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Purpose: We investigate the association of HTR1A rs10042486 and rs6295 with efficacy and plasma concentrations of atypical 
antipsychotics in the treatment of male patients with schizophrenia.
Patients and Methods: A total of 140 male patients diagnosed with schizophrenia who were treated with any single atypical 
antipsychotic between May 2020 and May 2022 were retrospectively included. Clinical symptoms were assessed using Positive and 
Negative Syndrome Scale (PANSS). All SNPs were typed using Agena Bioscience MassARRAY DNA mass spectrometry. Plasma 
concentrations of antipsychotics at week 3, 6 and 12 after treatment commence were analyzed using mass spectrometry.
Results: For efficacy of atypical antipsychotics, we observed no significant difference between HTR1A rs10042486, rs6295 and 
positive symptom improvement, where the patients with heterozygous mutant at the rs10042486 and rs6295 locus were superior to 
those with wild-type or homozygous mutant genotypes on negative symptom improvement, especially at 12 weeks of follow-up when 
the difference between genotypes at the rs6295 locus have statistical significance (P = 0.037). For plasma concentration, we found that 
quetiapine plasma concentrations were significantly lower in patients with mutation-heterozygous types than in wild-type and 
homozygous mutation genotypes at week 6. In contrast, higher plasma concentrations were found for mutant heterozygous than 
wild genotypes in the risperidone monotherapy analysis, and the difference among genotypes at the rs6295 locus was statistically 
significant at 6 weeks of follow-up.
Conclusion: The assessment of the correlation of genetic polymorphisms of HTR1A rs6295 and rs10042486 in male patients with 
schizophrenia with the monitoring of therapeutic drug concentrations and therapeutic efficacy provides a constructive foundation for 
the clinical individualization of antipsychotics, such as quetiapine and risperidone, which is important in selecting the dose of the 
medication and improving the improvement of negative symptoms.
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Introduction
Schizophrenia is a common (around 1% of the world’s population) chronic mental disorder that causes considerable distress and 
disability, with symptoms including hallucinations, delusions and behavioral disorders.1 For the treatment of schizophrenia, 
atypical antipsychotic drugs (also known as second-generation antipsychotics) are recommended as first-line agents and 
commonly used in clinics for their high efficacy and low adverse drug reactions.2–4 The mechanisms of antipsychotics are 
mainly based on the proposed neurotransmitter abnormality hypotheses explaining the biological background of schizophrenia, 
including dopamine, glutamic acid, and serotonin system (5-HT).5 Unlike typical antipsychotics, which predominantly focused on 
single receptor, atypical antipsychotics bind more receptors, including dopamine receptors and serotonin receptors.6,7 Numerous 
studies have revealed that altered 5-HT synthesis and metabolism, abnormalities in the levels of brain 5-HT1A and 5-HT2A 
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receptors are associated with pathophysiology and efficacy in the treatment of schizophrenia.8–10 The 5-HT1A receptor encoded by 
HTR1A is one of the most abundant serotonin receptors in the central nervous system, and plays a crucial role in the regulation of 
mood, anxiety, and appetite by modulating serotonin activity.11 Studies have shown that the HTR1A gene induces neuronal 
inhibition and behavioral control in the central nervous system and is involved in the molecular mechanisms of schizophrenia.12 

The transcriptional regulatory region’s rs6295 and rs10042486 locus have received the most attention.13,14 An Italian study 
showed that carriers of the rs6295 GG genotype had better reductions in negative symptoms after treatment with clozapine.15 

However, studies on them in the treatment of schizophrenia were not comprehensive and the conclusions remained controversial. 
A meta-analysis showed that carriers of the C allele of the rs6295 polymorphism had significantly more improvement in negative 
symptoms compared to those carrying the G allele.16 Additionally, many studies have focused on the apparent relationship 
between HTR1A gene polymorphisms and antipsychotic efficacy in patients with schizophrenia17,18 and few studies exploring the 
associations between HTR1A gene polymorphisms and plasma concentrations of atypical antipsychotics.

To this end, in this study, we first analyzed the relationship between HTR1A rs6295 and rs10042486 and efficacy of 
atypical antipsychotics in the treatment of male patients with schizophrenia. In addition, to better understand the possible 
mechanisms underlying this relationship, our secondary purpose was to evaluate the association of HTR1A rs6295 and 
rs10042486 with plasma concentration of atypical antipsychotics.

Materials and Methods
Participants
As a retrospective study, a total of 140 male patients with schizophrenia treated with any single atypical psychotropic and 
underwent a 12-week follow-up from May 2020 to May 2022 admitted to the Second People’s Hospital of Guizhou Province 
were enrolled in our study. All patients were assessed for the severity of disease at baseline and during treatment using the 
Positive and Negative Syndrome Scale (PANSS), including the PANSS positive, PANSS negative and PANSS general 
psychopathology subscales. Inclusion criteria: (i) fulfillment of the International Classification of Diseases 11th Revision 
(ICD-11) diagnostic criteria for schizophrenia, (ii) age between 18 and 60 years, (iii) no mix of antipsychotic medications 1 
month prior to enrollment and (iv) PANSS score ≥ 60. Exclusion criteria: (i) heart, liver and kidney disease; (ii) alcohol 
dependence; (iii) epilepsy; (iv) diabetes mellitus; (v) none of the single or multiple serious side effects of monotherapy. 
Additionally, sociodemographic characteristics were recorded, including age, age at onset, marital status and educational 
levels. In this study, relapse was defined as the reappearance of clinically significant core symptoms of schizophrenia after 
remission or the relapse of a patient after an incomplete remission with “symptomatic exacerbation” or “worsening an increase 
of more than 25% in the PANSS score. This project was approved by the Ethics Committee of the Second People’s Hospital of 
Guizhou Province (No.2019–50) and the patients and their families provided informed consent.

Treatment
Patients were prescribed with 12-week of any one atypical antipsychotic drug administration, including quetiapine, risperidone, 
aripiprazole, olanzapine, clozapine, paliperidone, ziprasidone or amisulpride. For quetiapine monotherapy, the fumarate 
(AstraZeneca Pharmaceuticals Ltd., J20171029) was prescribed at an initial dose of 50 mg once daily. The dose was subsequently 
increased to 100 mg once daily after a few days, and then to 400 mg/day after 28 days of consistent usage. The dose adjustment 
during the 12-week treatment period was based on the patient’s condition. For patients receiving risperidone (Xi’an Janssen 
Pharmaceutical Co., Ltd, H20010310), the recommended initial dose is 1 mg. Within a week or so, the daily dosage can be 
gradually increased to 2–4 mg and may be further increased to 4 to 6 mg per day during the second week. The dose can be 
maintained or adjusted based on the individual’s response. In general, the optimal dose range is 2 to 6 mg per day, and the 
maximum daily dose should not exceed 10 mg. For the other antipsychotics, initiate the dose using an equivalent dose analogous 
to risperidone 1 mg or quetiapine 100 mg, and increase the measurement incrementally to the therapeutic dose according to the 
instructions for administration.
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Sample Collection
During the study period, drug administration and blood collection time points were strictly controlled. Patients took the drugs 
at 20:00 on the night prior to the 3rd, 6th and 12th weeks of treatment at baseline. On the following day at 8:00 a.m., 5 mL of 
unanticoagulated blood of the enrollees (patients were in a fasting state) was drawn before drug administration. The blood was 
centrifuged at 2000 rpm for 5 min to separate plasma and blood cells, and 1 mL of each was taken according to the blood 
sample and dried blood film processing tutorials, separated to make dried blood films and promptly sent for genetic and plasma 
concentration testing. The remaining blood samples were saved for repeated testing after removing personal identification 
information using uniform code.

Genotyping
The testing method and experiments from nucleic acid extraction to final mass spectrometry analysis were conducted by 
Shanghai Conlight Medical Co., Ltd. Extraction of nucleic acids from collected samples was performed using total 
nucleic acid extraction kit (Conlight Medical) in strict accordance with the instructions. Genotyping for rs10042486 and 
rs6295 in HTR1A using matrix-assisted laser desorption ionization-time-of-flight mass spectrometry (MALDI-TOF MS). 
The results were analyzed with Typer 4.0 software (Agena Bioscience).

Plasma Concentrations Measurements
Therapeutical drug monitoring (TDM) was performed using a high-performance liquid chromatography and mass spectro
metry instrument manufactured by Thermo Fisher (LC-MS, AB5500). The chromatographic column was a Kinetex-C18 
with a particle size of 2.6 μm, a length and internal diameter of 100 mm × 3 mm, and a pore size of 100 Å. An electrospray 
ionization source was used, and positive ion multiple reaction monitoring was selected for analysis.

Treatment Efficacy Evaluation
In general, the rate of reduction in PANSS scores is the primary basis for evaluating the efficacy of psychiatric classifications, 
and a reduction in scores equal to or more than 50% is usually considered effective or responsive to treatment. In this study, 
we focused on the changes in the PANSS scale scores for positive symptoms, negative symptoms, and pathologic symptoms. 
Symptomatic treatment was considered effective or response at week 3, week 6, and week 12 follow-up when the positive 
symptom score, negative symptom score, and pathologic symptom score reduced by 50% or more from baseline. Calculated 
by subtracting the post-treatment score from the baseline score and dividing it by the baseline score.

Statistical Analyses
All data were statistically analyzed by applying SPSS 22.0 software, and measurement data were expressed as means and 
their 95% confidence intervals (95% CI). Hardy-Weinberg equilibrium was evaluated by comparing the observed and 
expected genotype distributions using the χ2 goodness-of-fit test. Allelic distributions and genotypes of HTR1A gene 
polymorphisms were tested using the χ2 test. The distributional differences between genotypes in the level of treatment 
effectiveness achieved by patients were analyzed using the Fisher-exact test for negative symptoms, positive symptoms, 
and pathologic symptoms. Comparison of psychotropic plasma concentration data between genotypes was performed by 
t-test for each follow-up period. Differences were considered statistically significant at P < 0.05, and withdrawal and 
shedding cases were not included in the statistical analysis.

Results
Study Population Characteristics and Hardy-Weinberg Equilibrium for Polymorphisms
A total of 140 male patients with schizophrenia were enrolled in this study. The socio-demographic characteristics of the 
included patients are listed in Table 1 with a mean age of 29.7 years (95% CI, 28.1–31.3) and the mean age at disease 
onset of 23.4 years (22.1–24.8). The majority of patients accepted elementary school and above education with 48.6% 
having a high school education or higher and were unmarried (79.3%). More than two-thirds of patients (72.1%) were in 
relapse. Over one-third of subjects (34.3%) were taking quetiapine and 22.9% were risperidone with the mean doses used 
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in quetiapine and risperidone medicated patients being 540.4 mg/d and 4.7 mg/d; aripiprazole single-administration 
patients accounted for 13.6%, and the average dose used was 45.7 mg/d; olanzapine single-administration patients 
accounted for 11.4%, and the average dose was 24.3 mg/d; clozapine single-administration patients accounted for 3.6%, 
and the average dose was 135 mg/d, paliperidone single-administration patients accounted for 9.3%, and the average dose 
was 8.5 mg/d, and ziprasidone single-administration 2.9% of patients with a mean dose of 105 mg/d, and amisulpride 
monotherapy 2.1% of patients with a mean dose of 466.7 mg/d. The detailed baseline characteristics of the study cohort 
are presented in Supplementary Table 1. All SNPs were in Hardy-Weinberg equilibrium (P = 0.855 for rs10042486, and 
P = 0.947 for rs6295) (Table 2).

Relationship Between Polymorphisms of HTR1A and Response to Treatment
In order to investigate the association of treatment efficacy with rs6295 and rs10042486 within HTR1A, we evaluated the 
severity of symptoms of the patients using PANSS scale. The difference in PANSS scores between genotypes of rs6295 
and rs10042486 was not statistically significant from baseline to 12 weeks of follow-up (Supplementary Table 2). In 
addition, there were no significant differences between genotypes of HTR1A rs6295 and rs10042486 with regard to 
efficacy assessed by PANSS except for rs6295 at week 12 posttreatment when evaluated by PANSS negative subscale 
(Table 3). Particularly, patients with the CG genotype (83.3%) in the rs6295 locus, compared to those with the CC and 
GG genotypes, exhibit more response rate in negative symptoms after 12 weeks of treatment (P = 0.037) (Table 3).

Association of Plasma Concentration Changes in Quetiapine and Risperidone with 
HTR1A Polymorphisms
Wild-type and heterozygous mutant genotypes receiving quetiapine monotherapy had decreased plasma concentrations at 
weeks 6 and 12 compared with postrandomized week 3. In contrast, heterozygous mutations showed an alternating trend 

Table 1 Characterizations of Study Population

Characterization Number Proportion (%)

Age-years (mean, 95% CI) 29.7 (28.1–31.3)
Level of education

High school and above 68 48.6

Elementary school and middle school 63 45
Illiterates 1 0.7

Do not want to disclose 8 5.7

Marital status
Married 22 15.7

Unmarried 111 79.3
Divorced 4 2.9

Do not want to disclose 3 2.1

Mode of onset
First episode 39 27.9

Relapse 101 72.1

Onset age-years 23.4 (22.1–24.8)
Total disease duration, months 51.2 (40.6–61.9)

Drug using

Quetiapine 48 34.3
Risperidone 32 22.9

Aripiprazole 19 13.6

Olanzapine 16 11.4
Clozapine 5 3.6

Paliperidone 13 9.3

Ziprasidone 4 2.9
Amisulpride 3 2.1
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from decreasing to increasing. Plasma concentrations of the TT genotype at rs10042486 locus were significantly higher 
than those of the CT genotype at postrandomized week 6 (t = 3.126, P = 0.005). Similarly, the rs6295 locus GG genotype 
had significantly higher plasma concentrations than the CG genotype (t = 2.877, P = 0.008). However, there were no 
statistically significant differences between the genotypes at weeks 3 and 12 of treatment.

Table 2 Genotype Distribution of the HTR1A Gene and the Hardy-Weinberg Equilibrium 
Testing

Locus Genotypes Observed (Expected) Allele Freq χ2 P-value

rs10042486 CC 2.9 (3.6) C = 18.9% T = 81.1% 0.313 0.855

CT 32.1 (30.7)

TT 65.0 (65.7)
rs6295 CC 5.7 (5.2) C = 22.9% G = 77.1% 0.108 0.947

CG 34.3 (35.3)

GG 60.0 (59.5)

Table 3 Treatment Efficacy at 3, 6, and 12 Weeks for Each HTR1A Genotype Based on PANSS Total and Subscale Analyses

PANSS 
Scale 
Items

Locus Genotypes 3 Week 6 Week 12 Week

Effective Ineffective P-value Effective Ineffective P-value Effective Ineffective P-value

PANSS scale rs10042486

CC 0 4 0.917 2 2 >0.99 2 2 0.55

CT 9 36 18 20 21 9

TT 16 75 35 37 36 12

rs6295

CC 0 8 0.501 3 5 0.872 2 4 0.1

CG 10 38 19 19 22 8

GG 15 69 33 35 35 11

Positive 

symptom

rs10042486

CC 0 4 0.423 3 1 0.927 4 0 >0.99

CT 17 29 27 12 27 3

TT 32 59 52 20 44 4

rs6295

CC 0 8 0.096 4 4 0.386 5 1 0.49

CG 19 30 29 10 28 2

GG 30 54 49 19 42 5

Negative 

symptom

rs10042486

CC 0 4 0.655 2 2 0.547 1 3 0.056

CT 9 37 21 18 24 6

TT 13 78 31 41 33 15

rs6295

CC 0 8 0.214 4 4 0.303 2 4 0.037

CG 11 38 22 17 25 5

GG 11 73 28 40 31 15

Pathological 

symptoms

rs10042486

CC 0 4 0.709 2 2 0.819 1 3 0.381

CT 10 36 13 26 19 11

TT 17 74 25 47 28 20

rs6295

CC 1 7 >0.99 3 5 0.953 1 5 0.1

CG 10 39 14 25 20 10

GG 16 68 23 45 27 19

Notes: Effectiveness was defined as a percentage score change of 50% or more at the end of postrandomized week 3, 6 and 12.
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In patients receiving risperidone monotherapy, plasma concentrations in patients with the wild-type genotype showed 
a decreasing and then increasing pattern, whereas those patients with the mutant homozygous showed an increasing trend 
from week 3 to week 12. At the end of week 6, plasma concentrations were lower in the wild type than in the mutant 
heterozygous and homozygous mutant genotypes. There was no statistically significant difference in plasma concentra
tions between genotypes at the rs10042486 locus and a statistically significant difference in plasma concentration 
between genotypes at the rs6295 locus (t = 2.113, P = 0.048) (Table 4).

Discussion
To our knowledge, this study is the first to report differences in risperidone plasma concentrations and treatment response 
in subjects with heterozygous or homozygous mutations in HTR1A. First, we found that the distribution of genotypes at 
the rs10042486 and rs6295 locus of the HTR1A gene conformed to Hardy-Weinberg equilibrium. The differences 
between genotypes were not statistically significant (P > 0.05), which means that the population studied was genetically 
balanced and representative of the population. In addition, the genotypes of the rs10042486 locus and the rs6295 locus 
were predominantly homozygous mutant, accounting for 65.0% and 60.0%, respectively, which is similar to the results of 
a previous study.14 Among the genotypes associated with improvement of negative symptoms, mutation heterozygosity 
showed the best improvement (Table 3). Previous studies have shown that polymorphisms in the HTR1A gene may affect 
the efficacy and side effects of antipsychotic drugs.16,19 Genetic polymorphisms in drug-metabolising enzymes and drug 
targets influence drug response, possibly by affecting pharmacokinetics, which may include absorption, distribution, 
metabolism and elimination of the drug; and pharmacodynamics, which is the therapeutic response of the drug target to 
the drug.20–22 Therefore, the detection of HTR1A genotype could be helpful in assessing the risk and efficacy of 
medication at the early stage of medication administration.

Accurate selection of drug and dose is a challenge due to variations in individual genotypes, as patients may 
experience a variety of side effects such as drowsiness, dizziness, weight gain, insomnia, and tremor with the same 
dose.23–25 Regular monitoring of plasma concentrations and dosage adjustments of drugs can help to reduce side effects 
in patients.26 In the present study, we found that HTR1A polymorphisms significantly affected the plasma concentrations 
of quetiapine versus risperidone, especially at week 6 after monotherapy. This suggests that when taking quetiapine or 
risperidone as a monoadministration, patients need to be regularly monitored for changes in plasma concentrations, 
especially in the sixth week of treatment, in order to prevent the occurrence of toxicity due to high plasma concentrations 

Table 4 Plasma Concentrations of Quetiapine and Risperidone After 3, 6, and 12 Weeks in Patients with Different 
Genotypes of the HTR1A

Drug Type Genotype Number 3 Week (ng/mL) 6 Week (ng/mL) 12 Week (ng/mL)

Quetiapine rs10042486

CT 12 408.8 (274.8–542.9) 180.0 (89.1–270.9) 332.1 (119.5–544.7)

TT 36 506.8 (399.6–614.0) 402.1 (325.9–478.3)*a 259.1 (149.8–368.4)
rs6295

CC 1 326.8 314.5 236.7

CG 14 427.1 (314.4–539.8) 227.6 (131.3–323.9) 295.4 (101.8–489.0)
GG 33 512.0 (391.6–632.4) 404.2 (319.5–488.9)*b 272.8 (151.2–394.4)

Risperidone rs10042486
CC 3 25.3 (−0.1–50.7) 9.8 (−9.4–29.1) 25.4 (0.2–50.5)

CT 8 38.2 (22.4–54.0) 38.2 (13.5–62.9) 33.6 (25.3–41.9)

TT 21 27.8 (21.1–34.4) 32.4 (24.0–40.8) 40.4 (27.9–53.0)
rs6295

CC 5 20.5 (0.1–40.8) 6.6 (−6.3–19.4) 25.4 (0.2–50.5)

CG 8 37.0 (22.7–51.3) 38.2 (13.5–62.9) 33.6 (25.3–41.9)
GG 19 29.0 (22.0–35.9) 34.1 (26.0–42.2)*c 40.4 (27.9–53.0)

Notes: *aIs the difference in comparison with the CT genotype, t = 3.126, P = 0.005; *bIs the difference in comparison with the CG genotype, t = 2.877, 
P = 0.008; *c is the difference in comparison with the CC genotype, t = 2.113, P = 0.048.
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in carriers of the TT phenotype at the rs10042486 locus and the GG phenotype at the rs6295 locus, or plasma 
concentrations lower than the therapeutic reference concentration range occurring in carriers of the CC phenotype at 
the rs10042486 locus and the CC genotype at the rs6295 locus.

The differences in plasma concentrations between HTR1A genotypes were probably due to mutations at the rs6295 
and rs10042486 locus resulting in reduced gene activity or defective post-receptor signalling, which led to the drug 
plasma concentrations to be increased. Whether the difference in plasma concentration between genotypes was respon
sible for the difference in negative symptom improvement was not further explored in this study. Previous studies have 
focused on the effects of metabolism or toxicity-related genes on patient efficacy or side effects, and few studies have 
focused on the influence of responsive genes on plasma concentrations.27,28 Analysis of HTR1A gene polymorphisms 
may help to stratify different subgroups of patients with psychiatric disorders (especially those with significant negative 
symptoms) and thus provide targeted individualised treatment.

In conclusion, this study found for the first time that polymorphisms at the rs10042486 and rs6295 loci of the HTR1A 
gene may be associated with efficacy and plasma concentrations in male schizophrenic patients. There are still many 
limitations of this study, such as small sample size and unsystematic grouping of medication regimens, which restricted 
us from further analysing the pattern of plasma concentration changes in patients and the most suitable single medication 
regimen for patients based on genetic polymorphisms.
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