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Objective: To determine whether genetic polymorphisms related to pharmacodynamics with
metabolic adverse effects, namely leptin promoter (LEP) rs7799039, leptin receptor
rs1137101, dopamine D2 rs4436578, serotonin 5-HT2A rs6313, and serotonin 5-HT2C
rs518147 and rs12836771, are associated with hyperglycemia induced by risperidone or
clozapine in adult Thai patients with psychosis.

Methods: A total of 180 patients treated with risperidone-based (»=130) or clozapine-based
(n=50) regimens were included in this study. Blood samples were analyzed for genotyping of
the candidate genes and biochemical testing. Genotyping was performed by conducting a
TagMan real-time polymerase chain reaction-based analysis.

Results: The prevalence of hyperglycemia was higher in patients receiving clozapine
(64.0%) than in those receiving risperidone (30.8%). Among the candidate genes, only the
LEP 137799039 polymorphism demonstrated a significant association with hyperglycemia
(x*=9.879, P=0.008) in patients treated with risperidone; patients with the AA genotype had
the highest risk (41.1%), followed by those with AG (20.8%) and GG (0%) genotypes. Using
the recessive genetic model (AA vs AG + GG), the odds ratio and 95% CI were 3.28 and
1.44 —7.50, respectively. None of the genes were associated with hyperglycemia in patients
treated with clozapine. A binary logistic regression revealed that the LEP rs7799039 poly-
morphism demonstrated a significant association with hyperglycemia, independent of body-
mass index (BMI) in patients receiving risperidone; the odds ratio (95% CI) was 3.188
(1.399-7.262), P=0.006. By contrast, none of the pharmacodynamic genetic factors, except
for BMI, were significantly associated with hyperglycemia in patients receiving clozapine.
Conclusion: The risk of type 2 diabetes mellitus is associated with the LEP 157799039
polymorphism in Thai adults receiving risperidone but not in those receiving clozapine.
Clarifying underlying mechanisms and risk of hyperglycemia provides an opportunity to
prevent impaired glucose metabolism in patients receiving risperidone or clozapine.
Keywords: atypical antipsychotics, leptin promoter, leptin receptor, dopamine D2, serotonin
5-HT2A, serotonin 5-HT2C, diabetes mellitus

Introduction

Second-generation antipsychotic medications can considerably ameliorate the symp-
toms of psychotic disorders as well as prevent relapse and treatment discontinuation.'~
However, metabolic adverse effects, particularly rapid weight gain and metabolic and
endocrine abnormalities, are substantial problems for patients taking these
medications.> Patients with schizophrenia have a high risk of chronic diseases,

such as type 2 diabetes mellitus (type 2 DM) and cardiovascular disease, or other
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obesity-related complications, independent of any antipsy-
chotic effects.® Consequently, patients with schizophrenia
who are treated with these antipsychotic medications have a
high risk of metabolic dysregulation.”'°

The prevalence of diabetes in individuals with psychotic
disorders who receive treatment with antipsychotic drugs has
been increasing over time; moreover, these individuals are 2—3
times more likely to develop diabetes compared with the gen-
eral population.'"'* Published findings from clinical trials in
patients with schizophrenia who undergo treatment with clo-
zapine and olanzapine have indicated that these medications
can disrupt glucose regulation.'*'* However, the results have
been less conclusive for the disruption of glucose regulation for
risperidone and type 2 DM, some studies have demonstrated a
significantly positive association,'' whereas others have
reported no association.'® In addition, a cross-sectional study
conducted in large UK populations demonstrated that the pre-
valence of type 2 DM in patients with severe mental illness was
higher in patients from ethnic minority groups (especially
those who were Indian, Pakistani, or Bangladeshi) than in
those who identified as white British."> Thus, heterogeneity
in the risk of diabetes has been observed not only among
individual patients but also among ethnic groups.

Mechanisms underlying antipsychotic-induced diabetes
are not well understood and possibly depend on multi-
factorial processes.'®'” Related genetic polymorphisms
may explain the occurrence of hyperglycemia in some
patients but not others. Different drugs interact with var-
ious neurotransmitter receptors, such as dopamine D2 and
serotonin 5-HT2A and 5-HT2C; thus, a genetic suscept-
ibility between these pharmocodynamics may contribute to
glucose homeostasis.'®!'? Other possibilities include the
role of hormones involved in glucose regulation, such as
the neuroendocrine leptin.?’ The relationship among anti-
psychotic use, weight gain, metabolic disturbance, and the
pharmacogenetics of leptin is still under investigation.

Several studies investigating the relationship between
genetic factors and metabolic outcomes in patients
treated with antipsychotics have offered inconsistent
conclusions.”' % This conflict in results may be attributa-
ble to differences in study patients’ characteristics, such as
treatment (enrolled single/multiple types of antipsychotics)
and ethnicity, suggesting the influence of genetics.
Furthermore, few studies have investigated pharmacody-
namic genetic factors and hyperglycemia development in
patients treated with risperidone or clozapine, 2 medica-
tions commonly prescribed for both acute and long-term
schizophrenia.”>*® The aim of this study was to explore

whether the genetic polymorphisms of the leptin promoter
(LEP) 157799039, leptin receptor (LEPR) rs1137101,
dopamine D2 (DRDZ2) rs4436578, serotonin 5-HT2A
(HTR2A) rs6313, serotonin 5-HT2C- (HTR2C) rs518147,
and HTR2C rs12836771 are associated with hyperglyce-
mia induced by risperidone or clozapine in ethnically Thai
adult patients with psychosis disorders. Identifying poly-
morphisms of relevant genes in patients with psychosis
may help individualize treatment to prevent impaired glu-
cose regulation.

Materials and methods
Study patients

This cross-sectional observational study enrolled 202 Thai
patients who had received treatment for psychosis at the
Somdet Chaopraya Institute of Psychiatry in central
Thailand. All patients were diagnosed by a psychiatrist.
Patients were informed of the specific risks and benefits of
participation, and written consent was obtained from patients.
The study protocol was approved by the Ethics Committee of
the Faculty of Medicine, Ramathibodi Hospital, Mahidol
University, and the research center of the Somdet Chaopraya
Institute of Psychiatry, Bangkok, Thailand. We excluded 22
patients who were treated with antipsychotic polypharmacy
(n=10), quetiapine (n=4), or olanzapine (n=8). The study
group consisted of 180 participants who had received either
risperidone (#=130) or clozapine (n=50) for at least 1 month.
Patient demographics and treatment history, including dosage
and concomitant therapy, were extracted from medical and
pharmacy records. Height, weight, and waist circumference
measurements were also obtained at the time of enrollment.
Exclusion criteria for this study were a known history of
pervasive developmental disorders or conditions associated
with convulsions, cancer, end-stage chronic kidney disease,
or other serious physical conditions (ie, thyroid disorders). We
excluded patients receiving lithium and sodium valproate or
concomitant treatments that could potentially affect glucose
and lipid metabolism.

Metabolic
Cholesterol Education Program-Third Adult Treatment

syndrome was defined using National

Panel criteria modified for Asian populations.?’

Single-nucleotide polymorphism selection
and genotyping analysis

Candidate single-nucleotide polymorphisms (SNPs) were
identified from three sources. Firstly, candidate SNPs
were selected based on pathophysiological pathways in
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literature reviews of risperidone and clozapine-induced
metabolic adverse effect such as weight gain and insulin
resistance. Secondly, the minor allele frequency was
greater than 0.05 in the Chinese Han in Beijing according
to the International HapMap Project database (http://hap
map.ncbi.nlm.nih.gov). Thirdly, the significant associa-
tion between the candidate gene and metabolic adverse
effect in patients using antipsychotic medication has been
reported in previous studies; LEP;?0-21:2428 | ppR 20-29
DRD2* HTR24%' and HTR2C.***** In total, 6 SNPs
related to pharmacodynamics genes were selected: LEP
rs7799039 (—2548G/A), LEPR rs1137101 (668A/G),
DRD2 1s4436578 (Tag-SNP T/C), HTR2A rs6313
(102T/C), HTR2C r1s518147 (—697G/C), and HTR2C
rs12836771 (Tag-SNP A/G). These SNPs were genotyped
by performing a TagMan-based analysis on an Applied
Biosystems®ViiA™?7 real-time PCR system (ABI, Foster
City, CA, USA) according to the manufacturer’s protocol.

For genomic DNA extraction, blood samples were
collected in EDTA tubes. DNA was isolated using the
MagNA Pure automated extraction system (Roche
Diagnostics), which is based on magnetic-bead technology
with a lysis buffer and proteinase K. In this system,
nucleic acids were bound to the surface of magnetic
glass particles. Cellular debris was removed through sev-
eral washing steps, and purified nucleic acids were eluted.
From the 1-mL input volume of EDTA whole blood, a
200-uL output volume of extracted genomic DNA product
was obtained. The quality and purity of genomic DNA
were assessed using a Nano Drop ND-1000 (NanoDrop
Technologies, Wilmington, DE, USA), with dynamic
ranges of 220-750 nm. Wavelengths of 260 nm and
280 nm were considered to be suitable for measuring
genomic DNA and evaluating contaminated proteins in
the sample, respectively. In this study, 20 ng of the purified
genomic DNA template was used, and the optical density
ratio at 260/280 nm was >1.7. All DNA samples were
aliquoted and stored at —20 °C until analysis.

Biochemical measurements

Blood samples were collected as serum or plasma in the
fasting state. All samples were stored at 2 °C to 8 °C and
analyzed within one day of collection for total choles-
terol, triglyceride, low-density lipoprotein-cholesterol
(LDL-C), high-density lipoprotein-cholesterol (HDL-C),
glucose, insulin, adiponectin, leptin, and prolactin. Serum
total cholesterol, triglyceride, LDL-C, HDL-C, and
plasma glucose levels were tested using Siemens

Medical
Diagnostics, Tarrytown, NY, USA). The high-sensitivity

enzymatic methods (Siemens Solution
C-reactive protein level was measured on the Siemens
BN Prospec (Siemens Medical Solution Diagnostics) by
using the immune nephelometric method, and adiponec-
tin and leptin levels were quantified using a sandwich
ELISA system (Mediagnost Gesellschaft fiir Forschung
and Herstellung von Diagnostika GmbH, D-72770
Reutlingen, Germany). Insulin and prolactin levels were
determined using a chemiluminescent immunoassay on
Immulite H2975 (Siemens Medical Solution Diagnostics)
and Architect ¢i2000 (Abbott Laboratories Abbott Park,
IL, USA), respectively. Insulin resistance was estimated
using the homeostasis model assessment of insulin resis-
tance (HOMA-IR). The HOMA-IR index was calculated
using the following formula: HOMA-IR = fasting insulin
(uU/mL) x fasting glucose (mmol/L)/22.5.

Lipoprotein subclass patterns were analyzed using
polyacrylamide tube gel electrophoresis (Quantimetrix
Lipoprint™, Redondo Beach, CA, USA), which electro-
phoretically separates plasma lipoproteins into the follow-
ing bands: very low density lipoprotein; intermediate low
density lipoprotein (midband-C, midband-B, and midband-
A); large-buoyant LDL (LDLI1 and LDL2); small-dense
LDL (LDL3 to LDL7); and HDL. Relative areas for each
lipoprotein band were determined through densitometry
and multiplied by the total cholesterol concentration to
yield the amount of cholesterol for each band. Mean
LDL particle sizes were computed.

Statistical analyses

Continuous data for all clinical parameters and biochem-
ical markers are reported as medians (minimum-maxi-
mum) and means (standard error of mean), and
categorical variables are presented as numbers and per-
centages. Differences among groups were assessed using
the y* test, Mann—Whitney U test, or ¢ test, as appro-
priate. A x* test (Pearson chi-square or Fisher’s exact
test) was used to assess differences in genotype frequen-
cies among normal fasting plasma glucose (fasting glu-
cose <5.55 mmol/L) and increased fasting plasma
glucose (fasting glucose >5.55 mmol/L) groups. The
recessive genetic model was used for LEP rs7799039:
AA vs AG + GG and LEPR rs1137101: GG vs AG +
GG and the dominant genetic model was used for DRD?2
rs4436578: CC + CT vs TT; HTR24 rs6313: CC + CT
vs TT; HTR2C rs518147: CC + CG vs.GG and HTR2C

rs12836771: GG + AG vs AA. The association between
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significant. All analyses were performed using SPSS,
version 18.0 (SPSS Inc., Chicago, IL, USA).

the candidate gene polymorphisms and hyperglycemia
was considered by the odds ratio (OR) and the corre-
sponding 95% confidence interval (CI). A backward,

stepwise multivariable logistic regression model was
P g g Results

Characteristics and biomarkers of the

study population
The study group consisted of 180 patients (86 men and 94

used to determine whether one or more pharmacody-
namic genetic factors might predict hyperglycemia
when non-pharmacodynamic genetic factors (sex, age,
body-mass index [BMI], smoking status, and treatment
duration) were also considered. The criteria of P=0.05 women) between the ages of 18 and 77 years. Schizophrenia
for a variable to enter and P>0.10 for a variable to be  was diagnosed in 85.5% of patients. The demographic and

remove. P<0.05 (2 tailed) was considered statistically  biochemical test results of participants stratified by the

Table | Clinical characteristics of patients treated with risperidone or clozapine

All (n=180) Risperidone (n=130) Clozapine (n=50) p-value
Clinical parameter®
Males, n (%) 86 (47.8) 6l (46.9) 25 (50) 0.741
Age, years 42.1 (18-77) 41.0 (18-77) 44.6 (26-68) 0.073
Diagnosis, n (%) 0.016
Schizophrenia 154 (85.5) 106 (81.5) 48 (96.0)
Other diagnosis 26 (14.5) 24 (18.5) 2 (4.0
Dose equivalent to olanzapine® 8.17 (0.82-25.00) 10.00 (1.25-25.00) 6.54 (0.82-13.07) 0.001
Duration of treatment, months 38.2 (1.2-227.0) 24.6 (1.2-160.7) 81.5 (3.7-227.0) <0.001
Weight at antipsychotic initiation, kg 58.4 (32.0-118.0) 57.9 (32.0-118.0) 59.0 (37.4-95.0) 0.433
Weight at study visit, kg 62.0 (38.0-136.9) 63.0 (38.0-136.9) 60.3 (45.0-122.0) 0.670
Waist circumference, cm 87.0 (64-131) 88.5 (64-131) 87.0 (66—129) 0.767
Hip circumference, cm 96.0 (71-135) 97.0 (71-135) 94.5 (71-128) 0.094
Waist/hip ratio 0.90 (0.75-1.13) 0.89 (0.76-1.13) 0.92 (0.75-1.10) 0.028
Body mass index, kg/m? 24.9 (17.2-48.0) 25.1 (17.2-45.4) 24.2 (18.0-48.0) 0.340
Current smoker, n (%) 47 (26.1) 32 (24.6) 15 (30.0) 0.570
Alcohol consumption, n (%) 7 (3.9) 4 (3.1) 3 (6.0) 0.399
Biomarker measures®
Fasting glucose, mmol/L 5.67 (0.11) 5.50 (0.12) 6.12 (0.27) 0.014
Insulin, plU/mL 7.237 (0.694) 6.993 (0.773) 7.870 (1.494) 0.573
HOMA-IR 2.078 (0.302) 1.977 (0.382) 2.340 (0.447) 0.592
hsCRP, mg/L 3.166 (0.431) 3.392 (0.569) 2.677 (0.588) 0.443
Leptin, ng/mL 12.86 (0.89) 13.29 (1.05) 11.73 (1.68) 0.433
Adiponectin, pg/mL 23.19 (1.33) 22.67 (1.44) 24.57 (3.00) 0.523
Prolactin, ng/mL 46.7 (3.4) 60.1 (4.1) 12.0 (1.5) <0.001
Triglycerides, mmol/L 1.58 (0.10) 1.54 (0.11) 1.69 (0.21) 0.490
Total cholesterol, mmol/L 5.37 (0.09) 5.39 (0.10) 5.31 (0.19) 0.703
HDL-C, mmol/L 1.47 (0.03) 1.49 (0.04) 1.41 (0.06) 0.279
LDL-C, mmol/L 3.37 (0.08) 3.39 (0.09) 3.31 (0.15) 0.654
Small-dense LDL, mmol/L 0.33 (0.03) 0.34 (0.04) 0.33 (0.08) 0.920
Mean LDL particle size, nm 26.66 (0.46) 26.66 (0.52) 26.66 (0.94) 0.999

Notes: *Data except for number (%) are the median (minimum-maximum). °The doses equivalent to olanzapine are estimated according to the publication by Leucht et al** risperidone
0.4 mg/d or clozapine 30.6 mg/d is equal to olanzapine | mg/d. “Data are given as mean (standard error of mean). All biochemical markers are expressed in Systéme international units;
conversions to conventional units are as follows: fasting glucose (mg/dL), multiply by 18.02; triglycerides (mg/dL), multiply by 88.5; cholesterol (mg/dL), multiply by 38.6.
Abbreviations: HOMAIR, homeostasis Model Assessment of Insulin Resistance; hsCRP, high sensitivity C-reactive protein; HDL-C, high density lipoprotein-cholesterol;
LDL-C, low density lipoprotein—cholesterol; LDL, low density lipoprotein.
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medication prescribed are summarized in Table 1. Overall,
130 (72.2%) and 50 (27.8%) patients were receiving risper-
idone and clozapine treatment, respectively. For patients in
our study, the median dose equivalent to olanzapine® for
risperidone treatment (10.00 mg/d; interquartile range: 5.00—
15.00 mg/d) was significantly higher than that for clozapine
treatment (6.54 mg/d; interquartile range: 3.27-9.80 mg/d).
By contrast, the duration of clozapine treatment was signifi-
cantly longer than that of risperidone treatment; the median
treatment durations for clozapine and risperidone were 81.5
(interquartile range: 25.0-110.8 months) and 24.6 months
10.8-51.2 months),
Patients treated with each antipsychotic medication were

(interquartile range: respectively.
similar with respect to sex, age, weight, BMI, and prevalence
of cigarette smoking and alcohol consumption. Although the
median waist circumference and hip circumference did not
differ between the 2 treatment groups, the waist to hip ratio
was slightly higher in patients treated with clozapine than in
those treated with risperidone. The results obtained for meta-
bolic biomarkers were similar for participants in the 2
groups, with the exception of a higher mean fasting plasma
glucose concentration and a lower mean prolactin concentra-
tion in patients receiving clozapine.

As indicated in Figure 1, the prevalence of hyperglyce-
mia was higher in patients receiving clozapine [32/50
(64.0%)] than in those receiving risperidone [40/130
(30.8%)] (x2:16.615, P<0.001). By contrast, the prevalence
of insulin resistance (HOMA-IR >3.0) in patients receiving

90

clozapine [9/50 (18.0%)] was not significantly different
from that in patients receiving risperidone [15/130
(11.5%)] (x*=1.305, P=0.327). No difference was noted
between the 2 treatment groups in terms of other clinical
features of metabolic syndrome (all 7>0.200).

Associations of pharmacodynamic gene

polymorphisms and hyperglycemia

Genotype distributions in patients with normal and
increased fasting plasma glucose levels are presented in
Table 2. Genotype frequencies were not significantly dif-
ferent between patients receiving risperidone or clozapine
(all P>0.200). Among candidate genes, only the LEP
rs7799039 polymorphism demonstrated a significant asso-
ciation with hyperglycemia (Pearson chi-square =9.879,
P=0.008) in risperidone-treated patients; patients with the
AA genotype had the highest risk [30/73 (41.1%)], fol-
lowed by those with AG [10/48 (20.8%)] and GG [0/9
(0%)] genotypes. Using the recessive genetic model (AA
vs AG + GQ), the odds ratio (OR) and 95% CI were 3.28
1.44-7.50, the LEPR
rs1137101 polymorphism was not significantly associated
with hyperglycemia (Fisher’s exact =2.063, P=0.427), the
GG genotype exhibited the highest risk of hyperglycemia
[30/91 (33.0%)], followed by AG [10/35 (28.6%)] and AA
[0/4 (0%)] genotypes. None of the study genes were asso-

and respectively.  Although

ciated with hyperglycemia in clozapine-treated patients.

@ Risperidone
80 -

70 *
60 -
50 -
40

Prevalence (%)

30
20

B Clozapine

Figure | The prevalence of metabolic abnormality in patients receiving risperidone or clozapine. Metabolic syndrome and its major components are defined using the NCEP

ATP IIl criteria modified for Asian population.?” *p-value<0.05.
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To assess the association between pharmacodynamic
genetic factors and nonpharmacodynamic genetic factors
with hyperglycemia in patients treated with risperidone or
clozapine, we evaluated their contributions by performing
a binary logistic regression, as shown in Table 3. In Model
1, all candidate genes and the clinical factors of sex, age,
BMI, smoking status, and treatment duration were consid-
ered as independent variables. Individual variables that did
not exhibit a statistically significant correlation (P>0.05)
with hyperglycemia were removed using a backward step-
wise logistic regression; the remaining variables are pre-
sented with Model 2. LEP 157799039 was the only
polymorphism that demonstrated a significant association
with hyperglycemia, independent of BMI in patients on
risperidone (OR, 3.188; 95% CI, 1.3990-7.262; P=0.006).
In patients treated with clozapine, none of the candidate
genes demonstrated an association with hyperglycemia.
BMI was significantly associated with hyperglycemia;
the OR (95% CI) was 1.6233 (1.170-2.252).

Discussions

Thai patients treated with clozapine demonstrated a higher rate
of elevated fasting glucose (up to 64.0%), 2 times greater than
that of patients treated with risperidone (30.8%). The pharma-
coepidemiological-pharmacodynamic study performed using

the VigiBase database revealed that among patients with schi-
zophrenia who had diabetes, 53.4%, 30.6%, and 7.8% had
received clozapine, olanzapine, and risperidone treatment,
respectively.”* We noted that the rate of insulin resistance
induced by clozapine and risperidone was not significantly
different, suggesting that the diabetogenic effects of these
drugs may operate under different mechanisms. The pharma-
codynamic characteristics of each antipsychotic medication
may provide further insights into mechanisms underlying the
pathophysiology of glucose disturbances.

Most published studies on genetic polymorphisms
have reported an association with metabolic syndrome,
especially weight gain, in patients treated with antipsy-
chotic agents.?* 24287323538 Because LEP HTR2A, and
HTR2C are involved in energy expenditure, polymorph-
isms in genes coding for these receptors might affect
metabolic homeostasis in patients receiving long-term

. 20,29-32
with 0,29-32,37

However, less is known regarding their effect on type

treatment antipsychotic medications.
2 DM in patients treated with antipsychotic medications.
Our results indicated that LEP rs7799039 had a signifi-
cant association with hyperglycemia in patients treated
with risperidone. However, the association was indepen-
dent of BMI, suggesting that risperidone-induced glyce-

mic dysregulation occurs irrespective of changes in

Table 3 Logistic regression analysis between the pharmacodynamic genetic and clinical risk factors with impaired fasting glucose

Dependent Variables Independent Variables Logistic Regression®
Risperidone Clozapine
Odds Ratio (95% CI) p-value Odds Ratio (95% CI) p-value
Model 1® LEP rs7799039 4.168 (1.584-10.966) 0.004 4.832 (0.638-36.615) 0.127
LEPR rsI 137101 1.083 (0.409-2.869) 0.872 0.833 (0.065-10.732) 0.888
DRD2 rs4436578 1.618 (0.834-3.139) 0.155 28.618 (1.530-535.40) 0.025
HTR2A rs6313 0.621 (0.286-1.347) 0.228 0.120 (0.015-0.963) 0.046
HTR2C rs518147 0.523 (0.118-2.326) 0.395 12.012 (0.891-162.0) 0.061
HTR2C rs12836771 1.736 (0.388-7.757) 0.470 0.123 (0.008-1.966) 0.138
Sex 2.781 (0.939-8.237) 0.065 3.263 (0.260—40.953) 0.360
Age 1.032 (0.989-1.077) 0.144 1.149 (0.996-1.327) 0.057
BMI 0.951 (0.867-1.042) 0.281 2.169 (1.190-3.953) 0.012
Smoking 0.412 (0.125-1.361) 0.146 0.016 (0.000-0.877) 0.043
Duration of treatment 1.012 (0.994-1.029) 0.187 0.982 (0.954-1.011) 0.217
Constant - 0.038 - 0.021
Model 2° LEP: rs7799039 3.188 (1.399-7.262) 0.006 - -
BMI - - 1.623 (1.170-2.252) 0.004
Smoking - - 0.052 (0.004-0.656) 0.002
Constant - 0.001 - 0.082

Notes: “Logistic Regression parameters; Odds ratio (95% Cl): odds ratio (95% confidential interval). ®Data are from logistic regression analyses: enter method; adjusted for
sex, age, BMI, smoking status and duration of treatment. “Data are from logistic regression analyses: backward likelihood ratio method; adjusted for sex, age, BMI, smoking

status and duration of treatment.
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weight. Thus, risperidone may induce hyperglycemia
through direct or indirect effects on leptin action and
the leptin gene, rather than as a result of secondary
weight gain. By contrast, none of the study gene poly-
morphisms, except for BMI, were significantly asso-
ciated with hyperglycemia in patients receiving
clozapine. These findings suggest that risperidone and
clozapine possibility affect glucose homeostasis through
different mechanisms, through a genetic polymorphism
for risperidone-induced hyperglycemia and through
weight gain for glucose intolerance induced by cloza-
pine therapy.

Considering the distribution of genetic variants of LEP
1s7799039, namely wild-type (AA), heterozygous (AG),
and homozygous (GG), we discovered that on average,
patients with the AA genotype had a 2-fold higher prob-
ability of developing glycemic abnormalities than did those
with the AG genotype (as indicated by increased fasting
glucose; 41.1% vs 20.8%). None of the patients with the
GG genotype were noted to have risperidone-induced
hyperglycemia. The carries of the AA genotype demon-
strated an increased risk of type 2 DM after adjustment
for sex, age, BMI, smoking status, and treatment duration
(OR, 3.188; 95% CI, 1.3990-7.262). Therefore, the LEP
AA genotype may be a key genetic predictor of hypergly-
cemia in patients treated with risperidone, whereas the LEP
GG genotype may not or may even be protective.

The

explained, at least in part, by its action on leptin and

diabetogenic effect of risperidone may be

insulin resistances as well as the functionality of the LEP
gene. Leptin acts by directly regulating pancreatic § cells
and insulin-sensitive tissues, independent of its effects on
adiposity.*® In our previous study on children and adoles-
cents with autistic spectrum disorders, we demonstrated
that risperidone therapy directly and adversely affects glu-
cose homeostasis by inhibiting the actions of leptin and
insulin.***' Studies on mice conducted by Cheng et al
revealed that palmitic acid and arachidonic acid can inhibit
leptin signaling in the paraventricular nucleus of the
hypothalamus, attenuating the central leptin regulation of
glucose homeostasis.**** According to a study on meta-
bolomic profiling in patients with schizophrenia, treatment
with risperidone may contribute to increased palmitic acid
and arachidonic acid levels.** Thus, the occurrence of
these metabolic disturbances after risperidone treatment
is probably the cause of leptin resistance. In addition,
risperidone may induce the leptin and insulin resistance
in peripheral tissues, particularly skeletal muscle, through

suppression of cytokine signaling (SOCS), a critical reg-
ulator of leptin and insulin signaling pathways.** Increases
in SOCS3 and SOCS6 mRNA expression levels result in
the reduction of both insulin-induced protein kinase B
activation and leptin-stimulated signal transducer and acti-
vates transcription 3 phosphorylation, which also mediates
insulin and leptin resistance.

The LEP 157799039 (—2548G/A) is located in the
promotor region of the LEP gene on chromosome
7q31.3.% The gene polymorphism LEP 1s7799039 has a
strong influence on leptin gene transcription, expression,
and adipose tissue secretion. Numerous studies have
focused on the classic influence of leptin on obesity and
obesity-related diseases, including antipsychotic-induced
28,47-50 in LEP
rs7799039 has received recognition as a potential contri-

weight gain. Although a mutation
butor to antipsychotic-associated weight gain, findings
have yielded somewhat conflicting results.”®*”*® Lee and
Bishop demonstrated that both G and A alleles have sig-
nificant associations with weight gain that depend on the
population and antipsychotic used.?® Their results indi-
cated that a multifactorial network of pathways influence
metabolic outcomes in patients treated with antipsychotic
medications.

A meta-analysis study conducted by Shen et al indi-
cated that genetic differences in the LEP rs7799039 poly-
morphism were discernible among ethnic populations.*’
The frequencies of G allele were high in European popula-
tions, but low in Asian populations, with AA predominat-
ing. For the Thai population in our study, genetic
frequencies were approximately 56% for AA, 37% for
AG, and 7% for GG genotypes. Shen et al suggested that
differences in ethnicity appear to correspond to inconsis-
tencies in the relationship between the LEP rs7799039
polymorphism and antipsychotic-induced weight gain.*’
The A allele was proposed as a genetic risk factor for
weight gain in the Asian population, whereas it is consid-
ered to be a genetic protective factor in the European
population. Consequently, the LEP rs7799039 polymorph-
ism might increase the risk of type 2 DM in patients
treated with risperidone, with effects that vary by ethnicity.
As mentioned above, both the G and A alleles may differ
in the function of the LEP gene. In regards to the gene
frequencies, the recessive genetic model (AA vs AG +GQ)
dominated in our population, therefore the A allele may
influence decreasing leptin transcription, expression and
secretion. However, in our results, the mean of leptin
level in the AA genotype carriers (13.54+12.97 ng/mL)
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were not significantly lower than that in the AG (11.98
+9.9 ng/mL) or GG (18.28+13.09 ng/mL) genotype car-
riers. Hoffstedt et al studied in Swedish, they reported the
LEP 157799093 polymorphism appears to influence leptin
transcription, expression and secretion such that AA gen-
otype carriers have twice the rate of leptin secretion and
60% more leptin mRNA transcription than G allele
carriers.”’ Therefore, the dominant genetic model (AA +
AG vs GG) usually dominates in European population,
with the G allele influencing the function of the LEP
gene and perhaps increasing the risk of type 2 DM in
risperidone-treated patients.

Our results demonstrated that the LEP rs7799039 poly-
morphism was not associated with hyperglycemia in clo-
zapine treated patients. The underling mechanisms to
explain less association of clozapine with the polymorph-
isms than risperidone is not clear. However, we believe
that it may be related to variety of other genes and various
environmental factors. There were many reports describ-
ing both leptin and serotonin 5-HT2C that have strong
serotonin  5-HT2C
through the
hypothalamic satiety mechanisms. Leptin has been shown

affinity for and antagonize the

receptors.’>

These neuropeptides act
to stimulate central serotonin turnover. Central leptin-
induced anorexia is in part mediated by the 5-HT2C
receptor as well. In addition, in antipsychotics treatment,
the patients with the polymorphism on levels of 5-HT2C
receptor expression tended to have higher baseline leptin
levels and subsequent weight gain and metabolic
syndrome.* Thus, it is plausible that the multifactorial
network of pathways has an interaction between both
neurotransmitters.””> Because of linking HTR2C genotype
with LEP genotype, the HTR2C polymorphism owing to
inherent differences in gene expression and leptin signal-
ing which may attenuate a role of leptin involved in the
anorexic effect and the glucose regulatory during drug
exposure.” Due to clozapine have a higher affinity to 5-
HT2C receptor compared to risperidone, the functionality
of polymorphism on levels of 5-HT2C receptor expression
may somehow more contribute to leptin dysregulation.
Therefore, the relationship between leptin levels and levels
of 5-HT2C receptor expression may explain why LEP
rs7799039 polymorphism was not associated with hyper-
glycemia in clozapine treated patients. Future pharmaco-
genetic investigation will identify mechanistically and
therapeutically informative of interactions or differential
associations when HTR2C and LEP genetic variants are
analyzed together.

A strong association between the LEPR rs1137101 poly-
morphism and obesity has been reported.?’ In the present
study, we did not identify an association between LEPR poly-
morphisms and the risk of diabetes. Our findings agree with
those of a study published by Kuo and colleagues who demon-
strated that the LEP gene, but not LEPR gene, was signifi-
cantly associated with the insulin level and HOMA-IR in
Taiwanese patients with schizophrenia.”’ However, all patients
who carried the wild-type gene, approximately 3% of our
study population, demonstrated normal glucose homeostasis.
Thus, the presence of the homozygous A allele may be asso-
ciated with a low risk of glucose dysregulation in patients
treated with risperidone.

Many studies have reported that serotonin 5-HT2C
receptors, which are known to be associated with antipsy-
chotic-induced weight gain due to a high degree of occu-
pancy with antipsychotic medications (particularly
clozapine), have a strong influence on the development
of glucose intolerance and diabetes®>***° Hypothalamic
5-HT2C receptors can mediate glucose homeostasis
through the cholinergic neurons of the sympathetic ner-
vous system, which subsequently activate systems control-
ling plasma glucose in adipose, muscle, and liver tissues.”’
In the current study, we did not identify statistically sig-
nificant associations between HTR2C rs518147 or HTR2C
rs12836771 (Tag-SNP of rs3813929) and hyperglycemia
development in patients treated with clozapine; this find-
ing is consistent with those of 2 studies on Caucasian and
Korean patients.**>* However, BMI demonstrated a strong
association with hyperglycemia development in patients
treated with clozapine. This may confirm that obesity-
related insulin resistance may be the cause of the diabeto-
genic effect seen with clozapine.''*%>°

This study has some limitations. First, this study
adopted a cross-sectional design, which may not be cap-
able of adequately confirming associations between risper-
idone or clozapine therapy and changes in glucose
metabolism. Second, our sample size was relatively
small, particularly for patients treated with clozapine.
The small sample for clozapine treatment was reflected
the clinical practice of psychotic patients in our popula-
tion. A relatively small sample size increases the risk of a
type I error with false-positive findings. Our results require
validation with a larger independent sample of patients,
which can provide sufficient statistical power to infer the
involvement of the LEP gene in risperidone-induced
hyperglycemia. Third, all patients in the present study
were ethnically Thai. The genotype frequency of the LEP
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rs7799039 polymorphism differ noticeably among ethnic
populations. Thus, the results of this study may not be
applicable to people of other ethnicities until they receive
validation from a prospective study involving other non-
Asian patients. Fourth, age, sex, BMI, smoking status and
duration of treatment are known to be risk factors asso-
ciated with developing hyperglycemia; although these fac-
tors were accounted for and adjusted in our analysis, other
factors were not accounted for, despite being are known to
be risk factors in developing hyperglycemia in patients
with schizophrenia such as the duration of untreated psy-
chosis or duration of illness, the duration and type of
previous medication, dietary intake, level of education,
physical activity and family history.

In conclusion, in adult Thai patients with psychosis, we
identified substantially different mechanisms underlying the
effects of risperidone and clozapine on hyperglycemia. The
high interindividual variability in the risk of hyperglycemia
suggests that genetics may play a crucial role in an indivi-
dual’s susceptibility to hyperglycemia, making it a target for
future research in pharmacogenetics. The polymorphism
LEP 157799039 was associated with risperidone-induced
hyperglycemia. The LEP AA genotype may be a key
genetic predictor of hyperglycemia, whereas the LEP GG
genotype may be a genetic protective factor. Testing for
LEP 157799039 in patients with psychosis may help to
individualize treatment and prevent impaired glucose meta-
bolism in patients receiving risperidone. However, we did
not observe an association between clozapine and poly-
morphisms assessed in this study. Clozapine-induced weight
gain appeared to have a primary effect on the development
of glucose intolerance and diabetes. Understanding under-
lying mechanisms and risks may lead to effective interven-
tions for preventing impaired glucose metabolism in
patients receiving risperidone or clozapine.
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