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Schizophrenia spectrum disorders (SSDs) are severe 

neuropsychiatric conditions characterized not only by 

positive and negative symptoms but also by profound 

neurocognitive impairments that significantly affect 

functional recovery and quality of life. This review paper 

examines the neurocognitive impairment profiles and 

cortical dysregulation mechanisms underlying SSDs, with 

emphasis on the interaction between cognitive 

dysfunction, large-scale brain network abnormalities, and 

neurochemical disturbances. The study explores the 

stratified continuum of cognitive impairment across 

healthy individuals, first-degree relatives, clinical high-

risk populations, first-episode psychosis, and chronic 

schizophrenia patients. Core cognitive deficits including 

processing speed, working memory, executive function, 

attention, verbal learning, and social cognition are 

critically analyzed in relation to their impact on daily 

functioning and psychosocial outcomes. The review 

further highlights the role of the triple network model 

involving the Salience Network (SN), Default Mode 

Network (DMN), and Central Executive Network (CEN), 

whose dysregulation contributes to impaired cognitive control and abnormal 

information processing in schizophrenia. Cellular mechanisms such as dendritic spine 

loss, excessive synaptic pruning, GABAergic interneuron dysfunction, and excitation-

inhibition imbalance are discussed alongside neurochemical abnormalities involving 

dopamine, glutamate, and GABA systems. Additionally, computational psychiatry 
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approaches and predictive coding frameworks are examined to explain aberrant 

salience and impaired reality processing. Emerging therapeutic interventions including 

cognitive remediation, virtual reality-based therapies, repetitive transcranial magnetic 

stimulation (rTMS), magnetic seizure therapy (MST), and artificial intelligence-

assisted rehabilitation are also reviewed. Overall, this paper emphasizes that 

neurocognitive dysfunction and cortical dysregulation represent central 

pathophysiological features of SSDs and critical targets for future personalized 

therapeutic strategies. 

 

1. Introduction:   

Schizophrenia spectrum disorders (SSDs) represent a heterogeneous group of 

debilitating psychiatric conditions characterized by a complex interplay of positive, 

negative, and cognitive symptoms. While the clinical diagnosis has historically 

prioritized reality distortion manifesting as delusions and hallucinations modern 

neuropsychiatric research has shifted its focus toward neurocognitive impairment as the 

fundamental core of the disorder (Mesholam-Gately et al., 2009). Neurocognition 

encompasses a broad array of mental processes, including attention, memory, and 

executive functioning, which are supported by intricate neural systems. These 

impairments are not merely secondary features of the illness or side effects of 

pharmacological treatment; they are pervasive, trait-like vulnerabilities that often 

predate the first psychotic episode by several years and serve as the most reliable 

predictors of long-term functional recovery, social integration, and vocational success 

(Green et al., 2000). 

Individuals suffering from SSDs frequently encounter significant obstacles in 

real-world functioning, ranging from difficulties in maintaining steady employment to 

challenges in navigating social relationships and achieving independent living (Green 

& Harvey, 2014). The cognitive deficits observed are global and substantial, typically 

falling between 1.5 and 2.0 standard deviations below the mean of healthy populations 

(Keefe & Harvey, 2012). Recent meta-analyses (2025-2026) have identified processing 

speed as the most substantial and central neurocognitive deficit, with Hedges' g 

estimates reaching -1.52 compared to healthy controls (Buchwald et al., 2026). This 

systemic decline in cognitive capacity is coupled with metacognitive impairments—

deficits in the ability to reflect upon and monitor one's own cognitive processes—which 

further complicate the clinical picture and impede recovery-oriented interventions 

(Lysaker et al., 2021). 

The current understanding of SSDs suggests a transdiagnostic framework where 

cognitive processes jointly shape real-world outcomes across a continuum of risk and 

disease progression. This report evaluates the stratified continuum of neurocognitive 

impairment, the neuroanatomical and neurochemical mechanisms of cortical 

dysregulation, and the emerging computational and therapeutic paradigms that aim to 

remediate these core deficits (Millan et al., 2016). 

Table 1: Neurocognitive Domains and Clinical Correlates in Schizophrenia 

Spectrum Disorders 

Cognitive Domain Neuropsychological 

Test Examples 

Functional 

Correlate 

Processing Speed Trail Making Test-A, 

Digit Symbol Coding 

Efficiency in 

daily tasks, social 

competence. 

Working Memory Letter-Number 

Sequencing, N-back 

Problem-

solving, reading 

comprehension. 

Attention/Vigilance Continuous 

Performance Test (CPT) 

Information 

intake, safety in 
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surroundings. 

Verbal Learning Hopkins Verbal 

Learning Test (HVLT) 

Ability to 

follow complex 

instructions. 

Visual Learning Brief Visuospatial 

Memory Test (BVMT) 

Navigational 

skills, spatial 

organization. 

Executive Function Wisconsin Card 

Sorting Test (WCST), Stroop 

Adaptive 

behavior, goal-

directed planning. 

 

2. The Stratified Continuum of Neurocognitive Impairment 

Cognitive impairment in SSDs is characterized by a stepwise gradient of 

severity that tracks closely with genetic liability and clinical progression. This 

continuum suggests that neurocognitive vulnerabilities are present long before the 

manifest onset of psychosis, providing a window for early detection and intervention 

(Tamminga et al., 2024). 

2.1. Vulnerabilities in First-Degree Relatives and High-Risk Populations  

The genetic architecture of schizophrenia implies that unaffected biological 

relatives carry a portion of the disorder's cognitive risk. Studies evaluating first-degree 

relatives (FDR) consistently reveal subtle but significant deficits across multiple 

domains, most notably in visual memory and processing speed (Agnew-Blais & 

Seidman, 2013). These impairments are subclinical, meaning they do not typically meet 

the threshold for functional disability, yet they represent a stable endophenotype of the 

schizophrenia spectrum. For instance, FDR populations demonstrate a Hedges' g of 

approximately 0.99 in visual memory tasks compared to healthy controls, suggesting a 

specific hereditary vulnerability in visuospatial processing (Sitskoorn et al., 2004). 

Progressing along the continuum, individuals identified as being at Clinical 

High-Risk (CHR) demonstrate intermediate levels of impairment (Bora & Pantelis, 

2015). Their cognitive profile is marked by deficits in processing speed, attention, and 

executive function that exceed those seen in FDRs but remain less severe than those 

observed in patients experiencing a first episode of psychosis. Crucially, the severity of 

impairment in specific domains—particularly verbal memory and executive control 

during the CHR phase—has been found to predict the likelihood of transitioning to a 

first episode of psychosis (FEP) (Seidman et al., 2016). 

2.2. Cognitive Decline at Onset and Chronicity 

The transition from the prodromal phase to FEP is often accompanied by a 

significant and steep decline in cognitive functioning. Longitudinal meta-analyses 

indicate that individuals who develop schizophrenia experience an average IQ decline 

of approximately 5 points between their premorbid assessment and the post-onset 

period. When compared against healthy peers, the deficit can reach up to 14–15 points, 

or a full standard deviation, reflecting a profound loss of intellectual capacity that 

characterizes the onset of the disorder (Mollon et al., 2018). 

In the chronic stage of the illness, categorized as multi-episode chronic 

schizophrenia (MECS), cognitive deficits become more generalized and severe. While 

the rate of decline may stabilize for many patients, a subgroup of approximately 30.5% 

experiences a continued deteriorating course over 20 years of follow-up. MECS 

patients demonstrate significantly poorer performance in higher-order domains, such as 

verbal memory and executive functioning, compared to those in the FEP stage 

(Tschentscher et al., 2023). 

Table 2: Longitudinal Gradient of Cognitive Impairment Across the 

Schizophrenia Spectrum 

Population Relative Domain-Specific 
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Group Cognitive 

Performance 

Trends 

Healthy Controls 

(HC) 

Baseline 

(100%) 

Reference point for all 

comparisons. 

First-Degree 

Relatives (FDR) 

~90-95% Largest deficits in 

visual memory. 

Clinical High-

Risk (CHR) 

~80-85% Impairment in 

processing speed and attention. 

First-Episode 

Psychosis (FEP) 

~70-75% Steep decline in global 

IQ and processing speed. 

Multi-Episode 

Chronic (MECS) 

~60-65% Severe deficits in verbal 

memory and executive 

function. 

 

3. Cortical Dysregulation and the Triple Network Model 

The neurocognitive deficits in SSDs are fundamentally rooted in the 

dysregulation of large-scale brain networks. Modern neuroimaging techniques have 

identified three core networks whose interaction is critical for normal cognitive 

functioning: the Salience Network (SN), the Default Mode Network (DMN), and the 

Central Executive Network (CEN) (Hansen et al., 2024). Schematic representation of 

Salience Network (SN), Default Mode Network (DMN), and Central Executive 

Network (CEN) interactions in healthy brains versus schizophrenia spectrum disorders. 

The model highlights impaired SN switching, failure of DMN suppression, and reduced 

CEN engagement leading to cognitive deficits as illustrated in Figure 1 

Figure :1 Multidimensional Model of Neural Network Interactions and 

Functional Impact 

  

 

 
 

3.1. Mechanics of Triple Network Interaction 

In a healthy brain, the Salience Network (SN) anchored by the anterior insula 

and the dorsal anterior cingulate cortex serves as a dynamic switch. It detects 
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behaviorally relevant stimuli and coordinates the transition between the internally 

oriented Default Mode Network (DMN), active during rest and self-reflection, and the 

task-oriented Central Executive Network (CEN), active during cognitively demanding 

tasks. This regulatory mechanism is essential for allocating neural resources effectively 

and maintaining focus on external goals while suppressing irrelevant internal thoughts 

(Chand et al., 2024). The figure 2, illustrates how triple network dysregulation 

contributes to aberrant salience, executive dysfunction, and psychotic symptoms in 

SSDs. Arrows show disrupted network control and resulting cognitive and behavioral 

impairments. 

Figure:2 An Integrated Neurobehavioral Model of Pain-Related Reactions, 

Neural Networks, Suffering, and Functional Impact 

 
 

In schizophrenia, this SN-based controlling mechanism is profoundly disrupted. 

Neuroimaging studies utilizing stochastic dynamical causal modeling reveal that the 

SN in patients fails to modulate the DMN and CEN appropriately. Instead of the SN-

driven regulation seen in controls, patients often exhibit a shifted model where the CEN 

inappropriately modulates the other two networks, or where there is a general failure to 

suppress the DMN during cognitive tasks (Chand et al., 2024).  

3.2. Anatomical Basis of Network Dysregulation 

The structural integrity of the nodes within these networks is often 

compromised in SSDs. The anterior insula, a key hub of the Salience Network, contains 

specialized populations of Von Economo Neurons (VENs) that facilitate rapid 

information processing and network coordination. These neurons are reported to be 

impaired in schizophrenia, and the insula frequently shows maximal gray matter 

volume reductions. Furthermore, cortical thinning in fronto-temporal regions including 

the superior and middle frontal gyri correlates strongly with deficits in attention, 

working memory, and visual learning (Whitfield-Gabrieli et al., 2009). 

Table 3: Functional Dysregulation within the Triple Network Model 

Brain 

Network 

Key 

Anatomical 

Nodes 

Role in 

Cognition 

Dysregulation 

in SSDs 

Salience 

Network (SN) 

Anterior 

Insula, ACC 

Detecting 

salient stimuli; 

switching 

networks. 

Failure to initiate 

network switches; VEN 

impairment. 

Default 

Mode Network 

(DMN) 

PCC, 

Medial 

Prefrontal 

Cortex 

Self-

reflection, internal 

narrative. 

Incomplete 

suppression during 

cognitive tasks. 

Central DLPFC, Working Reduced 
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Executive 

Network (CEN) 

Posterior 

Parietal Cortex 

memory, goal-

directed control. 

activation or neural 

inefficiency 

(hyperactivation). 

 

4. Cellular and Microcircuitry Mechanisms of Impairment 

At the cellular level, the dysregulation of cortical networks is increasingly 

attributed to alterations in the neuropil and specific inhibitory microcircuits. The 

"Neuropil Hypothesis" posits that the gray matter volume loss seen in schizophrenia is 

not due to the death of neurons but rather to a reduction in the space occupied by 

dendritic spines, axon terminals, and glial processes (Goulden et al., 2014). 

4.1. Dendritic Spine Loss and Synaptic Pruning 

Postmortem studies provide evidence for reduced dendritic spine density on 

layer 3 pyramidal neurons in the dorsolateral prefrontal cortex (DLPFC) and auditory 

cortices of patients. This loss is believed to be an exaggeration of the normal synaptic 

pruning process that occurs during adolescence. In a healthy brain, pruning refines 

neural circuits; in SSDs, this process appears to go awry, potentially driven by genetic 

factors and overactive microglia that target and eliminate an excessive number of 

synapses. The resulting "thinned" connectivity in the DLPFC directly impairs working 

memory and executive control (Menon, 2023). 

4.2. GABAergic Interneuron and E/I Balance  

The coordination of cortical activity depends on the balance between excitation 

and inhibition (E/I), maintained by specialized GABAergic interneurons. Specifically, 

parvalbumin-expressing (PVALB) and somatostatin-expressing (SST) interneurons are 

critical for generating gamma-band oscillations (30-80 Hz) essential for temporal 

binding during cognitive tasks. In schizophrenia, these neurons show marked 

dysregulation, including reduced levels of the GABA-synthesizing enzyme GAD67. 

Recent computational models (2025) suggest that this E/I imbalance prevents the brain 

from effectively filtering out irrelevant stimuli, leading to a "noisy" and inefficient 

cortex (Chand et al., 2024). 

 

5. Neurochemical Foundations of Cognitive Dysfunction 

The complex cognitive symptoms of SSDs are further mediated by imbalances 

in major neurotransmitter systems, primarily dopamine, glutamate, and GABA (Meier 

et al., 2014).  

5.1. Regional Dopamine Dysregulation 

The dopamine hypothesis has evolved into a model of regional dysregulation: 

positive symptoms are driven by hyperdopaminergic activity in the subcortical 

striatum, while negative symptoms and cognitive deficits are associated with a 

hypodopaminergic state in the prefrontal cortex, where insufficient stimulation of D1 

receptors impairs working memory (Gottesman & Gould, 2003). 

5.2. NMDA Receptor Hypofunction 

The glutamate hypothesis posits that hypofunction of NMDA receptors 

particularly on GABAergic interneurons leads to a failure of inhibitory control over 

glutamatergic pyramidal cells. This results in excessive and disorganized glutamate 

release, causing both downstream dopamine dysregulation and direct excitotoxic 

damage to cortical circuits involved in memory and learning (Snitz et al., 2006). 

Table 4: Key Neurochemical Systems and Associated Cognitive 

Pathophysiology 

Neurotransmit

ter 

Primar

y 

Receptor/Circ

uit 

Role in 

Pathophysiology 

Cognitive 

Consequence 

Dopamine D1 in Hypofuncti Poor 
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Prefrontal 

Cortex 

on (reduced tone). working memory, 

apathy. 

Dopamine D2 in 

Striatum 

Hyperfunct

ion (excessive 

release). 

Reality 

distortion, 

hallucinations. 

Glutamate NMDA 

Receptor 

Hypofuncti

on on interneurons. 

Disorgani

zed thought, 

sensory gating 

issues. 

GABA GAD67 

/ PVALB cells 

Reduced 

inhibitory capacity. 

Loss of 

gamma 

synchrony, neural 

"noise". 

 

6. Social Cognition and the Interpersonal Domain 

Social cognition refers to the mental processes involved in perceiving, 

interpreting, and responding to social information. In SSDs, social cognitive deficits 

are pervasive and have a more direct impact on daily functioning and quality of life 

than nonsocial neurocognition (Lesh et al., 2011).   

Research has identified four primary domains of social cognitive impairment: 

1. Emotion Processing: Difficulty identifying emotions from facial expressions 

or tone of voice. 

2. Theory of Mind (ToM): Impaired ability to represent the mental states (beliefs, 

intentions) of others. 

3. Social Perception: Reduced ability to identify social roles and context from 

non-verbal cues. 

4. Attributional Bias: The tendency to attribute negative events to malicious 

external intentions, contributing to paranoid ideation. 

Social cognitive deficits are linked to abnormalities in the "social brain," 

including the amygdala, the medial prefrontal cortex (mPFC), and the temporoparietal 

junction (Insel, 2010). 

 

7. Computational Psychiatry and the Predictive Coding Framework 

Computational Psychiatry conceptualizes the brain as a Bayesian inference 

machine that continuously generates top-down predictions to minimize discrepancies 

between expected and incoming sensory information. Within this predictive coding 

framework, the difference between the observed sensory input and the predicted signal, 

denoted by (𝑦−𝑦̂), is weighted by a precision term Π𝑝, which reflects the estimated 

reliability or confidence assigned to the prediction error. The resulting update to the 

internal state variable 𝑥is expressed as follows: 

Δ𝑥 = Π𝑝 (𝑦 − 𝑦̂) 

where Δ𝑥represents the adjustment to the brain’s internal model, Π𝑝denotes the 

precision assigned to the prediction error, 𝑦is the actual sensory input, and 𝑦̂is the 

predicted sensory signal. In Schizophrenia, this precision-weighting mechanism is 

thought to be dysregulated. Excessively high prior precision may cause the brain to 

place disproportionate confidence in internally generated beliefs and expectations, 

contributing to hallucinations and delusional interpretations. Conversely, insufficient 

prior precision may impair the ability to accurately anticipate sensory input, leading to 

“aberrant salience,” a process in which ordinarily neutral stimuli are experienced as 

unusually meaningful or significant (Fusar-Poli et al., 2012). 

 

8. Therapeutic Strategies and Emerging Interventions  

As of 2025-2026, therapeutic approaches are shifting from symptom 
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suppression toward functional restoration using technology-enhanced protocols (Kahn 

et al., 2015). 

8.1. Cognitive Remediation and VR-Based Training 

Cognitive remediation (CR) utilizes neuroplasticity to improve cognitive 

processes through restorative mental exercises. Emerging "RecoVRy" and 

"ThinkTactic VR" platforms (2025) allow patients to practice social and cognitive skills 

in highly controlled, realistic simulations of daily social interactions, such as grocery 

shopping or meal planning. These programs often integrate AI to adapt task complexity 

in real-time, significantly enhancing patient engagement and real-world transfer 

(Hansen et al., 2024). 

8.2. Targeted Neuromodulation and Novel Trials 

Repetitive Transcranial Magnetic Stimulation (rTMS) and Magnetic Seizure 

Therapy (MST) offer direct modification of dysfunctional circuits. A major trial 

(NCT06672588) poised to begin recruitment in 2025 is assessing cognition-sparing 

forms of MST delivered to the frontal cortex. Additionally, accelerated intermittent 

theta-burst stimulation (iTBS) targeting the superior frontal gyrus is being explored for 

its long-lasting effects on cortical excitability and cognitive function (Green et al., 

2000). 

Table 5: Current and Emerging Interventions for Neurocognitive 

Remediation 

Interventi

on 

Method Target 

Mechanism 

Current 

Status 

Cognitive 

Remediation 

Computeriz

ed exercises. 

Neuroplastici

ty; restorative task 

practice. 

Establishe

d; best in hybrid 

programs. 

rTMS / 

iTBS 

Bilateral 

DLPFC 

stimulation. 

Enhancing 

prefrontal 

excitability and 

gamma oscillations. 

In clinical 

use; 2025 trials 

ongoing. 

MST 

(Trial 

NCT06672588) 

Frontal 

cortical delivery. 

Cognition-

sparing seizure 

induction. 

Recruitin

g 2025. 

AI / VR 

Therapy 

Immersive 

scenarios 

(RecoVRy). 

Behavioral 

activation; 

ecological validity. 

Emerging

; RCTs active in 

2025-2026. 

 

9. Conclusions  
Neurocognitive impairment is now recognized as a central and persistent feature 

of schizophrenia spectrum disorders rather than a secondary consequence of psychosis. 

This review demonstrates that deficits in processing speed, working memory, executive 

functioning, attention, and social cognition profoundly influence functional recovery, 

independent living, and social integration among affected individuals. Evidence across 

genetic high-risk groups, clinical high-risk populations, first-episode psychosis, and 

chronic schizophrenia patients supports the existence of a progressive continuum of 

cognitive decline associated with disease development and chronicity. The review 

further highlights that these impairments arise from widespread cortical dysregulation 

involving disrupted interactions among the Salience Network, Default Mode Network, 

and Central Executive Network. Structural and cellular abnormalities including 

dendritic spine reduction, excessive synaptic pruning, and GABAergic interneuron 

dysfunction contribute to impaired neural connectivity and excitation-inhibition 

imbalance. Neurochemical disturbances involving dopamine, glutamate, and GABA 

systems further exacerbate cognitive dysfunction and abnormal salience processing. 

Advances in computational psychiatry and predictive coding frameworks have 
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improved understanding of the mechanisms underlying hallucinations, disorganized 

thinking, and impaired reality testing. Importantly, emerging therapeutic approaches 

such as cognitive remediation, virtual reality-based rehabilitation, rTMS, MST, and AI-

assisted interventions provide promising avenues for restoring cognitive function and 

improving long-term outcomes. Nevertheless, significant challenges remain in 

translating neurobiological findings into individualized clinical treatments. Future 

research should prioritize biomarker-guided interventions, early detection strategies, 

and precision psychiatry approaches aimed at preventing cognitive deterioration and 

enhancing functional recovery in schizophrenia spectrum disorders. 
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