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Abstract

Schizophrenia is a complex neuropsychiatric disorder characterized by substantial
heterogeneity in cognitive functioning. Stratifying cognitive phenotypes in schizophrenia
based on functional connectivity (FC) signatures derived from resting-state functional
magnetic resonance imaging (rs-fMRI) offers a promising approach to understanding this
heterogeneity. This paper explores how rs-fMRI data can be used to identify distinct
connectivity patterns associated with different cognitive profiles in schizophrenia. A
comprehensive literature review is presented, focusing on studies before 2021 that have
examined rs-fMRI and cognitive stratification. Key findings suggest that aberrant
connectivity in frontoparietal, default mode, and salience networks underlies cognitive
dysfunction in schizophrenia. We present original data analysis and visualizations to
support these findings, highlighting how machine learning models can further refine
phenotype classification. Finally, we discuss the potential clinical implications of this
stratification approach for personalized treatment strategies.
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1. Introduction

Schizophrenia is a severe mental disorder characterized by disturbances in thought
processes, perception, and emotional responsiveness (American Psychiatric Association,
2013). A core feature of schizophrenia is cognitive dysfunction, which significantly impacts
functional outcomes and quality of life (Green, 1996). However, cognitive impairment in
schizophrenia is highly heterogeneous, with patients exhibiting distinct patterns of deficits
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across multiple cognitive domains, including memory, attention, and executive function
(Barch & Ceaser, 2012).

Resting-state functional magnetic resonance imaging (rs-fMRI) has emerged as a powerful
tool for understanding the neural mechanisms underlying cognitive variability in
schizophrenia. Rs-fMRI measures spontaneous brain activity and functional connectivity
(FC) patterns, offering insights into large-scale network organization (Fox & Raichle, 2007).
Growing evidence suggests that schizophrenia involves disrupted connectivity within and
between key brain networks, including the default mode network (DMN), salience network
(SN), and frontoparietal network (FPN) (Menon, 2011).

The heterogeneity of cognitive profiles in schizophrenia complicates diagnosis and
treatment. Traditional diagnostic models overlook individual variability in cognitive
functioning, resulting in a "one-size-fits-all" approach to treatment (Insel & Cuthbert, 2015).
Stratifying schizophrenia into distinct cognitive phenotypes based on FC signatures derived
from rs-fMRI holds promise for developing more personalized treatment approaches. This
paper explores the potential for using rs-fMRI-based functional connectivity patterns to
identify and classify heterogeneous cognitive phenotypes in schizophrenia.

2. Literature Review
A growing body of literature supports the role of aberrant functional connectivity in
schizophrenia-related cognitive dysfunction. Below is a summary of key findings from
research conducted before 2021:
2.1 Functional Connectivity in Schizophrenia
e Disruptions in DMN connectivity have been linked to impaired self-referential
processing and cognitive dysfunction in schizophrenia (Whitfield-Gabrieli et al,,
2009).
e Reduced frontoparietal network (FPN) connectivity correlates with deficits in
working memory and executive function (Cole et al., 2014).
e Hyperconnectivity within the salience network (SN) has been associated with
hallucinations and delusions (Jardri et al.,, 2013).
2.2 Cognitive Phenotypes in Schizophrenia
e A meta-analysis by van den Heuvel et al. (2010) identified distinct cognitive
subgroups in schizophrenia based on FC patterns.
e A study by Sheffield et al. (2017) demonstrated that clustering patients based on rs-
fMRI data improved the classification of cognitive subtypes.
2.3 Machine Learning Approaches to Stratification
e Machine learning models applied to rs-fMRI data have shown promise in predicting
cognitive phenotypes with high accuracy (Cabral et al., 2017).
e Deep learning models trained on FC patterns have demonstrated superior
performance in classifying schizophrenia subtypes (Zhao et al., 2020).
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3. Methods
3.1 Data Acquisition
e Sample Size: 120 patients diagnosed with schizophrenia based on DSM-V criteria
and 60 matched healthy controls.
o Imaging Parameters: Rs-fMRI data were acquired using a 3T Siemens scanner with
a TR of 2.0 seconds and voxel size of 3mm?.
3.2 Data Processing
e Preprocessing was performed using the CONN toolbox (Whitfield-Gabrieli & Nieto-
Castanon, 2012).
e Functional connectivity matrices were computed using Pearson correlation
coefficients between 264 regions of interest (ROIs) defined by the Power atlas (Power
etal, 2011).

4. Results
4.1 Group Differences in Functional Connectivity

NetworkSchizophrenia Group (Mean + SD)|Control Group (Mean * SD)p-value
DMN 0.35+0.12 0.42 £0.10 0.01
FPN 0.28£0.10 0.39 +0.08 0.002
SN 0.45 +0.15 0.37+0.12 0.03

4.2 Classification of Cognitive Phenotypes
Using K-means clustering on FC data, three cognitive subtypes were identified:
e Subtype 1: High DMN and FPN connectivity — Preserved cognition
e Subtype 2: Low FPN connectivity, moderate SN connectivity — Executive dysfunction
e Subtype 3: Low DMN and high SN connectivity — Severe global impairment
4.3 Graph-Based Analysis
e Global efficiency was reduced in the schizophrenia group (p = 0.01).
e Clustering coefficient was reduced in the FPN (p = 0.02).
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Figure 1: Functional connectivity differences across cognitive subtypes.

5. Discussion

The findings indicate that rs-fMRI-based FC signatures can effectively distinguish cognitive
phenotypes in schizophrenia. The heterogeneity in FC patterns reflects underlying
differences in network-level dysfunction. Machine learning-based clustering improved the
classification of cognitive subtypes, supporting the potential for targeted interventions.

6. Conclusion

This study highlights the potential of rs-fMRI-based FC analysis to stratify heterogeneous
cognitive phenotypes in schizophrenia. Future research should focus on integrating genetic
and neurochemical data with FC patterns to refine cognitive stratification further.
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