminary Results
From an Ongoing Study

Molly Simmonite*, Clara Steeby, Kristin Mannella, Ivy Tso,
Melvin Mclinnis, Luis Hernandez-Garcia, Scott Peltier, Stephan
Taylor

University of Michigan, Ann Arbor, Michigan, United States

Background: Multiple lines of evidence support the hypothesis
that abnormalities of the gamma aminobutyric acidergic (GABAer-
gic) system play a role in psychosis. Magnetic Resonance
Spectroscopy (MRS) can quantify regional GABA concentrations
non-invasively and has revealed differential patterns of regional
medial frontal cortex (MFC) GABA alterations in patient groups
with psychosis. In schizophrenia, reduced GABA concentrations
have been observed in mid- and posterior MFC, whereas increased
GABA in more rostral regions of MFC has been shown in bipolar
disorder. In addition, lower GABA concentrations in MFC are
associated with higher levels of negative affect and poor tolerance
for stress - traits which are frequently present in individuals with
psychosis. Here, we present a preliminary analysis from a large,
multimodal dataset, investigating regional MFC GABA concentra-
tions in schizophrenia and bipolar disorder, as well as exploring
relationships between these regional GABA concentrations and
levels of negative affect.

Methods: Participants included 25 patients with schizophrenia
spectrum disorders (schizophrenia, schizoaffective disorder and
psychotic disorder not otherwise specified; 15 women, 10 men),
21 bipolar | patients with a history of psychosis (13 women, 8
men), and 34 demographically matched healthy control partici-
pants (17 women, 17 men). All patient participants were on stable
doses of psychotropic medication. To estimate GABA, MRS data
was acquired using a MEGA-PRESS sequence, from three distinct
voxels in MFC- the posterior medial frontal cortex, the rostral
anterior cingulate cortex, and the dorsomedial prefrontal cortex.
MRS data were preprocessed and modelled using the Gannet 3.3
toolbox, and GABA estimates were corrected for voxel tissue
composition. Participants also completed the 9-item version of the
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Psychological Stress Index (PSI9), a self-report measure of
sensitivity to stress, on the same day as the MRS session.

Results: Interim analysis revealed there were no significant
differences between groups in any of the three MRS voxels. In the
healthy control participants, lower GABA concentrations in rostral
anterior cingulate cortex exhibited the predicted association with
higher PSI9 scores (r34 = —.41, p =.03). There were no significant
relationships between PSI9 and GABA estimates in the posterior
medial frontal cortex or dorsomedial prefrontal cortex, or in either
of the patient groups in rostral anterior cingulate cortex.

Conclusions: Our findings are in line with previous evidence
supporting a link between higher levels of negative affect and
lower GABA concentrations in the medial frontal cortex, although
we have so far failed to find group differences in GABA
concentrations. Surprisingly, we did not find evidence of a
relationship between negative affect, measured as stress sensitiv-
ity, in patients with psychosis. These results are, however,
preliminary and data collection is ongoing.

Keywords: Magnetic Resonance Spectroscopy, GABA, GABA
MRS, Negative Affect

Disclosure: Nothing to disclose.

P507. Neural Markers of Loneliness and Isolation in Psychotic
Disorders and Associations With Trust and Social Distance

Faye McKenna*, Louis Vinke, Mona Avanaki, Daphne Holt

Harvard Medical School/MGH, Charlestown, Massachusetts, United
States

Background: For the past several decades, public health experts
have called attention to an “epidemic” of loneliness (perceived
isolation) and social isolation (objectively few social contacts or
interactions) in the general population that was exacerbated by
the COVID-19 pandemic. Recent data have also shown that
loneliness and isolation are particularly common in those suffering
from a psychotic disorder, affecting ~80% of people with these
conditions. Previous research has linked loneliness and isolation in
the general population to poor cardiometabolic health and
premature mortality, yet little is known about the psychological
and neurobiological underpinnings of these associations and how
they vary in different populations. However, some clues have
emerged from studies showing that certain cognitive and
behavioral biases are associated with loneliness, including a bias
towards social mistrust and sensitivity to rejection, and a tendency
to maintain a greater physical distance (“personal space”) from
others. In the current study, we employed a fMRI paradigm and
analytic approach that exploited these biases, with the goal of
identifying biases in neural responses associated with loneliness
and isolation in people with and without psychotic disorders.
Methods: Functional and structural MRI data, alongside clinical
assessments and self-report scales measuring loneliness (the UCLA
Loneliness Scale), amount of social contact (the Social Network
Index, SNI) and social withdrawal (the Time Alone Questionnaire
(TAQ)), were acquired for 100 individuals, 37 with a diagnosis of
either an affective (N=17) or non-affective (N=20) psychotic
disorder (PD) and 63 age- and sex-matched healthy controls (HC).
During acquisition of fMRI data, participants viewed images of
human faces which either increased in size (approaching) or
decreased in size (withdrawing) at the rate of change equivalent
to a typical walking speed (the Looming task). Each fMRI scan
included 16 task trials where race and gender of the faces were
pseudorandomized. Following the scanning, participants rated the
trustworthiness of each face they had viewed. Freesurfer's
Functional Analysis Stream (FS-FAST) was used for post-
processing of the fMRI data and implemented motion correction,
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slice timing correction and registration to the anatomical scan for
region-of-interest analysis. Freesurfer's general linear model (GLM)
tool was used to generate individualized contrast effect size (CES)
maps for each participant by contrasting approaching versus
withdrawing faces weighted by perceived face trustworthiness.
Subsequently, voxel-wise GLM group-level analyses were con-
ducted to: 1) identify regions activated by the task (approach vs.
withdrawal contrast), 2) test for HC versus PD group differences
covarying for potentially confounding clinical measures, and 3)
quantify the association between the fMRI task response and
scores on the UCLA loneliness scale, SNI and TAQ measures. The
regression analyses were conducted in the whole group and in the
HC and PD groups separately. A clusterwise correction for multiple
comparisons of p <.001 was applied to all analyses.

Results: The PD group had significantly higher levels of
loneliness, social isolation and social withdrawal than the HC
group, as expected (all p Withdrawal activation in the hippocam-
pus, striatum and hypothalamus. Social isolation was linked to
variation in responses of the same areas, as well as the amygdala
and parahippocampal gyrus regions. When the loneliness regres-
sion analysis accounted for levels of social isolation, responses of
the striatum, hippocampus and thalamus were associated with
loneliness. Of note, the pattern of findings in the HC and PD
groups were similar to each other and to that of the whole group.

Conclusions: Loneliness and social isolation may be associated
with a greater response to stimuli that signal social withdrawal
(i.e., withdrawing faces) in subcortical brain regions involved in
emotion, memory, and homeostatic regulation. This pattern of
response was evident across the PD and HC groups, suggesting
that it may represent a transdiagnostic neural marker of loneliness
and isolation. Such a marker could inform intervention develop-
ment or early detection and monitoring efforts. Ongoing work will
test whether this putative marker is linked to some of the known
systemic effects of loneliness and isolation (cardiometabolic and
inflammatory dysregulation) and whether such effects play a role
in the poor health outcomes and earlier mortality associated with
psychotic disorders.

Keywords: Psychotic Disorders, Loneliness, Task fMRI
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P508. Neural Activity During Cognitive Empathy is Associated
With Social Functioning and Negative Symptoms in
Schizophrenia: Preliminary Analyses

Amy Jimenez*, Arpi S. Hasratian, Ana Ceci Myers, Eric A. Reavis,
Jonathan K. Wynn, Melodie Yen, Michael Green

Greater Los Angeles VA Healthcare System, Los Angeles, California,
United States

Background: Empathy deficits are well established in schizo-
phrenia, and contribute to poor social functioning. Empathy may
be defined as the ability to understand and share the perspectives
and mental states of others. Cognitive empathy is a deliberate,
effortful process that involves taking the perspective of others,
ranging from simple visual perspective taking (e.g., inferring which
objects someone else sees) to making complex inferences about
another's feelings, beliefs, and intentions. It is consistently
impaired in schizophrenia. In healthy adults, cognitive empathy
is associated with activation in several brain regions, including
medial prefrontal cortex (mPFC) and posterior cingulate/precu-
neus (PCC). Functional implications associated with alterations in
activity in these regions during cognitive empathy tasks are
unknown.

Methods: In this task-based functional magnetic resonance
imaging (fMRI), we examined neural activity during a mentalizing
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task designed to isolate processing specific to cognitive empathy
in a preliminary sample of 28 individuals with schizophrenia and
23 nonpsychiatric comparison individuals. In this task, participants
are asked to take the perspective of a “director” that is either the
same as or different from their own perspective, depending on
where the director is located. Participants must use this
information to correctly determine which object on a set of
shelves should be moved at the director’s request. The primary
behavioral dependent variable is accuracy by condition, and the
primary fMRI contrast of interest is trials in which the participant
and director have the same perspective vs. trials where they have
different perspectives. Beta weights extracted from regions of
interest (ROIs) were analyzed with repeated measures ANOVA for
within and between-group effects. Association between condition
effects and measures of social functioning and negative symp-
toms were examined using bivariate correlation.

Results: Individuals with schizophrenia showed significantly
lower accuracy across conditions compared to comparison
participants (t(49) = —5.63, p<.001). There was a significant
condition by group interaction (F(1,49) =7.06, p =.011) such that
accuracy did not vary by condition for the comparison group, but
individuals with schizophrenia performed worse when taking a
different perspective from their own. ROl analyses revealed a
typical pattern of activation in both groups, with deactivation of
mPFC and greater activation of PCC during the different versus
same perspective condition (F(1,49) =12.49, p <.001). However,
individuals with schizophrenia had significantly less deactivation
of mPFC than comparison participants (F(1,49) =9.10, p =.004). In
individuals with schizophrenia, activity in PCC during both task
conditions was positively correlated with social functioning (RFS
social functioning scale score; r=.67, p=.001 and r=.68,
p <.001, respectively) and negatively correlated with negative
symptoms (CAINS Expressive subscale score; r=—.58, p=.008
and r=—.70, p <.001).

Conclusions: Results from this study help to elucidate our
understanding of cognitive empathy deficits in schizophrenia,
including their neural correlates, and their functional implications.
The extent to which individuals with schizophrenia tend to
activate posterior versus anterior cortical midline regions during
other-oriented processing is reflected in better social functioning
and fewer negative symptoms. This pattern of activity may be
compensatory for disrupted self-oriented processing and inade-
quate self-other boundary observed in the disorder.

Keywords: Empathy, Schizophrenia, Functional MRI (fMRI),
Social Functioning, Negative Symptoms
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P509. Advanced Brain Age in Early lliness Schizophrenia and
Clinical High-Risk Conversion and Associations With
Experiential Negative Symptoms

Jessica Hua*, Samantha Abram, Rachel Loewy, Barbara Stuart,
Susanna Fryer, Sophia Vinogradov, Daniel Mathalon

UCSF and San Francisco VA Medical Center, San Francisco, California,
United States

Background: Brain aging is not uniform across individuals and is
shaped by the interplay among genes, environment, lifestyle, and
health. Advanced brain aging is associated with deleterious
processes such as underlying health problems, chronic stress
and worry, and psychiatric disorders. These insights have
motivated research to characterize aging from a biological
perspective, relative to chronological age, to better model the
effects of disease and other maladaptive life processes on the
brain. One example of these efforts is the use of machine learning
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models that use high-resolution and multidimensional structural
magnetic resonance imaging (MRI) data to predict chronological
age for a given individual, thereby deriving a proxy of a person'’s
biological brain age. The difference between the predicted brain
age from these models and chronological age is commonly known
as the brain age gap. There is consistent evidence that biological
aging processes may occur at an earlier or more rapid rate in
schizophrenia, with longitudinal research showing the greatest
acceleration rate in the early years of the disorder. In comparison,
evidence for advanced brain aging effects in individuals at clinical
high-risk for psychosis (CHR-P) are less established, and it's unclear
whether advanced brain aging serves as a risk factor for escalation
to a full psychotic disorder. Advanced brain aging is also related to
a greater negative symptom burden. Because most studies to date
assessed negative symptoms via global (and consequently,
heterogenous) metrics, the question remains as to whether
advanced brain aging corresponds with more specific facets of
schizophrenia symptoms. We therefore sought to replicate prior
findings of advanced brain age in early illness schizophrenia (ESZ),
and to test whether advanced brain age represents a psychosis
conversion biomarker in CHR-P, and how brain aging maps onto
specific symptom facets, including individual negative symptom
domains.

Methods: Using structural MRI, we compared brain aging
among CHR-P (n=51), ESZ (n=78), and healthy control (HC;
n=90) participants. To examine associations with psychosis
conversion, we compared brain aging in CHR-P individuals who
converted to psychosis (n =10) and CHR-P individuals who were
clinically followed for 2 years without converting (n = 23). Further,
in CHR-P and ESZ, we examined brain aging associations with
specific negative and positive symptom subdomains. For negative
symptoms, we separately examined experiential (avolition and
anhedonia items) and expressive (affective flattening and alogia
items) subdomains. For positive symptoms, we examined
hallucinations, delusions, suspiciousness, grandiosity, bizarre
behavior, and disorganized communication subdomains. The
Centile BrainAGE algorithm, which was formulated and tested
on over 40,000 Enhancing Neuro Imaging Genetics by Meta-
Analysis (ENIGMA) participants, was used to compute the brain
age gap (i.e., predicted brain age minus chronological age). This
algorithm encompassed the age range of our study participants
and showed good model fit in all three groups as depicted by low
mean absolute error scores.

Results: ESZ showed a larger brain age gap (i.e., “older-looking”
brains) relative to HC and CHR-P (ps <.010). Although CHR-P as a
whole did not show advanced brain aging, CHR-P individuals who
converted to psychosis (n=10) showed a larger brain age gap
(p =.043; Cohen’s d = 0.67) relative to CHR-P who were followed
for 2 years without converting (n = 23). Greater brain age gap in
ESZ was correlated with longer duration of illness (pFDR = .040)
and greater negative experiential symptoms (pFDR =.008), but
not negative expressive symptoms (pFDR =.726). Greater brain
age gap scores correlated with greater negative experiential
symptoms even after accounting for expressive symptoms and
duration of illness (ps <.002). Post-hoc tests of the two negative
experiential symptom subdomains comprising the experiental
facet showed that greater brain age gap was positively associated
with both avolition (p =.001) and anhedonia (p = .027). Brain age
gap did not correlate with positive symptoms or or CPZ dosage
equivalents (psFDR>.726). In CHR-P, brain age gap was not
correlated with clinical symptom severity (psFDR > .537).

Conclusions: These findings highlight the importance of future
mechanistic studies that further explore the factors related to
advanced aging in schizophrenia and its associations with
negative experiential symptoms. Our brain age findings can guide
future efforts to disentangle natural age-related processes from
disease specific changes in the early stages of schizophrenia, and
lead to advances in predicting which CHR-P individuals are more

Neuropsychopharmacology (2023) 48:355 - 495



likely to convert to a full psychotic disorder. Our work also informs
research concerned with motivational deficits in schizophrenia,
raising future inquiries as to whether interventions that reduce
and/or prevent brain aging advancements could correlate with
enhanced goal-directed behavior and functioning.

Keywords: Brain Age, Schizophrenia (SCZ), Clinical High-Risk of
Psychosis, Magnetic Resonance Imaging, Negative Symptoms
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P510. Mapping Heterogeneous Patterns of Brain Atrophy in
Schizophrenia to a Common Brain Network

Ahmed Makhlouf*, William Drew, Jacob Stubbs, Joeseph Taylor,
David Silbersweig, Michael Fox, Shan Siddiqi

Brigham and Women’s Hospital, Harvard Medical School, Boston,
Massachusetts, United States

Background: Schizophrenia presents significant heterogeneity in
its neuroanatomical correlations across various neuroimaging
studies, particularly in regard to brain atrophy patterns. This
variability impedes the development of reliable biomarkers or
targeted interventions. Amidst this heterogeneity, we hypothe-
sized that atrophy coordinates reported in published studies of
patients with schizophrenia would converge to a common brain
network unique to the disorder.

Methods: To test our hypothesis, we utilized the human
connectome as a wiring diagram and employed coordinate network
mapping (CNM)—a method that identifies network-level connec-
tions between heterogeneous brain coordinates. While traditional
neuroimaging meta-analytic approaches such as activation like-
lihood estimation (ALE) identify common brain regions across
studies, CNM enables the mapping of brain disorders to connected
brain networks. Our analysis incorporated data from 113 published
studies, totaling more than 11,000 individuals. Our sample included
patients with schizophrenia (n = 3,756), individuals at high risk for
psychosis (n = 1,507), and healthy controls (n = 6,007).

Results: We identified a common brain network preferentially
connected to atrophy coordinates in schizophrenia, which we
refer to as the ‘schizophrenia network’. After correcting for
multiple comparisons (p <0.05), the anterior cingulate cortex
and the mid-insula, bilaterally, emerged as peak areas in the
network. The schizophrenia network is distinct from atrophy
patterns observed in high-risk individuals (including clinical and
genetic high risk), normal aging (n =4,195), neurodegenerative
disorders (n = 3,707), and other psychiatric conditions (n = 3,432).
Moreover, it remains stable with disease progression and across
various clusters of psychotic symptoms. Interestingly, we found
that patterns of brain atrophy in schizophrenia were negatively
correlated with lesions associated with psychosis-related thought
processes in an independent cohort of patients with penetrating
head trauma (p < 0.05) (n=181).

Conclusions: We identified a unique, stable, and unified
schizophrenia network, addressing a significant portion of the
heterogeneity observed in prior atrophy studies. The stability of
this network across disease progression underscores its potential
as a trait-like characteristic, and its uniqueness suggests it could
be useful for development of biomarkers and brain stimulation
targets in patients with schizophrenia. Our findings also challenge
traditional understanding, revealing that brain atrophy in schizo-
phrenia could represent a compensatory process. Future studies
may investigate this network further, potentially leading to
improved diagnostic and therapeutic strategies for schizophrenia.

Keywords: Schizophrenia (SCZ), Brain Networks, Neuroimaging

Disclosure: Nothing to disclose.
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P511. Sex Differences in the Functional Network Correlates of
Childhood Psychosis-Like Experiences

Elvisha Dhamala*, Sidhant Chopra, Leon QR Ooi, Jose Rubio, BT
Thomas Yeo, Anil K. Malhotra, Avram J. Holmes

Feinstein Institute for Medical Research, Glen Oaks, New York, United
States

Background: Sex differences exist in the prevalence, expression,
and treatment of psychotic disorders. Males exhibit earlier onset
and greater negative symptoms, while females display greater
affective symptoms and greater social functioning. However,
whether these differences exist in childhood psychosis-like
experiences and map onto neurobiological correlates is not
yet known.

Brain-based predictive models can successfully capture the
neural correlates of cognition, personality, and psychopathology,
and predict these behaviors at an individual level. Recently, sex-
specific models-compared to sex-independent ones-have shown
promise when studying behaviors and psychiatric illnesses with
known sex differences. These models quantify brain-behavior
relationships that are specific to each sex to yield individually
tailored biomarkers of behavior.

Here, we leverage sex-specific brain-based predictive modeling
approaches to establish the neural correlates of childhood
psychosis-like experiences in a large-scale sample of children
and adolescents.

Methods: Using resting-state functional MRI and behavioral
data from the Adolescent Brain Cognitive Development dataset
(n=5260, ages 9-10, 2571 females), we characterize the resting-
state functional connectivity correlates of childhood psychosis-like
experiences in a sex-specific manner.

We assessed sex differences in the number and overall severity
of symptoms (including hallucinations and delusions). We then
trained sex-specific linear ridge regression models using k-fold
cross-validation to predict number of symptoms and severity
based on functional connectivity at an individual-level. Data were
split into 100 training/test sets, and separate models were
optimized and trained to predict number of symptoms and
severity (measured using the Prodromal Questionnaire) on the
training sets and evaluated for accuracy in the test set. Prediction
accuracy is defined as the correlation between the true and
predicted behavioral scores and averaged across all splits. We
used exact tests for differences to evaluate whether prediction
accuracies were better than chance, as determined by 1000 null
permutations.

Feature weights were extracted from the models and Haufe-
transformed to improve reliability and interpretability. We
evaluated correlations between the Haufe-transformed feature
weights corresponding to the models trained across sexes and
measures.

All analyses presented in this abstract are new and have not yet
been published.

Results: Males reported a greater number of overall symptoms
than females (t =2.51, p = 0.01), but there were no sex differences
in severity (t=0.35, p=0.72).

Brain-based models accurately predicted the number of
symptoms in males (prediction accuracy, r=0.100, p=0.003)
and females (r = 0.085, p = 0.008), as well as the overall severity in
males (r=0.114, p =0.001) and females (r =0.081, p = 0.007).

Brain functional connectivity patterns associated with number
of symptoms and severity were strongly correlated across
measures (r = 0.97 for females, r = 0.97 for males), and moderately
correlated across sexes (r = 0.58 for number of symptoms, r = 0.57
for severity).
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Functional connections within/between limbic and somatomo-
tor networks were associated with the expression of psychosis-like
symptoms in males, whereas connections within/between limbic,
temporal parietal, default, and attention networks were associated
in females.

Conclusions: Sex differences in the expression of psychosis-like
experiences begin to emerge in childhood. Both the presence and
the severity of these symptoms can be reliably predicted based on
individual functional connectivity. Moreover, these symptoms are
associated with distinct functional networks in males and females.

In males, brain-based correlates are largely found within
unimodal sensory networks whereas in females, they are
dispersed throughout heteromodal association networks. Func-
tional network maturation follows a unimodal to heteromodal
gradient, and typically occurs 1-2 years earlier in females. The
stronger relationships observed between heteromodal networks
and the expression of symptoms observed in females may reflect
the different network maturation trajectories that males and
females exhibit during this developmental stage. Further research
is needed to quantify whether these unique correlates across the
sexes are tied to the differential expression of positive and
negative symptoms.

Taken together, these results suggest that distinct functional
network correlates underlie the expression of childhood
psychosis-like experiences across the sexes. As such, the use of
sex-specific brain-based prediction models may yield more
accurate markers for early diagnosis and intervention for psychosis
than sex-independent ones.

Keywords: Brain-Based Predictive Modeling, Resting State
Functional Connectivity, Sex Differences, ABCD, Psychosis
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P512. Disorganization Disrupts the Core: Localizing Clinical
Dimensions of Speech and Language Disturbance Within
Clause Structure Using Multi-Layered Semantic Graph
Analysis

Amir Nikzad*, Yan Cong, Sarah Berretta, Leily Behbehani,
Sameer Pradhan, Sunny Tang

The Feinstein Institute for Medical Research/Zucker Hillside Hospital,
Northwell Health, Queens, New York, United States

Background: Natural language processing (NLP) has been shown
to detect features that are meaningful in predicting psychosis and
its disease dimensions, but the specific relationships between NLP
features and different dimensions of speech disturbance are
poorly understood. Three latent factors have been identified for
speech and language disturbances: impaired expressivity, ineffi-
ciency, and incoherence. One way to capture signals related to
these clinical dimensions of speech disturbance is by using
mathematical features describing the size, connectedness, and
organization of semantic speech graphs. In order to generate
more sensitive and specific linguistic features, we sought to
localize graph features to different semantic domains within the
clause structure. Clauses can be divided into a core element which
captures the primary action (who does what to whom), and
peripheral elements which convey secondary information related
to the time, location, and/or manner of the primary action. We
hypothesize that disorganized speech dimensions (inefficiency
and incoherence) are reflected by disturbances to the core of the
clause structure whereas impaired expressivity is equally dis-
tributed over the core and periphery. The tool used in this
study will be freely available at: http://huggingface.co/spaces/
amirhnikzad/MLSG_01.
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Methods: Speech samples were collected from a transdiagnos-
tic cohort of participants with (n=27) and without (n=44)
psychosis, in response to picture description and autobiographical
prompts. Transcribed samples were divided into constituent
sentences. Each sentence underwent automated semantic role
labeling (SRL) to annotate predicates, active/passive arguments,
and non-argument expressions related to setting (time and
location), and manner. Subsequently, each sample was dissected
into five semantic layers corresponding to: 1) flow of predicates:
connect each predicate to the next; 2) predication: connect
predicates to their active/passive arguments; 3) action: connect
active arguments to passive arguments; 4) setting: connect
spatiotemporal expressions to predicates; and 5) manner: connect
expressions of manner (e.g., general adverbs) to predicates. Each
semantic layer was represented as a graph where nodes
represented linguistic entities (predicates, arguments, and non-
argument expressions) and edges represented semantic relations.
The graph features describing size (number of edges and largest
connected component - LCC), connectedness (density, average
weighted degree — AWD, number of connected components -
NCC, and largest strongly connected component LSCC), and
organization (clustering coefficient — CC, number, and size of
connected components as compared with random graphs -
NCCZ, LCCZ, and LSCCZ) of each semantic layer were computed
task-wise and averaged per participant.

For clinical characterization of speech and language distur-
bance, each participant was rated on the Scale for Assessment of
Thought Language and Communication (TLC) and two items from
the Scale for Assessment of Negative Symptoms (SANS; decreased
vocal inflection and increased latency). Impaired expressivity,
inefficiency, and incoherence factor scores were computed based
on previously published methods.

The relationships between NLP features and dimensions of
speech disturbance were separately evaluated for the semantic
core and periphery. The effects were quantified using Spearman'’s
rank correlation coefficient.

Results: Impaired expressivity showed multiple strong and
significant correlations with graph features of all semantic layers
(absolute rho =0.2-0.6). There were also equal strengths of the
relationships to graph features describing size, connectedness,
and organization.

Inefficiency and incoherence showed more specificity toward
layers representing the core of the sentence (flow, predication,
and action). Incoherence was significantly correlated with LSCCZ
and NCC in the flow layer (absolute rho = 0.2-0.3), CC, NCC, and
LSCC in the predication layer (absolute rho=0.21-0.27), and
density, NCC, and LCCZ in the action layer (absolute rho = 0.2-0.3).
Inefficiency was significantly correlated with NCC in the flow layer
(rho=—0.21), LSCC in the predication layer (absolute rho: 0.2-
0.27), and AWD, LCC, LSCC, NCCZ, LCCZ, and LSCCZ in the action
layer (absolute rho = 0.2-0.3).

Conclusions: Consistent with our hypothesis, impaired expres-
sivity and disorganized speech dimensions (incoherence and
inefficiency) showed different patterns in the core vs. periphery of
clause structure. Disorganized speech was more evident in the
core: information related to events and their respective partici-
pants. Impaired expressivity was associated with a generalized
shrinkage in all semantic layers. Because disorganization has
different clinical implications compared to impaired expressivity, it
is important to be able to identify these dimensions separately
using NLP. Our findings enable us to incorporate features
selectively based on their semantic localization, thereby allowing
us to target clinical speech disturbances more specifically and
more robustly.

Keywords: Natural Language Processing (NLP), Formal Thought
Disorder, Semantic Speech Graph, Disorganization, Network
Analysis
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P513. GPT Reveals Selective Impairments in Global Vs. Local
Context Use in Speech Among Treatment-Naive Patients With
Positive Thought Disorder

Gina Kuperberg*, Victoria Sharpe, Sabrina Ford, Samer Nour
Eddine, Lin Wang, Lena Palaniyappan

Massachusetts General Hospital and Tufts University, Medford,
Massachusetts, United States

Background: The advent of large language models is revolutio-
nizing psychosis research, offering excellent discriminatory
capabilities to distinguish between patients and control partici-
pants. However, they have not yet been used to quantify or
understand the most prominent language atypicality in schizo-
phrenia—disorganized language production, i.e., positive thought
disorder. Psychopathologists have long characterized positive
thought disorder as relying on relationships between individual
words (local context) at the expense of broader discourse
coherence (global context). Until now, however, there has been
no way to objectively and automatically characterize the relation-
ship between words and their prior context in natural speech.
Instead, to assess thought disorder, clinicians and researchers are
reliant on subjective, time-consuming rating scales. Here, we use
GPT-3 to quantify the influence of global vs. local context on each
word in speech samples produced by a large sample of treatment-
naive, first-episode psychosis patients. This allowed us to
determine (a) the extent to which each word'’s surprisal relies on
global vs. local context in patients vs. controls, and (b) whether the
degree of selective dependence on local vs. global context
specifically predicts the severity of positive thought disorder.

Methods: Seventy first-episode psychosis patients (all unmedi-
cated and treatment-naive) and 36 demographically-matched
control participants described three pictures, each for approxi-
mately one minute. After speech transcription, we used GPT-3 to
extract the probability of each word while manipulating the
amount of context the model had access to. The surprisal (i.e.,
negative log probability) of each word, based on these different
context lengths, served as the dependent measure in a series of
linear mixed-effects models with which we tested our primary
hypotheses. Thought disorder was assessed using the Thought
and Language Index (TLI). Symptoms more generally were
assessed using the PANSS. Finally, domain-general cognitive
function was assessed using Semantic Fluency, Digit-Symbol
Substitution, and the Trail-Making Test.

Results: We began by comparing the surprisal of each word
using all available context to its surprisal with no context
(estimated by replacing prior words with random words from an
unrelated speech sample). This revealed a significant interaction
between Context and Group (Est. =.322, p =.001), indicating that
patients were less able than controls to use the available prior
context to reduce the surprisal of each word they produced. We
then asked the key question of whether this was driven by a
selective impairment in using global vs. local context by titrating
the window of context GPT had access to (from 1 to 50 prior
words). We found a significant interaction between Log Context
Length and Group (Est.=.086, p <.001), such that, as context
length increased, the differences in surprisal between patients and
controls became increasingly larger, indicating a disproportionate
deficit in the use of global context in schizophrenia. This effect
could not be explained by atypical domain-general cognitive
function in patients. Most importantly, within the patient group,
graded insensitivity to global-vs.-local context predicted the
severity of positive thought disorder (assessed via the Disorgani-
zation subscore of the TLI). This effect was specific: There was no
evidence of a relationship with overall symptom severity (PANSS
total) or negative thought disorder (TLI Impoverishment subscore).
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Conclusions: We show, for the first time, that global-vs.-local
surprisal selectively predicts positive thought disorder in first-
episode schizophrenia. This has several important implications.
First, from a clinical perspective, we provide a measure that could
be developed into a sensitive linguistic biomarker for fast,
automated, and objective quantification of language disorganiza-
tion. Such a biomarker could facilitate early detection of illness,
symptom monitoring, prediction of outcome, and possibly the
trajectory of thought disorder over time. It could also potentially
provide a sensitive measure for detecting more subtle, subclinical
atypicalities in communication that might impair psychosocial
functioning in schizophrenia. Second, from a neurocognitive
perspective, these findings directly bridge clinical characteriza-
tions of thought disorder in natural speech with neurocognitive
evidence for selective deficits in the processing of global vs. local
information in language comprehension, as well as in other
perceptual and cognitive domains. Third, from a neurocomputa-
tional perspective, these findings are consistent with hierarchical
generative models of psychosis. These theories posit that
uncertainty over global representations, represented over longer
time-scales at the highest levels of the cortical hierarchy, results in
weaker predictions being propagated down to lower cortical
levels, representing individual words, leading to reduced suppres-
sion of word-level surprisal (prediction error). To directly test this
hypothesis, we need to move beyond GPT, which lacks the
feedback connections that drive healthy language processing in
the brain. We are therefore developing a model that is based on a
more biologically plausible predictive coding architecture, which
will allow us to explicitly simulate the effects of perturbed
feedback on global vs. local surprisal.

Keywords: Formal Thought Disorder, Computational Neu-
roscience, Predictive Coding, Natural Language Processing (NLP),
First Episode Psychosis
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P514. Linguistic Risk Score for Schizophrenia: Applying a
Polygenic Risk Approach to Synthesize Multivariate Features
From Computational Speech and Language Analysis

Sunny Tang*, Amir Nikzad, Michael Spilka, Yan Cong, Leily
Behbehani, Sarah Berretta, John Kane, Anil Malhotra

Feinstein Institutes for Medical Research, Glen Oaks, New York,
United States

Background: Computational speech analysis offers powerful
methods to objectively quantify linguistic signals which can
reflect the mental state of the speaker. A wide range of features
can be generated to describe linguistic content: e.g., parts of
speech, phrase structure, semantic coherence, graph metrics,
tempo, and lexical properties, among others. These features can
be analyzed in different ways, e.g., with moving windows of
varying sizes, verbatim vs. filtered content, etc, and using
language collected from different tasks, e.g., picture description,
open-ended narratives, fluency tasks, etc. Taken together, studies
employing computational speech and language analysis can easily
accumulate thousands of features. Understanding and accounting
for this large feature space is a prominent challenge in this field.
Here, we take an analogous approach to the calculation of
polygenic risk scores to first identify candidate features associated
with schizophrenia diagnosis, and then calculate a single
weighted sum to represent the individual’s “Linguistic Risk Score”
(LRS). We hypothesized that the LRS would demonstrate
intermediate effects in non-psychotic psychiatric disorders, and
that within individuals with schizophrenia spectrum disorders
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(SSD), the LRS would demonstrate both state and trait-like
characteristics.

Methods: Three samples were included. Sample 1 was the
training sample and included 52 healthy control (HC) and 85 SSD
participants, with no significant differences in age, gender, race, or
ethnicity between groups. Sample 2 was an independent cross-
diagnostic test sample, including 21 randomly set-aside SSD
participants, 81 participants with unipolar depression, 40 with
bipolar disorder, and 22 with mood disorders with psychotic
features. Sample 3 included an overlapping sample of 62
participants with SSD with up to 4 timepoints of longitudinal
follow-up. Psychosis symptoms were assessed dimensionally with
the Brief Psychiatric Rating Scale (BPRS).

To calculate the LRS from 1227 computational speech and
language features, we first selected features which were
significantly different between groups in Sample 1 and calculated
a weighting factor based on the effect size. Because many features
were non-parametric, the group comparison was conducted using
the Mann-Whitney U test, and the effect size was calculated using
Cliff's Delta. Next, for each feature in each subject, a normalized
rank score ranging from —1 to 1 was computed relative to the HC
training sample, such that the test subject received a —1 if they
scored lower than all HC subjects, 0 if they scored at the median,
+0.50 if they scored at the 75%, and +1 if they scored higher than
all HC subjects, etc. The normalized rank score was multiplied by
the weighting factor for each feature, then summed across all
features for each participant.

Group comparisons were made using ANOVA with pairwise
effects calculated with t-tests (p values corrected using FDR).
Between-subject dimensional relationships to psychosis symptom
dimensions were calculated with linear regressions. To assess
within-individual relationships between psychosis symptoms and
LRS, we examined linear mixed models with random slopes and
random intercepts by participant.

Results: LRS was calculated for p-value thresholds of 0.01, 0.05
and 0.10. In each case, we first verified that the HC LRS was
centered at 0 and the SSD training sample produced a
significantly elevated LRS. Comparing the HC sample to the
independent cross-diagnostic test samples, we found elevated LRS
for all of the psychiatric groups at all of the p-value thresholds,
with marginally larger effect sizes for p <0.01. Here, LRS in all
groups was significantly elevated relative to HC with p <0.001
(Cohen’s d: Unipolar = 1.45, Bipolar = 1.75, Mood with psychosis =
2.18, SSD = 2.33). LRS in the psychosis groups were significantly
elevated relative to unipolar depression (Mood with psychosis:
p=0.02, d=061; SSD: p=0.03, d=0.61). There was no
difference in LRS between the SSD and mood with psychosis
groups, and trend level differences between these and the bipolar
disorder group. Cross-sectionally, higher BPRS total score was
associated with higher LRS between subjects (Std. Beta=0.28,
p = 0.03). Longitudinally, accounting for random effects in slope
did not improve the prediction of LRS based on BPRS total score
over the random intercept model. Here, we found significant
values for the overall intercept (i.e., LRS when there are no active
psychosis symptoms; Beta =4.06, p <0.001), the fixed effect of
BPRS score (i.e., average relationship between LRS and BPRS;
Beta = 0.08, p < 0.001), and the random effects for subject (95% Cl
of standard deviation: 0.96-2.29).

Conclusions: We successfully calculated a LRS to summarize
SSD-related effects across 1227 computational speech and
language features at p-value thresholds of 0.01, 0.05 and 0.10.
The LRS demonstrated expected cross-diagnostic group differ-
ences, with the highest scores in SSD and mood disorders with
psychotic features, and intermediate scores in unipolar depres-
sion. For individuals with SSD, LRS appears to demonstrate both
state- and trait-like effects: LRS is elevated at baseline (i.e., even
when psychosis-free), and further increases with greater psychosis
severity.
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Jimmy Wong, Rachel Kelly, Erin Dickie, Daniel Felsky, Meng-
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Background: Psychosis spectrum symptoms (PSS) occur in a
sizeable percentage of youth, and are associated with poorer
cognitive performance, functioning, and suicidality (i.e, suicidal
thoughts and behaviors). PSS may occur more frequently in youth
already experiencing other mental illness, but the antecedents are
not well known. The Toronto Adolescent and Youth (TAY) Cohort
study aims to characterize developmental trajectories in youth
with mental illness and understand associations with PSS,
functioning, and suicidality.

Methods: The TAY Cohort study is a longitudinal cohort study
that aims to assess 3,000 youth with ‘light’ phenotyping and of
these, 1,500 with ‘deep phenotyping’ (11-24 years of age)
presenting to tertiary care. The present analysis describes the
extensive diagnostic and clinical characterization of psychopathol-
ogy, substance use, functioning, suicidality, and health service
utilization in these youths, with follow-up every 6 months over 5
years, along with early baseline data related to PSS, functioning,
general psychopathology, and suicidality.

Results: 417 participants were enrolled between May 2021-
February 2023. Participants met diagnostic criteria for an average
of 3.5 psychiatric diagnoses, most frequently anxiety and
depressive disorders. 49.2% of participants met a pre-established
threshold for PSS, and exhibited higher rates of functional
impairment, internalizing and externalizing symptoms, and
suicidality compared with non-PSS participants.

Conclusions: Initial findings from the TAY Cohort study
demonstrate the feasibility of extensive clinical phenotyping in
youth seeking mental health care. PSS prevalence is much higher
than in community-based studies. Our early data support the
critical need to better understand longitudinal trajectories of
clinical youth cohorts in relation to psychosis risk, functioning, and
suicidality.

Keywords: Psychosis Spectrum Symptoms, Ultra High-Risk
Youth, Clinical High-Risk of Psychosis
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Background: Abnormalities of the hippocampus are common in
neurodevelopmental and neuropsychiatric disorders. The human
hippocampus begins developing early in gestation thus measur-
ing specific structural changes of the hippocampus may provide
insight into the origins of some neurodevelopmental and
neuropsychiatric symptoms. Between gestational weeks 20-30 a
morphologic inversion of the dentate gyrus and cornu ammonis
occurs around the hippocampal sulcus. Failure to complete this
inversion results in the incomplete hippocampal inversion (IHI),
which is characterized by a round, verticalized, medially posi-
tioned hippocampal body in the coronal plane and a deep
collateral sulcus. IHI tends to be higher in the left hemisphere
(~17%) than right (~6%), has higher prevalence in some
neurodevelopmental disorders but has not been systematically
assessed in psychosis spectrum youth nor in patients at a genetic
high-risk for psychopathology such as 22q11.2 deletion syndrome
(22911DS). 22g11DS a genetic deletion that is known to increase
individuals’ risk for schizophrenia, depression, anxiety, and OCD.
Therefore, investigating IHI 22gDS and psychosis risk may provide
a valuable chance to uncover the underlying neurobiological
correlates of certain mental health disorders.

Methods: Using T1-weighted images form 3T MRI the incidence
of IHI in 22g11DS, psychosis spectrum (PS) illness other
psychopathology (OP) and typically developing (TD) youth
individuals were examined. Expanding upon published criteria
(Cury et al., 2015) two raters assessed the prevalence of IHI using a
semi-automate algorithm in 1,665 individuals [488 TD, 457 PS, 637
OP; 83 22q11DS]. Follow-up analysis of hippocampal subfield
volumes were performed using Freesurfer.

Results: As expected the prevalence of IHI was higher in the left
(22%) than right (10%) hemisphere across all diagnostic groups
(p < 0.0001). The prevalence of IHI in the left hemisphere was
significantly higher (Chi-sq(3) = 75.48, p < 0.001) in 22q11DS (59%)
as compared to TD (21%), PS (19%), or OP (17%). A similar pattern
was observed in the right hemisphere (Chi-sq(3)=17.04,
p <0.001): 22q11DS (23%), TD (8%), PS (10%), and OP (11%).
22q11DS show lower volume in most, but all bilateral subfields of
the hippocampus as compared to PS, OP and TD (ps <0.01). As
compared to TD, PS participants showed lower volumes in the left
hippocampal head (p <0.01) including smaller subiculum, CAT,
and molecular layer. There were no differences in the left granule
cell layer between PS and TD nor any difference in the right
hippocampus.

Conclusions: These preliminary results indicate significant
morphological changes of the hippocampus in patients with
22q11DS and PS and OP, particularly with in the hippocampal
head. Future work will link morphology and volumetric measures
to clinical and neurobiological phenotypes which will help identify
those features most directly linked to psychopathology. Also, to
the extent that these developmental markers are evident before
sub-psychotic symptoms are evident, they may allow more
reliable identification of psychosis risk.

Keywords: Hippocampus, Psychosis-Risk, 22q11
Syndrome, MRI
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Background: Considering recent marijuana legalization in the US,
the deleterious effect of cannabis use during adolescence, a
critical period for prefrontal cortex (PFC) maturation, has gained
further attention as a risk factor for psychiatric disorders.
Importantly, most cannabis users do not develop psychiatric
symptoms, suggesting that cannabis exposure may be an
environmental risk factor in individuals genetically predisposed
to psychiatric disorders. Cannabinoid receptor type 1 (Cnrl) is
expressed not only in neurons and astrocytes, but also in
microglia, which shape neural connections during adolescence.
However, the role of microglia in mediating the adverse effect of
cannabis remains unexplored. In this study, we investigate the
impact of adolescent delta-9-tetrahydrocannabinol (THC) expo-
sure on microglia of which disturbance may be exacerbated by a
genetic risk factor for psychiatric disorders, leading to aberrant
PFC maturation and producing adult pathophysiology. In parti-
cular, we focus on the interplay between THC exposure and
16p11.2 duplication (16p11dup), a major CNV risk for psychiatric
disorders.

Methods: 16p11dup and control mice (both sex) were
chronically exposed to THC during adolescence or adulthood by
single daily subcutaneous injections, followed by molecular,
histochemical, biochemical, electrophysiological, and behavioral
assays to determine convergent effect of THC and 16p11dup on
microglial function, resulting in disturbance of medial PFC (mPFC)
neuronal function and cognition in adulthood.

Results: Adolescent THC exposure induced mPFC-specific
microglial molecular and morphological changes via Cnril-
mediated mechanisms (p =0.0001, t=10.97, df =10). We also
found that these microglia changes were exacerbated by
16p11dup, leading to neuronal subtype-specific deficits in intrinsic
excitability of mPFC pyramidal neurons and resultant social
memory deficits (THC x 16p11dup interaction [F1,30=5.665,
p=0.0239]). By performing microglia-specific RNA-seq experi-
ments, we identified specific genes which may mediate these
phenotypes.

Conclusions: We identified the role of microglial Cnr1 for
mediating the adverse effect of THC on adolescent mPFC
maturation and social memory in 16p11dup mice. We are
currently investigating molecular mechanisms of how adolescent
THC exposure impairs microglia-mediated mPFC maturation in a
neuronal subtype-specific manner. Our findings highlight the
importance of microglial Cnr1 to produce the adverse effect of
cannabis exposure in genetically vulnerable individuals.

Keywords: Microglia, Adolescent Cannabis, Copy Number
Variation
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Background: Schizophrenia (Sz) is characterized by the cellular
and cognitive impairment of the prefrontal cortex (PFC) and
dysfunction of the thalamus. A thalamic nucleus most heavily
implicated is the medial pulvinar (PM), which has robust
bidirectional connectivity with the PFC. Previously, we revealed
how another pulvinar nucleus, the medial inferior pulvinar (PIm), is
crucial for the normal development of visual cortical areas and
visuomotor behavior. Therefore, here we proposed that the PM is
critical for the normal development of the PFC, and that
perturbation of the PM and its connectivity with the PFC in early
life will lead to the well-characterized cellular and cognitive
phenotype associated with Sz.

Methods: To test our hypothesis, we bilaterally lesioned
(NMDA injection) the PM of infant marmoset monkeys (Callithrix
jacchus) at postnatal day 14 using an MRI-guided stereotaxic
surgery (n =8 lesion, n =7 sham control, both sexes), and then
longitudinally examined PFC anatomy, connectivity and function
into adulthood (>18 months age (m.a.)). We primarily selected
non-invasive methods akin to those used to assess human
patients with Sz to maximize clinical translatability. First,
marmosets underwent diffusion MRI to confirm the loss of
frontal thalamocortical connectivity and characterize local
changes in PFC cytoarchitecture. Resting-state epidural EEG
was recorded from the PFC using internalized radiotelemetry
implants to examine the function of local PFC circuits. Next,
animals underwent regimented behavioral training using a
novel, home-cage integrated touchscreen platform and were
assessed in cognitive tasks to challenge PFC function. Finally,
cerebral tissues were examined to confirm the extent of the PM
lesion and changes in cortical cytoarchitecture.

Results: Prior to adolescence (< 6 m.a.), diffusion MRI
tractography confirmed reduced PM-PFC connectivity in PM-
lesioned animals compared to sham controls. During adoles-
cence (6-18 m.a.), anatomical refinement of local PFC circuits
was observed through changes in cortical fractional anisotropy
in sham control (p<0.01) but not PM-lesioned animals
(p=0.69). In adulthood (> 18 m.a.), resting-state EEG revealed
that this difference coincided with a selective reduction in
relative gamma power (30-80 Hz) in the PFC following early life
lesions (-3.2%; p < 0.05). Behaviorally, lesioned animals exhibited
impairment in PFC-mediated cognitive functions, including
reduced cognitive flexibility and a diminished capacity to
maintain working memory over extended delay periods > 2s.
Post-mortem immunohistochemical staining of the PFC revealed
a 54.5% reduction in parvalbumin-expressing neurons, known
generators of cortical gamma oscillations, in the thalamo-
recipient layer 3 (p < 0.0001).

Conclusions: Together, these findings provide a framework in
which thalamocortical input originating from the medial pulvinar
may be critical for the postnatal development of the PFC and
cognitive functions in primates. The replication of several clinical
components of Sz (cellular, functional, and behavioral) following
early-life PM lesions suggests that perturbation of PM may be a
component of the pathogenesis of Sz.

Keywords: Pulvinar, Marmoset, Parvalbumin Neurons, Devel-
opmental Model, Gamma Oscillations
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Background: Genetic, per-and-perinatal, and early-life life adver-
sity factors may act as risks for schizophrenia spectrum disorder
(SSD). These factors act insidiously early-to-adolescent develop-
ment altering the brain developmental trajectory and leading to
the formation of characteristic brain deficit patterns prior to onset
of symptoms. We hypothesized that the effects of these risks may
increase brain similarity to adult SSD deficit patterns in
prepubescent children.

Methods: We used data collected by the Adolescent Brain
Cognitive Development (ABCD) Study (N =8940, age=9.9+0.1
years, 4307/4633 female/male), including 727 (age =9.9+0.1
years, 351/376 female/male) children with family history of SSD,
to evaluate unfavorable cerebral effects of ancestral SSD history,
pre/perinatal environment, and negative early-life environment.
We used a regional vulnerability index (RVI) to measure the
alignment of a child’s cerebral patterns with the adult SSD pattern
derived from a large meta-analysis of case-control differences.

Results: In children with a family history of SSD, the regional
vulnerability index captured significantly more variance in
ancestral history than traditional whole-brain and regional brain
measurements. In children with and without family history of SSD,
the regional vulnerability index also captured more variance
associated with negative pre/perinatal environment and early-life
experiences than traditional brain measurements. Furthermore,
higher RVI-SSD values were significantly and negatively associated
with performance in cognitive domains that are specifically linked
to SSD including the speed of information processing and working
memory.

Conclusions: We used a cohort of normally developing children
to show that familial, pre/perinatal, and early developmental risks
can alter brain patterns in the direction observed in adult patients
with SSD. Approximately 1% of participants are expected to
develop SSD, nonetheless, the effects of these risk factors are
present across the entire cohort. Individual similarity to adult SSD
patterns may provide an early biomarker of the effects of genetic
and developmental risks on the brain prior to psychotic or
prodromal symptom onset.

Keywords: Schizophrenia (SCZ), MR Imaging, Big Data, ENIGMA
Working Group
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P520. The Influence of Multiple Early Risk Factors on Age of
Onset in Psychosis: A Danish Register Study
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Background: While multiple early risk factors for schizophrenia
have been identified, the individual effects are relatively small. The
relative and additive influence of multiple risk factors acting in
combination have not been thoroughly explored. Moreover, how
these early risk factors influence age of illness onset and whether
there are differential influences across sexes is currently unclear.

Methods: This is a population-based case-control study using
register data from Denmark including all individuals receiving a
diagnosis of a schizophrenia spectrum disorder between 1973 and
2018 (N=29,142). We also included a healthy control sample
matched 5:1 patient on age, sex, and parental socioeconomic
status (N = 136,387). The register data included: parental history of
psychiatric disorder (as a proxy for genetic vulnerability), low
birth weight, premature birth, winter/spring birth, urbanicity of
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birthplace, second-generation immigrants, advanced paternal age,
and Apgar scores.

Results: Using logistic regression incorporating all risk factor
variables in one model revealed parental history of psychiatric
disorder (OR = 2.3), advanced paternal age (OR=1.3), and low
birth weight (OR = 1.3) as significant risk factors after adjusting for
all other risk factors. Surprisingly, on the other hand, being a
second-generation immigrant (OR = 0.7) and urbanicity decreased
the risk (OR=0.9) in this population. We observed no significant
interactions between any of the included risk factors. Rerunning
the model separately for females and males, showed no
significant differences regarding the influences of the included
risk factors across sexes. These findings were supported by a
machine learning model (decision tree), where parental history of
psychiatric disorder, paternal age and birth weight contributed
most to the classification of patients vs. healthy controls (ACC
test = 0.7, AUC test =0.6, p <.001).

Approximately 20% of the patients could be characterized as
early-onset cases (diagnosis < 18 years). Within the patient sample,
female sex (OR = 1.8) and parental history of psychiatric disorder
(OR = 1.6) were the only significant risk factors for having an onset
during childhood or adolescence.

Conclusions: Several early factors contribute independently of
each other to increase the risk of developing a schizophrenia
spectrum disorder, suggesting that the additive effects lead to
symptom onset once a certain threshold has been reached.
Routine assessments of the most influential risk factors, ie.,
parental history of psychiatric disorder, low birth weight and high
paternal age could readily be incorporated into clinical practise
facilitating individual risk stratification.

Keywords: Psychosis-Risk, Risk Factors, Age of Onset, Schizo-
phrenia Spectrum lliness, Epidemiology
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Background: Positive psychotic symptoms-hallucinations and
delusions-are frequently studied together. However, recent
evidence suggests that these symptoms may be driven by distinct
and potentially conflicting cognitive and computational mechan-
isms: delusion propensity has been tied to an increased tendency
to learn inappropriately about the world, and hallucinations have
been consistently linked to an overweighting of perceptual priors.
Several theories have been proposed to reconcile their co-
occurrence in individuals with psychosis, despite these seemingly
opposite mechanisms. However, no one has yet explored the
possibility that the mechanisms driving these symptoms may be
causally linked, with the bottom-up noise driving delusion
formation also engendering a compensatory overweighting of
priors and hallucinogenesis. By examining the timing of delusion
and hallucination emergence, we wished to gain a better
understanding of the independence of these mechanisms.
Methods: We analyzed data from two large samples of
individuals at clinical high risk for psychosis (NAPLS-2, N =720;
NAPLS-3, N=700) and one sample of individuals experiencing
their first episode of psychosis (McGill's Prevention and Early
Intervention for Psychosis, PEPP, N =695). Data were derived
prospectively and retrospectively, using the Structured Interview
for Psychosis-Risk Syndromes (SIPS), Circumstances of Onset of
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Symptoms and Relapse Schedule (CORS), and the Topography of
Psychotic Episode (TOPE) to determine timing and severity at
symptom onset, ascertainment, and scheduled follow-up intervals
in each respective study.

Results: Across all three groups, delusional thoughts tended to
emerge before hallucinations in the majority of individuals (57.0%,
57.9%, and 61.7%, respectively), roughly 4 times more frequently
than hallucination-first emergence in the same groups. Delusions
were also found to be more stable over time, while hallucinations
were more volatile up until the point of conversion to psychosis,
after which stability for both symptoms were roughly equal. Lastly,
Bayesian causal modeling demonstrated a potential causal link
between severity of delusional ideation and onset of hallucina-
tions among those who were observed prospectively during
hallucinogenesis.

Conclusions: Together, results support a new understanding of
positive symptom emergence in which hallucinations emerge
after, and perhaps as a compensatory response to, the mechan-
isms driving delusion formation. This pattern is consistent with a
secondary account of hallucinogenesis, and may help to reconcile
seemingly opposed computational theories of hallucination and
delusion susceptibility.

Keywords: Prodromal Psychosis, Computational Psychiatry,
Hallucinations, Delusions
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Background: Schizophrenia and related psychoses occur in all
human populations, but are diagnosed most frequently among
Black and African ancestry individuals. Environmental exposures
and adversities, disparities in access to care, and historical trends
of over- and racialized diagnosis contribute to this discrepancy.
Inherited genetic factors also strongly influence primary suscept-
ibility, but do not explain differences in prevalences across
populations.

Methods: Building on our recent work validating electronic
health records (EHR) based diagnoses in the Million Veteran
Program (MVP), we undertook a genome-wide association study
(GWAS) of schizophrenia in 6,570 cases and 21,043 controls in the
discovery phase. We applied genome-based restricted maximum
likelihood (GREML) to obtain direct estimates of SNP-based
heritability. Towards attaining sample size parity, we combined
data with the All of Us (AoU), COGS, GPC, MGS, and PAARTNERS
studies, yielding a combined “freeze” of 15,000 cases and 56,642
controls of African ancestry. We combined our novel African
ancestry GWAS results with findings from a recent Psychiatric
Genomics Consortium (PGC3) study, and re-estimated the number
of credible causal SNPs at each locus.

Results: Meta-analyzing MVP, AoU, COGS, GPC, MGS, and
PAARTNERS, we identified a single genome-wide significant locus
on chromosome 18 upstream of PMAIP1. This is remarkable given
that at the same sample size, 22 independent loci had been
identified for European ancestry populations.

Strikingly, we did not observe any evidence for association of
the MHC locus on chromosome 6p21, which we confirmed by
imputation of C4 structural variants. We obtained GCTA heritability
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estimates of 0.23 (P < 10-8) for schizophrenia in African ancestry
populations, recapitulating widely-cited results for European
ancestries; and found that most of this explained variance was
attributable to common SNPs with frequency greater than 10%.

Across 270 PGC3 loci, 65% showed the same direction of allelic
effect in African American veterans (P = 1e-7), compared to 90%
in European Americans (P = 9e-48); furthermore, when consider-
ing only European or African ancestry tracts (i.e., haplotypes) in
African American veterans, 69% (P = 3.4e-10) and 58% (P = 0.007)
of index SNPs showed a consistent direction of allelic effect.
Expectedly, multi-ancestry meta-analysis of MVP with published
PGC3 results yielded more than 50 new loci, increasing the count
of replicated susceptibility loci to more than 320. More intrigu-
ingly, fine-mapping of PGC3 loci saw the total number of credible
SNPs reduced by 13% following meta-analysis with African
ancestry based results, and 20% when only African tracts were
analyzed.

Finally, we attempted to address the observation of increased
prevalence of schizophrenia in African American populations by
stratifying the MVP cohort by military service period, highlighting
that in the Vietnam War era, both African and European Americans
were diagnosed at higher rates, with no evidence of genetic
enrichment, and that following 1990s, these rates have fallen
substantially but are still elevated in African versus European
Americans.

Conclusions: Our expanded analyses of schizophrenia in
African ancestry populations highlight both the challenges and
opportunities of enhanced diversity in neuropsychiatric genetics
research. We explore the implications of ancestry-based disparities
in representation, leveraging multi-ancestry polygenic risk score
(PRS) and phenome-wide association studies (PheWAS) to
examine evidence of broad pleiotropy of schizophrenia risk
alleles, and benchmark the relevance of current instruments for
risk stratification, and predicting hospitalization.

Keywords: Psychosis, African American, Genome-Wide Associa-
tion Studies, Polygenetic Risk Score, Race Disparities
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Background: Structural variation at the complement component 4
(C4) locus within the chromosome 6 major histocompatibility (MHC)
region has been reported to be associated with schizophrenia, with
risk varying by isotype (C4A and C4B) and copy number, and the
presence or absence of a retroviral HERV insertion, denoted as long
(L), or short (S). Previously, of the four most common C4 haplotypes,
schizophrenia risk was found to be highest for ‘AL-AL’ followed by
‘AL-BL’, then ‘AL-BS’ and ‘BS’ (relative risks ranging 1-1.27) and
proportionate with increased expression of C4A in post-mortem
brain. Complement component 4 is also known to be associated with
other disorders, including autoimmune diseases, such as lupus
(reported 7-fold variation in risk attributable to C4 variation) and
Sjogren’s syndrome (reported 16-fold variation in risk attributable to
C4 variation). The current analyses leveraged a healthcare-system
derived biobank, with genotype data linked to electronic health
record data, to broadly assess for associations of C4 structural
variation, both diagnostic outcomes and common serum lab values,
within a subset of biobank participants of European ancestry. Further,
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the C4 structural variant was imputed in the larger multi-ancestry
biobank cohort, enabling future multi-ancestry association analyses.

Methods: As previously reported, BioMe biobank participants
recruited from the Mount Sinai healthcare system, were geno-
typed on the lllumina Global Screening Array (GSA), and
subsequent to genotype QC/filtering, genotype data for
n=31,705 samples were analyzed (mean age 56.2 years, 56%
female, and diverse genetically determined ancestry, 38%
European, 32% African, 21% Hispanic, 4% East Asian, 5% Other).
For 11,704 individuals of European ancestry, C4 structural variation
was imputed from flanking single nucleotide polymorphisms,
using a tool derived from a subset of HapMap reference samples.
REGENIE was then used to test 434 phecodes, hierarchically-
clustered diagnostic codes, for association with C4 haplotype and
C4 copy number variation. Further, each of 36 common serum lab
measures was tested for association with C4 structural variation.
Of note, the C4 association analyses were not conditioned on HLA
type. C4 structural variation was also imputed for the multi-
ancestry cohort using an experimental tool for multi-ancestry
imputation, ‘Osprey’, derived from the 1000 genomes 30x
coverage reference dataset.

Results: Within the European subset of 11,704 individuals, top
C4 allele frequencies yielded by imputation were AL-BL (0.54), AL-
BS (0.26), AL-AL (0.08), and BS (0.07). Increased C4A copy number
was found to be significantly associated with decreased risk of
Type 1 Diabetes (Beta= —1.06, FDR = 6.8x10-8), but no other
significant phenotypic associations were identified. Among
common serum tests, C4A copy number was associated with
decreased serum glucose (Beta=—0.05, FDR=0.04) and
increased platelet count (Beta=0.05, FDR=0,05). The BS
haplotype was found to be significantly associated with decreased
total protein count (Beta= —0.09, FDR=0.05) and decreased
white blood cell count (Beta = —0.10, FDR = 0.05). C4 imputation
in diverse ancestries yielded divergent C4 allele frequencies. For
example, for the African ancestry subset, C4 allele frequencies
were, AL-BS (0.64), AL-BL (0.08), AL-AS (0.07), BS (0.04) and for the
Hispanic ancestry subset, AL-BS (0.40), AL-BL (0.30), AL-AL (0.05),
BS (0.03).

Conclusions: Within a subset of biobank participants of
European ancestry, some associations of C4 structural variation
were identified. C4A copy number was associated with decreased
risk of Type 1 Diabetes, an autoimmune disorder. Increased C4A
copy number was also associated with decreased serum glucose
and increased platelet count, while the BS haplotype was
associated with decreased total protein and decreased white
blood cell count. Overall, the associations did not account for
other HLA alleles known to be in strong linkage disequilibrium
with C4 variation, so future analyses will condition on HLA type or
pursue other fine-mapping approaches to discern the specific
causal effect of C4 variation. No associations of C4 structural
variation with schizophrenia were identified, and some disorders
of autoimmune etiology were excluded from the current analyses
due to relatively low prevalence (Lupus and Sjogren’s syndrome).
Future analyses will validate C4 imputation calls in a subset of
whole-genome sequenced biobank participants. Future analyses
will also increase scale for more well-powered analyses, and
evaluate the associations of C4 structural variation in a multi-
ancestry context, given the apparent divergent allele frequencies,
by ancestral group.

Keywords: Complement Component 4, Genetic Association
Analyses, Schizophrenia, Biobank
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P524. Proteomic Mendelian Randomization Reveals Novel
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Jibin John, Upasana Bhattacharyya, Max Lam, Chia-Yen Chen,
Todd Lencz*

Zucker Hillside Hospital, Glen Oaks, New York, United States

Background: Genome-wide association studies (GWASs) have
successfully identified hundreds of genetic loci linked to suscept-
ibility for schizophrenia (SCZ); however, the causal genes and
underlying pathophysiological mechanisms at these loci are not
well elucidated. Mendelian randomization (MR) analysis has
emerged as a powerful tool to investigate potential causal
relationships between molecular traits and disease phenotypes
in GWAS data. In this study, we utilized Two-Sample MR to
integrate large-scale plasma protein quantitative trait loci (pQTL)
data from the UK Biobank Pharma Proteomics Project (UKB-PPP)
and deCODE genetics with the most robust schizophrenia GWAS
available.

Methods: We leveraged the largest schizophrenia GWAS
conducted by the SCZ Working Group of the Psychiatric Genomics
Consortium (PGC3), which included 39,910 SCZ cases and 60,558
controls of European ancestry, as the outcome. For the exposure,
genetic variants associated (in cis) with 2800 plasma proteins
identified in the large-scale UKB-PPP (N~34,000) and/or deCODE
genetics (n~35,000) databases, were used. The potentially causal
effects of the plasma proteins on schizophrenia were analyzed
using the TwoSampleMR R package, accounting for heterogeneity
across SNPs. Horizontal pleiotropy was tested to ensure validity of
Mendelian randomization assumptions.

Results: We identified 75 plasma protein-to-disease associa-
tions that remained significant after applying the Benjamini-
Hochberg correction. Of these, 47 have never been reported in
prior protein quantitative trait (pQTL) studies of schizophrenia. In
addition to replicating several genes previously reported in pQTL
studies of SCZ (e.g., ITIH3, MAD1L1), our study identified several
novel genes revealing new clues to SCZ pathophysiology. For
example, ENPP5 and NRP1 are both involved in neurodevelop-
ment of the cerebellum, and numerous genes implicating
inflammatory processes linked to TNF-alpha were identified.
Notably, lower RABEP1 in the blood was associated with risk for
schizophrenia. RABEP1 encodes an enzyme called Rab GTPase-
binding effector protein 1, a part of the rabaptin family involved in
regeneration of injured axons, representing an attractive target for
potential pharmacologic manipulation.

Conclusions: These findings shed light potential involvement
of several novel genes in schizophrenia and potential role of
genes involved in inflammatory and neurodevelopmental path-
ways in the disorder. Identification of novel gene RABEP1 further
supports the significance of our study, as it not only provides a
potential molecular basis for the disorder but also proposes a
conceivable pharmaceutical intervention. While our methodology,
focused on the plasma proteome, may exclude essential proteins
exclusively expressed in the brain, it is important to note that a
significant number of shared pQTLs exist across different tissue
types. Moreover, our approach offers a remarkable increase in
statistical power, surpassing existing brain eQTL and pQTL
datasets by an order of magnitude. Finally, identification of
circulating plasma proteins associated with schizophrenia may
contribute to development of blood-based biomarkers of illness.

Keywords: Schizophrenia (SCZ), Proteomics, Mendelian
Randomization, GWAS
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Ajay Nadig*, Daniel Weiner, Benjamin Neale, Konrad
Karczewski, Elise Robinson, Luke O’Connor

Harvard Medical School, Boston, Massachusetts, United States

Background: A decade of GWAS in schizophrenia and bipolar
disorder has revealed substantial genetic contributions to these
complex psychiatric disorders. However, these associations
include only common genetic variants, and typically explain less
than the heritability predicted by family studies, raising the
possibility of a substantial contribution from rare variants. While
recent progress in exome sequencing has led to the identification
of individual genes associated with both schizophrenia and
bipolar disorder via rare variants, it remains unclear how much
heritability rare variants explain in aggregate, owing to issues of
statistical power. This limits our understanding of the genetic
architecture of schizophrenia and bipolar disorder in many ways: it
leads to ambiguity about the theoretical utility of rare variants in
clinical screening, obscures the patterning of rare variant
heritability across different gene categories, prevents estimation
of the rare variant genetic correlation between traits, and leaves
unclear how much signal remains to be found by increasing
sample size.

Methods: We developed Burden Heritability Regression (BHR)
to estimate heritability due to the burden of rare coding variation.
BHR leverages the burden approach, wherein variants with similar
functional consequences are aggregated into gene-wise test
statistics, to powerfully estimate components of rare coding
heritability. Furthermore, BHR leverages a regression based
estimator to eliminate bias from most sources of population
stratification, taking advantage of the fact that rare damaging
variants are not expected to have correlated population stratifica-
tion. BHR provides unbiased estimates of heritability in simula-
tions, and can be extended to estimate rare variant heritability
enrichments and genetic correlations.

Results: We first applied BHR to 22 complex traits and common
diseases in the UK Biobank, to gain a sense of the landscape of
rare variant genetic architecture across many traits. We found that
the burden of rare coding variants, aggregated across loss-of-
function and missense variants, explains 1.3% of phenotypic
variance, and is concentrated in genes that are intolerant to loss-
of-function variation. Turning to schizophrenia and bipolar
disorder, we then applied BHR to publicly available summary
statistics from the SCHEMA (Singh et al, 2022) and BipEx (Palmer
et al, 2022) consortia. We found that the burden of rare coding
variation explains approximately 2% of liability-scale phenotypic
variance for both schizophrenia and bipolar disorder. The nine
exome-wide significant genes for schizophrenia found by the
SCHEMA consortium explain only 7% of the burden heritability of
schizophrenia. The burden heritability of schizophrenia appears to
be uniquely concentrated in genes intolerant to loss-of-function
(enrichment for schizophrenia: 9.6x, enrichment for bipolar and
median UKB trait: 4.5x); we estimate that the top quintile of loss-
of-function intolerant genes explain 70% of the burden heritability
of schizophrenia. The rare burden genetic correlation between
schizophrenia and bipolar disorder was ~0.45 (SE: 0.2).

Conclusions: These results shed new light on the genetic
architecture of schizophrenia and bipolar disorder, with several
key implications. Firstly, the low burden heritability of schizo-
phrenia and bipolar disorder suggests that rare variants may not
contribute meaningfully to population risk stratification or solve
the “missing heritability” problem. This result should bound
expectations for rare variant polygenic risk scores for these
conditions. While non-coding variants could theoretically explain
this gap, previous observations (Gazal et al, 2018) suggest that
heritability becomes increasingly concentrated in coding regions
as frequency decreases, and that the contribution of rare non-
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coding variants to heritability may be even smaller. Secondly,
while rare variants may not explain substantial heritability, they
can powerfully reveal core biological pathways and therapeutic
targets, and increasing the sample size of exome-wide association
studies will yield many new associations; current significant genes
explain less than 10% of the genome-wide signal. Lastly, patterns
of pleiotropy appear to be shared between common and rare
variant associations for these conditions, suggesting that, as in
common variants, many rare associations will be shared between
diagnoses, and pooled tests can be used to augment power. Our
results provide insight into the rare variant genetic architecture of
neuropsychiatric disease, motivating both deeper study of
schizophrenia and bipolar disorder, and application of BHR to
other conditions.

Keywords: Rare Genetic Variants, Schizophrenia (SCZ), Bipolar
Disorder (BD), Whole Exome Sequencing, Genetic Association
Study
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P526. Sex Differences in Gene Expression Within Striatal
Subregions in Psychosis

Kyle Ketchesin*, Megan Perez, Wei Zong, Madeline Scott,
Marianne Seney, RuoFei Yin, Mariah Hildebrand, Kelly Cabhill,
Vaishnavi Shankar, Jill Glausier, David Lewis, George Tseng,
Colleen McClung

University of Pittsburgh, Pittsburgh, Pennsylvania, United States

Background: Psychosis is a defining feature of schizophrenia and
highly prevalent in bipolar disorder. Prior work from our group
identified diurnal alterations in gene expression across the human
striatum in subjects with psychosis. Moreover, recent studies have
reported sex differences in both symptomology and the
transcriptome in cortical regions among subjects with schizo-
phrenia. In this study, we investigated sex differences in the
transcriptome within striatal subregions in subjects with psychosis
and comparison subjects. In a separate set of analyses, we also
examined gene expression patterns across striatal subregions
within disease groups.

Methods: RNA-seq was performed on nucleus accumbens
(NAc), caudate, and putamen samples from subjects with
psychosis (n = 36) or unaffected subjects (n = 59). For analysis of
sex differences, we created a sex-matched cohort (psychosis:
n=10/sex; unaffected: n=11/sex) and evaluated sex and
psychosis effects within each brain region using an ANOVA of
expression data. Transcripts were considered differentially
expressed if p<0.01 and a fold change of 1.2 (20% expression
change). In a separate set of analyses, we performed differential
expression analyses between striatal regions within disease
groups using the full cohort of subjects. For these analyses,
transcripts were considered differentially expressed if g < 0.05 and
a fold change of 1.5 (50% expression change). Ingenuity Pathway
Analyses and Metascape were used for pathway and biological
process enrichment, respectively.

Results: Significant effects of sex and psychosis were observed
across striatal regions. Notably, immune/inflammation-related
transcripts were significantly enriched in the caudate and puta-
men of unaffected male subjects compared to unaffected female
subjects. This sex difference was not observed in subjects with
psychosis. However, there was a gain of a sex difference in
myelination-related transcripts in psychosis subjects, with
increased expression in the caudate and putamen of male
compared to female subjects. In female subjects with psychosis
(relative to unaffected female subjects), angiogenesis- and
immune/inflammation-related transcripts were upregulated across
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all striatal regions, while mitochondrial-related transcripts were
downregulated in the NAc. In between-region comparisons within
disease groups, both psychosis and unaffected subjects showed
similar patterns of expression, with the NAc being transcriptionally
unique. Furthermore, transcriptional gradients in expression
across striatal subregions were observed.

Conclusions: We found significant effects of sex and psychosis
across the dorsal and ventral striatum, which may provide insight
into sex differences in psychosis. We also identified unique
expression patterns across striatal subregions, suggesting regional
and functional specialization that can be explored in future
studies.

Keywords: Psychosis, Schizophrenia, Postmortem, Striatum,
RNA-Seq
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P527. SNX19 in Human Autopsy Brains and hiPSC-Derived
Model

Liang Ma*, Luis Aguirre, Vanesa Estevez, Jenny Hsieh, Sudha
Seshadri

The University of Texas Health Science Center at San Antonio, San
Antonio, Texas, United States

Background: Our recent postmortem brain studies identified that
SNX19 is a schizophrenia risk gene. Single-molecule in situ
hybridization experiments found that SNX19 is highly expressed
in neurons, particularly excitatory neurons, compared to glia in
human postmortem brains. SNX19 is a key player in endolysoso-
mal and autophagy pathways, which have been extensively
reported in neuronal dysfunction and neuropsychiatric diseases.
Although genetic and cellular evidence suggests SNX19 con-
tributes to neuropathology, the underlying mechanisms remain
unknown. Here, we propose to study the mechanism in
postmortem brain tissue at single cell level and model SNX19 in
human induced pluripotent stem cell (hiPSCs) derived brain
organoids.

Methods: We collected human postmortem brain dorsolateral
prefrontal cortex (DLPFC) single nucleus RNA-seq (snRNA-seq)
from ROSMAP (N = 48). We obtained two hiPSCs from HipSci.

Results: We performed snRNA-seq and obtained 63,781 cells
with high-quality data. We identified and annotated the six major
cell types of the human brain including excitatory neurons,
inhibitory neurons, microglia, astrocytes, oligodendrocytes, and
oligodendrocyte progenitor cells. We identified that SNX19 is
expressed in 7,082 excitatory neurons. We compared levels of
SNX19 gene expression across cell types and found that SNX19 is
significantly associated with cognitive impairment in excitatory
neurons in human postmortem brain.

Cerebral organoid technology has made it possible to model
human neurophysiology and disease with increasing accuracy in
human-derived tissue cultures. We performed advanced CRISPR
gene editing in hiPSCs to knockout SNX19. We then differentiated
them into 2D neurons and 3D cerebral organoids to evaluate the
SNX19 impact. Our preliminary data has shown that SNX19
knockout can increase synaptic markers’ expression in hiPSC-
derived neurons. We observed morphological changes in SNX19
knockout organoids and replicated the synaptic markers’ change
in the SNX19 knockout brain organoids.

Conclusions: Our study suggests that SNX19 functions
specifically in excitatory neurons and is associated with cognitive
impairment. Our 2D and 3D hiPSC-derived models indicate SNX19
has an impact on neuronal function.

Keywords: Schizophrenia, iPSCs, Organoids
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P528. Whole Genome Sequencing in Early-Onset Psychosis:
Preliminary Diagnostic Results and Their Impact on Parental
Empowerment

Aaron Besterman¥*, Corrine Blucher, Hannah Sweet, Michelle
Wu, Aisha Omorodion, Christopher Bartley

University of California San Diego, San Diego, California, United
States

Background: Early-onset psychosis (EOP) is defined as any
psychiatric diagnosis with pronounced psychotic symptoms with
onset before age 18, is associated with lower premorbid
psychosocial function, more hospitalizations, poorer cognitive
functioning, and worse overall prognosis than adult-onset illness.
There have been recent reports of an elevated rate of recurrent
copy number variants in EOP compared to both unaffected
matched controls and matched subjects with autism spectrum
disorder. However, there is still a limited understanding of the full
spectrum of genetic variation that underlies EOP. Furthermore, it
remains unclear how genetic test results impact parental
empowerment, defined as the perceived ability to understand
and seek new information related to the genomic sequencing,
manage emotions related to the diagnostic process and out-
comes, and utilize genomic sequencing information to the
betterment of the individual/child and family. Therefore, we
initiated a prospective, observational study utilizing whole
genome sequencing in youth with EOP. Parents/guardians were
asked to complete the Genome Empowerment Scale (GEmS)

Methods: We performed CLIA-grade, diagnostic WGS on 11
consecutive youth of both sexes, ages 11-17 who were admitted
to the Rady Children’s Hospital Inpatient Psychiatry Service with
EOP. Probands were sequenced first followed by parental samples
(when available) to determine inheritance stance of variants of
interest. Results of WGS were returned to parents/guardians and
then they were asked to complete the GEmS, which consists of
four scales: Meaning of a diagnosis, emotional management of the
process, seeking information and support, and implications and
planning.

Results: Eleven youth with EOP were enrolled with a mean age
of 15.5 +/- 2.2 years. 63.6% of subjects were female and 72.7%
identified as Hispanic. Mean PANSS positive symptoms scale
scores were 25.2 +/- 8.1, negative symptom scale scores were
23.2 +/- 11.2, and general psychopathology scale scores were
55.4 +/- 19.6. Six subjects had proband and both parental samples
available for WGS, two subjects had proband and maternal
samples available and three subjects had only proband samples
available. No subjects had pathogenic or likely pathogenic variants
on WGS, 4 patients had variants of unknown significance (VUS)
identified on WGS (all single nucleotide variants (SNVs)), and 7
patients had negative results. The VUS occurred in genes
associated with established neurodevelopmental disorders and
were involved in chromatin modification, synapse formation, and
neural progenitor proliferation. For the GEmS, meaning of a
diagnosis subscale scores were 42.4 +/- 14.0, emotional manage-
ment of the process subscale scores were 25 +/-6.5, seeking
information and support subscale score 287 +/- 7.2, and
implications and planning subscale scores 23.7 +/- 6.2.

Conclusions: Despite sample size limitations at this preliminary
stage of analysis, we already demonstrate that WGS used in EOP
can identify genetic variants involved in critical neurodevelop-
mental pathways and potentially expand the clinical phenotype of
known genetic disorders to include EOP. All variants identified to
date are SNVs, not recurrent CNVs, as previously reported in EOP.
This suggests that through WGS, we may be able to identify
disease variants overlooked when using microarray alone.
Furthermore, the results of the GEmS suggest that receiving a
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genetic diagnosis for a child with EOP provides the most
empowerment to parents around the meaning of a diagnosis.
Keywords: Genetic Testing, Early Onset Psychosis, Childhood-
Onset Schizophrenia, Whole Genome Sequence
Disclosure: Nothing to disclose.

P529. Rare Copy Number Variants and Phenotypic Variability
in Schizophrenia Spectrum Disorders
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Scott Woods, Elaine Walker, Roel Ophoff, Carrie Bearden

University of Washington, Seattle, Washington, United States

Background: One of the greatest barriers to clarifying the core
biological processes that underlie schizophrenia and ultimately
improving patient outcomes is the clinical and genetic hetero-
geneity of the disorder. Determining whether severe phenotypes
in schizophrenia such as borderline intellectual functioning or
child-onset psychosis can be explained by distinct genetic profiles
remains a key question, with important implications for persona-
lized medicine.

Methods: Rare copy number variants (CNVs) were called from
genotyping array data in a cohort of 1,514 individuals (F =42.7%,
mean age=25.96 +/- 13.49) with diverse genetic ancestry,
including 645 patients with schizophrenia spectrum disorders
(SCZ), 253 relatives of SCZ patients, and 616 healthy controls.
Logistic mixed models adjusted for ancestry and genetic
relatedness were used to investigate differences in known
neuropsychiatric CNV rate among SCZ cases vs non-cases, and
to test associations between borderline intellectual functioning
and child-onset psychosis and presence of known neuropsychia-
tric CNVs or burden of deletion of individual genes in 18 distinct
neurodevelopment gene-sets. Neurodevelopmental gene-sets
were defined previously via weighted gene co-expression network
analysis of BrainSpan transcriptomic data from the developing
human brain (Forsyth et al., 2020).

Results: Rates of known SCZ- and broader neurodevelopmental
disorder (NDD-) associated CNVs were elevated in SCZ cases
compared to non-cases (OR=6.70 and 3.51, respectively). SCZ-
and NDD-associated CNVs were found at non-significantly higher
rates in child-onset psychosis (i.e., onset before 13 years of age)
compared to later-onset psychosis and were associated with
significantly higher likelihood of borderline intellectual function-
ing in SCZ (OR=6.76 and 4.92, respectively). There were no
associations between deletions of genes in any neurodevelop-
mental gene-set and child-onset psychosis. However, deletions of
genes involved in regulating gene expression during fetal
development were associated with increased likelihood of border-
line intellectual functioning in SCZ (OR = 2.14). This relationship
replicated in SCZ relatives and controls (OR = 2.79). Preliminary
analysis incorporating age-normalized MRI-based neuroanatomic
metrics indicated that deletion of fetal gene-regulatory genes was
also associated with increased cortical thickness across SCZ
patients, relatives, and controls.

Conclusions: Results suggest that poor cognitive functioning in
SCZ is associated with the presence of known neuropsychiatric
CNVs. Deletions of genes involved in orchestrating the large-scale
changes in gene expression that drive early brain development
are also associated with poor cognitive function and altered brain
structure across SCZ, relatives, and healthy individuals. Associa-
tions between neurodevelopmental gene-sets and severe

SPRINGER NATURE

371



ACNP 62" Annual Meeting: Poster Abstracts P501 — P753

372

phenotypes in SCZ offers opportunities to prioritize high-impact
genes outside known risk loci.
Keywords: Childhood-Onset Schizophrenia, Copy Number Var-
iants, Neurodevelopment, Cognitive Functioning, Structural MRI
Disclosure: Nothing to disclose.

P530. Targeted Association Testing to Identify Genetic Risk
Variants for Antipsychotic Induced Weight Gain (AIWG) in
Children and Older Adults

Ginger Nicol*, Zhaohua Guo, Michael Yingling, Teddi Grey, Vicki
Martin, Anne Justice, Tooraj Mirshahi, Geetha Chittoor, Adam
Locke, J. Philip Miller, Eric Lenze, John Newcomer

Washington University, Saint Louis, Missouri, United States

Background: Relative risk for antipsychotic induced weight gain
(AIWG) is thought to be highly genetic, but our understanding of
the genetic contributors and mechanisms remains limited.
Discovery of genetic variation influencing AIWG has the potential
to identify important pathways relevant to weight and cardiome-
tabolic outcomes, and alternative treatments. As part of the NIMH-
funded Obesity Related to Antipsychotic Liability and Exposure
(ORACLE) consortium, existing anthropometric and genotype data
from similarly designed randomized clinical trials (RCTs) con-
ducted in antipsychotic-naive children with severe irritability/
aggression, and in older adults with treatment resistant depres-
sion were analyzed for SNP x treatment interactions using 5 SNPs
previously shown to exhibit large effects on treatment-related
change in body weight, and linked to genes involved pathways
relevant to obesity biology, eating behavior, and satiety. Brain
Derived Neurotrophic Factor (BDNF), 5-Hydroxytryptamine Recep-
tor 2C (5-HTR2C), Dopamine Receptor D2 (DRD2), Guanine
Nucleotide Binding Protein, subunit Beta 3 (GNB3), and Melano-
cortin 4 Receptor (MC4R).

Methods: RCT data from two 10-12 week studies was included
in the analysis: the NIMH-funded Metabolic Effects of Anti-
psychotics in Children (MEAC) study,2 which randomized
antipsychotic-naive children ages 6-18 with severe irritability
or aggressive behavior with one or more DSM diagnoses were
randomized to treatment with aripiprazole, olanzapine, or
risperidone, and the two-phase PCORI-funded Optimizing Out-
comes of Treatment-Resistant Depression in Older Adults
(OPTIMUM) study,3 which randomized older adults (604 yrs)
to augmentation with aripiprazole or bupropion, or switch to
bupropion alone in Phase 1; participants who did not respond to
Phase 1 treatment, or who had already failed trials of the
medications in Phase 1, were randomized to augmentation with
lithium or switch to nortriptyline in Phase 2. Data was pooled
and participants categorized based on Y/N antipsychotic
treatment. Using a linear mixed effects model, interactions
between selected SNPs (continuous) and treatment assignment
on % change in body weight from baseline. A repeated
measures mixed effects model was used to evaluate for time x
SNP x treatment interactions associated with change in BMI and
body weight, respectively. Percent change in height from
baseline was included as a continuous covariate in all models
to account for weight changes associated with age-related
growth or loss of height.

Results: In the pooled dataset, 655 individuals with SNPs of
interest were identified, 273 of whom were randomized to
antipsychotic treatment, and 382 of whom were randomized to
non-antipsychotic; 18.0% were children (n=118), 61.5% female
(n =403), 13.6% Black (n = 89), 1.4% Asian (n=9) and 5% (range:
5.03% to 5.34%) increase from baseline body weight compared to
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small reductions in weight in the group treated with non-
antipsychotic medications (range: —0.43% to —0.40%).

Conclusions: AIWG is a major barrier to effective treatment of
psychiatric disorders, addressable with precision medicine. In the
present study, about half the population were treated with
antidepressant medications or lithium, and included both children
and older adults, allowing for comparisons relevant to real-world
clinical decision-making. Moreover, multiple clinically relevant
weight outcomes were available for the whole sample. Although
all SNPs evaluated were associated with clinically relevant weight
gain (>5% increase from baseline), the GNB3 x treatment
interaction was significantly associated with AIWG across weight
outcomes. Of note, the C825T SNP in the GNB3 gene has been
associated with essential hypertension and obesity in addition to
increased risk for AIWG. The T allele is associated with treatment
response to serotonin reuptake inhibitors (SRIs) in depression, may
be involved in the pathophysiology of schizophrenia via
accelerated programmed cell death, and has been implicated in
antipsychotic treatment response. These preliminary results are
subject to important limitations, including the lack of a non-
antipsychotic treated pediatric sample, and most of the anti-
psychotic exposure was with aripiprazole. However, these results
illustrate how existing RCT data can be used for targeted
association testing in populations at increased risk for adverse
treatment outcomes.

Keywords: Pharmacogenetic Response, Antipsychotic, Obesity
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P531. How Diverse are Large Multi-Site Schizophrenia
Studies? Modelling Race, Ethnicity and Gender Parity in
COGS2

Yash Joshi*, Daniel Zoleikhaeian, Juan Molina, COGS2
Investigators, David Braff, Neal Swerdlow, Gregory Light

University of California, San Diego School of Medicine; VA San Diego
Healthcare System, VISN 22 MIRECC, San Diego, California, United
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Background: Multi-center studies are increasingly necessary to
advance psychiatric neuroscience and evaluate novel interven-
tions for patients with schizophrenia (SZ), but successfully
translating results from such studies to the clinic remains
challenging. Recruitment disparities in race, ethnicity and gender
are increasingly being investigated to understand how they
contribute to this translational barrier. Here, we report on race,
ethnicity and gender diversity in the Consortium on the Genetics
of Schizophrenia 2 (COGS2) study, and quantify the extent of
additive sampling necessary to achieve racial, ethnicity, and
gender parity with the cities in which COGS2 was carried out.
Methods: The analysis cohort included 841 healthy control
subjects (HCS) and 1060 SZ subjects between ages 18 and 65 from
four of the five COGS?2 sites: Los Angeles, New York, Philadelphia,
and Seattle. We generated a Diversity Index using methodology
from National Equity Atlas and previously published entropy index
calculation to characterize the diversity within this sample. We
categorized subjects into 24 categories based on combinations of
race (Caucasian Americans, African-American, American Indian/
Alaska Native, Asian, Pacific Islander/Native Hawaiian, and Multi-
racial/Other), ethnicity (Hispanic/Latino or non-Hispanic/Latino),
and gender (Male/Female) from demographic information
assessed at study entry and generated Diversity Index values for
both HCS and SZ subjects for each city. These proportions and
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Diversity Indexes were compared to age-matched American
Community Survey (ACS) census data for each of the above cities
from 2010-2014. We carried out a simulation algorithm which
sequentially expanded the COGS2 cohort by 50% by randomly
resampling from the already recruited cohort, excluding subjects
who were already oversampled in COGS2 based ACS data. The
algorithm was allowed to resample until all 24 category
proportions were within 2.5% of ACS data, and simulations were
repeated 1,000 times.

Results: Analyses revealed multiple groups were over- or
underrepresented in both HCS and SZ cohorts, compared to ACS
demographic data. Compared to the HCS cohort, the SZ cohort
had overrepresentation of African-American non-Hispanic/Latino
females and African-American Hispanic/Latino males, and under-
representation of Asian-American and Caucasian non-Hispanic
females. On average the HCS cohort required 22.7 additive
resamples (standard deviation, s.d.=6.27) to approximate ACS
race, ethnicity and gender proportions of the cities in which they
were conducted, while SZ required 46.8 additive resamples
(s.d.=11.0). For the SZ cohort to approximate the recruited HCS
race, ethnicity and gender proportions, 17.6 additive resamples
were required (s.d = 6.69).

Conclusions: Data highlights the extent to which both HCS and
SZ subjects differ in demographic composition both between
each other and compared to the city populations in which they
are recruited. While such discrepancies have been observed in
many large multi-site SZ trials, our results suggest relying on usual
recruitment and ascertainment strategies would be inadequate for
achieving demographic parity: COGS2 would need to be
expanded by a factor of >10 for HCS and > 20 for SZ to achieve
representative racial, ethnic, and gender diversity. Ongoing
analyses will investigate whether primary outcomes in COGS2
would be altered in simulated cohorts which are adequately
diverse. Our findings emphasize the need for nuanced and
targeted approaches for recruitment in large SZ multi-site studies.

Keywords: Schizophrenia (5C2), Diversity, Race,
Ethnicity, Gender
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P532. Pleiotropic Meta-Analysis with Cognitive
Endophenotypes Differentiates Neurodevelopmental,
Synaptic, and Apoptotic Pathways in Schizophrenia

Max Lam?, Jibin John, Upasana Bhattacharyyal, Todd Lencz
Institute of Mental Health, Singapore, Singapore

Background: We have previously investigated the biological
mechanisms underlying the complex and paradoxical relationship
between cognitive ability, educational attainment and (Lam et al.
2019, AJHG, PMID: 31374203). By leveraging the genetic
pleiotropy inherent in these partially overlapping phenotypes,
we identified two subsets of SNPs with distinct characteristics: 1)
those with “concordant” alleles, following the expected associa-
tion pattern across the three phenotypes: lower cognitive ability,
lower educational attainment, and increased susceptibility to
schizophrenia and 2) those with “discordant” alleles, exhibiting a
counterintuitive pattern of associations, with higher educational
attainment, higher cognitive ability but greater schizophrenia.
Gene set analyses revealed that concordant SNPs were enriched in
neurodevelopmental genes, while discordant SNPs were linked to
synapse-related pathways. Building upon these previous findings,
the present study aimed to reassess the relationship between
schizophrenia, cognitive ability, and educational attainment by
utilizing more robust GWASs and employing an expanded analytic
framework.
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Methods: Pleiotropic meta-analysis was conducted using
Pleiotropic Locus Exploration and Interpretation using Optimal
test (PLEIO) to identify specific loci harboring concordant and
discordant SNPs. MAGMA was employed to map those SNPs to
genesand conduct competitive gene-set analysis. Furthermore, we
investigated the expression patterns of these distinct gene groups
across multiple developmental stages using the BrainSpan
dataset.

Results: Through PLEIO analysis, we identified 788 independent
loci associated with cognitive ability, education, and/or schizo-
phrenia at a threshold of p<5x10-8. Among these, 344 loci
specifically harbored concordant SNPs, while 268 encompassed
discordant SNPs. Additionally, our study revealed 155 loci that
contained both concordant and discordant SNPs. Consistent with
our previous analysis, the concordant SNPs were linked to genes
involved in neurodevelopmental pathways, such as neurogenesis
and forebrain neuron generation. In contrast, the discordant SNPs
were mapped to genes associated with synaptic pathways,
including synaptic-density pathways and postsynaptic cytoskele-
ton. Notably, the CHD8 pathway, known for its role in both early
brain development and synapse formation, showed significant
associations with both concordant and discordant genes. Further-
more, genes from the common loci were associated with more
general pathways, such as translation initiation. Genes involved in
neuronal apoptosis, as well as GABA neuron differentiation, were
associated with exclusively with schizophrenia but not the
cognitive endophenotypes. Finally, we observed that concordant
genes exhibited higher expression levels during earlier develop-
m