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A Prospective Study to Evaluate the Effect 
of CYP2D6 Polymorphism on Plasma level of 
Risperidone and its Metabolite in North Indian 
Patients with Schizophrenia

Bir S. Chavan, Gurjit Kaur1, Deepti Gupta2, Jitender Aneja3

ABSTRACT

Background: Risperidone is one of commonly utilized antipsychotic in clinical practice. Various metabolizing enzymes 
effect the plasma levels of risperidone and its active metabolite and thus its clinical efficacy. So, we attempted to 
evaluate the relationship between CYP2D6*10 (rs1065852) and CYP2D6*4 (rs3892097) gene polymorphism and the 
plasma concentration of risperidone and its metabolite in patients with schizophrenia. Methodology: It was a 12-week 
prospective study carried out in patients diagnosed with schizophrenia. The dose of risperidone was increased weekly 
by 1 mg and rating of psychopathology was done using Positive and Negative Syndrome Scale (PANSS). Quantification 
of plasma level of risperidone and 9-hydroxyrisperidone was carried out at week 6 and 12 of treatment. The *4 and *10 
alleles of CYP2D6 were genotyped and their effect on metabolism of risperidone was assessed. Results: The number 
of CYP2D6*4 alleles affected the plasma levels of risperidone, 9-hydroxyrisperidone at 6 weeks of treatment but not 
at 12 weeks. On the other hand, the number of mutated alleles for CYP2D6*10 influenced the dose corrected plasma 
concentration of risperidone and active moiety at 12 weeks of treatment. The ratio of plasma concentration of risperidone 
and 9-hydroxyrisperidone was more than one in all study participants, thus, suggesting that they were poor metabolizers 
of risperidone. Conclusion: The polymorphism of CYP2D6*10 affects the steady state plasma concentration of risperidone 
in Indian patients with schizophrenia.
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INTRODUCTION

Cytochrome P450 enzyme superfamily is involved 
in various oxidation/reduction reactions used in the 

metabolism of a range of endogenous and exogenous 
substrates. The vastly studied CYP2D6 variant is 
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involved in metabolism of more than 40 drugs that 
include tricyclic antidepressants, antipsychotics, 
beta‑blockers, anti‑arrhythmics, anti‑diabetics, and so 
on.[1] CYP2D6 enzyme exhibits high polymorphism 
consequent to different allelic combinations, and 
thus their frequencies vary substantially across the 
world populations.[2] Furthermore, depending on 
these combinations, individuals may display different 
metabolizing status: namely, poor metabolizers (PMs), 
intermediate metabolizers (IM), extensive metabolizers 
(EM), or ultra‑rapid metabolizer (UM). Earlier studies 
carried out in healthy populations from India have 
shown that the prevalence of PM ranges from 0.6% 
to 3.5%.[1,3‑6] In a South Indian study, the prevalence 
of CYP2D6 alleles in the descending order was 
CYP2D6*1, *2, *10, *4, and *5.[5] A similar pattern 
was observed in the Western Indian population.[7] 
However, an extensive genotype profile for different 
Indian population is not available.

Risperidone, a commonly used atypical antipsychotic, 
is mainly metabolized by the CYP2D6 enzyme. The 
resultant product, 9‑hydroxyrisperidone (9‑OHR), 
in turn, is mainly metabolized by CYP2D6 and in 
part by CYP3A4/A5 enzymes.[8] Both risperidone and 
9‑OHR are equipotent in their affinity to dopaminergic 
receptors and have similar pharmacological activity. 
The total plasma concentration of risperidone 
and 9‑OHR is often called “active moiety,” and 
some researchers have suggested that the levels 
of active moiety are not influenced by CYP2D6 
gene.[9] Previous pharmacogenetic studies have shown 
a significant presence of the CYP2D6*10 allele in 
Asian populations,[10] while it is rare in the Caucasians. 
Two of the earlier Japanese studies[11,12] and a Korean 
study[13] showed that the steady‑state concentration 
of risperidone but not 9‑OHR was influenced by 
CYP2D6*10 allele. However, in another Japanese study, 
Kakihara et al.[14] did not find any significant difference 
between plasma concentrations of risperidone, 9‑OHR, 
or active moiety on the basis of presence or absence of 
CYP2D6*10 alleles. Similarly, two other studies[15,16] 
did not find any difference in the levels of active 
moiety of risperidone on the basis of the presence of 
CYP2D6 inactive allele CYP2D6*4. However, only 
a few pharmacogenetic studies have used multiple 
CYP2D6 alleles to classify their study subjects into 
PM, EM, or UM.[17‑19]

Furthermore, it has been shown that mutations 
of CYP2D6 are less prevalent in some European 
countries while it is more prevalent in certain counties 
in the African and Asian continents which have large 
number of migrated populations.[7] Therefore, the 
results of pharmacogenetic studies conducted in one 
ethnic population cannot be generalized to others. 

A few earlier studies conducted in India have tried to 
evaluate the genotype profile of CYP2D6 and explored 
its association with susceptibility to tardive dyskinesia 
in chronic schizophrenia patients[20] and metabolism of 
venlafaxine in patients with depression[21] or association 
with Alzheimer’s disease.[22] But no study about the 
effect of CYP2D6 polymorphism on antipsychotic drug 
metabolism is available.

Therefore, this study aimed at evaluation of the role 
of CYP2D6*10 (rs1065852) and *4 (rs3892097) 
gene polymorphism on plasma concentrations of 
risperidone and 9‑OHR in North Indian patients with 
schizophrenia.

MATERIALS AND METHODS

This study, sponsored by the Indian Council of Medical 
Research, New Delhi, was carried out as per the national 
ethical guidelines for biomedical and health research 
involving human participants. This article is a part of 
a multicentric study that was undertaken from April 
2011 to March 2014 at six centers across North India. 
The primary aim of this study was an assessment of the 
association of genotypic polymorphisms of dopamine 
receptors, serotonin receptors, and CYP 450 2D6 with 
schizophrenia. We also evaluated the association of the 
studied gene polymorphisms with response to risperidone 
in patients with schizophrenia in Indian setting (published 
elsewhere).[23] In addition, at Chandigarh center, we 
studied the effect of CYP2D6 gene polymorphism on 
plasma concentration of risperidone and 9‑OHR.

A total of 443 patients who have schizophrenia were 
included in this study across different study centers. The 
patients included in this study were between the ages of 
18 and 55 years and had experienced acute exacerbation 
of illness at the time of recruitment. Other inclusion 
criteria were the provision of consent by the patient 
and a family member who in turn monitored drug 
compliance too. Patients with additional Axis‑I diagnosis 
including intellectual disability, patients with metabolic 
syndrome, those receiving long‑acting antipsychotic 
agents, those with a comorbid severe medical/surgical 
illness, and those who refused to consent were excluded. 
In all, 24 patients were excluded due to lack of sufficient 
data or non‑provision of a blood sample for genetic 
analysis, and 88 patients dropped out at various stages 
of the study. Another sample of 443 genetically related 
healthy controls was recruited, which comprised 
first‑degree relatives of the patients, who consented to 
participate in the study, of either gender, between 15 and 
70 years of age and also monitored the drug compliance 
of patients. The second control group comprised 150 
genetically unrelated healthy controls. The control 
sample required exclusion of individuals who had any 
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Axis‑1 diagnosis, intellectual disability, substance use 
disorder other than tobacco abuse or dependence, and 
any severe medical or surgical illness.

During the study period, 1195 new patients were 
diagnosed to be suffering from schizophrenia, 
schizotypal disorder, or delusional disorders (F20‑ F29) 
at our center. Out of these, 109 consecutive patients 
diagnosed with schizophrenia according to ICD‑10 
DCR who met the inclusion and exclusion criteria were 
enrolled. Anticholinergic drug (trihexyphenidyl) and 
benzodiazepines (lorazepam or diazepam), for control 
of extrapyramidal symptoms and sleep disturbance, 
respectively, were the only other drugs that were allowed. 
Most of the benzodiazepines are metabolized by CYP3A4 
and CYP2C19, while trihexyphenidyl is not a substrate 
for CYP2D6 enzyme. In addition, benzodiazepines and 
trihexyphenidyl do not induce/inhibit the CYP enzymes; 
thus, the metabolism of risperidone is not affected by 
their concurrent administration. Patients who were on 
oral antipsychotics and were non‑responders to that 
antipsychotic were switched to risperidone. A washout 
period of 7 days was given before switching to risperidone, 
which in turn was increased by 1 mg/week, starting from 
day 1 of inclusion in the study to 12 mg at week 12. 
The dosage of risperidone was titrated depending on 
the achievement of response or development of adverse 
drug effects, and dosage more than 12 mg was not given. 
Additionally, the dose of risperidone was predominantly 
administered as a single dose or if required twice daily, 
and blood sampling was done after 12 h of the last dose. 
Plasma concentration of risperidone was first measured 
at 6 weeks of treatment because in most of the patients, 
adequate clinical response would have been achieved 
at this dose,[9] and again at 12 weeks so that adequate 
duration of trial and dose of risperidone would have been 
achieved by this time.

Clinical assessments
A proforma was devised for the recording of patient 
information that included personal details, clinical 
details, symptoms, socio‑demographic details and 
relevant investigations. Positive and Negative Syndrome 
Scale (PANSS)[24] was used at baseline and subsequently 
at each week to monitor psychopathology.

Measurement of risperidone and 9‑OHR in plasma by 
high‑performance liquid chromatography
Four milliliter blood sample was collected in a 
heparinized vacutainer for measurement of plasma 
level of risperidone and 9‑OHR at weeks 6 and 
12. High‑performance liquid chromatography as 
described earlier,[25] with minor modifications, was 
used for measurement of risperidone and 9‑OHR. 
Chromatographic separations were carried out on a 
C‑18 (3 µm × 100 mm × 4.6 mm ID). The mobile phase 

of potassium dihydrogen phosphate (0.05 M, pH 3.7 
with 25% H3PO4):acetonitrile (70:30, v/v) was delivered 
at a flow rate of 1 mL/min. Triethylamine (0.3%) was 
added to suppress ionization of solutes. UV‑visible 
detector with variable wavelength was used for 
detection. Concentration values were obtained using 
chromatography data system software.

DNA analysis for genotyping of CYP2D6
DNA isolation
Genomic DNA was isolated from whole blood samples 
using standard phenol/chloroform protocol. DNA 
samples were checked for both the quantity and 
the quality using spectrophotometer by measuring 
absorbance at 260 and 280 nm at a specific dilution. 
The ratio of OD260nm/280nm of isolated DNA more than 
1.7 was used for genetic analysis. DNA fragmentation 
was checked by agarose gel electrophoresis.

Genetic analysis of CYP2D6 gene polymorphisms
Genetic analysis for CYP2D6 gene polymorphisms 
*4 and *10 was carried out using the technique of 
polymerase chain reaction (PCR)‑based restriction 
fragment length polymorphism. Variants of CYP2D6 
gene were amplified with appropriate primers using PCR. 
Amplification of DNA for each amplicon was checked 
by analyzing amplified products on an agarose gel of 
different concentrations depending on the size of PCR 
products. PCR products were incubated with different 
restriction enzymes at temperatures as recommended 
by the manufacturer’s protocol. The loss or gain of 
restriction sites was detected using agarose gel (2%) 
electrophoresis or by polyacrylamide gel electrophoresis 
and by visualization under Gel Documentation System.

Statistical analysis
Statistical analyses were done using Statistical Package 
for Social Sciences (SPSS version 15; Chicago, 
IL, USA). Means and frequencies were calculated for 
continuous and categorical data, respectively, and 
comparison between groups was done by Chi‑square 
test. Kolmogorov–Smirnov test was used to assess 
normal distribution of data. Student’s t‑test was used 
for comparison of two groups and analysis of variance 
(ANOVA) for comparison of more than two groups. 
Yates corrected Chi‑square value or Fisher’s exact value 
was used wherever applicable. For multiple comparisons 
in ANOVA, post hoc tests with Bonferroni correction 
were applied. A two‑tailed P value of 0.05 or less was 
considered to be significant.

RESULTS

We had sociodemographic data and initial clinical 
data for all the study participants (N = 109). The 
patients who dropped out (N = 29) after initial 
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enrollment were not considered for later analyses that 
required measurement of plasma levels of risperidone 
and 9‑OHR. The sociodemographic and clinical details 
of the study participants are mentioned in Table 1. 
The majority of the participants were male (59.6%), 
were married (59.6%), were unemployed (73.4%), 
lived in a nuclear family setup (55%), had a family 
income of less than 5000 INR (57.8%), and hailed 
from a rural background (63.3%). Nearly a half had 
a formal education of 10 or more years (51.4%). 
The most common onset of illness was either acute 
or subacute (46.8%) followed by an insidious 

onset in nearly one‑third of patients, and the illness 
largely followed a continuous course in two‑third 
of patients. The mean duration of illness was 
62.44 months [standard deviation (SD) =65.77], 
and slightly less than half (45%) of the patients had 
a family history of mental illness. The mean dose of 
risperidone administered at weeks 1, 6, and 12 was 
2.90 (SD = 1.08; N = 109), 5.34 (SD = 1.73; 
N = 80), and 6.70 (SD = 1.60), respectively. 
The frequency distribution of dose of risperidone 
administered to the patients at week 1, 6 and 12 has 
been shown in Figure 1.

We analyzed two CYP2D6 genotypes, namely, 
CYP2D6*10 (rs1065852) and CYP2D6*4 (rs3892097), 
for their influence on the concentration of risperidone 
and 9‑OHR. We found 47, 30, and 3 patients, 
respectively with no, one, and two mutated alleles 
of rs1065852 (CYP2D6*4), while 72 patients with 
schizophrenia had a wild variant and 8 patients had 
one mutated allele of rs3892097 (CYP2D6*10). No 
significant differences in gender distribution, age, 
or smoking status were found among the different 
genotype groups of CYP2D6*10 and *4 [Table 2]. 
The distribution of both the alleles in patients and 
genetically related and unrelated healthy controls is 
provided in Supplementary Table 1.

Relationship between the number of CYP2D6*10 and 
4 alleles and plasma levels of risperidone, 9‑OHR, 
and active moiety
The number of CYP2D6*4 alleles significantly affected 
the mean concentration of risperidone and 9‑OHR 
at the end of 6 weeks of study, but this difference 
did not remain significant at the end of 12 weeks of 
treatment [Table 2]. Post hoc analysis (with Bonferroni 
correction) showed that pairwise comparison of 
plasma concentration of risperidone and 9‑OHR at 
6 weeks was significant between those without any 
mutation and with one mutant allele of CYP2D6*4 
genotype (P = 0.02 and 0.001, respectively). But 
pairwise comparison for the groups with no mutant 
allele versus two mutant alleles and one mutant allele 
versus two mutant alleles of CYP2D6*4 did not reach 
significance on post hoc analysis. Similarly, the presence 
of mutation in CYP2D6*10 led to significantly 
higher levels of dose‑corrected concentration of 
risperidone [calculated by plasma concentration of 
risperidone (ng/mL)/dose of risperidone (mg)] level at 
week 12 (P = 0.003) as well as that of active moiety at 
end of 12 weeks (P = 0.006). However, there was no 
significant difference between the dose of risperidone 
at 6 and 12 weeks of treatment among various 
groups depending on the presence of mutated alleles 
(See Supplementary Figures 1‑8). We also calculated the 
ratio of risperidone and 9‑OHR as an index of CYP2D6 

Table 1: Socio‑demographic and clinical details of study 
participants
Variable n (%)
Gender
Male 65	(59.6%)
Female	 44	(40.4%)

Marital	Status
Single/divorced/separated 44	(40.4%)
Married 65	(59.6%)

Occupation
Employed 29	(26.6%)
Unemployed	 80	(73.4%)

Education
10	years	and	above 56	(51.4%)
less	than	10	years 53	(48.6%)

Education	discontinued	due	to	illness
Yes 10	(9.2%)
No 99	(90.8%)

Total	Family	Income
Below	INR	5000 63	(57.8%)
Above	INR	5000 46	(42.2%)

Type	of	Family
Nuclear 60	(55%)
Extended/joint/others 49	(45%)

Locality
Urban 40	(36.7%)
Rural 69	(63.3%)

Onset	of	illness
Abrupt 2	(1.8%)
Acute/sub‑acute 51	(46.8%)
Insidious 35	(32.1%)
Not	known 21	(19.3%)

Course	of	Illness
Continuous 83	(76.1%)
Episodic	with	complete	
inter‑episodic	recovery

5	(4.6%)

Episodic	with	partial	inter‑episodic	
recovery

1	(0.9%)

Not	Known 20	(18.3%)
Family	history	of	mental	illness

No 60	(55%)
Yes	 49	(45%)

Mean	Duration	of	illness	(in	months) 62.44	(SD=65.77)
Mean	Dose	of	Risperidone	at	week	1 2.90	(SD=1.08;	Range‑	1‑5mg)
Mean	Dose	of	Risperidone	at	week	6 5.34	(SD=1.73;	Range‑2‑10mg)
Mean	Dose	of	Risperidone	at	week	12 6.70	(SD=1.60;	Range‑	2‑10mg)
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activity as suggested in a previous study.[26] This ratio 
was more than 1 at 6 and 12 weeks of treatment and 
showed no significant difference between patient groups 
based on the number of mutated alleles of CYP2D6*4 
and *10 genotypes (data not shown). This suggests that 
most of the patients were PMs of risperidone.

Relationship between CYP2D6 polymorphism and 
response to treatment with risperidone
The outcome of treatment with risperidone was 
measured by reduction of PANSS score over the 
study period of 12 weeks. The participants who had a 
reduction of less than 25%, 25%–50%, and >50% from 
baseline to 6 and 12 weeks of the study were categorized 
as non‑responders, partial responders, and responders, 
respectively. At the end of 6 weeks, 36 patients were 
non‑responders, 43 were partial responders, 1 patient 
was a responder, and 29 had dropped out of treatment. 
However, at the end of 12 weeks of treatment, 9 were 
categorized as non‑responders, 52 as partial responders, 
19 as responders, and 29 as drop‑outs. At the end of 

6 weeks of treatment, significant difference for the 
mean dose of risperidone at 6 weeks (P = 0.015) 
was found between the groups (drop‑outs excluded). 
Similarly,  at the end of 12 weeks of treatment, 
significant difference was observed for the mean dose 
of risperidone prescribed at 6 weeks (P = 0.026) as 
well as at 12 weeks (P = 0.007) among responders, 
partial responders, and non‑responders. However, no 
difference was found for plasma drug concentration 
and response to treatment (details in Kaur et al.).[23] 
Similarly, no difference in PANSS score at baseline, 
6, and 12 weeks of treatment was noted for groups 
classified on the basis of presence or absence of mutant 
alleles for CYP2D6*4 and *10.

DISCUSSION

This study is the first Indian study that evaluated the effect 
of CYP2D6 polymorphism on plasma concentration 
of risperidone in patients with schizophrenia. In this 
study, CYP2D6*10 gene polymorphism affected the 

Table 2: Relationship between the CYP2D6*10 & 4 gene polymorphisms and plasma levels of risperidone and its 
metabolites
Variable CYP2D6*10 No 

mutant allele 
(n=72)

CYP2D6*10 1 
mutant allele 

(n=8)

P CYP2D6*4 No 
mutant allele 

(n=47)

CYP2D6*4 1 
mutant allele 

(n=30)

CYP2D6*4 2 
mutant alleles 

(n=3)

P

Age	(in	years) 30.89	(9.20) 37.00	(7.93) 0.69 31.97	(9.78)	n=63 33.40	(11.03)	n=42 34.75	(4.85)	n=4 0.71
Gender	 0.60 0.31
Males 42	(58.33%) 6	(75%) 35	(55.55%) 28	(66.67%) 2	(50%)
Females 30	(41.66%) 2	(25%) 28	(45.45%) 14	(33.33%) 2	(50%)

Nicotine	use 1.00 0.27
Yes 22	(30.55%) 2	(25%) 17	(26.98%) 14	(33.33%) 0
No 50	(69.45%) 6	(75%) 47	(74.60%) 28	(66.66%) 3	(100%)

Risperidone	concentration	at	
6	weeks	(ng/ml)

30.04	(16.00) 34.27	(14.68) 0.50 26.32	(15.96) 36.80	(14.20) 30.64	(11.37) 0.016#

9‑OHR	concentration	at	
6	weeks	(ng/ml)

16.11	(14.10) 7.98	(4.81) 0.51 13.32	(6.89) 20.00	(7.72) 16.25	(3.09) 0.001#

Risperidone	concentration	at	
12	weeks	(ng/ml)

42.63	(10.88) 40.69	(7.71) 0.64 41.72	(11.25) 43.30	(9.95) 45.66	(8.29) 0.71

9‑OHR	concentration	at	
12	weeks	(ng/ml)

21.57	(5.93) 17.70	(2.64) 0.09 21.33	(5.53) 21.11	(6.54) 20.85	(3.26) 0.98

Mean	dose	of	Risperidone	at	
6	weeks	(mg)

5.21	(1.73) 4.86	(1.57) 0.78 4.87	(1.56) 5.67	(1.88) 5.33	(1.15) 0.13

Mean	dose	of	Risperidone	at	
12	weeks	(mg)

6.61	(1.60) 5.29	(1.89) 0.08 6.36	(1.62) 6.73	(1.78) 6.67	(1.15) 0.63

Risperidone	C/D	at	
6	weeks	(ng/ml/mg)

5.66	(3.13) 7.96	(4.92) 0.08 5.28	(3.13) 6.71	(3.69) 6.45	(0.97) 0.18

Risperidone	C/D	at	12	weeks	
(ng/ml/mg)

6.35	(1.78) 8.92	(4.71) 0.003# 6.54	(2.56) 6.42	(1.73) 8.65	(0.98) 0.26

9‑hydroxyrisperidone	C/D	at	
6	weeks	(ng/ml/mg)

3.22	(1.64) 3.53	(2.93) 0.549 2.77	(1.59) 3.69	(1.98) 3.55	(0.78) 0.78

9‑hydroxyrisperidone	C/D	at	
12	weeks	(ng/ml/mg)

3.23	(0.95) 4.15	(3.09) 0.06 3.39	(1.44) 3.10	(0.96) 4.07	(1.27) 0.36

Active	moiety	C/D	ratio	at	
6	weeks	(ng/ml/mg)

8.77	(4.48) 11.50	(7.70) 0.15 8.06	(4.49) 10.41	(5.29) 10.01	(0.22) 0.10

Active	moiety	C/D	ratio	at	
12	weeks	(ng/ml/mg)

9.59	(2.40) 13.08	(7.72) 0.006# 9.94	(3.77) 9.53	(2.35) 12.73	(2.21) 0.27

#P significant at <0.05; The significant values have been shown in Bold. 9-OHR- 9-Hydroxy risperidone; C/D ratio depicts dose corrected plasma 
concentration
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dose‑corrected concentration of risperidone and active 
moiety at 12 weeks of treatment. Though CYP2D6*4 
alleles too appeared to affect the concentration of 
risperidone and 9‑OHR at the initial stage of treatment, 
the effect did not last at the end of 12 weeks.

CYP2D6 gene is highly polymorphic, with more than 
100 different alleles described till date. CYP2D6*1 
is considered to be wild type and exerts a normal 
functioning. However, many other alleles (CYP2D6*9, 
*10, *17, *41, etc.) are shown to have reduced function 
or an absent enzyme activity (CYP2D6*3, *4, *5, *6, 
*7, *11, *12, etc.).[27] CYP2D6*10 is one of the common 
gene polymorphism which has been investigated for its 
influence on metabolism of various drugs, including 
psychotropics. In one of the earliest study conducted 
in Japanese patients with schizophrenia,[28] significant 
differences of steady‑state plasma concentration of 
risperidone and ratio of the concentration of risperidone 
to 9‑OHR were observed among the groups with no, 
one, or two mutated alleles of CYP2D6 (*5 or *10) 
genotypes. Similarly, in a Chinese study[29] conducted 
in 118 patients with schizophrenia, it was shown that 
the ratio of risperidone/9‑OHR was highest in patients 
with two alleles of CYP2D6*10 (0.42 ± 0.25) 
when compared with those with CYP2D6*10/*1 or 
*1/*1 alleles. Two other studies conducted in Japanese 
patients with schizophrenia reported that the number 
of CYP2D6*10 alleles significantly affect steady‑state 
plasma levels of risperidone after 4 weeks of treatment 
but not that of 9‑OHR and active moiety.[11,12] However, 
Yagihashi et al.[30] reported that CYP2D6*10/10 
genotype was associated with higher steady‑state levels 
of active moiety. In another Chinese study,[31] it was 
shown that significantly higher levels of risperidone and 
risperidone/9‑OHR ratio were present in patients with 
two mutated alleles of CYP2D6*10 in comparison to 
those with one and no mutated allele. Our study results 
are partly in consonance to these studies because the 
number of CYP2D6*10 alleles did affect the steady‑state 
plasma levels of risperidone and the active moiety but 

not that of 9‑OHR. In addition, the differences were only 
significant at 12 weeks of treatment with risperidone.

Gene polymorphism coding for CYP2D6*3/*4/*5/*6 
and so on are also commonly studied because they 
render the enzyme non‑functional. Riedel et al.[16] 
assessed risperidone plasma levels, clinical response, and 
adverse effects in 51 patients who carried wild‑type 
alleles for CYP2D6*4 and 8 patients with heterozygous 
alleles, but did not find any significant difference 
between response rates and plasma levels of active 
moiety. Jovanovic et al.[17] had reported significant 
impact of CYP2D6 polymorphism (*3, *4, *5, and 
*6) and plasma concentration of risperidone, 9‑OHR, 
and active moiety, but the impact of *4 allele was not 
mentioned. Some other studies have used CYP2D6*4 
in combination with other non‑functioning alleles and 
correlated with plasma concentration of risperidone and 
its active metabolites[15,32] or did not find any patient 
carrying the allele in the study population.[19] Although 
we found significantly higher plasma concentration of 
risperidone and its active metabolite in patients with one 
or two mutant alleles of CYP2D6*4, the difference did 
not persist to a significant level at the end of 12 weeks. 
In addition, the presence of mutations in this gene 
in the index study is unlike a previous Chinese study 
which did not find any mutation of CYP2D6*4.[19] This 
might be explained in part by the fact that Han Chinese 
population is relatively a homogeneous population, 
whereas North Indian population has a mosaic pattern 
of genetic inheritance in view of Indo‑Aryan descent 
and thus some of the genetic makeup may be similar 
to that of Europeans.

The ratio of plasma concentration of risperidone and 
9‑OHR in our study population was more than 1 at both 
stages of evaluation, thus implying that they were PMs. 
But it has been suggested that plasma concentration 
of the active moiety may be comparable in EMs and 
PMs.[33] Therefore, clinically, a genotyping of individuals 
may not help in prediction of response to treatment 
with risperidone. However, PMs of risperidone may be 
prone to develop adverse effects.

The differences between the findings of index study and 
the earlier studies may be attributed to methodological 
differences (utilization of multiple measures of 
phenotypic expression and long duration of study 
period but lesser numbers of genotypic variables in 
index study), sample size (smaller in most of earlier 
studies), and variation in the mutations of CYP2D6 
genotypes across populations.

Strengths and limitations of the study
The strengths of index study include the following: the 
first Indian study to evaluate the effect of CYP2D6 
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Figure 1: Frequency distribution of dose of risperidone administered to 
study participants at week 1 (N = 109), week 6 (N = 80; 29 drop-outs), 
and week 12 (N = 80; 29 drop-outs)
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polymorphism on plasma concentration of risperidone 
and its metabolite in patients with schizophrenia, 
prospective design of study with longest duration of 
observation (12 weeks) for a pharmacogenetic study, 
multiple evaluations of plasma drug concentration, and 
conduction of genetic analysis with stringent control of 
procedures. However, there are limitations too, like due 
to limited resources, we could not evaluate many other 
polymorphisms of CYP2D6 as well as other enzymes 
and transporter genes that impact the pharmacokinetics 
of risperidone. In addition, we could not do similar 
measurements at five other participating centers 
which could have provided us with a good sample size 
too. Additionally, the number of mutated alleles was 
small in comparison to that of the wild alleles, thus 
limiting the results to be conclusive. The compliance 
to medication was ensured by the caregiver, and hence 
the possibility of missing a dose, which could affect 
the plasma concentration of the drug, cannot be ruled 
out. Moreover, we did not measure the adverse effects, 
which in turn could have been corroborated with plasma 
concentration of risperidone and its metabolites.

CONCLUSION

In conclusion, this study confirms that CYP2D6*10 
polymorphism affects the steady‑state plasma 
concentration of risperidone and the active moiety 
in North Indian patients with schizophrenia. Also, 
CYP2D6*4 polymorphism has some impact on the 
plasma concentration of risperidone and its active 
metabolites during initial stages of treatment. All 
the study participants were PMs of risperidone. 
No association was found between plasma drug 
concentration and response to treatment. Further 
research in this field may focus on the evaluation of 
multiple gene polymorphisms of metabolic enzyme 
pathways with a larger sample size and inclusion of 
other Indian populations.
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