JCMEG

BN

A Review on Diagnosis and Management of

Treatment-Resistant Schizophrenia Based on Clinical Big
Data

Xiaoyong He', Cong Wu', Yang Fan', Fuyan Yu', Tianhao Bao'
Abstract

Treatment-resistant schizophrenia (TRS), a condition affecting approximately 30% of individuals diagnosed with
schizophrenia, persists as a major therapeutic challenge in contemporary psychiatry. Despite advancements in
antipsychotic pharmacotherapy, a substantial subset of patients demonstrates suboptimal responses to conventional
interventions. This comprehensive review synthesizes evidence derived from clinical big data analyses to elucidate
epidemiological trends, pathophysiological mechanisms, diagnostic advancements, and innovative treatment
modalities for TRS. By integrating multi-source data from electronic health records (EHRs), genomic repositories,
neuroimaging databases, and real-world outcome studies, this article delineates data-driven strategies to enhance
personalized treatment protocols and prognostic outcomes. Emerging methodologies, including artificial
intelligence (Al)-enhanced predictive analytics and multi-omics integration, are critically evaluated to delineate
future research trajectories in TRS management.
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1. Introduction

Schizophrenia, a chronic psychiatric disorder
characterized by positive symptoms (e.g.,
hallucinations, delusions), negative symptoms
(e.g., affective flattening, anhedonia), and
cognitive dysfunction, affects approximately 1%
Despite the
widespread use of antipsychotic medications,
30-35%
resistance, operationally defined as persistent

of the global population[1].

of patients develop treatment
symptomatology following adequate trials of
at least two antipsychotic agents[2, 3]. TRS is
associated with protracted hospital admissions,
elevated  healthcare  expenditures, and
significant functional impairment. The advent
of clinical big data—encompassing EHRs,
biomarker datasets, multi-omics platforms,
and digital health metrics—has catalyzed
paradigm shifts in understanding TRS through
large-scale longitudinal analyses. This review
systematically  evaluates the role of
data-driven approaches in refining diagnostic
etiopathological

precision, unraveling

mechanisms, and optimizing therapeutic
strategies for TRS, with particular emphasis
on translational

applications in precision

psychiatry[4-6].

2. Epidemiology and Risk

Stratification
Population-level analyses derived from big

data
heterogeneity

repositories  indicate  substantial
in TRS prevalence across
demographic cohorts[7, 8]. Epidemiological
studies report elevated incidence among males
(55-60%), early-onset cases (diagnosis prior
to age 18), and individuals with comorbid
substance use disorders, particularly cannabis

dependence (odds ratio: 2.5; 95% CI: 1.8—

3.4)9, 10].

demonstrate

Longitudinal EHR analyses[11]
that
clozapine—the first-line pharmacotherapy for

delayed initiation of
TRS—-—correlates with unfavorable clinical
trajectories. A 2023 meta-analysis of 12,000
patients[12] that
administration within 24 months of TRS

revealed clozapine
diagnosis reduced relapse frequency by 40%
(p < 0.001) compared to delayed treatment
protocols.

Machine learning algorithms incorporating
demographic, clinical, and socioeconomic
variables achieve 70-85% predictive accuracy
for TRS development. Key predictive
determinants include:

e Genetic susceptibility: Polygenic
risk scores (PRS)
integratingDRD2(rs2514218),
COMT(rs4680), andGRM3(rs6465084)
polymorphisms, accounting for 8§-12%
of TRS heritability[13, 14].

e Neurodevelopmental indicators:

(e.g.,
encephalopathy)

Perinatal complications
hypoxic-ischemic

and premorbid cognitive deficits,

particularly in working memory
(Cohen’s d = 0.8) and attentional
domains. Population registries

demonstrate that adolescent 1Q scores
below 85 confer a two-fold increase
in TRS risk[15].

e Therapeutic adherence patterns:
Discontinuation rates exceeding 30%,
as quantified through prescription
refill databases and digital adherence
monitoring systems.

e Socioeconomic determinants:

Unemployment (adjusted hazard ratio:

1.7; 95% CI: 1.3-2.1) and limited

access to early intervention services

TRS

significantly potentiate

vulnerability.



3. Pathophysiological
Mechanisms

Integrative analyses of multi-modal data have
advanced contemporary understanding of TRS
pathogenesis,  distinguishing it  from
treatment-responsive schizophrenia:

3.1 Dopaminergic System Dysregulation
While conventional antipsychotics primarily
target dopamine D2 receptors, positron
emission tomography (PET) studies reveal
15-20%

synthesis

reductions in striatal dopamine
capacity among TRS patients
relative to treatment-responsive counterparts
(p < 0.01). This hypoactivity, concomitant
with upregulated cortical D1 receptor density
(P = 0.003),

involvement of non-dopaminergic pathways in

suggests  predominant
TRS pathophysiology.
3.2  Glutamatergic Dysfunction and
Neuroimmune Activation

Transcriptomic meta-analyses of post-mortem
brain tissue
diminishedGRIN2Aexpression (encoding
GIuN2A NMDA receptor subunits) in TRS
cohorts (fold change: -1.5; FDR < 0.05),

correlating with severe negative symptom

identify

profiles (r = -0.42, p = 0.01). Concurrently,
cerebrospinal fluid (CSF) analyses from
multi-center studies (n = 450) demonstrate 2—
3-fold elevations in pro-inflammatory
cytokines (IL-6: 12.8 + 3.2 pg/mL; TNF-a: 8.1
+ 2.1 pg/mL) among TRS patients compared
to controls (p < 0.001).
3.3 Neuroanatomical and Functional
Connectivity Alterations

Aggregated neuroimaging data (n > 5,000)
reveal significant gray matter reductions in the
prefrontal cortex (8-10% volume loss; p <
0.001) and hippocampus (12—-15% volume
loss; p < 0.001), correlating with executive
function deficits (r = 0.67, p = 0.002).
Resting-state functional MRI analyses identify

hyperconnectivity within the default mode
network (DMN), achieving 82% diagnostic
accuracy (AUC = 0.82) in differentiating TRS
from treatment-responsive schizophrenia via

machine learning classification[16].

4. Diagnostic Innovations

Contemporary diagnostic frameworks for TRS
multimodal
health

increasingly incorporate

biomarker panels and digital
technologies:

4.1 Multiplex Biomarker Assays
Blood-based biomarkers (e.g., C-reactive
protein [CRP] > 3 mg/L; BDNF < 25 ng/mL)
and electrophysiological indices (e.g.,
mismatch negativity [MMN] amplitude < 1.5
puV) demonstrate diagnostic utility. A 2023
multi-center validation study (n = 1,200)
established that combined analysis of serum
miR-137 (AUC = 0.74) and frontal gamma
oscillation power (30-50 Hz; AUC = 0.68)
achieves 79% sensitivity and 85% specificity
for TRS identification.

4.2 Digital Phenotyping Platforms

Mobile health technologies enable continuous
monitoring of behavioral markers, including
actigraphy-derived  sleep  fragmentation
indices (e.g., sleep efficiency < 75%), vocal
acoustic anomalies (e.g., reduced speech
entropy; p < 0.01), and movement dynamics
(e.g., catatonia severity scores). Predictive
algorithms utilizing these digital biomarkers
demonstrated 68% positive predictive value
for TRS development six months prior to
clinical diagnosis in a 2022 prospective cohort
study.

4.3 Clozapine Response Prediction Models
Pharmacogenomic-guided algorithms
incorporatingHLA-DQB Ihaplotypes
(e.g.,HLA-DQB105:02 for
risk) and metabolic parameters (e.g., LDL >

agranulocytosis

130 mg/dL) optimize clozapine utilization.
The EU-SCAPE decision support system,



trained on 10,000 clozapine-treated patients,
with  88%
accuracy while reducing severe adverse events
by 35% (95% CI: 28-42%)[17, 18].

predicts therapeutic response

5. Therapeutic Advancements
5.1 Pharmacological Interventions

e Clozapine Optimization:
Meta-analytic data confirm
clozapine's superior efficacy in TRS
(response rate: 40—60% vs. 4-12% for
other antipsychotics; p < 0.001).

Therapeutic drug monitoring (target

plasma  concentration:  350-500
ng/mL) combined
withCYP1A42genotyping reduces
pharmacokinetic variability (p =
0.007).

e Adjuvant Therapies: Adjunctive

NMDA receptor modulators (e.g.,
glycine 0.8 g/kg/day) demonstrate
modest efficacy in randomized
controlled trials (PANSS reduction:
6.2 points; 95% CI: 3.1-9.3), while

antipsychotic polypharmacy shows

limited benefit (risk ratio for response:

1.1; 95% CI: 0.9-1.3)[19].
e Investigational TAARI1

ulotaront)  and

Agents:
agonists  (e.g.,
muscarinic M1/M4 receptor agonists
(e.g., xanomeline-trospium) exhibit
promising Phase III trial results,
demonstrating 25% PANSS reduction
versus placebo (p = 0.002).

5.2 Non-Pharmacological Modalities

e Neuromodulation Techniques:
Image-guided repetitive transcranial
(rTMS)
targeting the dorsolateral prefrontal
(DLPFC)  yielded 50%

symptom reduction in 35% of TRS

magnetic stimulation

cortex

patients (n = 300) within six months.

Rehabilitation:
Computerized cognitive remediation
therapy (e.g., CIRCuiTS software)
improved functional capacity (SFS
score increase: 15.2 = 3.1; p < 0.001)
in a 2023 randomized trial (n = 200).

e Cognitive

5.3 Precision Treatment Frameworks
Data-integrated clinical decision
(CDSS)
proteomic, and comorbidity profiles reduced
hospitalization duration by 25% (95% CI: 18—
32%) in the EU-SCAPE implementation

study.

support

systems incorporating  genetic,

6. Challenges and Future

Perspectives

6.1 Data Standardization Imperatives
Heterogeneity in EHR  documentation
practices, neuroimaging acquisition protocols,
and outcome measurement scales necessitates
development of consensus  guidelines.
Federated learning architectures, such as the
Global TRS Consortium's decentralized Al
platform, enable cross-institutional data
harmonization while maintaining regulatory
compliance.
6.2 Ethical and Equity Considerations
Algorithmic bias mitigation remains critical,
particularly ~ regarding  underrepresented
populations. Retrospective analyses reveal 60%
reduced clozapine utilization among African
ancestry populations due to
outdated HLA-Brisk models, underscoring the
need for equity-focused algorithmic audits.
6.3 Translational Research Priorities

e Molecular Subtyping:
Single-nucleus RNA  sequencing
identified a TRS

characterized by

studies have
endophenotype

complement C4A  overexpression



(fold change: 2.1; FDR < 0.01),

implicating synaptic pruning
abnormalities.

e Digital Therapeutic Development:
Virtual

therapy for persecutory delusions and

reality-assisted  exposure

Al-powered cognitive behavioral

therapy chatbots are undergoing

7. Conclusion

The systematic integration of clinical big data

has revolutionized therapeutic resistance
syndrome (TRS) research paradigms through
comprehensive synthesis of multidimensional
healthcare data streams. This methodological
critical

transformation enables three

advancements: 1) pre-symptomatic
identification of therapeutic resistance via
machine  learning-enhanced  longitudinal
phenotyping; 2) etiology-driven classification
of pathological subtypes through multi-omics
integrative analysis; and 3) evidence-based
personalization of therapeutic regimens via
Current

closed-loop predictive analytics.

computational  innovations,  particularly
privacy-preserving federated learning systems
and temporal graph neural networks, permit
cross-modal

granular  interrogation  of

biomarker interactions while maintaining
institutional data sovereignty. Notwithstanding
persistent challenges in ontological
harmonization of heterogeneous clinical data
dictionaries and equitable access to advanced
healthcare economies,

diagnostics across

emerging technological
inference
DNA-based

monitoring platforms, and global research

developments—including causal

modeling, circulating tumor
coalitions—herald transformative potential in

TRS  mitigation strategies.  Subsequent

research  imperatives must focus on
operationalizing these computational insights

through three translational pathways: adaptive

efficacy trials.
e Global Health
Psychiatric

Initiatives: The
Genomics Consortium
Schizophrenia Working Group aims
to disseminate cost-effective
biomarker assays (e.g., saliva-based
miRNA profiling) in resource-limited

settings.

clinical decision support systems, dynamic
risk stratification frameworks, and population
health thereby
systematically addressing both individual

optimization  models,
disease trajectories and societal healthcare

burdens through data-driven precision

medicine implementations.
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