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Abstract : Cytochrome P450 2C9 (CYP2C9) and vitamin K epoxide reductase
complex subunit 1 (VKORC1)  genetic polymorphisms were strongly
associated with warfarin dose requirement in Caucasians, African Americans
and other populations. Our aim was to evaluate the effect of CYP2C9 and
VKORC1 genetic polymorphisms on warfarin dose requirement in south
Indian population. A total of 150 patients on warfarin with stable INR (2-
3.5) for the past 3 months were recruited. The genotypes of CYP2C9*2 and
*3 and VKORC1 -1639G>A were compared with mean daily warfarin dose
(MDWD). The variant allele frequency of VKORC1 -1639G>A was found to
be 10.4% and CYP2C9*2 and CYP2C9*3 were found to be 4.5% and 6.6%,
respectively. Our study showed that the mean daily warfarin dose is higher
in patients with wild type genotypes of CYP2C9 and VKORC1 compared to
those with variant genotypes. Multivariate regression analysis revealed
that age, body mass index (BMI), duration of therapy and genetic
polymorphisms of CYP2C9 and VKORC1 together contribute to 36.1%
variability in MDWD in south Indian population.
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INTRODUCTION

Warfarin, an oral anticoagulant, is a
racemic mixture of R and S- warfarin. S-
warfarin is more potent than R-warfarin and
it contributes to 70% of the anticoagulant

effect of warfarin (1). It has been in clinical
use for more than 60 years. It is indicated
for both the prophylaxis and treatment of
thromboembolic conditions like deep vein
thrombosis, pulmonary embolism, atrial
fibrillation, prosthetic heart valves and also
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On the other hand, vitamin K epoxide
reductase complex subunit 1 (VKORC1) is the
target site for warfarin, which it inhibits for
its anticoagulation effect. This enzyme is
encoded by the gene VKORC1 (24). Number
of  s ingle nucleotide polymorphisms in
VKORC1 has been identified. Of these
promoter region polymorphism (VKORC1 –
1639G>A) appears to be the most important.
Polymorphism at  this  region leads to
abnormal expression of the enzyme which
correlates well with the dose required by
those individuals with this variant (25, 26).
Several studies have shown that the gene
VKORC1 as the single biggest predictor of
warfarin dose requirement (6, 27, 28, 29).
The VKORC1 -1639 GG (wild) genotype
requires high dose and VKORC1 -1639 AA
(homomutant) genotype lower while the
VKORC1 -1639 GA (heteromutant) genotype
requires  intermediate  dose  (25 ,  26) .
The frequency of these genotypes varies
in different ethnic groups (25, 27, 30, 31,
32,  33) .  Studies  have shown that  the
Caucasians require higher dose compared
to  Asians  which corre lates  wel l  with
their  h igher  VKORC1 -1639 GG  and
VKORC1 -1639 AA  genotype frequency
respectively in these populations (20, 21, 22,
26, 33).

The frequency of CYP2C9 polymorphism
has been establ ished in  south Indian
population (34, 35). Limited information is
available on VKORC1 polymorphism in
south Indian population and the influence
of these polymorphisms on warfarin dose
requirements (36). The present study was
designed to find out the effect of CYP2C9
and VKORC1  genetic polymorphisms on
warfarin dose requirement in south Indian
population.

for the reduction of death risk in myocardial
infarction (2, 3). Warfarin is a drug with
narrow therapeutic index, small change in
dose can lead to bleeding risk or lack of
therapeutic effect and it requires careful
monitoring. The anticoagulation profile is
monitored by International Normalized Ratio
(INR) which is an index of its therapeutic
effect and safety (4). Besides this limitation
of being a narrow therapeutic index drug,
large interindividual variability exists
attributable to both genetic and non-genetic
factors (5, 6, 7).

The cytochrome P450 enzymes are
involved in the metabolism of warfarin. S-
warfarin is metabolised predominantly by
CYP2C9 and R-warfarin is metabolised by
multiple enzymes such as CYP3A4, CYP1A2
and CYP1A1 (8). Since the greater proportion
of anticoagulant effect is contributed by S-
warfarin, abnormal function of CYP2C9
enzyme leads to altered dose-response to
warfarin (9). CYP2C9 enzyme is encoded by
the gene CYP2C9 which is polymorphically
expressed in different ethnic populations
(10, 11, 12, 13). Genetic polymorphisms in
CYP2C9 affect the drugs metabolised by
CYP2C9 like phenytoin, warfarin, NSAIDs
etc. (14, 15, 16). CYP2C9*2 and CYP2C9*3
are found to be important variants in
warfarin metabolism (17). The individuals
with these variants have reduced capacity
to metabolise warfarin which is clinically
implicated in the requirement of lower dose
and increased risk of bleeding (5, 18). The
frequency of these genetic polymorphisms
differs between various ethnic populations
(10, 11, 12, 13). Studies have shown the variation
in dose and risk of over anticoagulation
correlating with the variant allele in different
population (9, 19, 20, 21, 22, 23).
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MATERIALS AND METHODS

Study settings

The study was done in the Department
of Pharmacology, Jawaharlal Institute of
Postgraduate  Medical  Educat ion and
Research (JIPMER),  Puducherry  in
co l laborat ion with  the  Department  o f
Cardiology and Department of Medicine,
JIPMER. This study was conducted in
pat ients  on warfar in  therapy vis i t ing
Cardio logy  and Medic ine  out -pat ients
department and also in-patients of these
departments during the period from March
2010 to July 2011.The study protocol was
approved by the Institute Ethics Committee
(IEC) prior to commencement of the study.

Sample size

The sample  s ize  ca lculat ions  were
undertaken before the study. The minimum
important difference (difference in mean
dose) between the groups was taken to be
0.8% with a standard deviation of ± 1.2 with
ratio of subjects between wild normal and
variant allele groups 4:1. Using the Power
and Sample Size (PS) Calculations software
version 3.0 (Vanderbilt University, Nashville,
Tennessee, USA) for a power of 80% and a
significance level of 5%, the sample size was
calculated to be a total of 110 for the study.

Study subjects

Patients receiving warfarin maintenance
therapy for  cardiovascular  d isorders ,
cerebrovascular disorders and deep vein
thrombosis with an INR within the range of
2.0 to 3.5 for the past 3 months, age ranged
18-65 years, either gender and of south

Indian origin were included. The nativity was
assessed by  family  history  o f  three
generat ions  l iv ing  in  Tamil  Nadu,
Pondicherry, Kerala, Karnataka, Andhra
Pradesh, and speaking any of the south
Indian languages as their native language.
Patients with liver or renal dysfunction,
taking CYP2C9 inducers and inhibitors (eg.
barbiturates, carbamazepine, rifampicin,
amiodarone, ketoconazole etc.), pregnant and
lactating women, smokers and alcoholics
were excluded. Written informed consent was
obtained from patients participated in this
study. Mean daily warfarin maintenance dose
(MDWD) [the mean of two recent doses over
a period when two consecutive stable INR
values achieved 2.0 to 3.5] was calculated.

Genotyping for CYP2C9 and VKORC1 -1639G>A

Five mill i l itre of  venous blood was
collected from the study participants for
genotyping. DNA was extracted by using
phenol-chloroform extraction method (37).
Genotyping for CYP2C9*2 and CYP2C9*3
polymorphisms and VKORC1 -1639G>A were
done by Real Time Thermocycler (ABI Prism
7300, Foster City). TaqMan drug metabolism
genotyping assays were obtained from
Applied Biosystems, Foster City for CYP2C9
al le les  [CYP2C9*2  (rs1057910 )  (Assay
by des ign) ,  CYP2C9*3  (Assay  ID:
C_27104892_10)] and VKORC1 -1639G>A
(C_30996661_30). The qRT-PCR reaction was
carried out using a final volume of 15 µl (7.5
µl of Taqman Universal master mix (2X),
0.375 µl of 20X working stock of genotyping
assay, 3.375 µl of deionized water and 3.750
µl of genomic DNA (50 ng/µl) diluted in
DNAase free water). The allelic discrimination
was performed using 7300 SDS software
(version 1.3.1).
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depending on the inclusion and exclusion
criteria.  Among them 6 patients were
excluded for the data analysis due to the
poor quality or missing of the DNA samples
for the analysis. The patient characteristics
are  g iven in  Table  I .  The basel ine
characteristics in patients with wild and
variant genotype for CYP2C9 and VKORC1 -
1639G>A  were compared. The baseline
character ist ics  were  not  s igni f i cant ly
different in CYP2C9 genotype and in VKORC1
genotype groups. The baseline characteristics
across combined genotype of CYP2C9 and
VKORC1 -1639G>A  were  found to  be
statistically non-significant.

CYP2C9, VKORC1 -1639G>A allele and genotype
frequencies of study participants

The allele and genotype frequencies of
CYP2C9 and VKORC1 are given in the Table
II. The genotype frequencies of CYP2C9 and

Data analysis

Statistical analysis was performed using
SPSS version 16.0 and GraphPad Instat
version 3.06 software packages. Unpaired t-
test, Chi-square and Fischer’s exact test were
used appropriately to compare between the
baseline parameters. Comparison of MDWD
in CYP2C9 and VKORC1 genotype was done
by using Mann-Whitney U test and in
combined CYP2C9 and VKORC1 genotypes
was done by Kruskal-Wallis test. Multiple
linear regression analysis was done to study
the association of independent variables
known to influence MDWD. P value less than
0.05 was considered statistically significant.

RESULTS

Study participants

A total of 150 patients were recruited

TABLE I : Subject characteristics.

Parameters VKORC1 CYP2C9
Overall
(N=144) G G Non GG *1*1 Non *1*1

(N=115) (N=29) (N=114) (N=30)

Age (years)# 43.4±11.6 42.5±11.2 46.7±12.5 43.1±11.9 44.5±10.5
Height (cm)# 156.6±6.9 156.8±6.9 155.8±6.9 156.4±7.1 157.7±6.2
Weight (kg)# 56.11±8.2 56.3±8.5 55.5±6.7 56.6±8.1 54.4±8.1
Body mass index (kg/m2)# 22.8±2.9 22.8±2.9 22.9±2.6 23.1±2.8 21.9±3.1
Duration (months)# 10.8±7.8 10.7±7.8 10.4±7.7 11.6±8.2 8.8±5.4
Hypertensive (N)(%) 17(11.8) 12(10.4) 5(17.2) 12(10.5) 5(16.7)
Diabetic (N)(%) 9(6.2) 8(7) 1(3.4) 8(7) 1(3.3)
Indications (N)(%)
Valvular heart disease 104 (72.2) 80(73) 20(68.9) 80(70.2) 24(80)
Prosthetic valves 3(2.1) 2(1.7) 1(3.4) 2(1.8) 1(3.3)
Atrial fibrillation 11(13.7) 10(8.7) 1(3.4) 9(7.9) 2(6.7)
Deep vein thrombosis 8(5.6) 6(5.2) 2(6.9) 7(6.1) 1(3.3)
Others 18(12.5) 15(13) 3(10) 16(14) 2(6.7)
Concomitant drugs (N)(%)
Phenoxymethylpenicillin 73(62.9) 59(51.3) 14(48.3) 57(50) 16(53.3)
Furosemide 89(76.7) 71(61.7) 18(62.1) 73(64) 16(53.3)
Digoxin 54(46.6) 40(34.8) 14(48.3) 42(36.8) 12(40)
Atenolol 41(54) 32(27.8) 9(31) 33(28.9) 8(26.7)

(#-Values in mean±SD; N=Number of subjects).



312 Madhan et al Indian J Physiol Pharmacol 2013; 57(3)

VKORC1 -1639G>A in the present study was
found to be in Hardy–Weinberg equilibrium.
CYP2C9 homozygous variants (*2/*2 or *3/
*3) were not reported in the patients.

Comparison of MDWD in CYP2C9 and VKORC1
-1639G>A genotype

MDWD was compared between wild and

variant genotypes of CYP2C9 and VKORC1 -
1639 G>A and also the effect of combined
genotypes of both the genes were studied
(Table III). There was significant difference
observed when the MDWD was compared
between the CYP2C9 genotype wild and
CYP2C9 variant genotype (4.8±1.6 mg vs.
2.9±1.1 mg, P<0.0001). Similarly significant
difference was observed between VKORC1

TABLE II : Genotype and allele frequency of CYP2C9  and VKORC1 -1639G>A (n=number of subjects).

Gene Nucleotide n Genotype frequency n Allele frequency
position (%) (%)

CYP2C9 CYP2C9*2 144 *1*1 *1*2 *1*3 *2*3 288 *1 *2 *3
(430 C>T) 114(79.2) 11(7.6) 17(11.8) 2(1.4) 256(88.9) 13(4.5) 19(6.6)
CYP2C9*3
(1075 A>C)

VKORC1 -1639G>A 144 GG GA AA 288 G A
115(79.9) 28(19.4) 1(0.7) 258(89.6) 30(10.4)

TABLE III : Comparison of MDWD in CYP2C9, VKORC1 -1639 G>A and
combined CYP2C9 and VKORC1 -1639 G>A genotypes.

CYP2C9 N=144 (%) MDWD (mg) P value
(95% CI)

*1/*1 114(79.17) 4.8±1.6 P<0.0001#

(4.47–5.07)
non*1/*1 30(20.83) 2.9±1.1

(2.46–3.35)

VKORC1 -1639G>A N=144 (%) MDWD (mg) P value

G G 115(79.9) 4.6±1.6 P<0.001#

(4.32–4.97)
nonGG 29(20.1) 3.4±1.1

(2.96–3.84)

VKORC1 -1639G>A CYP2C9 N=144(%) MDWD(mg) P value

G G *1/*1 95(66) 4.97±1.5 P<0.0001$

(4.64–5.30)
nonGG non*1/*1 10(7) 2.6±0.4

(2.29–2.93)
nonGG *1/*1 19(13.2) 3.8±1.1

(3.23–4.37)
G G non*1/*1 20(13.8) 3.0±1.3

(2.39–3.72)

Values in mean±SD; P<0.05 is significant; N=Number of subjects.
# - Mann-Whitney U test was used.
$ - Kruskal-Wallis test was used.
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wild and variant genotype (4.6±1.6 mg vs.
3.4±1.1 mg, P<0.001). When comparing
combined wild genotypes with combined
variant genotypes a strong significant
difference were observed.

Multiple  l inear  regression for  factors
determining MDWD

Multiple linear regression analysis was
carried out  for  the factors  which can
determine the MDWD. Age, body mass index
(BMI), duration of therapy, CYP2C9 and
VKORC1 -1639G>A  genotypes were the
independent variable considered. Age, BMI,
duration of therapy and genotypes of CYP2C9
and VKORC1 -1639G>A were found to be
significantly associated with the MDWD
in this study (Table IV). All these factors
together contributed to 36.1% variability in
MDWD (adjusted R2 = 0.361).

DISCUSSION

The frequency of CYP2C9 in the current
study did not differ from the previously
established frequency in our population
(Table II) (38). The frequency of VKORC1
genotypes was found to be similar to few

studies done in Indian population and was
quite different from other world population
particularly the Chinese and Japanese
population (Table II) (22, 25, 30, 32, 39, 40).
The frequency distribution of variant alleles
differs in various ethnic groups and so the
mean dose required. Studies have shown that
frequency of AA genotype is higher in Asians
when compared to the Caucasians and thus
Asians require lower maintenance dose to
maintain a stable INR (25, 27, 30, 31, 32,
33). In our study the patients carrying the
wild genotype (CYP2C9*1/*1) required higher
MDWD (4.8±1.6 mg) when compared to the
variant genotypes (CYP2C9 non*1/*1 )
(2 .9±1.1  mg) .  These  f indings  are  in
concordance with findings obtained in the
studies conducted previously in various
population (Table III) (19, 22, 23, 41,42, 43,
44).

In the present study, an association
between the VKORC1 genotype and MDWD
was observed. MDWD was significantly higher
in the wild genotype compared the variant
genotype (4 .6±1.6  mg vs .  3 .4±1.1  mg,
P<0.001) (Table III). A study done in 104
Chinese patients showed that AA genotype
required lower dose when compared to

TABLE IV : Multiple linear stepwise regression analysis for factors determining MDWD.

 S. Independent Unstandardized Standard Standardized P value
No. variable regression coefficient error regression coefficient

 1. Constant 3.05
 2. Age –0.036 0.010 –0.255 <0.0001
 3. BMI 0.129 0.041 0.226 <0.05
 4. Duration of therapy 0.038 0.015 0.178 <0.05
 5. CYP2C9 Genotype –0.691 0.159 –0.308 <0.0001
 6. VKORC1 Genotype –0.859 0.276 –0.221 <0.05

Predictors in the Model: (Constant), Age, BMI, duration of therapy, CYP2C9  genotypes, VKORC1
genotypes, R=0.621; R2=0.386; Adjusted R2=0 .361; P=<0.0001.
Independent variables: Age, BMI, duration of therapy, VKORC1 -1639G>A genotype and CYP2C9 genotype
were considered.
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combined GA and GG genotype (2.61±1.10
mg/ day vs 3.81±1.24 mg/day, P<0.0001). This
study also assessed the enzymatic activity
in wild and variant allele which showed that
VKORC1 promoter with the G allele had a
44% increase in luciferase activity when
compared with the A allele. This increase in
enzymatic activity could result in increase
in dose requirement in those carrying G
allele (25).

In our study we studied the promoter
region polymorphism alone in VKORC1.
Studies  have  demonstrated  that  this
polymorphism is  in  strong l inkage
disequi l ibr ium with  s ix  other  SNPs
(rs7196161, rs2884737, rs9934438, rs8050894,
rs2359612 and rs7294) and this polymorphism
alone to some extent explains the pharmacologic
variation to oral anticoagulants (45). Studies
have demonstrated that the promoter region
polymorphism VKORC1 -1639G>A, is the
most  important  predictor  o f  warfar in
initiation dose (6, 27, 28, 46). The current
study findings are in agreement with the
studies done elsewhere and also few studies
done in Indian population (7, 22, 27, 30, 31,
32, 33, 41, 47). MDWD was significantly
higher in the combined wild genotype of
CYP2C9 and VKORC1 when compared with
the combined variant genotypes (Table III).
This finding is similar to the previous study
done in Caucasian population (39). The major
finding of this study was that MDWD was
lower in patients carrying variant combined
genotypes CYP2C9  and VKORC1  when
compared to the wild genotypes. Both these
polymorphisms along with age, BMI and
duration of therapy contributed to 36.1%
variability in MDWD (Table IV). In a study
done in Andhra Pradesh population genetic
and clinical factors contributed up to 61%

variability in warfarin dose requirement.
They have explained that age, gender, BMI,
vitamin K intake, CYP2C9 (*2,*3 and *8) and
VKORC1 (*3, *4 and -1639 G>A), CYP4F2
V433M, GGCX G8016A and thyroid status
contributed the variability (36). Previous
studies have shown the effect of age, weight
and height on warfarin maintenance dose
requirements (6, 39, 48, 49). In our study
we found that age and BMI significantly
influenced the MDWD (Table IV).

Many of the drugs which can potentially
interact with warfarin were excluded as part
of the exclusion criteria (eg. barbiturates,
rifampicin, carbamazepine, fluconazole,
cimetidine etc.). Other concurrent medications
which were essential as a part of  the
treatment required by the patients were not
excluded and they were not found to be
contributing to the MDWD variation since
they were  equal ly  d istr ibuted among
different genotype groups.

Diet, particularly the amount of vitamin
K intake can also affect anticoagulant
response to warfarin (50). In this study
although we did  not  consider  dietary
consumption of vitamin K, we assumed that
all patients had relatively stable vitamin K
consumption, given that they had stable INR.
Patient compliance is another factor which
may affect the anticoagulation response to
warfarin (51). The patients had relatively
good compliance as their INR was stable in
our study. They may be the patients who
were counseled well when starting the
anticoagulation therapy by the clinicians. In
addition to CYP2C9 and VKORC1, other
genetic polymorphisms in gamma glutamyl
carboxylase (GGCX), CYP4F2, microsomal
epoxide hydrolase 1(EPHX1), calumenin
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(CALU) and apolipoprotein E (APOE) are
minor  contr ibutors  for  warfar in  dose
requirement (52, 53, 54, 55, 56). In the
present study we have not focussed on these
genes. The strengths of our study were that
we followed strict exclusion criteria to
exclude the co-morbid conditions, smoking
status and other concomitant medications
that may potentially interact with warfarin.
This implies that the effect of CYP2C9 and
VKORC1 polymorphism on warfarin dose
requirement found in our study is more
reliable. The major limitation of our study
was that the contribution by other genetic
factors like gamma glutamyl carboxylase,
epoxide hydrolase and CYP4F2 polymorphisms
and also other polymorphisms in VKORC1
were not addressed.

CONCLUSION

MDWD is higher in patients with wild
genotypes of CYP2C9 and VKORC1 compared

to those with variant genotypes and along
with age, BMI and duration of therapy they
contribute to 36.1% variability in MDWD. In
future replicate study with large sample size
with additional genetic factors taken into
consideration needs to be carried out to
develop an algorithm for  determining
warfarin dose before introduction into routine
clinical practice. The present study provides
the basic information for larger studies in
our population and contributes to establish
the pharmacogenetic based warfarin therapy
in south Indian population.
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