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Abstract

Background: Abnormalities between the prefrontal cortex and basal ganglia have been
described by numerous studies of schizophrenia (SZ). We recently reported that individuals with
first episode SZ who develop greater vocational and social impairments show lower baseline
functional connectivity between the globus pallidus (GP) and regions of the intrinsic salience
network. Here we extend these findings to probe the integrity of this system in individuals with
chronic illness.

Methods: All data were obtained from a publicly available Center of Biomedical Research
Excellence dataset (http://fcon_1000.projects.nitric.org/indi/retro/cobre.html) that included
resting-state fMRI and structural scans, and an array of clinical and neuropsychological measures.
Participants with SZ were divided into high- or low-functioning groups based on scores across
measures of psychopathology and cognitive functioning. Corticopallidal functional connectivity
was examined between low- and high-functioning individuals with SZ and matched healthy
control participants. We focused on connectivity between GP structures and a priori regions of the
salience network that were significant in our previous study. Exploratory voxel-wise analyses were
also conducted.

Results: Lower functioning individuals with SZ demonstrated less connectivity between bilateral
GP externa and nodes within the salience network, relative to healthy controls. No connectivity
differences were observed between low- and high-functioning individuals with SZ. Exploratory
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voxel-wise analyses highlighted additional large-scale corticopallidal abnormalities in lower-
functioning participants with SZ.

Conclusions: These results confirm our previous work in a more chronic cohort of individuals
with SZ. Our findings further advance corticopallidal connectivity as a biomarker of functional
impairments in SZ and lay the groundwork for treatment-based studies.
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1. INTRODUCTION

Functional impairments are prominent features of schizophrenia (SZ) that significantly
contribute to disability throughout the world (Bowie et al., 2006; Global Burden of Disease
Study, 2015; Green, 1996; Jaaskelainen et al., 2013). It is estimated that less than 15% of
individuals with SZ achieve a level of recovery consistent with normal functioning
(Robinson et al., 2004). Broadly, functional impairment in schizophrenia manifests in
multiple areas of everyday life, including the ability to maintain social relationships, sustain
employment, and live independently. Both negative symptoms and neurocognitive deficits
are established primary factors that influence the severity of functional impairment in
individuals with SZ (Bowie et al., 2006; Fett et al., 2011; Green, 1996; Reddy et al., 2016).
Though SZ-related functional impairment is well-characterized, robust, and consistent
across cohorts and studies, therapeutic strategies are limited. All clinically available somatic
treatments target only the positive symptoms of SZ with limited effect on long-term chronic
disability. This lack of therapeutic approaches is partly due to a deficient understanding of
neurobiological mechanisms related to functional impairment. Thus, elucidating neural
contributions remains paramount for novel treatment development.

Accumulating evidence implicates large-scale cortico-basal ganglia-thalamo-cortical
(CBGTC) circuitry in the neuropathology of SZ (Avram et al., 2018; Giraldo-Chica and
Woodward, 2017; Meyer-Lindenberg et al., 2002). A subset of studies has also focused on
CBGTC links in relation to clinical outcomes. Response to antipsychotic treatment has been
linked to increased corticostriatal connectivity (Hadley et al., 2014; Sarpal et al., 2016;
Sarpal et al., 2015). Elsewhere within CBGTC circuitry, links between the basal ganglia and
prefrontal cortex have been implicated in overall functional outcomes of SZ (Wojtalik et al.,
2017). We recently reported that functional connectivity between regions of the globus
pallidus (GP) and the nodes within the salience network is decreased in individuals with
first-episode schizophrenia who developed more severe functional impairment (Tarcijonas et
al., 2019). This finding was independent of striatal connectivity, consistent with circuitry
observed in akinetic mutism (Darby et al., 2018), and involved corticopallidal nodes that are
targeted by neuromodulatory approaches such as deep brain stimulation (Da Cunha et al.,
2015; Parvizi et al., 2013). Though encouraging, independent confirmation of this result is
necessary for further biomarker development of this functional circuit.
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Given that our previous study focused on first-episode schizophrenia, it remains unknown
whether GP-salience network connectivity related to global functional impairment in
individuals with more chronic SZ. To address this question, we performed the present study
using a publicly available dataset that included neuroimaging and clinical data from cohorts
of individuals with chronic schizophrenia and matched healthy control participants. Our
primary goal was to extend our initial analysis to an independent dataset of patients with
chronic illness. No direct measure of global functioning was included in this dataset.
However, to leverage available clinical and neurocognitive measures, we used a data-driven
approach to derive novel proxy measures of global functioning, based on factors across
clinical, social cognitive, and neurocognitive assessments. We tested the hypothesis that
functional connectivity between GP structures and regions of the salience network, including
and the insula and dorsal anterior cingulate cortex, significantly differ between low-
functioning individuals with SZ and matched healthy controls (HC). Secondly, we were
interested in whether corticopallidal findings exist in areas outside of the salience network,
possibly implicating novel circuitry related to illness progression in this cohort of chronic
participants with SZ. Thus, we also conducted exploratory whole-brain analyses.

2. METHODS

2.1 Participants and Clinical Phenotyping

We included participants from the publicly available Center of Biomedical Research
Excellence (COBRE) dataset (Calhoun et al., 2011). The full dataset downloaded included
72 deidentified participants, aged 18-65, with a diagnosis of SZ, confirmed by a Structured
Clinical Interview for DSM disorders by trained clinicians. A cohort of 74 matched and
deidentified HCs was also downloaded. However, data from one HC participant did not
properly pass our preprocessing methods (see below) due to incomplete volumes of data. As
a conservative measure we left this participant out, leaving 73 HC participants included in
this study. More information about the dataset is available at http://
fcon_1000.projects.nitric.org/indi/retro/cobre.html. Exclusion criteria consisted of a history
of substance abuse or dependence in the year prior to the assessment; a history of
neurological disorders; intellectually disabled; and severe head trauma with loss of
consciousness for more than 5 min. Written informed consent was obtained from all subjects
in accordance with the institutional review board of the University of New Mexico. The
COBRE dataset is publicly distributed with a Creative Commons License.

All SZ participants underwent assessments for psychopathology with the Clinical Global
Impressions scale (CGI) (Guy and Bonato), and Positive and Negative Syndrome Scale
(PANSS) (Kay et al., 1987). Neurocognition was assessed with the Wechsler Adult
Intelligence Scale (WAIS) (Wechsler, 2008), Wechsler Abbreviated Scale of Intelligence
(WASI) (Wechsler, 1999), Measurement and Treatment Research to Improve Cognition in
Schizophrenia Consensus Cognitive Battery (MCCB) (Nuechterlein et al., 2008), and the
Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT) (Mayer et al., 2003).

A subset of 61 SZ participants had usable data for the CGI, PANSS, WAIS, WASI, MCCB,
and the MSCEIT assessments and were included in our analyses relating functional
impairment with GP connectivity. Since scores on these assessments putatively predict
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functional outcomes in SZ, we were interested in identifying data-driven factors that explain
the variance across them, each factor representing a unique contribution to functional
impairment. Given the lack of a direct measure of functional impairment, this method,
allowed for us to approximate independent representations of functional impairment with the
cross-sectional set of clinical and neuropsychological batteries included in the COBRE
dataset. To reduce our data, a principal component analysis was performed on scores or
ratings across our assessments of interest. Horn’s parallel analysis was then used to
empirically identify the appropriate number of factors to retain in further analyses. Results
of our analysis are represented in Table 1 and Supplementary Figure 1. Three principal
components (PC) passed Horn’s analysis and explained 37.2% (PC1), 19.3% (PC2), and
17.9% (PC3) of the variance across the clinical and neurocognitive assessments listed above.
Each of these PCs represented an orthogonal contribution to overall functioning and were
treated independently to characterize functional impairment in separate sets of heuroimaging
analyses, as described in section 2.4 below. For each PC, low- and high-functioning patients
with SZ were defined by a median split of the average loading of SZ participants’ data onto
it. This resulted in three PCs with different combinations of high and low-functioning SZ
participants. A binary sub-categorization of SZ participants into low- and high-functioning
groups mirrors our previous longitudinal study (Tarcijonas et al., 2019), and facilitates
comparisons of neuroimaging data with HCs who did not undergo all clinical and
neurocognitive assessments of interest. To our knowledge, this approach for categorizing SZ
participants based on functioning has not been used in prior studies but allows for the
utilization of cross-sectional data to examine functional impairment in the absence of a
direct measure, such as the Strauss Carpenter Outcome Scale (Strauss and Carpenter, 1972).

2.2 Neuroimaging acquisition

Structural scans were acquired with a multi-echo MPRAGE (MEMPR) sequence with the
following parameters: TR/TE/TI = 2530/[1.64, 3.5, 5.36, 7.22, 9.08]/900 ms, flip angle = 7°,
FOV = 256x256 mm, Slab thickness = 176 mm, Matrix = 256x256x176, Voxel size =1x1x1
mm, Number of echos = 5, Pixel bandwidth =650 Hz, Total scan time = 6 min. Resting-state
scans were acquired with single-shot full k-space echo-planar imaging (EPI) with ramp
sampling correction using the inter-comissural line (AC-PC) as a reference (TR: 2 s, TE: 29
ms, matrix size: 64x64, 32 slices, voxel size: 3x3x4 mm).

2.3 Neuroimaging Preprocessing

Consistent with our previous work, preprocessing was completed in accordance with an
established pipeline that uses tools from AFNI (https://afni.nimh/nih.gov/) and FSL (http://
www.fmrib.ox.ac.uk ) packages (Cox, 1996; Jenkinson et al., 2012). This pipeline has
consistently minimized head motion-dependent confounds across multiple studies, including
our previous work (Hallquist et al., 2013; Tarcijonas et al., 2019). Preprocessing steps
included the following: 4D slice timing and motion correction with NIPy (http://nipy.org/);
skull stripping; co-registration and warping to standard MNI space; spatial smoothing using
a 5 mm full width at half maximum (FWHM) Gaussian kernel; high pass filtering at 100
volumes, and grand mean intensity normalization (10000/global median). To minimize noise
in our data and account for head motion, including movement-related ‘spikes’, we used
wavelet de-spiking (Patel et al., 2014), which uses a data-driven method to identify and
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remove movement-related artifacts. Following wavelet de-spiking, the following steps
occurred: signal nuisance regression with motion, cerebrospinal fluid (CSF), white matter,
and both CSF and white matter derivatives, and bandpass filtering between 0.009 and .08
Hz.

2.4 Functional Connectivity Analyses

Due to differences in the resolution of scans in this study and our previous work, resampled
regions of interest (ROIs) from our previous work resulted in seed ROIs that were 1 voxel in
size given differences in resolution of scans from the two studies. To account for more
variance in whole brain GP connectivity, we used anatomical masks of GP structures as seed
ROIs. This resulted in 4 larger ROIs: left GP externa (24 voxels), left GP interna (8 voxels),
right GP interna (11 voxels), right GP externa (26 voxels). Images of these ROIs are
displayed in Figure 1. The mean time courses were extracted from all four GP ROIs and
corresponding z-transformed whole-brain functional connectivity maps were generated for
all HC and SZ participants with the extracted waveforms as a reference. For our primary
analysis, which was interested in reproducing results from our previous findings, we focused
on functional connectivity between our GP ROIs and peak nodes (with a 5 mm radius) from
our previous work in the dorsal anterior cingulate (x=1, y=13 , z=42), left anterior insula
(x=—-33, y=8, z=8), and right anterior insula (x=40, y=27 , z=3), all regions within the
salience network (Figure 2). Our three ROIs were combined to create one tripart ROI that
represented the salience network. We confirmed that all three of these nodes were inclusive
within the salience network via an external meta-analytic search engine. We entered the term
‘salience’ into the neurosynth database (https://www.neurosynth.org) to generate a reverse
inference map representing boundaries of meta-analytic activation of the salience network.
We then visually confirmed that nodes of our mask were well within the resulting network
(YYarkoni et al., 2011).

All results of our functional connectivity analyses were deemed significant if they surpassed
Bonferroni correction (p < 0.004: 0.05 divided by 12, which accounts for 3 PCs and 4 ROIs)
(Gorgolewski et al., 2011). In post-hoc analyses functional connectivity results were
examined along with age, and antipsychotic medication exposure in chlorpromazine
equivalents. Finally, connectivity results were examined along with framewise displacement
(FD), to confirm that our results were not influenced by head motion.

2.5 Exploratory Group Analyses

Whole-brain connectivity differences between each combination of pairs from our three
participant groups (low-functioning SZ, high-functioning SZ, and HC) were examined for
all four GP ROls using 3dttest++ in AFNI. These analyses were repeated for each PC, which
represented a unique factor related to functioning. Significance was defined voxel-wise at p<
0.001, and with cluster correction at p <0.05 with via 3dClustSim in AFNI. Options entered
into 3dClustSim included values of the amount of smoothing present estimated by a spatial
autocorrelation function, and 10,000 iterations. The corrected cluster threshold was defined
at 59 contiguous voxels.
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3. RESULTS

3.1 Demographics and Clinical Data

Demographic and clinical data are displayed in Table 2. Data from 72 SZ and 73 HC
participants were included in overall SZ-HC comparisons. A sub-cohort of 61 SZ
participants were included to test our primary hypothesis in subsequent analyses focused on
functional impairments. Our SZ cohort demonstrated significantly lower scores across
neurocognitive and social cognitive assessments, consistent with prior studies with the
COBRE dataset (Avram et al., 2018; Cabral et al., 2016; Wang et al., 2015). We observed
three principal components (PC1, PC2, PC3) that explained a significant portion of the
variance across clinical and cognitive measures (Table 1). Additional demographic and
clinical data on our low and high functioning subgroups defined by each PC are displayed in
Supplementary Table 1. We observed no significant difference in age, sex, antipsychotic
medication, or use of antidepressant medications (p>0.05) between low- and high-
functioning groups for each of our PCs of interest. Each PC represented a unique
contribution to functional impairment in SZ and was examined in relation to neuroimaging
measures summarized below in independent analyses. In accordance with the binary
classification of functioning in our previous work (Tarcijonas et al., 2019), lowand high-
functioning SZ participants were defined based on loadings onto each of these components,
which facilitated comparisons with the HC group. Consistent with previous studies, our SZ
cohort exhibited greater FD, relative to the HC cohort (Table 1; p < 0.001).

3.2 Corticopallidal Connectivity: Independent Confirmation

We first examined whether there are differences between SZ and HC groups in functional
connectivity between GP ROIs and combined nodes within the salience network. The SZ
cohort demonstrated significantly less connectivity between both left and right GP externa
ROIs with nodes representing the salience network (P <0.05, Bonferroni corrected). Our
primary analysis tested the hypothesis that functional connectivity between the GP and
nodes of the salience network that emerged in our previous analyses will also differentiate
low-functioning individuals with SZ from HC participants in the COBRE dataset.
Connectivity between the GP and salience network ROIs was extracted for SZ and HC
participants, and subsequently, examined between low-functioning, high-functioning
participants and HC groups (Figure 1). For PC1, we observed decreased connectivity
between left and right GP externa and the salience network in low-functioning SZ relative
HC participants (P< 0.05, Bonferroni corrected; Figure 2). PC2 showed a similar
relationship of decreased connectivity between the right GP externa and the salience
between in the low-functioning SZ group relative to HC participants, but also a decrease in
left GP externa-salience network connectivity between high-functioning SZ and HC
participants (p < 0.05, Bonferroni corrected). For PC3, we also observed decreased
functional connectivity relative to HC participants in the low-functioning SZ group for both
right and left GP externa-salience network connectivity (P <0.05, Bonferroni corrected). We
additionally observed decreased connectivity between high-functioning SZ participants and
the HC group in right GP externa-salience network connectivity. These results replicate our
previous findings (Tarcijonas et al., 2019). However, significant results related to functional
impairment were only demonstrated with our GP externa ROIs, contrary to our previous

Schizophr Res. Author manuscript; available in PMC 2021 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tarcijonas et al.

Page 7

study, in which the interna ROIs were most prominent. Of note, no significant results were
noted between low- and high-functioning individuals with SZ. In post-hoc analysis, none of
the findings described above were significantly related to FD, antipsychotic medication
exposure, age, or illness duration (P> 0.1).

3.3 Exploratory Group Analyses

In addition to testing our previous corticopallidal connections in relation to functional
impairment, we also examined whole-brain, voxel-wise connections of the GP. Results are
summarized in Supplementary Tables 2—4 and displayed in Figure 3. For PC1 we observed
decreased GP-salience network connectivity in low-functioning SZ participants in
comparison with the HC group, robustly circumscribed in canonical regions of a salience
network, and the medial dorsal nucleus of the thalamus, bilaterally (Figure 3). Low-
functioning SZ cohorts defined by PC2 and PC3 also showed decreased GP connectivity
with regions of the cingulate and supramarginal gyrus, relative to HCs.

4. DISCUSSION

In this study, our goal was to confirm prior results linking corticopallidal connectivity with
functional impairment in a cohort of participants with chronic SZ. Proxy measures that
represented functional impairment were derived to leverage available data from a publicly
available dataset of participants with chronic SZ that lacks a direct assessment of
functioning. In our primary analyses, we hypothesized, based on our previous findings, that
GP-salience network connectivity would be abnormal in participants with lower scores of
functioning relative to a matched control group. Confirming these previous results, we
observed decreased functional connectivity between the GP and the salience network in SZ
participants with lower loadings onto factors that represent measures that contribute to
functional impairment in SZ. In additional exploratory analyses, we examined whether
corticopallidal interactions are present outside of our a priori connections at a voxel-wise
level. Not only did we observe regions circumscribed to the salience network, but found
additional cortical regions associated with low functioning that largely mirrored group
differences from our previous work, underscoring known CBGTC circuitry. Of note, we
observed a consistent corticopallidal signal across all three unique PCs derived from
measures that contribute to functional impairments in SZ. Our work is significant for its
novel approach toward examining functional impairment with an external and publicly
available dataset and its confirmation of our prior work (Tarcijonas et al., 2019). Replication
studies, such as this study are crucial for biomarker development, especially with use of
independent sources of data, and heterogenous measures of clinical phenomena.

Our finding of lower connectivity between the GP and salience network in lower-functioning
patients may reflect an imbalance between the inhibitory indirect pathway and the excitatory
direct pathways of the basal ganglia. This sort of imbalance may result in a less active direct
pathway, affecting the ability to incite goal-directed behavior (Dunovan and Verstynen,
2016). In contrast to our prior work in first-episode SZ, one considerable difference in the
present set of results is that significant relationships between overall functional impairment
and corticopallidal connectivity were limited to the GP externa, not the interna. We speculate

Schizophr Res. Author manuscript; available in PMC 2021 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tarcijonas et al.

Page 8

that this discrepancy may be due to inherent differences between these two cohorts, which
capture distinct phases of illness. The COBRE dataset includes patients with chronic SZ, and
overall, an extensive history of illness and medication exposure. The previous study included
minimally treated individuals, including a sub-cohort of treatment naive individuals, with
first episode SZ. Differences in results may reflect dynamic effects of illness that change the
topography of neural processing through the basal ganglia. As SZ illness progresses, there
may be movement of neural circuitry from interna to exerna pathways. Future studies
focused on white matter tracts through the globus pallidus may help address this question.

Our results contribute to our understanding of the role of the CBGTC system in clinical
outcomes. While global connectivity studies remain inconclusive and may be intact,
focusing on functional connectivity on substructures and specific systems is still relevant for
biomarker development in SZ research. Functional connectivity of the striatum has been
shown to be related to antipsychotic treatment response (Hadley et al., 2014; Sarpal et al.,
2016; Sarpal et al., 2015). Thalamic connectivity has shown promise as a trait-based marker
of SZ illness (Giraldo-Chica and Woodward, 2017). However, here, we focus on the
pallidum — a relatively unexplored structure in SZ research that is a treatment target for a
variety of neurologic conditions. The GP is a critical component of the CBGTC system with
a distinct role in generating action from competing striatal inputs. Aberrant GP functioning
in lesion studies is linked to deficits in motivational salience and goal-directed behavior,
which are core components of the negative and cognitive symptoms of schizophrenia and
contribute to functional deficits of the disorder (Arimura et al., 2013; Justin Rossi et al.,
2017; Miller et al., 2006; Piron et al., 2016). In addition, deep brain stimulation of pallidal
substructures may hold potential as a therapeutic strategy for individuals with schizophrenia
who demonstrate more extreme functional limitations (Gault et al., 2018). Our results show
a notable resemblance to findings in patients with akinetic mutism, who display poor
functioning and phenotypic elements similar to the negative symptoms observed in
schizophrenia (Darby et al., 2018). While more work is needed to further characterize the
link between the GP and the salience network, the present findings suggest that it may relate
play a role in neurocognitive domains such as motivation and goal-oriented behavior. We
also noted findings within the higher-order associated regions of the supramarginal gyrus at
the temporoparietal junction, consistent with our previous work, indicating possible deficits
in low-functioning individuals with SZ in more extended regions of the attention system,
language processing, and social cognition (Adolphs, 2001; Binder et al., 1997; Corbetta et
al., 2008; Corbetta and Shulman, 2002; Tomasi and Volkow, 2012). Of note, the observed
relationship between low-functioning patients and reduced GP-salience network
connectivity was not significantly associated with symptom severity at baseline, suggesting
that this relationship is independent of acute psychosis.

There are several limitations to the present work. For one, our measures of functioning were
proxy measures derived from factors known to contribute to impairment in individuals with
SZ. Reliability of this approach will need to be established in future studies. Thus, our
findings are not a true replication given the proxy measure for functional impairments. An
externally validated measure of functional outcomes consistent with our previous work
would be ideal (Strauss and Carpenter, 1972), along with other community-based measures
of outcome (Hogarty et al., 1974; Schooler N et al., 1979). Secondly, our study examined a
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cross-sectional cohort of patients, stable and chronically ill, with a long duration of
treatment. Future longitudinal samples that combine neuroimaging with clinically rigorous
measures of outcomes, as in our previous analysis are needed. Despite these limitations, we
are confident that our data reduction across cognitive and clinical measures reflect real-
world functioning, and our neuroimaging results are well-founded given that they are
hypothesis driven, and localized. These results do advance the potential for corticopallidal
circuitry as a target for therapeutic development.

In summary, we show independent evidence, from a cohort of individuals with chronic Sz,
that further supports a role for corticopallidal interactions in the functional impairments of
schizophrenia. Further studies in both early and chronic patients are needed to disentangle
discrepancies in GP connectivity between our two studies. Nonetheless, corticopallidal
connectivity may be a treatment target for detrimental functional outcomes often observed in
chronic psychotic disorders, possibly via neuromodulatory methods. Future work focused on
mechanistic clinical trials is necessary.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Regions of Interest
In A) we display GP seed regions used for connectivity analyses. In B) nodes within the

salience network derived from our previous findings are depicted. These nodes were
combined for our GP connectivity analyses.
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Figure 2. Corticopallidal connectivity results.

Functioning Functioning
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Results of our primary analyses are displayed. We observed a significant decrease in GP-
salience network functional connectivity between healthy control and lower functioning SZ
participants. This result was consistent across all groupings of low and high-functioning
defined by each of our 3 PCs of interest.
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Figure 3. Exploratory voxel-wise analyses.
Images illustrating key results from voxel-wise analyses are displayed.
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Table 1.

PCA details: weights of relevant components.

Component1l | Component2 | Component 3
CGlI -0.17367 -0.66417 —-0.16769
WASI 0.525341 -0.1718 -0.02039
MSCEIT 0.32916 -0.19875 0.598223
WAIS 0.46972 -0.04151 —-0.27565
PANSS Positive -0.11662 -0.57911 —-0.37896
PANSS Negative | -0.20475 -0.36209 0.627686
MCCB 0.556191 -0.14716 —0.00272
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CGl: Clinical Global Impression; WASI: Wechsler Abbreviated Scale of Intelligence; MSCEIT: Mayer-Salovey-Caruso Emotional Intelligence
Test; WAIS: Wechsler Adult Intelligence Scale; PANSS: Positive and Negative Syndrome Scale; MCCB: Measurement and Treatment Research to
Improve Cognition in Schizophrenia Consensus Cognitive Battery.
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Table 2.

Demographic and clinical characteristics of participants

Patients (N = 72)

Controls (N = 73)

Mean | SD N | Mean | SD N | T/X2 | p-value
Age (years) 38.17 13.89 35.89 11.65 -1.07 0.29
Sex 2.78 0.10
Male 58 50
Female 14 23
WASI 1Q 100.30 | 16.47 110.98 | 13.33 4.09 <0.001
WAIS PSI 87.91 13.32 101.84 | 14.55 5.68 <0.001
MCCB 33.17 14.11 49.05 8.92 7.46 <0.001
MSCEIT 41.58 12.48 51.26 9.76 4.96 <0.001
CGlI 3.57 0.87 NA NA NA NA
Negative symptoms (PANSS) 1453 | 4.83 NA NA NA NA
Positive symptoms (PANSS) 14.96 4.83 NA NA NA NA
Framewise Displacement 0.412 0.30 0.28 0.15 -3.43 <0.001
chlorpromazine equivalents (mg) | 368.24 | 304.25 NA
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CGl: Clinical Global Impression; WASI: Wechsler Abbreviated Scale of Intelligence; MSCEIT: Mayer-Salovey-Caruso Emotional Intelligence
Test; WAIS: Wechsler Adult Intelligence Scale; PANSS: Positive and Negative Syndrome Scale; MCCB: Measurement and Treatment Research to

Improve Cognition in Schizophrenia Consensus Cognitive Battery.
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