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Abstract

Warfarin, an anticoagulant is used in patients who are at increased risk of developing blood clots. The management of warfarin 
therapy is challenging because it shows large inter-individual variability in patient’s response. Studies implicate that variability in warfarin 
dosage, among several other factors, is largely determined genetically. Genetic factors for warfarin mainly involve polymorphisms of 
Vitamin K epoxide Reductase Complex (VKORC) subunit 1 (VKORC1) and cytochrome P-450 enzyme 2C9 (CYP2C9) enzymes. There 
is general agreement among published retrospective population studies that the combination of VKORC1 and CYP2C9 genotypes, 
together with gender, age, body mass index or height or weight and concurrent medications, predict approximately 50% of warfarin dose 
requirement. Thus, genetic testing will be able to predict the correct dose and reduce trial and error as well as risks during therapy. Within 
the Asian population, Indian patients have been reported to require higher warfarin dose than others. Here we review the prevalence of 
the genetic variations of VKORC1 and CYP2C9 associated with variable warfarin response in Indian population.
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is a synthetic derivative of dicoumarol which was developed in 1948 
as a rodenticide and in the 1950s was found to be effective in the 
prevention of thrombosis. It has been used as an anticoagulant in 
clinical practice since 1954.

It is the most widely prescribed oral anticoagulant agent in 
thromboembolic prophylaxis. However, therapy with this Vitamin 
K antagonist is challenging as it has a narrow therapeutic index and 
inter-individual variations, same fixed dose of warfarin for all patients 
has been found to be impractical and inappropriate as it is not easily 
adjustable. An insufficient dose may result in thrombosis, whereas 
overdose may lead to unexpected bleeding [1]. The daily maintenance 
dose for warfarin ranges from 0.5 to 80 mg2 [2].

Introduction 

The most frequently prescribed class of oral anticoagulants are 
the vitamin K antagonists (VKAs). Many of these agents are derived 
from coumarin and include warfarin, dicoumarol, acenocoumarol 
and phenprocoumon. Warfarin is the most widely prescribed oral 
anticoagulant agent. The name ‘warfarin’ is derived from the group 
at the University of Wisconsin who discovered it, the Wisconsin 
Alumni Research Foundation (WARF), with the ending of ‘-arin’ 
indicating it’s link to coumarin. Coumarin is a chemical that is found 
in sweet clover hay. Coumarin does not affect the coagulation system 
but is converted to dicoumarol, which is a powerful anticoagulant, 
in spoiled animal feeds. This had led to the death of many cattle due 
to internal haemorrhage during a warm year in the 1920’s. Warfarin 
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Mechanism of Action

Warfarin is primarily metabolized in liver by cytochrome P450 
enzyme and gets completely absorbed after oral administration with 
peak concentration generally attained within the first four hours. It 
exerts its anti-coagulant effect by inhibiting the activity of VKORC1 
protein (Figure 1) [3]. It consists of a racemic mixture of two 
enantiomers, R- and S-warfarin, each of which is cleared by different 
pathways. The S-form is metabolized by the polymorphic cytochrome 
P-450 enzyme CYP2C9, whereas several enzymes including CYP1A2 
and CYP3A4 clear the R-form. The half-life of R-warfarin is reported 
to range from 37 to 89 hours, while that of S-warfarin is reported to 
range from 21 to 43 hours [4]. S-isomer is three to five times more 
potent than the R-form [5].

Vitamin K epoxide reductase (VKOR) is an enzyme that 
reduces vitamin K after it has been oxidized in the carboxylation of 
glutamic acid residues in blood coagulation factors II, VII, IX and X. 
The antithrombotic effect of warfarin is achieved by hindering the 
activation of Vitamin K dependent clotting factors II, VII, IX and X. 
Its anticoagulant effect is not seen instantly since it only inhibits the 
formation of new functioning coagulation factors, and has no effect 
on their elimination. Changes in anticoagulant effect, as measured by 
the prothrombin time (PT) are typically noted 24 - 36 hours after start 
of treatment and reflect the decrease in total activity of factors II, VII 
and X [6].

Monitoring of Warfarin Dose

The International Normalized Ratio (INR) [INR=(PTpatient/
PTcontrols)

ISI] of the plasma Prothrombin Time (PT) test is commonly 
adopted for laboratory monitoring of oral anticoagulant therapy and 
as a guide to Warfarin dose adjustment. This was proposed by the 
World Health Organization (WHO) in 1982. Before this time the PT 
was used. PT is measured in seconds and the test is performed by 
adding calcium and thromboplastin to citrated plasma. It had some 
significant drawbacks, the main problem was lack of standardization 
caused by the use of different thromboplastins which vary in 
responsiveness to reduction in the vitamin-K dependent coagulation 
factors which led to different results when compared to different 
laboratories. INR is standardized by dividing the PT of a patient with 

the geometric mean of PT for at least 20 healthy subjects with the same 
test system and adjusting the result according to the international 
sensitivity index (ISI) of the thromboplastin used in the lab. As a 
result of the standardization, an INR value of 1.0 is considered to be 
normal coagulation [7]. INR of 2.5 to 3.5 is recommended in patient 
with mechanical prosthetic heart valves [8].

Adverse Effects

The clinical effectiveness of warfarin is established. However, 
because of a low therapeutic index, bleeding frequently complicates 
anticoagulation with warfarin. Overall, the bleeding rate is 7.6  to 
16.5 per hundred patient/year. Major or life-threatening bleeds occur 
at a rate of 1.3  to 2.7  per hundred patients/year [9-11]. Although 
major bleeding can occur at therapeutic levels, the risk of bleeding 
rises with increasing intensity of anticoagulation [12]. Thus, the 
management of warfarin therapy is challenging due to large inter-
individual variability in patients response, which may be a result of 
various factors such as age, gender, diet, concurrent drug interaction 
and genetic factors. Identification of risk factors for the development 
of a high INR may identify patients at high risk of bleeding [13].

Factors Affecting Warfarin Dose

Warfarin dosage mainly depends on age, height, body surface 
area, environment, dietary, drug interactions, co-morbidities and 
genetic factors. Dietary factors like dark green vegetables such as 
broccoli, brussels sprouts and spinach contain large levels of vitamin 
K. It is estimated that an increase in vitamin K intake of 100 μg per 
day for 4 consecutive days lowers the INR by 0.2 [14]. Drugs like 
amiodarone, potentiates warfarin anticoagulation through inhibition 
of its metabolic clearance, rifampicin and carbamazepine in contrast 
increase its hepatic clearance. Drugs that inhibit clotting like aspirin, 
diclofenac and ibuprofen, having no inhibiting or inducing effect on 
warfarin are also regarded as interacting drugs since they increase the 
risk of bleeding [15].

Genetic Factors

Genetic factors for warfarin mainly involve polymorphisms 
of Vitamin K epoxide Reductase Complex (VKORC) subunit 1 
(VKORC1) and CYP2C9 enzyme. Polymorphisms are genetic 
variations that occur in a population at a frequency of 1%. Among 
these, single nucleotide polymorphisms (SNPs) are the most common, 
wherein there is a change in a single base. Thus, variations in the 
gene sequence can affect level of its genetic and protein expression, 
resulting in inter-individual variation in the amount of protein or 
enzyme activity. Among our many happening metabolic processes, 
the action of drug is also dependent on these processes on enzymes, 
receptors etc. for its activation, action and final metabolism. This 
introduces the term “Pharmacogenetics” and “Pharmacogenomics”

Cytochrome P-450 2C9 (CYP2C9): The CYP2C9 gene is located 
on chromosome 10 (10q242). Its gene product is the principle enzyme 
that terminates the anticoagulant effect of warfarin by catalyzing 
the conversion of the pharmacologically more potent S-enantiomer 
to its inactive metabolites. CYP2C9 is highly polymorphic and 
more than 30 variants with altered catalytic properties have been 
identified [16]. The wild-type allele CYP2C9*1 is associated with Figure 1: The action of warfarin on vitamin K cycle.
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normal enzyme activity and individuals who are homozygous for 
CYP2C9*1 have the normal, or “extensive metabolizer”, phenotype. 
In addition to the wild-type CYP2C9*1 allele, 2 allelic variants, 2C9*2 
(C430T, rs1799853) causing R144C and 2C9*3 (A1075C, rs1057910) 
causing I359L, with approximately 12% and 5% enzymatic activity, 
respectively, have been identified [17-19].  These variations decrease 
the degradation and clearance of warfarin and therefore, a low dosage 
is needed to maintain therapeutic INR [20]. Compared to normal 
metabolizers, patients who inherit one or two copies of *2 or *3 are 
more sensitive to warfarin - they require lower starting doses and are 
at a greater risk of bleeding during warfarin therapy [21-23]. Patients 
with variant alleles might be susceptible to over-anticoagulation or 
during a change of medication, particularly if an additional drug is 
competitively metabolized by the cytochrome P-450 system. The 
above two variants of the CYP2C9 gene contribute to about 10% 
of the dose variation of warfarin between patients. The frequencies 
of the CYP2C9 alleles vary between different ethnic groups. The *2 
allele is more common in Caucasian (10-20%) than Asian (1-3%) 
or African (0-6%) populations [24]. The *3 allele in Asian countries 
(0.039) and Caucasian population (0.057) [25] and is less common 
(<10% in all populations) and extremely rare in African populations 
[26]. In African Americans, it is likely that other CYP2C9 variants 
such as CYP2C9*5, *6, *8, and *11 contribute to the variability in 
patient response to warfarin [27].

Vitamin K epoxide Reductase Complex subunit 1 (VKORC1): 
VKORC1 gene is located on chromosome 16. The biological 
activity of all known vitamin K-dependent blood clotting factors 
is highly dependent on correct carboxylation. Warfarin decrease 
blood coagulation by inhibiting VKOR, an enzyme that recycles 
oxidized vitamin K to its reduced form after it has participated in 
the carboxylation of several blood coagulation proteins, mainly 
prothrombin, factor VII, IX and X. For this reason, drugs in this 
class are also referred to as vitamin K antagonists [28]. Common 
polymorphisms in the gene Vitamin K epoxide Reductase Complex 
subunit 1 (VKORC1) affect warfarin dose response and blood clotting 
through effects on the formation of the reduced form of vitamin K, 
which subsequently alters carboxylation of vitamin K-dependent 
hemostatic and nonhemostatic proteins. 

Polymorphism in the VKORC1 gene explains 30% of the dose 
variation between patients. A promoter polymorphism of VKORC1-
1639G>A is present in linkage disequilibrium with VKORC1 
1173C>T. This polymorphism in the promoter region alters the 
binding site for VKORC1 transcription factor and leads to lower 
VKORC1 mRNA expression and protein in human liver. As a result, 
the steady-state concentration of tissue VKOR decreases making a 
person with this variation more susceptible to inhibition by warfarin 
[29]. Thus -1639G>A of VKORC1, is associated with an increased 
sensitivity to warfarin [30]. There are two main groups formed due 
to particular sequence of nucleotides called haplotypes - Low dose 
haplotype group (A) and High dose haplotype group (B). Adenine 
nucleotide of G-1639A (rs9923231) polymorphism and thymine of 
C1173T (rs8050894) polymorphism represents “A” haplotype while 
complementary wild type nucleotides represents “B” haplotype. Dose 
decreases from wild type to variant haplotype i.e. from B to A [31,32]. 
Thus, patients starting warfarin therapy who are - 1639A carriers 

require lower initial doses of the drug than - 1639G carriers. The - 
1639G>A allele frequency varies among different ethnic groups. It 
is the major allele (around 90%) in Asian populations, and may be 
a contributing factor for lower warfarin dosing requirements often 
observed in patients of Asian descent. It is also common in Caucasians 
(around 40%) and African Americans (around 14%) [33,34].

Genetic testing for drug like Warfarin enables us to predict 
variability in drug responsiveness. It has the potential to reduce trial 
and error as well as risks of therapy. There is general agreement among 
published retrospective population studies that the combination of 
VKORC1 and CYP2C9 genotypes, together with gender, age, body 
mass index or height or weight and concurrent medications, predict 
approximately 50% of warfarin dose requirement [35].

Individuals with CYP2C9 *1/*1, VKORC1 - 1639GG genotype 
are known to require the highest amount of weekly dose and are 
sometimes known as extensive or ultra-metabolizers [36,37]. There 
is strong evidence that patients who are homozygous or heterozygous 
for CYP2C9*2, *3 or/and VKORC1 G - 1639A are sensitive to 
warfarin and acenocoumarol. They require low maintenance dose 
(CYP2C9*2, *3 carriers requiring reduction in dose by 16% and 41% 
for heterozygous and homozygous carriers, respectively) and take a 
longer time to achieve stable dose with international normalized ratio 
(INR) values within the therapeutic range (2.0 to 3.0-3.5) [37].

The FDA approved classification of genotype-guided warfarin 
dose estimates have been derived from multiple published clinical 
studies and are as given below; with *1/*1, AA; *1/*3, GG; *1/*3, 
AG; *1/*2, AG; *1/*2, AA; *2/*2, GG; *2/*2, AG and *2/*3, GG are 
recommended 3.0 to 4.0 mg/day and those with genotypes *1/*1, GG; 
*1/*1, AG and *1/*2, GG have been suggested a higher dose range 
of 5.0 to 7.0 mg/day. The revised dosing recommendations also 
highlight the prolonged time to achieve therapeutic INR effect for a 
given dosage regimen in carriers of CYP2C9 *1/*3, *2/*2, *2/*3, and 
*3/*3 as compared to non-carriers of the above CYP2C9 genotypes 
(*1/*1; *1/*2). The guidelines, based on several published studies, 
also emphasize the increased risk of over anticoagulation (INR>4) 
or bleeding in CYP2C9 *2 and *3 carriers [38]. In 2007, reference to 
genetic factors while prescribing warfarin was included in USA by 
the FDA. Later in 2010, FDA included detailed dosing guidance for 
the various genotypes in the form of a table in the warfarin product 
inserts. Table 1 depicts the same. In this, ranges are derived from 
multiple published clinical studies. CYP2C9*2 and *3 as well as 

CYP2C9

*1/*1 *1/*2 *1/*3 *2/*2 *2/*3 *3/*3

VKORC1

GG 5-7 mg 5-7 mg 3-4 mg 3-4 mg 3-4 mg 0.5-2 mg

GA 5-7 mg 3-4 mg 3-4 mg 3-4 mg 0.5-2 mg 0.5-2 mg

AA 3-4 mg 3-4 mg 0.5-2 mg 0.5-2 mg 0.5-2 mg 0.5-2 mg

Table 1: Detailed guidance on Warfarin dosing based on CYP2C9 and 
VKORC1 genotypes.
(packageinserts.bms.com/pi/pi_coumadin.pdf)
Ranges are derived from multiple published clinical studies. VKORC1 
-1639G>A (rs9923231) variant is used in this table.
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VKORC1 - 1639G>A (rs9923231) variant is used in this table. Other 
co-inherited VKORC1 variants may also be important determinants 
of warfarin dose. 

Various algorithms have been derived for simplifying the dose 
calculation as per genotypes and clinical information. Sconce et al. 
had demonstrated the first algorithm as follows [38]:

Warfarin dose (mg/day) = [0.628 - 0.0135*(Age) - 
0.24*(CYP2C9*2) - 0.37*(CYP2C9*3) - 0.241*(VKORC1) + 
0.0162*(height)] 2

(Wild type, heterozygous and homozygous genotypes of 
CYP2C9*2 and *3 were coded as 0, 1 and 2 respectively, while that of 
VKORC1 were coded as 1, 2 and 3 respectively).

The risk of bleeding associated with warfarin therapy is greatest 
during the commencement of therapy when the optimum dose for 
the patient is being evaluated. The algorithms that are available for 
predicting stable therapeutic dose could be important in maximizing 
the benefit of using genotypes to guide anticoagulant dose at the 
beginning so that patient reaches and can remain in the target INR 
for longer period and experience less complications. 

Frequencies of CYP2C9 and VKORC1 Polymorphisms in 
India

CYP2C9*2: The prevalence of CYP2C9*2 allele frequencies 
from different studies have been documented in Table 2. In North 
Indian population, Rathore et al. have reported the allelic frequency 
of CYP2C9*2 to be 0.049, which is similar to the frequencies reported 
by Nahar et al. (0.05) and Sehgal et al. (0.05) [39-41]. In study 
including subjects from Western region of India, Shalia et al. have 
counted the variant allele frequency of CYP2C9*2 as 0.046 which 
was similar to other studies by Gaikwad et al. and Natarajan et al. 
frequencies of 0.04 and 0.054 respectively [42-44]. In South Indian 
population, CYP2C9*2 frequencies have been communicated by Jose 
et al. (0.04) and Mahadevan et al. (0.03) while Adithan et al. in Tamil 
Nadu, reported the frequency of CYP2C9*2 to be 0.026 [45-47]. 
Whereas, Pavani et al. in their study in the South region (Hyderabad) 
have reported the frequency of CYP2C9*2 allele as 0.085, which was 
higher as compared to the other regions [48]. In another study by 
Nahar et al. which included the South Indian residing in the Northern 
region, the frequency of CYP2C9*2 occurred to be 0.006 which was 
relatively lesser than other studies conducted in Southern India [40]. 
This discrepancy would be due to the smaller sample size of South 
Indian included in their study and may also be due to variation in 
the ethno-geographic origin of the subjects. Thus CYP2C9*2 allele 
frequency ranges from 0.05 to 0.026 from north to south of India 
exception being study by Pavani et al. of 0.085 [48]. The frequencies 
of CYP2C9*2 was found to be similar in other Asian countries (0.029) 
[24], but lower than the Caucasians (0.151) [36].

CYP2C9*3: Different studies demonstrating CYP2C9*3 allele 
frequencies have been listed in Table 3. In North Indian populations, 
Rathore et al. have counted frequency of CYP2C9*3 allele as 0.039, 
which was much lower than reported by the other two studies by 
Nahar et al. ( 0.11), and Sehgal et al. (0.17) [39-41]. In Western Region 
of India, Shalia et al. and Gaikwad et al. have stated CYP2C9*3 allele 
frequencies as 0.122 and 0.129 respectively near to that reported by 
Nahar et al. and Sehgal et al. [40-43]. Whereas, Natarajan et al. did not 
find CYP2C9*3 variant allele in their study population [44]. In South 
Indian population, Nahar et al., Jose et al., Pavani et al. and Adithan 
et al. have reported CYP2C9*3 allele frequency in decreasing order as 
0.09, 0.08, 0.067, 0.065 respectively [40,45,47,48]. Contradicting to all 
above studies a recent study by Mahadevan et al. in the population of 

No. Region Author CYP2C9*2

 
 
1

 
 
Northern India

Rathore et al. [39] Lucknow 0.049
Nahar et al. [40] New Delhi 0.05
Sehgal et al. [41] Chandigarh 0.05

 
 
2

 
 
Western Indian 

Shalia et al. [42] Mumbai 0.046
Gaikwad et al. [43] Mumbai 0.04
Natarajan et al. [44] Mumbai 0.054

 
 
3

 
 
Southern India

Jose et al. [45]

Andhra 
Pradesh 
Karnataka 
Kerala

0.04

Mahadevan et al. [46] Kerala 0.03
Adithan et al. [47] Tamil Nadu 0.026
Pavani et al. [48] Hyderabad 0.085

Table 2: Prevalence of CYP2C9*2 allele frequency in India.

No. Region Author CYP2C9*3

 
 
1

 
 
Northern India

Sehgal et al. [41] Chandigarh 0.17
Nahar et al. [40] New Delhi 0.11
Rathore et al. [39] Lucknow 0.039

 
 
2

 
 
Western Indian 

Shalia et al. [42] Mumbai 0.122
Gaikwad et al. [43] Mumbai 0.129
Natarajan et al. [44] Mumbai 0

 
 
 
 
 
3

 
 
 
 
 
Southern India

Mahadevan et al. [46] Kerala 0.15

 
Nahar et al. [40]

South Indians 
residing in New 
Delhi

0.09

 
Jose et al. [45]

Andhra Pradesh 
Karnataka 
Kerala

0.08

Pavani et al. [48] Hyderabad 0.067
Adithan et al. [47] Tamil Nadu 0.065

Table 3: Prevalence of CYP2C9*3 allele frequency in India.

No. Region Author
VKORC1 
-1639A

 
 
1

 
 
Northern India

Nahar et al. [40] New Delhi 0.19
Sehgal et al. [41] Chandigarh 0.15
Rathore et al. [39] Lucknow 0.142

 
 
2

 
 
Western Indian 

Shalia et al. [42] Mumbai 0.13
Gaikwad et al. [43] Mumbai 0.127
Natarajan et al. [44] Mumbai 0.13

 
 
 
3

 
 
 
Southern India

 
 
Nahar et al. [40]

South 
Indians 
residing in 
New Delhi

 
 
0.14

Pavani et al. [48] Hyderabad 0.119
Mahadevan et al. 
[46] 

Kerala 0.075

Table 4: Prevalence of VKORC1 -1639A allele frequency in India.
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Kerala, have shown higher preponderance of CYP2C9*3 allele (0.15) 
[46]. Thus, overall CYP2C9*3 allele frequency observed were higher 
from North to South (0.065-0.17) than reported for Caucasians 
(0.057) [25,49-53]. Exceptions are by Rathore et al. who reported it 
0.039 similar to other Asian populations and by Natarajan et al. who 
have reported it to be absent in western region [25,39,44]. 

VKORC1 G-1639A: VKORC1-1639A allele occurrence in 
various parts as stated by different studies are documented in Table 
4. In the studies including North Indian population, Nahar et al. 
have reported VKORC1 -1639G>A minor allele occurring at the 
frequency of 0.19, slightly higher than Sehgal et al. (0.15) and Rathore 
et al. (0.142) [39-40]. In the Western region, Shalia et al. have stated 
prevalence of the minor allele of VKORC1 (-1639A) with frequency 
of 0.13, which is comparable to that reported by Gaikwad et al. as 
0.127 and Natarajan et al. as 0.13. Nahar et al. conducted a study 
involving South Indians residing in Northern region, and have 
reported the frequency of VKORC1 (-1639A) to be 0.14, similar to 
that reported in Northern and Western region [40,42-44]. Pavani et 
al. have reported the VKORC1 (-1639A) frequency as 0.119, which 
was comparable to the above stated frequency [48]. In a recent study 
including South Indian population of Kerala by Mahadevan et al. the 
allelic frequency of VKORC1 (-1639 A) was reported to be 0.075 [46]. 
Thus, the VKORC1 (-1639A) ranged from 0.19 to 0.075 from North 
to South of India similar to that reported for Japanese (33) lower than 
reported for Caucasians [31,32,34] and higher than those of Africans 
[34].

Giri et al. analyzed the allele frequency distributions of CYP2C9*2, 
CYP2C9*3 and VKORC1 (-1639G>A) polymorphisms in population 
with origin from five different states; Punjab, Haryana, Delhi, Uttar 
Pradesh (UP) and Bihar in the northern part of India [54]. Table 5 
summarizes the rare allelic frequencies of this INDICO study. The 
overall CYP2C9*3 and VKORC1 -1639A allele frequencies were 
comparable to other studies while CYP2C9*2 allele frequencies were 
greater than reported by others. 

Conclusion
The present review highlights that prevalence of warfarin 

sensitive polymorphisms in Indian population, not only did the 
polymorphisms vary compared to other populations, but also 
showed regional variations from North to South. The prevalence of 
rare allele frequencies was highest for VKORC1 -1639A, followed 
by CYP2C9*3 and then CYP2C9*2. According to the literature, an 
individual, carrying the *3 allele of CYP2C9 gene is more important 
than carrying VKORC1 variant allele, since VKORC1 variant allele 

only contributes to 25-30% reduction in warfarin dosage as opposed 
to almost 95% reduction explained by CYP2C9*3 variant [33-35]. But 
on a population level, VKORC1 -1639A is more important simply 
because it is found in higher frequency in our population. These 
factors may be taken into consideration for genome based dosing 
regimen for oral anticoagulant therapies in future. The information 
on genetic factors that affect warfarin sensitivity has not been 
incorporated into daily practice at our end. Perhaps more practical 
approach for clinicians would be to take genotype information in 
to consideration along with other factors when dosing warfarin, to 
begin with.
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