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K E Y  M E S S A G E 

Understanding the genetic architecture of 
schizophrenia phenotypes, shared pathophysiology, 
and genetic and clinical risk factors associated with 
disease severity may inform patient classification and 
guide risk stratification for treatment prioritisation.

Genetic bases of schizophrenia phenotypes: 
abridged secondary publication
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Introduction
Schizophrenia (SCZ) is highly heritable and 
characterised by wide variability in clinical 
presentation and prognosis.1 Genetic factors 
contribute substantially to this heterogeneity.2 
Understanding the genetic basis is essential for 
improving diagnosis and treatment. Despite 
advances in genome-wide association studies 
(GWAS), the complex aetiology of SCZ remains 
unclear.3-5 Most GWAS have focused on the 
diagnosis itself, without detailed investigation of 
symptoms, course, and outcomes. Large-scale 
GWAS involving diverse clinical phenotypes and 
prognosis in Chinese populations are scarce, 
limiting identification of specific risk alleles and 
genes. Furthermore, the extent to which different 
clinical features and outcomes in SCZ share genetic 
underpinnings with the core disorder and with other 
psychiatric conditions remains largely unexplored. 
This study aimed to investigate the genetic basis of 
SCZ phenotypes in the Chinese population. 

Methods
We analysed a variety of phenotypes, including 
age at onset, history of self-harm and aggression, 
and number of psychiatric hospitalisations since 
onset, using GWAS (with meta-analyses across 
Chinese and European cohorts), transcriptome-wide 
association studies, polygenic risk score analysis, 
gene-set and pathway enrichment analyses, machine 
learning modelling with Shapley value analysis, and 
gene-based analytical tools such as MAGMA and 
MetaXcan.
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Results
GWAS identified genome-wide significant single 
nucleotide polymorphisms (SNPs) associated with 
age at onset and the number of hospitalisations (both 
P<5×10-8). A meta-analysis combining Chinese and 
European cohorts re-identified the same significant 
SNPs associated with age at onset.
	 Polygenic risk score analyses revealed 
significant genetic associations between SCZ 
phenotypes and other psychiatric disorders. Gene-
based analyses and transcriptome-wide association 
studies implicated specific genes associated with 
the immune system and brain tissues. Our machine 
learning model achieved a moderate level of 
discriminative performance, comparable to that in a 
previous study,6 with several predictors identified by 
Shapley value analysis.

Discussion
The identification of significant SNPs, genes, and 
biological pathways highlights the importance of 
specific molecular mechanisms and brain regions 
in SCZ pathogenesis. These insights may have 
important implications for risk stratification, such 
as the early identification of high-risk individuals 
and guidance for differential diagnosis in ambiguous 
cases. By elucidating the genetic overlap between 
SCZ phenotypes and other psychiatric disorders 
or traits, the present study provides a deeper 
understanding of the genetic architecture of SCZ and 
its shared pathophysiology with related phenotypes. 
	 We developed a machine learning model 
with moderate accuracy to assess the severity of 
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SCZ phenotypes. This model provides a proof of 
concept for how combined genetic and clinical risk 
factors can improve risk stratification and disease 
subtyping. Such model is particularly relevant for 
patients with poorer prognosis, who may benefit 
from prioritised interventions, such as more 
intensive psychosocial and rehabilitative treatments. 
Moreover, the analytical frameworks developed to 
integrate genetic and clinical data in SCZ are broadly 
applicable to other disorders.
	 The present study has several limitations. First, 
the modest sample size may limit statistical power 
and weaken the reliability of GWAS and polygenic 
risk score analysis results. The prioritised genetic 
variants or genes should therefore be considered 
tentative and require further confirmation in future 
studies. Second, the use of mismatched ethnic groups 
in some polygenic risk score estimations may reduce 
statistical power. Finally, the machine learning 
model may be biased towards the characteristics 
of this specific dataset; its generalisability warrants 
further study. Additional validation in larger and 
more ethnically diverse samples is required before 
clinical translation.
	 Candidate genes identified for clinical 
phenotypes may serve as useful targets for follow-
up functional studies and investigation in other 
psychiatric disorders. Further research is warranted 
to identify causal risk factors for SCZ outcomes using 
Mendelian randomisation, with genetic variants 
as instruments. Findings on shared genetic bases 
between SCZ phenotypes and other psychiatric 
disorders or traits highlight the potential of applying 
genetics and polygenic risk scores in differential 
diagnosis. Accurate diagnosis is critical in psychiatry, 
as treatments and prognosis can differ substantially.

Conclusion
Our study deepens the understanding of the 
genetic architecture of SCZ phenotypes, shared 
pathophysiology, and the genetic and clinical risk 
factors associated with disease severity. Our findings 
may inform patient classification and guide risk 
stratification for treatment prioritisation. However, 
rigorous validation in larger, ethnically diverse 
cohorts is needed.
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