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A B S T R A C T

Genetic etiology of psychopathology symptoms and cognitive performance in schizophrenia is supported by
candidate gene and polygenic risk score (PRS) association studies. Such associations are reported to be de-
pendent on several factors - sample characteristics, illness phase, illness severity etc. We aimed to examine if
schizophrenia PRS predicted psychopathology symptoms and cognitive performance in patients with chronic
schizophrenia. We also examined if schizophrenia associated autosomal loci were associated with specific
symptoms or cognitive domains.

Case-only analysis using data from the Clinical Antipsychotics Trials of Intervention Effectiveness-
Schizophrenia trials (n=730). PRS was constructed using Psychiatric Genomics Consortium (PGC) leave one
out genome wide association analysis as the discovery data set. For candidate region analysis, we selected 105-
schizophrenia associated autosomal loci from the PGC study.

We found a significant effect of PRS on positive symptoms at p-threshold (PT) of 0.5 (R2= 0.007, p=0.029,
empirical p=0.029) and negative symptoms at PT of 1e-07 (R2= 0.005, p=0.047, empirical p=0.048). For
models that additionally controlled for neurocognition, best fit PRS predicted positive (p-threshold 0.01,
R2= 0.007, p= 0.013, empirical p=0.167) and negative symptoms (p-threshold 0.1, R2= 0.012, p= 0.004,
empirical p=0.329). No associations were seen for overall neurocognitive and social cognitive performance
tests. Post-hoc analyses revealed that PRS predicted working memory and vigilance performance but did not
survive correction. No candidate regions that survived multiple testing corrections were associated with either
symptoms or cognitive performance. Our findings point to potentially distinct pathogenic mechanisms for
schizophrenia symptoms.

1. Introduction

Schizophrenia is a highly complex and disabling disorder with
heritability estimates as high as 80% (Sullivan et al., 2003). The genetic
risk of schizophrenia established from twin/family studies, and genome
wide association studies denote a complex polygenic architecture with
several common (108 candidate regions) and rare variants contributing
to schizophrenia susceptibility (Rees et al., 2015). Clinically, schizo-
phrenia is heterogeneous with wide variations in symptom presenta-
tion. Despite advances in technology that facilitate biological inquiry,
pathogenic mechanisms of schizophrenia still remain largely unknown.
Heterogeneity at the clinical level and complexity at the molecular level
have been cited as strong reasons for this (Rasetti and Weinberger,

2011). In an attempt to address these challenges, some studies have
focused on a sub-phenotype approach to examine molecular mechan-
isms of symptoms (Fanous et al., 2012). This is a validated approach
and there is growing evidence for its utility in advancing the field
(Jones et al., 2016; Sengupta et al., 2017).

Though there are multiple approaches to study biological and mo-
lecular mechanisms of symptoms, two common genetic approaches
seen in the literature are: (1) association studies that examine single
nucleotide polymorphism's (SNP) effect on symptoms and (2) polygenic
risk score (PRS) associations which utilize an aggregate measure of
genetic susceptibility to symptoms by taking into account the additive
effects of all significant variants across multiple genes and regulatory
areas in the entire genome. When SNP associations point to potential
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functional pathways, PRS is a taken as evidence for cumulative genetic
risk. Since it is an indicator of potentially true genetic risk, examining
PRS correlations for symptoms can help inform which symptoms are a
result of stronger genetic liability.

Studies that have examined the molecular basis of symptoms have
found genetic evidence for specific symptom dimensions in schizo-
phrenia. Evidence from candidate gene association studies identify the
possibility of shared (neurotransmitter systems, neuronal development
and maintenance) and unique associations to positive and negative
symptom dimensions (Xavier and Vorderstrasse, 2017), though func-
tional mechanisms are still unclear. Polygenic scores for schizophrenia
have shown associations with symptom dimensions, though with in-
consistencies. PRS correlations are reported in the literature for nega-
tive/disorganized dimensions not just in schizophrenia patients (Fanous
et al., 2012) but also in adolescents in the general population where it
predicted negative and anxiety symptoms (Jones et al., 2016). But a
recent study had negative findings and the association of PRS with
negative symptoms was not replicated in first episode psychosis; instead
a polygenic loading was found for general psychopathology dimension
and anxiety symptoms (Sengupta et al., 2017). Though in this study a
PRS association with negative symptoms was reported in the Caucasian
only sub-group (Sengupta et al., 2017).

There is extensive evidence for early onset and persistent cognitive
impairments in schizophrenia (Green et al., 2004; Keefe et al., 2005).
Such deficits are considered to be a major cause of functional impair-
ment and a quest to understand pathogenic mechanisms of cognitive
deficits remains a priority. Though the association between cognitive
ability and psychosis is known (Morgan et al., 2014) with evidence
supporting a shared genetic basis for cognitive ability and neu-
ropsychiatric illnesses such as schizophrenia (Hagenaars et al., 2016;
Hill et al., 2016), the exact nature of this relationship remains obscure
(Johnson et al., 2016).

General cognitive ability in the general population has shown to be
substantially heritable with large consortium studies identifying mul-
tiple candidate associations indicating a polygenic inheritance (Davies
et al., 2015). In a recent GWAS meta-analysis of 35,298 healthy in-
dividuals, rs76114856 in the CENPO gene and rs6669072 on chromo-
some 1 were found to be associated with cognitive performance
(Trampush et al., 2017). In schizophrenia and psychotic illnesses, sev-
eral candidate genes (ex: COMT, DTNBP1, NRG1, DISC1, ERBB4) im-
plicating neurotransmitter pathways involving dopaminergic (Green
et al., 2014) and glutamatergic signaling (Greenwood et al., 2011,
2013, 2016) have found to be associated with cognitive performance
and/or cognitive deficits in patients, though such findings have not
produced knowledge that is translatable to clinical practice (Ehrenreich
and Nave, 2014).

The genetic etiology of cognition is also supported by PRS studies
which associate a higher polygenic burden with greater cognitive de-
cline between the ages of 11 and 70 and a general lower cognitive
ability at the age of 70 (McIntosh et al., 2013). In the Philadelphia
neurodevelopmental cohort, investigators also found schizophrenia PRS
associations for speed of emotion identification, an aspect of social
cognition (Germine et al., 2016). Earlier studies utilizing genetic risk
scores did not find associations with cognitive domains (Yeo et al.,
2014) or IQ in schizophrenia (Van Scheltinga et al., 2013), though the
lack of association could be explained by smaller sample sizes.

Data driven approaches have validated the veracity of the polygenic
risk score approach (Chen et al., 2017), but PRS results vary across
studies and are reported to be dependent on factors such as the sample,
stage and/or severity of the disease (Cooke Bailey and Igo, 2016). One
study reported PRS to be associated with treatment resistance (Frank
et al., 2015), though another study found the evidence to be incon-
clusive (Martin and Mowry, 2016). PRS has also been reported to be
associated with frequent hospitalizations in patients, with a suggested
possibility that the association likely comes from the common variants
involved in deterioration during the course of the illness (Meier et al.,

2016). But PRS predictions of symptoms and cognitive dimensions have
not been specifically examined in patients with chronic schizophrenia.

Our study aimed to examine whether schizophrenia PRS is asso-
ciated with psychopathology symptoms and cognitive dimensions
(neurocognition and social cognition) in a sample of patients with
chronic schizophrenia. We also examined schizophrenia associated
candidate regions (Ripke et al., 2014) for region specific associations
with symptoms and cognitive dimensions in this sample.

2. Method

2.1. Subjects

This study is a secondary analysis of data from 741 subjects with
genetic data in the Clinical Antipsychotics Trials of Intervention
Effectiveness (CATIE)-schizophrenia trial. CATIE (2001–2004) was a
United States based multisite trial designed to assess differences in
antipsychotic efficacy. We refer you to Sullivan et al. (2007) for details
on the study design, patient selection criteria, sample details and gen-
otyping. For the CATIE study, a total of 1493 patients with chronic
schizophrenia were recruited from several sites to participate in the
trial and of these patients, 741 provided a DNA sample. The study ex-
cluded first episode patients, treatment resistant patients, patients with
mood disorders or features and patients whose symptoms were directly
a result of substance use or abuse. Study diagnoses for patients were
determined by CATIE investigators using the Structured Clinical Inter-
view for DSM-IV (First, 1995). In addition to the consent for the main
trial, patients also provided a separate consent for genetic studies
(Sullivan et al., 2007).

2.2. Genetic data

Genotyping for CATIE genetic samples were done by Perlegen
Sciences (Mountain View, CA, USA) using Affymetrix 500K ‘A’ and
custom 164K chipsets. We obtained the genetic data set from the
National Institutes of Mental Health (NIMH) Repository and Genomics
Resource (https://www.nimhgenetics.org) after IRB and relevant data
use approvals. Data received from the NIMH repository included in-
formation on 741 CATIE subjects and 751 controls. Information was
available for a total of 495,172 single nucleotide polymorphisms (SNPs)
in coordinates mapped in human genome build 17 (hg17, University of
California, Santa Cruz). The data we received were pre-processed with
some quality control filters applied by both Perlegen and CATIE in-
vestigators. SNPs were removed for low quality, minor allele frequency
(maf)< 0.01 and hardy-weinberg equilibrium (hwe)< 1e-05. Subjects
with> 5% missing data were also removed. We did additional data
processing by removing 21 subjects from the total sample (18 controls
and 3 cases) with sex discrepancies in phenotypic and genotypic data
and 12 subjects (8 cases and 4 controls) for relatedness. After extracting
only cases from the sample and performing LiftOver (https://genome.
ucsc.edu/cgi-bin/hgLiftOver) to update to a recent human genome
build (hg19) we were left with 730 cases and 486,895 SNPs.

2.3. Measures

2.3.1. Psychopathology symptom variables
Psychopathology symptoms were measured by the Positive and

Negative Syndrome Scale (PANSS) which is an extensively validated 30
item scale in which each Likert type item is rated from 1 to 7 with
higher scores indicating more severe symptoms (Kay et al., 1987). We
used the NIMH consensus model to construct our psychopathology
symptom variables as a previous study done on CATIE data has shown
that this model fit the data the best (Stefanovics et al., 2014). The NIMH
consensus model uses 20 out of the 30 items in PANSS and constructs
five symptom dimensions – positive, negative, disorganized, excited
and depressed. Please see Table 1 for details on these variables.
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2.3.2. Cognitive variables
We tested two cognitive variables – neurocognition and social

cognition (Table 1). The neurocognition variables were the composite
scores computed from predefined domains-working memory, verbal
memory, processing speed, reasoning and vigilance. Details on the
composite score, domain scores, neurocognitive tests used to compute
domain scores, and measurement characteristics are provided in Keefe
et al. (2006). Social cognition was measured by the facial emotion re-
cognition task (Kerr and Neale, 1993). Since the task measures facial
emotion recognition, is only one component of social cognition from
here on we refer to it as emotion recognition. Briefly, in this task sub-
jects are asked to discriminate if two faces presented have the same
emotional expression. The total score is the number of correctly dis-
criminated faces and ranges between 0 and 30. The data distribution for
this variable was skewed with 16 subjects scoring< 15. Subsequently,
we rescaled the variable to a lowest score of 15 and all subjects who
scored 15 or below were assigned a value of 15.

2.3.3. Genetic variables-PRS
To examine if schizophrenia PRS was predictive of symptom and

cognitive variables in chronic schizophrenia we first performed im-
putation on the genotyped data. Autosomes were imputed using 1000
Genomes Project Phase 3 data as the reference set. Imputation was done
in following steps: (1) Applied strict quality filters using thresholds for
hwe 1e-06 and removed individuals who had>2% missing data after
which 721 subjects and 421,802 SNPs remained. (2) Pre-phased the
filtered data in SHAPEIT software package by first checking for strand
alignment issues, removing strand inconsistencies and then estimating
haplotypes (Howie et al., 2012). (3) Conducted imputation in chunks of
5 million bases (Mb) using IMPUTE2 software package (Marchini and
Howie, 2010). (4) Applied post imputation quality control filters (the
same filters used in the Psychiatric Genomics Consortium analysis: maf
0.1 and info score cutoff of 0.9) to select the list of markers (Ripke et al.,
2014).

We constructed PRS using the methods suggested by the
International Schizophrenia Consortium (Purcell et al., 2009) using the
‘fastscore’ option in PRSice software package (Euesden et al., 2015). To
curate a most informative SNP list for PRS calculations the SNPs are
first filtered to address linkage disequilibrium (LD). We used the clump
option to address LD by applying thresholds of r2≥ 0.1 and distance of
500 kb. Since SNPs in the major histocompatibility complex region of
the genome have long range LD, we also removed SNPs in the MHC

region (26–33Mb) prior to constructing PRS. PRS was calculated on an
a priori set of significance thresholds (PT=5e-08, 1e-07, 1e-06, 1e-05,
1e-04, 1e-03, 0.01, 0.05, 0.1,0.2,0.3,0.4 and 0.5) to identify the best fit
PRS that was most predictive of an association. Multiple comparisons
were addressed by applying 106 permutations.

2.3.4. SNPs for set based analysis
Results of GWAS for complex traits suggest that the disease or trait

associations are enriched in genomic regions with several risk variants
in a single locus and as such, a set based association test assessing the
effect of an aggregated set of SNPs has been suggested to be more
powerful than single SNP analyses (Bakshi et al., 2016). Hence, to ad-
dress our second aim we chose a set based analysis. We first extracted
SNP sets by using the genomic locations reported for the validated 108
schizophrenia associated loci (Ripke et al., 2014). Excluding three re-
gions in the X-chromosome we had a total of 105 sets.

2.4. Statistical analyses

2.4.1. Polygenic risk scores
Analyses were run in PRSice using PRS as a continuous measure. We

tested associations between PRS, symptoms and cognitive variables
using linear regression models. We tested two models for symptom
variables: (1) the first model controlled for the effects of base covariates
(age, sex and ancestry using four multidimensional scaling compo-
nents). (2) Due to statistically significant correlations observed between
neurocognitive variables and symptom dimensions, we also tested a
second model adjusting for neurocognition in addition to base covari-
ates. For cognitive variables, we tested one model controlling for the
effects of base covariates. Results are presented as change in variance
(R2 of model minus R2 of the reduced covariates only model) and
overall significance of the model. We report both unadjusted p-values as
well as permutation based p-values addressing multiple comparisons
issue to identify best fit PRS.

2.4.2. Set based analysis
This analysis was implemented in Plink2 (https://www.cog-

genomics.org/plink2/general_usage) (Chang et al., 2015) using the set
option. A set based analysis follows a series of steps: (1) Single SNP
analysis is run for all SNPs within the sets. (2) Within each set, a spe-
cified number of SNP(s) that are below a specified significance
threshold are selected based on a set LD criterion. (3) The set is then

Table 1
Variables analyzed.

Variable Description Measures/tests

Psycho-pathology
symptoms

Positive Sum of PANSS items P1, P3, P5 and G9 PANSS
Negative Sum of PANSS items N1, N2, N3, N4, N6, G7
Disorganized Sum of PANSS items P2, N5 and G11
Excited Sum of PANSS items P4, P7, G8, G14
Depressed Sum of PANSS items G2, G3 AND G6

Cognitive domains Neurocognition Composite score of standardized domain scores of:
1. Working memory Computerized test of visuo-spatial

working memory
2. Verbal memory Hopkins Verbal Learning Test
3. Vigilance Continuous Performance Test
4. Processing speed −Controlled oral word association test

−Category Instance
−Grooved peg board
Wechsler adult intelligence scale

5. Reasoning −Wisconsin card sorting test
−Wechsler intelligence scale for
children

Social cognition Total score is number of correct responses on facial emotion recognition task. Rescaled
from 0-30, to 15-30 with all scores below 15 assigned a value of 15

Facial Emotion Recognition Task

PANSS - Positive and Negative Syndrome Scale; PN - Nth item on positive subscale of PANSS; NN - Nth item on negative subscale of PANSS; GN - Nth item on general psychopathology
subscale of PANSS.
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permuted using the phenotype status to obtain an empirical p-value
adjusted to address multiple comparisons within each set (Purcell et al.,
2007). We set the SNP selection significance threshold at 0.05, LD
criterion at r2 > 0.8, used a top SNP approach selecting only the top
hit SNP within each set and permuted the data set 10,000 times. Since
we had 105 sets in the analysis, we applied false discovery rate (FDR,
Benjamini-Hochberg procedure with an alpha threshold of 0.05) cor-
rection. We tested two models for association analyses with symptom
variables, the first model adjusting for base covariates and a second
model adjusting for neurocognition in addition to base covariates. We
tested cognitive variables adjusting for just the base covariates.

3. Results

3.1. PRS associations

For model 1 which controlled for age, sex and ancestry, we found a
significant effect of PRS on positive symptoms at PT of 0.5 (R2= 0.007,
p=0.029, empirical p=0.029) and a significant effect on negative
symptoms at PT of 1e-07 (R2= 0.005, p=0.047, empirical p=0.048),
though the effect on negative symptoms was not in the predicted di-
rection (β=−180.5). Please refer to S1 Table 1 for full results. Fig. 1
shows model 1 bar plots for PRS predictions of positive symptoms and
negative symptoms.

Model 2 which additionally controlled for neurocognition showed
findings in a different direction. We found a significant effect of PRS on
positive and negative symptoms at higher SNP selection thresholds.
Best fit PRS at PT of 0.01 predicted positive symptoms (R2= 0.007,
p=0.013, empirical p=0.167) and a significant effect on negative
symptoms at PT of 0.1 (R2= 0.012, p=0.004, empirical p=0.329)
and did not survive permutation correction. Please refer to S2 Table 2
for full results. Fig. 2 shows model 2 bar plots for PRS predictions of
positive symptoms and negative symptoms.

There were no significant effects of PRS on disorganized, depressed
or excited symptom dimensions. We did not find evidence for PRS
predictions of the neurocognitive composite measure or emotion re-
cognition. Post hoc analyses of neurocognitive domains revealed a
significant association of PRS with working memory (PT=1e-05,
R2= 0.006, p=0.035, empirical p=0.15) and vigilance (PT=1e-04,
R2= 0.008, p=0.020, empirical p=0.09) (Fig. 3), but they did not
survive permutation correction.

3.2. Set based associations

Results from our set based analysis are presented in Tables 2 and 3.
Though we had a few sets with variants that were significantly asso-
ciated with symptom dimensions, no loci survived correction for mul-
tiple set comparisons. Similarly, no variants associated with neuro-
cognition or emotion cognition survived correction. Results from our
post hoc analyses of set based associations with neurocognitive sub-
domains are presented in supplementary Table 3. We found that after
multiple set comparison correction was applied, variant rs12706998, an
intergenic variant, was significantly associated with working memory
(FDR p=0.031) and variant rs17269617, also an intergenic variant,
(FDR p=0.020) was associated with verbal memory.

4. Discussion

The current study aimed to examine if a schizophrenia PRS was
associated with psychopathology symptom and cognitive dimensions in
addition to potential candidate associations in a sample of patients with
chronic schizophrenia. The biological basis of symptom dimensions and
performance in cognitive domains (Glahn et al., 2014) are deemed to be
less complex than the schizophrenia phenotype itself and as such we
evaluated for overlap with schizophrenia genetic liability. In our
chronic sample, we found a significant PRS association with negative

A) B)

Fig. 1. Model 1 fit for polygenic risk score predictions on positive and negative symptom dimensions. The plots show model 1 results of 13 analyses based on SNP set without linkage
disequilibrium. For each PT, SNPs are selected if significant at that threshold and coefficients and effect sizes estimated. Values above each bar are unadjusted p-values of phenotype from
regression analyses. For 1A, the best fit PRS for negative symptoms is at the PT of 1e-07 and explains roughly 0.5% of the variance. For 1B, the best fit PRS for positive symptoms is at PT of
0.5 and roughly explains 0.7% of the variance.
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A) B)

Fig. 2. Model 2 fit for polygenic risk score predictions on positive and negative symptom dimensions. The plots show model 2 results of 13 analyses based on SNP set without linkage
disequilibrium. For each PT, SNPs are selected if significant at that threshold and coefficients and effect sizes estimated. Values above each bar are unadjusted p-values of phenotype from
regression analyses. For 2A, the best fit PRS for negative symptoms is at PT of 0.1 and explains roughly 1.2% of the variance. For 2B, the best fit PRS for positive symptoms is at PT of 0.01
and roughly explains 0.7% of the variance.

A) B)
Fig. 3. Model fit for polygenic risk score predictions of neurocognitive domains (working memory and vigilance) from post hoc analyses. The plots show the results of 13 analyses per
variable based on SNP set without linkage disequilibrium. For each PT, SNPs are selected if significant at that threshold and coefficients and effect sizes estimated. Values above each bar
are unadjusted p-values of phenotype from regression analyses. For 3A, the best fit PRS for working memory is at PT of 1e-05 and explains roughly 0.6% of the variance. For 3B, the best fit
PRS for vigilance is at PT of 1e-04 and roughly explains 0.8% of the variance.
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symptoms for both models (with and without neurocognition). Model
that controlled for the effects of neurocognition explained a significant
amount of variance (1.2%) in negative symptoms, though this did not
survive permutation testing and could likely be explained by our
smaller sample size. PRS associations with negative symptoms have
been somewhat inconsistent in the literature with both positive (Jones
et al., 2016; Fanous et al., 2012) and negative findings (Sengupta et al.,
2017). Such inconsistencies could be a reflection of the heterogeneity of
the sample or the sample size itself. PRS prediction accuracies are found
to be strongly linked to sample size (Dudbridge, 2013).

As with negative symptoms, we also found evidence for PRS pre-
dicting positive symptoms in the two models tested. Though the amount
of variance in positive symptoms (0.7%) explained by both models were
the same (potentially suggesting a negligible effect of neurocognition
on positive symptoms), model 2 controlling for neurocognition did not
survive permutation correction and again could likely be explained by
our smaller sample size. PRS association of positive symptoms is con-
tradictory to previous studies that did not show a polygenic loading on
positive symptoms (Fanous et al., 2012). This could likely be explained
by the differences in sample characteristics. We had a less hetero-
geneous group (only chronic patients) in comparison to previous stu-
dies. It's been suggested that positive symptoms that emerge in ado-
lescence may be strongly influenced by environmental factors such as
childhood trauma and/or cannabis use, hence a lack of association in
adolescence or first episode patients; PRS associations with positive
symptoms may therefore emerge in patients with a later onset of such
symptoms (Jones et al., 2016). Our findings could be suggestive of this
difference in the pathogenicity and require further study.

We did not find an association with disorganized symptom dimen-
sion. The study that previously associated PRS with disorganized
symptoms had a different factor structure which clumped negative and
disorganized symptoms into a single factor (Fanous et al., 2012). We
had separate factor structures for these symptom dimensions which is
likely the reason for the absence of association.

Despite the polygenic signal evident in our study we did not find
any SNP associations with symptom dimensions that withstood cor-
rection which could be due to our sample size. Large sample sizes are
required to identify effects of common variants (Ripke et al., 2011). It is
very likely that we were underpowered to detect an effect.

We did not find evidence for a strong polygenic association for
neurocognition as a single composite factor. This could be due to dif-
ferent genetic susceptibility for different sub-domains. We confirm this
in our post hoc analyses where we found that two subdomains (working
memory and vigilance) of neurocognition were predicted by PRS,
though they did not survive correction for multiple tests. Earlier studies
have found PRS associations with working memory in the healthy
general population (Hatzimanolis et al., 2015). In addition, PRS has
been associated not just with behavioral measures of cognition but also
brain based endophenotypes such as prefrontal inefficiency (Walton
et al., 2014). Working memory has been strongly associated with pre-
frontal function (Perlstein et al., 2001) and this offers potential causal
mechanisms for further investigation. In our study we also found PRS
associations with vigilance measured by the continuous performance
test. Vigilance measured by the same test has been associated with
schizophrenia PRS in a healthy population (Hatzimanolis et al., 2015).

Literature also supports a polygenic basis for social cognition. Social
cognition measured by emotion recognition was found to be associated
with PRS in subjects between the ages of 8–21 with findings replicated
in a sample of healthy adults (Germine et al., 2016). Of importance
here, is that PRS was specifically associated with the speed of emotion
recognition and not the ability to recognize emotion per se. Our study
did not support a polygenic association and is likely due to measure-
ment differences. Our social cognitive variable assessed for the ability
to discriminate emotion and did not measure the speed, which could
explain the lack of association.

Taken together, our results are suggestive of a polygenic associationTa
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for specific symptom and cognitive dimensions in chronic schizo-
phrenia. This study has several limitations; the obvious one is the
sample size which is small in comparison to the recommended n of
2000 (Wray et al., 2014). General limitations of the PRS analysis apply
to our study-PRS identifies a polygenic signal but cannot provide spe-
cific associations that can help elucidate functional mechanisms. PRS is
computed from common variants with small effects, so the contribu-
tions of rare and structural variants are not known. Additionally, in our
study we only used autosomes for PRS calculations, so effects of
common variants in sex chromosomes contributing to polygenic burden
are not known. For our set based analysis, we utilized a top SNP ap-
proach for the loci analyzed which is a limitation as this could poten-
tially exclude several SNPs that could be causal. Some of these loci are
known to have several genes (Ripke et al., 2014).

In conclusion, in a sample of patients with chronic schizophrenia we
examined if genetic susceptibility to schizophrenia could predict
symptom dimensions and cognitive performance. We did not find spe-
cific variants associated with symptom or cognitive dimensions.
However, we found that PRS predicted a small amount of variance in
positive and negative symptom dimensions and performance on
working memory and vigilance tests. Some of our findings are con-
sistent with the literature and extend these associations in the popula-
tion with chronic schizophrenia. Given that these symptoms and defi-
cits in cognitive domains contribute heavily to morbidity in
schizophrenia, these findings hold promise to inform further research
and potentially guide an objective approach to diagnosis and develop-
ment of precise therapeutic interventions.
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