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Background: Responses to antipsychotic drugs vary significantly among patients with schizophrenia. This study explored the 
correlation between rs1900327, rs7557687, rs733156, and rs6745135 in gene SATB2 and antipsychotics response in the Chinese 
Han population.
Methods: This study included 228 patients with schizophrenia. The polymorphisms of SATB2 gene (rs1900327, rs7557687, 
rs733156, and rs6745135) in patients were measured using the KASP technique. During the study, patients received a single 
antipsychotic medication for a duration of eight weeks. The clinical efficacy was evaluated using the Positive and Negative 
Syndrome Scale (PANSS) scores. A patient with a decrease of at least 50% in the total PANSS score was categorized as a good 
responder, whereas those who did not meet this threshold were classified as poor responders.
Results: Polymorphisms of rs1900327, rs7557687 and rs733156 were associated with the decrease in PANSS on week 8; however, 
this was no longer significant after Bonferroni correction (p > 0.05). Four SNP polymorphisms of SATB2 were associated with 
reduced general psychopathology scores at week 8. At week 4, only rs733156 was associated with negative symptom changes at the 
4th week. Good responders and poor responders showed no significant difference in the distribution of alleles and genotypes of the 
four loci (p > 0.05). The haplotype frequencies of rs6745135, rs1900327, rs7557687, and rs733156 were not significantly different 
between the two groups (p > 0.05). No SNP was significantly associated with antipsychotic treatment response under any of the five 
genetic models (codominant, dominant, recessive, overdominant, or Log -additive; p > 0.05).
Conclusion: The SATB2 gene polymorphisms were related to the effectiveness of antipsychotics in treating general psychopatho
logical symptoms.
Keywords: schizophrenia, SATB2, gene polymorphism, antipsychotics

Introduction
Schizophrenia is a multifaceted psychiatric disorder with a strong genetic component that significantly contributes to its 
pathophysiology.1 Affecting approximately 1% of the global population,2 schizophrenia imposes a substantial financial burden 
on both individuals and society.3 Schizophrenia contributes 13.4 million YLDs (years of life lived with disability) to burden of 
disease globally, equivalent to 1.7% of total YLDs globally in 2016.4 Pharmacological treatment with antipsychotic medication is 
the primary approach to managing the disorder.5 However, the individual responses to these medications differ significantly,6 and 
at least 20% of patients with schizophrenia experience limited benefit from antipsychotic monotherapy.7
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In clinical practice, optimal dosing regimens are often determined by repeated medication reconciliation. Evidence 
suggests that genetic factors play a crucial role in the variability of patient responses to antipsychotic medications.8 

Pharmacogenetic studies provide a valuable approach by predicting drug side effects and responses to inform persona
lized treatment strategies.9 Previous studies have linked antipsychotic medications response to genes related to synaptic 
function, neurotransmitter receptors, and schizophrenia risk.10

Current research has identified over 287 genomic loci associated with schizophrenia, encompassing multiple pathways 
such as neuronal development, synaptic function, and metabolic regulation. However, the specific mechanisms linking genes 
to the disease remain to be further explored.11 The special AT-rich sequence-binding protein 2 (SATB2) gene is located in 
a gene-poor region of chromosome 2q32-q33. Its transcript spans 11 exons and 191 kb, encoding a large protein composed of 
733 amino acids.12 The SATB2 protein is an essential gene expression regulator that controls higher-order chromatin 
organization.13,14 Mutations and alterations in this gene have been associated with behavioral problems, intellectual disability, 
developmental delays, and speech impairment in human patients.15,16 SATB2 has also been identified as a risk locus for 
schizophrenia.17,18 Notably, the rs6704641 variant, located in the intronic region of SATB2, is one of the 108 schizophrenia- 
associated loci previously reported by genome-wide association studies (GWAS).18 Another study19 discovered a significant 
association between this locus and schizophrenia in the Uygur Chinese population. Additionally, the study revealed two 
SATB2 haplotypes that were also significantly linked to the disorder.

Numerous studies have investigated the role of SATB2 in neurodevelopmental processes, offering insights into its 
potential involvement in the pathophysiology of schizophrenia. In the cerebral cortex, SATB2 regulates the normal 
development of projection neurons in the corpus callosum by inhibiting CITP2 expression.20,21 Prior research has also 
implicated SATB2 in cognitive and pathophysiological processes associated with schizophrenia, particularly through 
brain-derived neurotrophic factor signaling pathways and the post-transcriptional regulation of miRNA-mediated gene 
expression.22 The crucial role of SATB2 in neurodevelopment is increasingly recognized as a contributing factor to the 
etiology of schizophrenia.23

Population-based studies have indicated that SATB2 might be involved in the neurodevelopmental processes under
lying the etiology of schizophrenia. However, its potential influence on the efficacy of antipsychotic medications has not 
yet been investigated. We selected the single nucleotide polymorphism (SNPs) within the SATB2 gene to evaluate their 
role in treatment outcome in individuals from the Han Chinese population.

Materials and Methods
Subjects
This study is based on the “Schizophrenia Molecular Typing and Individualized Diagnosis and Treatment Research” 
project led by “Shanxi Schizophrenia Collaboration Group.24 At total of 228 patients diagnosed with schizophrenia and 
receiving treatment were recruited between December 2018 and December 2021 from six institutions: the First Hospital 
of Shanxi Medical University, Shanxi Province Social Welfare Kangning Psychiatric Hospital, Yangquan Mental Health 
Hospital, Changzhi Mental Health Center, Gaoping Disabled Persons’ Federation Mental Rehabilitation Hospital and the 
Second Hospital of Yangquan Coal Industry Group Co. Ltd.

The inclusion criteria were: 1) age 18–90 years; 2) patients needed a schizophrenia diagnosis from at least two psychiatrists 
who had undergone rigorous training and had a wealth of clinical experience, as per the Diagnostic and Statistical Manual of 
Mental Disorders, 4th ed. (DSM-IV).; 3) during the study, each participant received just one medication—olanzapine, 
risperidone, aripiprazole, or quetiapine.; 4) The subject (or legal guardian) had provided informed consent and agreed to 
take part in the study. The exclusion criteria were: 1) using other antipsychotic and antiepileptic medications within a month 
was prohibited.; 2) making use of stabilizers and antidepressants simultaneously; 3) for a month, refrain from using modified 
electric convulsive therapy (MECT); 4) patients suffering from genetic illness; 5) patients who have a severe health condition, 
suicidal thoughts, or attempted suicide; 6) the patient is expecting or nursing.

The studies involving human participants were reviewed and approved by the Ethics Committee of BIO-X Institutes, 
Shanghai Jiaotong University in accordance with the Declaration of Helsinki (M16035). The patients offered their written 
informed consent to take part in this research.
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SNPs Selection
Selection criteria for single nucleotide polymorphisms (SNPs): (1) derived from the SATB2 gene; (2) linked to the occurrence 
of schizophrenia in earlier research; and (3) a SNP locus with a minimum allele frequency (minor allele frequency, MAF) > 0.1 
in the Chinese Han population. The International HapMap Project, SZDB database (http://www.szdb.org), and Database of 
Single Nucleotide Polymorphisms (dbSNP) all have filters for SNPs. Four SNPs were screened out, namely rs1900327, 
rs7557687, rs733156 and rs6745135. These were located at 181941bp, 181859bp, 175345bp and 190241bp of STAB2 DNA 
sequence respectively, which are all located in intron 9 of the STAB2 gene.

DNA Extraction and SNPs Genotyping
First, 5 mL of the subjects’ blood was drawn into EDTA anticoagulant blood collection tubes and kept at −80°C in the 
refrigerator. The DNA was extracted from the blood and quantified using the RelaxGene Blood DNA System (Tiangen, 
DP319-01). The Kompetitive Allele-Specific PCR genotyping system (KASP) was used to conduct SNP analysis.

Drug Intervention and Clinical Rating Scale
Over an 8-week period, subjects received treatment with one of five antipsychotic medication: risperidone (n = 67), 
olanzapine (n = 98), aripiprazole (n = 41), quetiapine (n = 4), or amisulpride (n = 18). The dosing regimens were as 
follows: risperidone, 1–6 mg/day (initial–maximum); olanzapine, 5–20 mg/day; aripiprazole, 10–30 mg/day; quetiapine, 
100–800 mg/day; and amisulpride, 100–1200 mg/day.

All participants reached an effective therapeutic dose of their assigned medication within the first two weeks, after 
which dosages were adjusted according to individual tolerance. Treatment continued for a total of eight weeks.

The Positive and Negative Syndrome Scale (PANSS) is a medical scale used to assess the severity of symptoms in 
patients with schizophrenia. The PANSS consists of a positive symptom scale (7 items), a negative symptom scale (7 
items), a general psychopathology symptom scale (16 items), and supplementary items (3 items). Positive symptoms 
include hallucinations, delusions, and disorganized thinking. Negative symptoms include emotional flatness, social 
withdrawal, impoverished speech, and lack of will. Clinical symptoms and severity were evaluated at baseline and 
again at the end of weeks 2, 4, and 8 using the Positive and Negative Syndrome Scale (PANSS). Evaluations were 
conducted independently by two senior psychiatrists who were blinded to the subjects’ genotype. The primary measure 
for treatment efficacy was the percentage change in PANSS scores. The PANSS endpoint score was defined as the score 
at week 8. Patients were classified as good responders if their PANSS score decreased by 50% or more from baseline; 
otherwise, they were classified as poor responders.

PANNS percentage change = (PANSS baseline score - PANSS endpoint score)/(PANSS baseline score - 30)×100

Statistical Analyses
The SPSS package (version 26.0) was used to conduct statistical analyses. Age and PANSS baseline scores were 
compared between groups using an independent samples t-test. The gender, allele frequency, and genotype frequency 
differences between the subjects’ various qualitative data were examined using the chi-squared test. Spearman correlation 
analysis was used to determine the relationship between the efficacy of antipsychotic medications and various SNP 
genotypes. The Bonferroni correction was used for multiple testing. The risk under five inheritance models—codominant, 
dominant, recessive, overdominant, and additive models—was assessed using SNPStats (https://www.snpstats.net). 
Linkage disequilibrium (LD) and haplotype analysis were done using Haploview v4.0. The D’ value is used to quantify 
the level of LD at the various NPY gene loci.

Result
Patient-Related Demographic Information and Clinical Parameters
Of the 228 participants included in this study, 192 were classified as good responders and 36 as poor responders. Table 1 
provides a summary of descriptive statistics, including sex, age, and baseline PANSS scores. There was no significant 
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difference in gender (χ2 = 2.521, p = 0.112), age (t=0.559, p = 0.577) and PANSS baseline score (t= − 1.96, p = 0.051) 
between the two groups. The Hardy–Weinberg equilibrium test showed no significant deviation in the cohort.

Effects of SATB2 Gene Polymorphisms on Antipsychotic Treatment Response
The PANSS total reduction rate was calculated at week 2, 4, and 8 during the study. We found that polymorphisms of 
rs1900327, rs7557687, and rs733156 were associated with a reduction rate at the 8th week. However, this was no longer 
significant after Bonferroni correction (p-value × 4 > 0.05; Table 2).

The Relationship Between SATB2 Gene Polymorphism and PANSS Score
The PANSS scale includes a positive symptom scale, negative symptom scale and general psychopathological symptom 
scale. We calculated the positive score change, negative score change and general psychopathology score change at 
different stages. We found that all four SNP polymorphisms were associated with changes in general psychopathology 
scores at week 8. The significance remained after correction (p-value × 4 < 0.05). Except rs6745135, the other SNP site 
polymorphisms were also associated with changes in positive symptoms at week 8. However, after the Bonferroni 
correction, these correlations were no longer significant (p-value × 4 > 0.05).

With regard to the change in the negative symptom score, we found that all four SNP loci were associated with 
changes at week 4. At week 8, rs733156 was also associated with a negative symptom change. However, after correction, 
only rs733156 remained associated with changes in negative symptom scores at the 4th week (Table 3).

Genotypic and Allelic Distributions of SATB2 Genes in Two Groups
We subsequently compared allele and genotype frequencies at four loci between the two groups. No statistically significant 
differences were observed in either allele or genotype frequencies at any of the loci (all p > 0.05; Tables 4 and 5).

Relationship Between Haplotypes and Antipsychotic Treatment Response
LD was observed among rs6745135, rs1900327, rs7557687, and rs733156 within the SATB2 gene. Haplotype frequen
cies were compared between good and poor responder. A high LD block spanning 14 kb was identified, encompassing all 
four SNPs (Figure 1). Additionally, the total frequency differences between the two responder groups were compared 

Table 1 Descriptive Statistics for Patient-Related Variables with Regard to Response

Response Sex pa Age pb Baseline PANSS Score pb

Good responders Male (49%) 0.112 38.92±11.64 0.577 85.11±6.73 0.051
Female (51%)

Poor responders Male (64%) 37.73±11.68 87.23±55.75

Female (36%)

Notes: aChi-square test; bTwo-tail t-test.

Table 2 Association of SATB2 Gene Polymorphisms with PANSS Total 
Deduction Rate

SNP Deduction Rate for  
8th Week

Deduction Rate for  
4th Week

Deduction Rate for  
2nd Week

rs1900327 0.016 0.529 0.895

rs7557687 0.035 0.724 0.921
rs733156 0.018 0.553 0.867

rs6745135 0.052 0.654 0.878

Notes: The values in the table represent the p-value of the Spearman correlation between the total 
reduction rate of PANSS and SNP polymorphism. Bold texts indicate significant for the association 
(The p-value is not corrected).
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across all potential haplotypes. Block 1 contained two haplotypes—TTGT and CAAC—neither of which showed 
a significant association with antipsychotic treatment response (Table 6).

Five Genetic Models Analysis
We further investigated the association between four SNPs and antipsychotic drug response under five genetic models, 
adjusting for sex and age. Across all five models, we found no significant differences in genotype distributions between 
the good and poor responder groups for any of the four SNPs (p > 0.05; Tables S1–S4).

Table 3 Association of SATB2 Gene Polymorphisms with PANSS Score

SNP Positive Score Change Negative Score Change Psychopathology Score Change

8th week 4th week 2nd week 8th week 4th week 2nd week 8th week 4th week 2nd week

rs1900327 0.028 0.173 0.432 0.066 0.019 0.356 0.007 0.178 0.458

rs7557687 0.038 0.293 0.411 0.119 0.027 0.28 0.01 0.208 0.513
rs733156 0.033 0.203 0.442 0.046 0.012 0.335 0.007 0.161 0.385

rs6745135 0.06 0.292 0.377 0.171 0.04 0.253 0.01 0.149 0.554

Notes: The values in the table represent the p-value of the Spearman correlation between the reduction rate of PANSS and SNP polymorphism at different 
stages. Bold texts indicate significant for the association (The p-value is not corrected).

Table 4 Comparison of SNPs Genotype Distribution in Two Groups

SNP Genotype Good Responder (%) Poor Responder (%) χ2 P-value Adjusted-p

rs1900327 AA 141 (76.2) 22 (61.1) 3.621 0.164 0.656

AT 40 (21.6) 13 (36.1)
TT 4 (2.2) 1 (2.8)

rs7557687 AA 141 (75.8) 22 (61.1) 3.394 0.183 0.732

AG 41 (22.0) 13 (36.1)
GG 4 (2.2) 1 (2.8)

rs733156 CC 139 (48.4) 22 (61.1) 3.473 0.176 0.704

TC 40 (51.6) 13 (36.1)
TT 4 (2.2) 1 (2.8)

rs6745135 CC 135 (73.8) 28 (77.8) 0.384 0.825 3.3

CT 44 (24.0) 7 (19.4)
TT 4 (2.2) 1 (2.8)

Note: The adjusted p-value was corrected by Bonferroni.

Table 5 Comparison of SNPs Allele Distribution in Two Groups

SNP Allele Good Responder (%) Poor Responder (%) χ2 p-value Adjusted-p

rs1900327 A 322 (87.0) 57 (79.2) 3.047 0.018 0.072
T 48 (13.0) 15 (20.8)

rs7557687 A 323 (86.8) 57 (79.2) 2.870 0.09 0.360

G 49 (13.2) 15 (20.8)
rs733156 C 318 (86.9) 57 (79.2) 2.911 0.088 0.352

T 48 (13.1) 15 (20.8)

rs6745135 C 314 (85.8) 63 (87.5) 0.146 0.702 2.808
T 52 (14.2) 9 (12.5)

Note: The adjusted p-value was corrected by Bonferroni.
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Discussion
SATB2 is significantly involved in the etiology of schizophrenia. To explore the interaction between SATB2 and 
schizophrenia, we used the tool Pathway studio (http://www.pathwaystudio.com). Figure 2 shows a strong functional 
association between SATB2 and schizophrenia through multiple small molecules and proteins. Research on the impact of 
SATB2 variants on the effectiveness of antipsychotic drug treatment outcomes is limited. In the current study, we 
explored the potential of four SNPs (rs1900327, rs7557687, rs733156, rs6745135) as genetic markers for predicting the 
effectiveness of antipsychotic treatment. Our study found that all four SNP polymorphisms were associated with changes 
in general psychopathology scores after eight weeks of treatment. The significance remained after correcting for multiple 
testing (p-value × 4 < 0.05). These findings suggest that polymorphisms in the SATB2 gene may be linked to 
improvements in general psychopathological symptoms in response to antipsychotic treatment.

The general psychopathology subscale of the PANSS includes items assessing depression, anxiety, tension, orienta
tion, attention, judgment, impulse control, and related domains. It provides an overall assessment of the patient’s 

Figure 1 Linkage disequilibrium block structure across SATB2 gene.The figure show the output of Haploview (version 4.0) LD Plot where each square (with D, values 1) 
represents a pair-wise LD relationship between the two SNPs. Red squares indicate statistically significant LD between the pair of SNPs as measured by the D, statistic.

Table 6 Frequency Distribution and Association Analysis of Haplotypes of SATB2 Gene with Antipsychotics Response

Haplotype Haplotype 
Frequency

Good 
Responder (%)

Poor 
Responder (%)

χ2 pa Adjusted- 
pb

Rs6745135 Rs1900327 Rs7557687 Rs733156

C A A C 0.855 0.691 0.569 2.794 0.0946 0.2230
T T G T 0.143 0.255 0.306 3.028 0.0819 0.1900

Notes: aUncorrected p-value. b Adjusted-p, number of permutations: 1000.
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condition, including cognitive, emotional, and social functioning, as well as daily living abilities. Therefore, our results 
may reflect a potential role of the SATB2 gene in the cognitive symptoms associated with schizophrenia.

A core feature of schizophrenia is cognitive dysfunction manifested by impaired memory, attention and IQ.25 SATB2 
plays a crucial role as a transcription factor regulating neocortical organization and circuitry.26 Rare mutations in SATB2 
cause a syndrome that includes developmental delay, mild to severe intellectual disability, speech and behavioral 
problems and abnormal craniofacial features.27 In addition, mouse studies have demonstrated a significant role for 
SATB2 in learning and memory processes. Notably, SATB2 mutant mice were similar to those observed in patients with 
SATB2 mutations.

In the adult central nervous system, SATB2 plays a crucial role in regulating synaptic plasticity in the hippocampus, an 
essential process for memory functions. Jaitner et al discovered that deletion of SATB2 in the forebrain of mice led to long-term 
memory deficits and impaired the stabilization of synaptic long-term potentiation.22 SATB2 has also been shown to regulate the 
expression of FosB by interacting with its promoter. FosB is classified as an immediate early gene (IEG) involved in synaptic 

Figure 2 Functional network connecting SATB2 and schizophrenia. The networks were built using “network building” module of Pathway Studio. (a) Small molecule 
associated with the SATB2 gene and schizophrenia. (b) The protein between the SATB2 gene and schizophrenia.
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plasticity and long-term memory formation.28 Laura et al29 studied genes associated with epigenetic mechanism in schizo
phrenia, and found that eight candidate risk SNPs—including SATB2 (rs6704641)—were associated with cognitive functions 
such as IQ, working memory, episodic memory, and attention. Furthermore, a study revealed that common variants linked to 
human cognitive ability are more prevalent among the genes encoding SATB2 interactors in adults, but not in neonates.14

Associations between polymorphisms in multiple genes and responses to antipsychotic drugs have been reported in 
schizophrenia. Fragile X mental retardation syndrome-related 1 (FXR1) and glycogen synthase kinase-3β (GSK3β) are 
associated with SZ. Interaction of rs496250 in FXR1 and rs12630592 in GSK3β also on response to antipsychotics, SZ 
patients with GSK3β rs12630592 TT genotype and FXR1 rs496250 A genotype have higher improvement in negative 
symptom compared with other genotype SZ patients.30 Metabotropic glutamate receptor 7 (GRM7) gene has been 
implicated as a potential risk locus for schizophrenia. SNPs in GRM7 significantly associated with treatment response in 
antipsychotic drugs such as aripiprazole, haloperidol, olanzapine, perphenazine, quetiapine, risperidone and ziprasidone 
and has the potential as biomarkers for therapeutic responses of antipsychotic drugs.31 BDNF (Brain-Derived 
Neurotrophic Factor), a member of the neurotrophins family, plays an important physiological role in SZ. After 
risperidone and clozapine treatment, the level of BDNF in Peripheral blood of SCZ patients with good responder was 
higher compared with that in non-response patients. In additionally, The BDNF Val66Met variant (rs6265) affects 
antipsychotic response, with Val/Val individuals demonstrating a better therapeutic response to clozapine and 
olanzapine.32 In this study, we further compared the genotype and allele distribution of four SNPs of SATB between 
two groups: good responders (PANSS decrease by 50% or more) and poor responders (PANSS decrease less than 50%). 
Unfortunately, no statistical difference was found between the groups. This lack of association may suggest that these 
sites are not directly involved in modulating the effectiveness of antipsychotic medications. Additionally, differences in 
the mechanisms of action of olanzapine, risperidone, aripiprazole, and quetiapine may also play a role. Therefore, we 
cannot entirely dismiss the possibility of genetic loci related to drug efficacy. We selected patients with single drug 
therapy as the study object, and no relationship was found between the efficacy of these antipsychotics and the 
polymorphism of SATB2 gene (Tables S5 and S6).

Previous studies have indicated haplotype-based methods are more effective than those based on single loci.33 The 
present study conducted haplotype-based association analyses to examine the potential impact of SATB2 polymorphisms 
on antipsychotic treatment response. We found a block comprising four SNPs in the chromosome.; however, no 
significant association was found between SATB2 gene polymorphism and treatment outcomes. While our results did 
not support a link with drug response, previous research has reported associations between haplotypes and schizophrenia 
risk. For example, a recent study, identified significant associations involving the haplotypes rs6704641-rs7600663- 
rs13028839 and rs12052310-rs4673339-rs16831466-rs16831496, with the GCG and CAAC haplotypes acting as pro
tective factors against schizophrenia (OR = 0.822, 95% CI = 0.697–0.969; OR = 0.756, 95% CI = 0.605–0.944).19

Unconditional logistic regression can be used to analyze genetic associations under five inheritance models (codo
minant, dominant, recessive, overdominant, and log-additive). In the present study, we found no significant differences in 
genotypes distributions between the two groups under any of these five models.

Currently, numerous studies are exploring the role of SATB2 in the genetic etiology of schizophrenia. One study 
integrating brain imaging and SNP data in patients with schizophrenia found that both gray matter volume and functional 
connectivity were impaired in the hippocampus, temporal gyrus and cerebellum—alterations that were associated with 
SATB2 gene variants.34 Zhuo et al35 further combined neuropsychometrics and found that SNPs of several genes, 
including SATB2, were associated with decreased GMV in the hippocampus, temporal lobe, amygdala and cerebellum. 
These changes may contribute to the development of cognitive impairment. The pathological effect of SATB2 on 
schizophrenia provides a basis for us to explore the antipsychotic reaction. This study is the first to explore the 
relationship between SATB2 and antipsychotic response, and is expected to potentially identify new markers of 
antipsychotic response.

Our study also had certain limitations. First, the study’s genetic sample size was small, which results in low heritability. 
Second, some potential nongenetic factors, such as drug type, disease duration, and drug dose, were not taken into consideration 
in this investigation, which may have had some influence on the accuracy of the findings. Third, our study only involved the 
Chinese population; thus, other ethnic groups need to be tested. In general, more research into the relationship between the 
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SATB2 gene polymorphism and antipsychotic medications is still necessary. Future research could broaden the selection range of 
the SATB2 gene’s SNP loci, include more races, and divide drug types to produce more solid findings. Whether SATB gene 
polymorphism affect the side effects of antipsychotic medications is also a future research direction. The findings of this research 
could help optimize treatment, reduce the occurrence of side effects, and provide a basis for individualized medication for 
schizophrenia patients.

Conclusion
This study aimed to explore whether antipsychotic treatment outcomes in the Chinese Han population are influenced by the 
SATB2 gene in schizophrenia. According to our research, the SATB2 gene polymorphism is presumably related to the 
effectiveness of antipsychotics in the treatment of general psychopathological symptoms. This study revealed the relationship 
between SATB2 and antipsychotic response, and is expected to potentially identify new markers of antipsychotic response. Due 
to the limited total sample size (only over 200 cases), we were unable to further stratify by medication type to examine whether 
the four SNPs have differential effects on the efficacy of different drugs. Larger samples and diverse populations should be used 
in future studies to better inform personalized medicine.
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