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Introduction

Schizophrenia (SCZ) is a chronic psychiatric disorder char-
acterized by a spectrum of symptoms, which can lead to
significant social and occupational dysfunction [19]. The
management of SCZ typically involves the use of antipsy-
chotic medications, particularly second-generation antipsy-
chotics (SGAs) such as risperidone, which are favoured for
their efficacy in alleviating psychotic symptoms along with
the relatively lower incidence of extrapyramidal side effects
[14]. However, the long-term administration of risperidone
is associated with notable adverse effects, including hyper-
prolactinemia and weight gain. These effects can adversely
impact treatment compliance and patient outcomes [17].
Risperidone exerts its therapeutic effects primarily
through antagonism of dopamine D2 receptors (DRD2) and
serotonin 2A receptors (SHTR2A) [3, 8]. The blockade of
these receptors is crucial in the neurochemical pathways
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implicated in SCZ and treatment-associated side effects [11].
For instance, hyperprolactinemia, a common consequence
of DRD?2 antagonism, can result in sexual dysfunction, men-
strual irregularities, and osteoporosis [24]. Concurrently,
weight gain associated with risperidone treatment is often
linked to the modulation of serotonin receptors, increasing
the risk of metabolic disorders such as obesity and cardio-
vascular diseases [7]. These adverse effects can contribute to
non-compliance with treatment regimens, further complicat-
ing the long-term management of SCZ.

Recent advancements in pharmacogenetics have high-
lighted the potential role of genetic variations in neurotrans-
mitter receptors in influencing individual susceptibility to
drug-induced side effects [22, 32]. Specifically, polymor-
phisms in the SHTR2A and DRD?2 genes have been impli-
cated in modulating responses to antipsychotic medications
[21, 30]. Variations in these genes can alter the pharmacody-
namics and receptor sensitivity, contributing to differential
impact for adverse outcomes such as hyperprolactinemia and
weight gain [13]. Despite the increasing recognition of the
influence of genetic factors on antipsychotic drug responses,
there remains a limited understanding of the specific genetic
polymorphisms that predispose patients to these effects.
However, the identification of genetic markers associated
with risperidone-induced adverse effects could facilitate
more personalized treatment approaches. These advance-
ments would allow clinicians to predict and mitigate poten-
tial side effects through tailored medication choices based
on an individual's genetic profile.

In the present study, we sought to explore the impact
of 5HT2A and DRD2 receptor gene polymorphisms on
risperidone-induced prolactin elevation and weight gain
in patients with SCZ. By conducting this investigation, we
aim to deepen our understanding of pharmacogenetic factors
influencing antipsychotic adverse effects. More importantly,
we strive to use this understanding to develop more effective
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and personalized treatment strategies, ultimately improving
therapeutic outcomes in the management of SCZ.

Materials and methods
Patients and study setting

In this study, newly diagnosed patients with SCZ (n=104)
were recruited according to the Diagnostic and Statisti-
cal Manual for Mental Disorders-Fifth edition (DSM-V)
criteria from the Department of Psychiatry at a tertiary
care hospital in South India. The Institute Ethics Commit-
tee approved the study (Project No. JIP/IEC/4/2013/189),
and after obtaining written informed consent from each
patient or patient's legally acceptable representatives,
patients were recruited for the study. All the study partici-
pants were recruited between December 2013 to August
2015. The study included patients who had not taken
any antipsychotic medication for at least 30 days before
enrolment and were prescribed risperidone (4-8 mg/
day) as their antipsychotic treatment for a minimum of
four weeks. Baseline data were collected before start-
ing the therapy and follow-up details were recorded after
receiving the risperidone therapy for at least four weeks.
Pregnant or nursing women, individuals under the age
of 18 years, and patients with a history of other medical
conditions such as hypertension or diabetes were excluded
from the study. Additionally, other concurrent psychiatric
diagnoses, such as mood disorders or substance abuse,
were also excluded.

Prolactin measurement and weight assessment

Five ml of venous blood was collected from all the
patients at baseline and after four or more weeks of treat-
ment with risperidone between 9 A.M. and 12 P.M. The
serum was separated and stored at —80 °C deep freezer
until assay. The measurement of Prolactin was done using
the standard Advia-Centaurs Chemiluminescence (Advia-
Centaur CP, Siemens healthcare diagnostics, Germany)
immunoassay method [16].The intra-assay and inter-
assay coefficients of variation were less than 7% and 9%,
respectively. Patients exhibiting more than a 20% increase
in prolactin levels from baseline to follow-up after four
weeks of risperidone therapy were classified as having
risperidone-induced hyperprolactinemia [5]. Body weight
measurement was done at baseline and after six weeks of
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treatment with risperidone (4-8 mg/day) with a weight
gain of greater than 5% considered significant [2, 10, 26].

Co-medication

During the study, Clonazepam (0.5—-1 mg/day as required
before bedtime) was prescribed for sleep disturbances, and
trihexiphenidyl (2-4 mg/day) was administered to manage
extrapyramidal symptoms.

Compliance

During the risperidone treatment period, patients who did
not receive risperidone medication for five consecutive days
were excluded from the study. Treatment compliance was
verified through reports from the patient’s family members
or caregivers of the patients.

DNA extraction & genotyping

Five ml of blood were collected from each patient to analyze
the genetic polymorphisms in dopamine DRD?2 rs1800497
(TaglA) and serotonin SHTR2A (rs6311, rs6313) receptor
genes. DNA extraction was performed using the standard
phenol—chloroform method and quantified by NanoDropTM
(ThermoFisher). Genotyping for genetic polymorphisms was
performed using real-time thermocycler (ABI Prism 7300)
with Tagman® SNP probes for DRD2 gene, rs1800497
Assay ID: C__7486676_10 and SHTR2A rs6311 Assay ID:
C__8695278_10, and rs6313 Assay ID: C__3042197_1_
from Applied Biosystems (Foster City, CA, USA).

Statistical analysis

The normality of data for continuous variables was checked
using the Kolmogorov-Simonov test. Continuous variables
were expressed as the median and Interquartile range (IQR).
Wilcoxon test was used to compare the baseline prolactin
levels and weight change at baseline and post-treatment, and
the Kruskal-Wallis test was used to study the individual
genotype influence on median prolactin levels and weight
changes. GraphPad Prism version 10 (GraphPad Software,
San Diego, CA, USA) was used for statistical analysis.
Hardy—Weinberg equilibrium was assessed for genotype
frequencies. Logistic regression: analyses were performed
to evaluate associations between genotype and risperidone-
induced prolactin elevation, weight gain, and extrapyramidal
symptoms using SNP stats software. All values were two-
sided, and p < 0.05 was considered statistically significant.
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Table 1 Baseline characteristics of study participants

Characteristics Subjects (n=104)
Age (Years) 30 (25-37)

Height (Cm) 164 (154.8 - 169.3)
Baseline Weight (Kg) 55 (47 - 67)
Baseline Prolactin levels (ng/ml) 24.40 (11.58 - 46.51)
Risperidone dose (mg/day) 4 (4-6)

Values expressed as median (Inter Quartile Range)

Results

A total of 104 newly diagnosed patients with SCZ were
recruited for this study, and 103 patients completed the
follow-up assessments. The median age of participants
was 30 years, baseline weight was 55 (kgs), and prolac-
tin levels were 24.40 (ng/ml), respectively Table 1. The
sample consisted of an unrelated, diverse population,
enabling a thorough analysis of genetic polymorphisms
associated with risperidone-induced side effects. During
the treatment, one patient lost follow-up, 103 patients
were included for prolactin levels assessment, and one
patient could not turn up for the follow-up after six weeks
for weight assessment. Four patients’ genotyping data of

SHTR2A (rs6311, rs6313) and DRD2 (rs1800497) genetic
polymorphisms were excluded from the analysis due to
improper amplification signals.

Our study findings show that 87% of participants expe-
rienced hyperprolactinemia after four weeks of risperi-
done therapy, which underscores the clinical significance
of these side effects. Similarly, 52% of weight gain and
45% of drug-induced extrapyramidal symptoms were doc-
umented in the study.

Weight gain assessment

The baseline median weight and median weight change
from baseline to six weeks of risperidone treatment were
reported in Supplementary Table S1. In terms of weight
gain, the results indicated that the SHTR2A gene poly-
morphisms SHTR2A rs6313 (n=98, GG=31, GA=53,
AA =14, p=0.007) and rs6311 (n =98, GG=33, GA=51,
AA =14, p=0.026) and were significantly associated with
risperidone-induced weight gain whereas DRD?2 rs1800497
(n=98, GG=43, GA=46, AA=9, p=0.14) genetic vari-
ants were not associated with risperidone induced weight
gain (Table 2). The individual genotype influence on base-
line weight and median difference of weight change from
baseline to six weeks of risperidone treatment was reported

Table 2 Serotonin (SHTR2A

Genotype Patients with <5% Patients with >5% Odds ratio p-value
156311 gnd 156313) and increase in weight gain increase in weight gain (95%CI)
Dopamine receptor (DRD?2 (n=47) (n=51)
rs1800497) gene polymorphism
influence on risperidone- SHTR2A rs6311 (n=98)
induced weight gain G/G (n=33) 21(44.7%) 12 (23.5%) 1.00 0.026"
G/A+A/A (n=65) 1749 (55.3%) 34+5 (76.5%) 2.62 (1.10-6.24)
SHTR2A rs6313 (n=98)
G/G (n=31) 21(44.7%) 10 (19.6 %) 1.00 0.007"
G/A+A/A (n=67) 1749 (55.3%) 36+5 (80.4%) 3.31(1.35-8.14)
DRD?2 rs1800497 (n=98)
G/G (n=43) 17 (36.2%) 26 (51%) 1.0 0.14
A/G+A/A (n=55) 2446 (63.8%) 2243 (49%) 0.54 (0.24-1.22)
Logistic regression p <0.05 is considered significant
Table 3 Serotonin receptor Genotype <20% increase in prol- ~ >20% increase in prol-  Odds ratio p-value
(SHTR2A rs6311‘ and .rs63 13) actin levels (n=12) actin levels (n=87) (95%CI)
gene polymorphisms influence
on risperidone-induced 5HTR2A rs6311 (n=99)
prolactin levels G/G (n=33) 4 (333%) 29 (33.3%) 1.00 1.0
G/A+AA (n=66) 6+2 (66.7%) 45+13 (66.7%) 1.0 (0.28-3.6)
SHTR2A rs6313 (n=99)
G/G (n=31) 3 (25%) 28 (32.2%) 1.00 0.61
G/A+A/A (n=68) T+2 (75%) 47+12 (67.8%) 0.70 (0.18-2.80)

Logistic regression p <0.05 is considered significant
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in Supplementary Table S2. The logistic regression analysis
with genotype—phenotype confirmed that these associations
were statistically significant (p < 0.05) (Table 3).

Extrapyramidal symptoms

Furthermore, the study examined the association between
SHTR2A (16313, rs6311) and DRD2 rs1800497 gene poly-
morphisms and risperidone-induced extrapyramidal symp-
toms after 4 weeks of risperidone therapy. SHTR2A rs6313
genetic polymorphism (2 =99, GG=33, GA=51, AA=14,
p=0.089), r1s6311 (=99, GG=31, GA=54, AA=14,
p=0.2) and DRD2 rs1800497 (n =99, GG =43, GA=47,
AA =9, p=0.82) genetic variants were not associated ris-
peridone induced extrapyramidal symptoms. The results
demonstrated that the SHTR2A rs6313 polymorphism was
associated with an increased risk of developing extrapyrami-
dal symptoms during treatment (Table 4). However, these
findings were not statistically significant.

Genetic polymorphisms and prolactin levels

The baseline median prolactin levels after four weeks of
risperidone treatment were reported in Supplementary
Table 1. The analysis of genetic polymorphisms revealed
that the SHTR2A 136313 (n =99, GG =31, GA =54,
AA=14,p=0.61) and rs6311 (n =99, GG =33, GA=51,
AA =15, p=1.0) did not significantly impact risperi-
done-induced hyperprolactinemia (Table 3). The baseline
median prolactin levels and individual genotype influence
on the median difference of prolactin levels from base-
line to four weeks of risperidone treatment was reported
in Supplementary Table 3. These findings indicate that
5SHTR2A rs6313 and rs6311 genetic variations may not
serve as predictive markers for elevated prolactin levels
in the studied population.

Discussion

The present study investigated the influence of SHTR2A
(rs6311, rs6313) and DRD2 (rs1800497) gene polymor-
phisms on risperidone-induced weight gain and hyper-
prolactinemia in patients with SCZ from the South Indian
population. Our findings indicate a significant association
between specific SHTR2A (rs6313, rs6311) gene polymor-
phisms and weight gain, while no such associations were
observed for DRD2 rs1800497 polymorphism regarding
risperidone-induced weight gain, prolactin elevation, and
extrapyramidal symptoms in the studied population. These
results contribute to the existing literature examining the
pharmacogenetic factors that may predispose individuals to
the adverse effects of antipsychotic medications, which is
specific to understanding the importance of SHTR2A gene
polymorphisms with weight gain. In the present study, the
allele frequencies of SHTR2A (rs6311 & rs6313) and DRD2
(rs1800497) polymorphisms in the study population were
consistent with the reported previous studies of the Indian
population. The DRD?2 rs1800497 polymorphism, G allele
frequency (0.67) was consistent with Vijayan et al. (0.69)
and Kaur et al. (0.68) studies reported in the Indian popu-
lation [12, 28]. Similarly, SHTR2A gene rs6311 (G-0.59;
A-0.41) and rs6313 (G-0.59; A-0.41) allele frequencies were
consistent with a study by Sujitha et al. of SHTR2A 156311
(G-0.56; A-0.44); rs6313 (G-0.58; A-0.42) in patients with
SCZ from South Indian populations [25]. Similarly, allele
frequencies also consistent with another study by Kaur
etal. rs6311 (G-0.59; A-0.41), and rs6313 (G-0.56; A-0.44)
reported in patients with SCZ from North Indian popula-
tions [12].

The present study found a significant association between
the SHTR2A rs6311 and rs6313 gene polymorphisms and
risperidone-induced weight gain, supporting previous stud-
ies highlighting the role of serotonin pathways in metabolic

Table 4 Serotonin (SHTR2A

Genotype Patients without Patients with EPS (n=45) Odds ratio p-value
rs6311 and 'rs6313) EPS (n=54) (95%CT)
and Dopamine receptor
(DRD2 rs1800497) gene SHTR2A rs6311 (n=99)
polymorphisms influence G/G (n=33) 15 (27.8%) 18 (40%) 1.00 0.2
on risperidone-induced
extrapyramidal symptoms G/A+A/A (n=66) 3247 (72.2%) 19+8 (60%) 0.58 (0.25-1.34)
SHTR2A rs6313 (n=99)
G/G (n=31) 13 (20.4%) 18 (40%) 1.00 0.089
G/A+A/A (n= 68) 35 +6 (79.6%) 1948 (60%) 0.38 (0.16-0.94)
DRD?2 rs1800497 (n=99)
G/G (n=43) 24 (44.4%) 19 (42.2%) 1.0 0.82

AIG+A/A (n=56)

25+5 (55.6%)

22+4 (57.8%) 1.09(0.49-2.43)

Logistic regression p <0.05 is considered significant
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regulation. Our study findings, in line with [6] reported in
patients with SCZ (n =25) using post-mortem brain samples.
This study also demonstrated the SHTR2A gene (rs6314,
p=0.008, rs6313, p=0.026) polymorphisms impact on the
5SHTR2A gene methylation and SHTR2A mRNA expression
[6]. For instance, Wan et al. [29] illustrated that risperidone
increases energy intake via the SHT2C receptor-NPY path-
way through serotonin receptors in weight gain and appetite
control [29]. Furthermore Li et al. [15] confirmed that risp-
eridone modulates hypothalamic melanocortin-4 receptors
(MC4R) and causing hyperphagia, and obesity implying a
complex interplay between serotonin signaling and meta-
bolic regulation [15]. Our results also confirm those of Qiu
et al. [23], established metabolic biomarkers of risperidone-
induced weight gain among drug-naive patients. This study
proved a-aminobutyric acid levels, and phosphatidylcholine
were predictive biomarkers of weight gain [23]. Similarly,
Vanwong et al. [32] demonstrated that long-term risperidone
treatment had a significant correlation with an increased rate
of overweight and obesity in children and adolescents with
autism spectrum disorder (ASD) compared to healthy con-
trols. The study also reported that SHTR2C and the ABCBI
genetic variants were not associated with obesity risk.
Another case—control study by Genis-Mendoza et al. [33]
reported the possible role of the 5-HTR2A rs6311 polymor-
phism in the genetic vulnerability to eating disorders in the
Mexican population. Our results align with this study obser-
vation, which involves the SHTR2A gene in appetite, mood,
and behavior regulation, and indicate that SHTR2A genetic
variants of the serotonin signaling pathway could be one of
the etiologic determinants of such disorders. Furthermore,
the study reported an association between the rs6311 GG
genotype and increased risk of suicide attempts, highlight-
ing the interplay between genetic factors and psychiatric
comorbidities in eating disorders. The genetic mechanisms
underpinning weight gain caused by antipsychotic drugs
revolve around polymorphic loci in dopamine and serotonin
receptors. The SHTR2A rs6311 is thought to contribute to
weight gain by modulating serotonin signaling pathways that
regulate appetite and feeding, while rs6313 may influence
weight gain indirectly due to its linkage disequilibrium with
rs6311. Additionally, DRD?2 rs1800497 polymorphisms have
also been related to weight gain, probably through increased
reward-related eating by decreased dopamine receptor avail-
ability. However, our study findings of DRD2 rs1800497
polymorphism association with weight gain are consistent
with recently reported meta-analysis [31].

Integrating genetic factors with metabolic biomarkers
may enhance our understanding of individual suscepti-
bility to weight gain during antipsychotic treatment. The
results concerning hyperprolactinemia and DRD?2 variants
contradict our hypothesis, as no significant association was
found between DRD?2 rs1800497 and risperidone-induced

hyperprolactinemia [5]. However, this is consistent with
conflicting findings in the literature regarding the role of
DRD?2 variants in prolactin elevation; some studies have
reported positive associations between DRD2 polymor-
phisms and increased prolactin levels, while others have
not found such an association. [1, 4, 5, 18, 20, 33] The dis-
crepancies between our study findings and previous stud-
ies with respect to DRD2 rs1800497 gene polymorphism
lack of association with prolactin levels may be attributed
to differences in study design, population characteristics,
sample sizes, treatment duration, baseline prolactin lev-
els, dietary intake, and physical activity highlighting the
need for further investigation into the genetic determinants
influencing prolactin levels on antipsychotic treatment. A
study by Li et al. reported that the melanocortin-4 recep-
tor (Mc4r) in the hypothalamus is a key mediator of ris-
peridone-associated hyperphagia and weight gain. In this
study, risperidone modulated gene expression and neural
activity in the hypothalamus, leading to increased appetite.
Mc4r activity plays a key role in regulating food intake,
suggesting that Mc4r receptor antagonism significantly
contributes to risperidone-induced weight gain. Further-
more, the study highlights the need for future research on
Mc4r-mediated pathways as potential therapeutic targets
to minimize metabolic side effects of antipsychotic medi-
cations [15]. The present study offers valuable insights
into the genetic factors underlying risperidone-induced
side effects, particularly concerning SHTR2A and DRD?2
genetic polymorphisms. However, our findings were
restricted to the cohort group of SCZ patients (n=99)
recruited from a single tertiary care hospital, with four
to six weeks of treatment with risperidone as an antipsy-
chotic medication. The evaluation of weight changes was
restricted to pre and post-treatment measurements, without
accounting for dietary habits or physical activity, which
are critical factors influencing weight outcomes. Future
research should consider employing a longitudinal design
with larger, more diverse cohorts to address these limi-
tations. This approach will contribute to a better under-
standing of the complex interactions between lifestyle
factors, genetic predispositions, and adverse effects of
antipsychotic medications. Analysis of other gene poly-
morphisms apart from SHTR2A and DRD?2 may provide a
more detailed understanding of individual susceptibility
toward side effects of antipsychotics. Exploring other neu-
rotransmitter systems involved in appetite and metabolic
regulation could provide further insights into mitigating
these common side effects. Future studies are required to
incorporate risperidone levels to account for pharmacoki-
netic and drug compliance factors in assessing the role
of 5SHTR2A and DRD?2 receptor genetic polymorphisms.
In conclusion, our findings highlight that the 5SHTR2A
(rs6311 and rs6313) genetic variants are significantly
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associated with risperidone-induced weight gain, while
DRD?2 rs1800497 and other SHTR2A (rs 6311, rs6313)
genetic variants are not linked to risperidone-induced hyper-
prolactinemia or extrapyramidal symptoms. These results
illustrate the potential genetic factors to assess the indi-
viduals at risk of developing antipsychotic-induced adverse
effects. Implementation of these genetic markers into clini-
cal practice may enable personalized treatment strategies
that improve therapeutic outcomes and minimize adverse
effects for individuals with schizophrenia. Future studies are
required to validate these findings and explore additional
genetic predictors to optimize antipsychotic therapy.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00228-025-03835-5.
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