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INTRODUCTION 

Oral anticoagulation with the vitamin K antagonists 

(warfarin or acenocoumarol) also called coumarin 

anticoagulants, reduces the rate of thromboembolic 

events for patients in a variety of clinical settings.
1
 

However, vitamin K antagonist anticoagulants therapy is 

challenging because there is wide variation among 

patients in response and therefore in dose requirement. 

To achieve and maintain an optimal warfarin dose, the 

prothrombin time and the international normalized ratio 

(INR) are monitored, and doses are adjusted to maintain 

each patient's INR within a narrow therapeutic range.
1,2

  

The management of warfarin therapy is challenging 

because of variability in patient response due to a 

multitude of factors including drug, diet, and disease-

state interactions.
2
 An INR of less than 2 is associated 
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with an increased risk of thrombo-embolism, and an INR 

of 4 or more is associated with an increased risk of 

bleeding.
3,4

  

In addition, genetic variation of the hepatic microsomal 

cytochrome P450-2C9 enzyme (CYP2C9), are known to 

contribute to variability in sensitivity to vitamin K 

anticoagulant. CYP2C9 is the enzyme primarily 

responsible for the metabolic clearance of the S-

enantiomer of vitamin K antagonist warfarin.
5,6

  

Patients with certain common genetic variants of 

CYP2C9 require a lower dose of vitmin K antagonists 

and a longer time to reach a stable dose. They are also at 

higher risk for over-anticoagulation and serious 

bleeding.
7,8

 Two common variant alleles 

(polymorphisms) of CYP2C9 have been identified.
9,10

 

The *2 allele (R144C) and the *3 allele (I359L) cause 

decreased enzymatic activity of 30% and 80%, 

respectively.
11,12

 The frequencies of the *2 and *3 alleles 

have been estimated at 11% and 7%, respectively.
13 

Several studies have evaluated the association of these 

polymorphisms with clinical phenotypes in patients 

treated with vitamin K antagonists’ anticoagulants. Aithal 

et.al compared individuals having at least 1 variant 

CYP2C9 allele with individuals having the wild-type 

(*1/*1) genotype.
14

 They reported significant associations 

between variant CYP2C9 genotype and low-dose 

requirements for vitamin K antagonists, and between 

low-dose vitamin K antagonist anticoagulants 

requirements (but not genotype) and major but not minor 

bleeding events.  

Taube J, et al also found a significantly lower 

maintenance dose in patients with variant allele vs 

patients having the wild-type genotype, but did not find 

evidence of an association between genotype and 

anticoagulation status as assessed via INR.
15

 Loebstein 

et.al using multiple regression analysis reported that 

CYP2C9 genotype was independently associated with 

vitamin K antagonist anticoagulant maintenance doses.
16

  

Vitamin K epoxide reductase (VKORC1) recycles 

vitamin K epoxide to the reduced form of vitamin K, an 

essential cofactor in the formation of the active clotting 

factors II, VII, IX, and X through γ-glutamyl 

carboxylation.
17

 VKORC1 is the target of coumarin 

anticoagulants, and its common genetic variants result in 

altered sensitivity to vitamin K antagonist 

anticoagulant.
10

 VKORC1 polymorphisms are associated 

with a need for lower doses of warfarin during long-term 

therap. In some studies, were found to contribute to the 

variation in dose requirement more than CYP2C9 

variants especially in initial period of anticoagulation.
18

  

On the basis of these observations, the Food and Drug 

Administration (FDA) approved a labeling change for 

vitamin K antagonist anticoagulant warfarin that 

describes the reported effects of VKORC1 and CYP2C9 

on dose requirements.
19

 The package insert as of August 

2007 states that lower initiation doses should be 

considered for patients with certain genetic variations in 

CYP2C9 and VKORC1 enzymes. The FDA also 

approved clinical tests for these genetic variants.
20

 The 

first months of anticoagulant treatment are particularly 

problematic, since the safe and effective dose for an 

individual patient is not known and is determined 

empirically. Consequently, the risk of over-

anticoagulation, with the potential for hemorrhagic 

complications, is higher during this time than 

subsequently.
21,22 

Although medical management practices are crucial in 

determining anticoagulation state, but variant CYP2C9 

alleles would also play a role and result in a longer time 

to therapeutic INR, a higher rate of out-of-range INRs, a 

longer time to achieve stable dosing, and a higher risk of  

major or life-threatening bleeding events.
7
 Therefore, the 

current study was designed to evaluate the association 

between variant CYP2C9 alleles, VKORC1 variants and 

clinical outcomes such as anticoagulation status and 

bleeding events.  

METHODS 

The study was conducted after the institutional ethical 

clearance and informed consent from all the patients. 

Patients on vitamin K antagonist anticoagulant 

(warfarin/acenocoumarol) for various indications, 

presenting with either prolonged INR/bleeding 

manifestations or clotting manifestations (e.g. prosthetic 

valve thrombosis, pulmonary embolism or DVT) were 

enrolled in the study after written informed consent from 

the patient.  

Patients diagnosed for active cancer requiring, or with the 

potential to require concurrent chemotherapy as well as 

active alcoholism were excluded. The target therapeutic 

INR range was determined in each patient and varied 

according to the indication for vitamin K antagonist 

anticoagulant treatment.  

Each patient's age, sex, indication for anticoagulant 

therapy, date of initiation of anticoagulant, target INR 

range, initial anticoagulant dose, and concomitant 

medications were recorded. Data regarding subsequent 

INR values and anticoagulant dose the frequency of INR 

monitoring, and bleeding events were obtained from 

medical records.  All patients were tested with CBC, 

ECG, ECHO, LFT, RFT, and in pulmonary embolism 

patients CTPA.  CYP2C9 and VKORC1 genotyping for 

coumarin anticoagulants was done by polymerase chain 

reaction (PCR). CYP2C9 genotyping was performed with 

the use of a fluorescent allele-specific oligonucleotide 

ligation assay after initial polymerase-chain-reaction 

amplification with the use of primers for the major 

variant alleles of CYP2C912. VKORC1 genotyping for 

known variants with functional importance within the 

promoter and intronic regions was performed. 
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Statistical analysis: The data obtained in the present 

study were represented as percentages.  

RESULTS 

A total of thirty patients were .included in the study. Out 

of which 40% were males and 60% were females.  The 

CYP2C9 *1/*1 represents the genotype for the normal 

metabolisers who can be administered standard drug 

dose. Intermediate metabolisers (*1/*2) may require than 

average drug dose for optimal therapeutic response. Poor 

metabolisers (*1/*3,*2/*2,*2/*3,*3/*3) are at increased 

risk of drug induced side effects due to impaired drug 

elimination and hence requires significant reduction in 

vitamin K antagonist dosage (Table 1).  

 

Table 1: The minimum time required to reach INR depending on CYP2C9 genotype and type of                         

metaboliser (N=30). 

CYP2C9  Genotype Type of metaboliser Time to reach INR 

*1/*1 Genotype Normal metaboliser 4-5 days 

*1/*2 Genotype Intermediate metaboliser 8-10 days 

*1/*3,*2/*2,*2/*3,*3/*3 Poor metaboliser 2-4 weeks 

Table 2: Range of expected therapeutic warfarin doses based on CYP2C9 and VKORC1 Genotype as per FDA. 

 CYP2C9 

VKORC1 *1/*1 *1/*2 *1/*3 *2/*2 *2/*3 *3/*3 

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

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

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

Table 3: Number of patients on the basis of indications for anticoagulation with vitamin K antagonists.  

Indications Number of patients Percentage 

Prosthetic valve related indications 23 76.6% 

DVT/Pulmonary embolism related 

indications 
06 20% 

Atrial fibrillation 01 3.4% 

Table 4: Number of patients on the basis of presenting manifestations. 

Indications Number of patients Percentage 

Valvular thrombosis 15 50.0% 

Prolonged INR/Bleeding manifestations 08 26.6% 

DVT 07 23.4% 

Table 5: PCR analysis of patients recruited in the study. 

Genotype Number of patients Percentage 

genotype *1/*3 10 33.4% 

genotype *2/*3 08 26.6% 

genotype *1/*1 12 40.0% 

 

The VKORC1 test identifies how sensitive an individual 

is to vitamin K antagonist anticoagulants. Low sensitivity 

(GG), intermediate sensitivity (GA) and high sensitivity 

(AA) belongs to CYP2C9 *1/*1 require higher dosage 

than those belongs to CYP2C9 *3/*3 genotypes (Table 

2). Out of twenty three prosthetic valve patients, fifteen 

patients presented with Valve thrombosis, eight patients 

presented with prolonged INR/ bleeding manifestations. 

Two patients in prosthetic valve group who presented 

with valve thrombosis, later developed prolonged INR, 

these two patients were recently underwent valve 

replacement less than three months duration (Table 3). 

Total numbers of patients presented with bleeding 

manifestations are eight. Major bleeding manifestations 

occurred in four patients. Minor bleeding occurred in four 

patients as defined by second Copenhagen atrial 
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fibrillation, aspirin and anticoagulation (Table 4). In 

thirty patients PCR analysis showed ten patients are poor 

metaboliser ( genotype *1/*3 and *2/*3 ) for vitaminK 

anticoagulant and twenty are normal metaboliser (*1/*1 

genotype).So CYP2C9*1/*1 genotype in this study is 

67%, CYP2C9 *1/*3 genotype is 30% , and CYP2C9 

*2/*3 genotype is 3% (Table 5).  

DISCUSSION 

In this study, patients who were on vitamin K antagonist 

anticoagulants therapy investigated the relationship 

between VKORC1 haplotypes and CYP2C9 genotypes 

and the INR responses that are used to adjust doses.
23

 A 

study by Schwarz UI et al showed that in their study 

major finding was that genetic variation in VKORC1, but 

not in CYP2C9, modulates the early response to 

warfarin.
24

 Most of the patients with prolonged INR are 

GG variant VKORC1.However most of the patients with 

prolonged INR were recently started on vitamin K 

antagonist anticoagulant. 

The results of the present study suggest that CYP2C9 

genotype is associated with warfarin maintenance dose, 

time to stable warfarin dosing, rate of above-range INRs, 

and bleeding events in patients taking warfarin. During 

the initiation period of warfarin therapy, it appears that 

patients with variant CYP2C9 alleles become over-

anticoagulated at a faster rate and must undergo 

additional dose adjustments, thus translating into a longer 

time until stable dosing is achieved. When these patients 

do become stable, their daily maintenance dose of 

warfarin is significantly lower than that of patients 

without genetic impairment of warfarin metabolism.  

Patients with variant CYP2C9 alleles also experience a 

higher risk of serious and major bleeding events.
25

 Fihn 

SD et al found that recent initiation (first 90 days) of 

warfarin therapy compared with any time thereafter was 

an independent predictor of first-episode serious 

bleeding.
26

 We found CYP2C9 genotype is an important 

predictor of a first bleeding event during the initiation 

phase of therapy.  

This increased risk may be caused by the administration 

of loading doses that are too high for patients with 

genetic impairment of CYP2C9. The incidences of major 

bleeding events in our study are similar to those found in 

other studies.
26

 The frequencies of the  CYP2C9 *1/*1  

genotype was 67%, CYP2C9 *1/*3 genotype 30% and 

CYP2C9 *2/*3 genotype  3%, compared to other studies 

CYP2C9 *1/*3 genotype  patients were more. 

Most important finding in the present study was that 

those patients who were on vitamin K antagonist 

anticoagulant, presented with clotting manifestations 

(valve thrombosis, DVT or pulmonary embolism) are 

noncompliant to anticoagulant and poor periodic INR 

checkup. Yasar U et al genotyped 430 Swedish 

volunteers and found *2 and *3 frequencies of 11% and 

7%.
27

  

As genomic information becomes more readily available, 

it is likely that clinicians will need to consider new 

guidelines for patient management, especially when 

administering drugs with narrow therapeutic indexes such 

as warfarin.
28

 Variant CYP2C9 genotype could be 

considered a "sensitivity factor" for low-dose 

requirements when initiating warfarin therapy, and 

patients with a variant genotype could be considered 

candidates for increased surveillance for bleeding risk.  

The prognostic specificity of CYP2C9 genotype was also 

an important factor in its clinical usefulness. Significant 

additional medical care resources could be consumed 

unnecessarily by patients with variant genotypes despite 

low risk of bleeding. It was necessary to demonstrate the 

value of the genotype information as being useful in the 

maintenance phase.
7
  

Understanding the pharmacogenetics that contributes to 

variability in the vitamin K antagonist anticoagulant and 

dose-response relationship may help in tailoring drug 

therapy to patients in a safe and effective manner. This 

study confirms the dose-genotype association found in 

previous studies.
7
 We found that patients with a variant 

genotype experienced a higher rate of above-range INRs, 

less stability on maintenance therapy, and a higher risk of 

bleeding events. The use of CYP2C9 testing may be a 

method to identify high-risk patients who are candidates 

for lower vitamin K antagonist anticoagulant doses, more 

frequent monitoring, or treatment with alternate therapies 

as they become available. 

CONCLUSION 

The results of our study suggest that the CYP2C9 

polymorphisms are associated with an increased risk of 

over anticoagulation/ prolonged INR and of bleeding 

events among patients in on vitamin K antagonist 

anticoagulant. Screening for CYP2C9 variants may allow 

clinicians to develop dosing protocols and surveillance 

techniques to reduce the risk of adverse drug reactions in 

patients receiving oral vitamin K antagonist 

anticoagulant. However the cost-effectiveness of 

genotyping patients must be considered. 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: The study was approved by the 

Institutional Ethics Committee 

REFERENCES 

1. Ansell J, Hirsh J, Poller L, Bussey H, Jacobson A, 

Hylek E. The pharmacology and management of the 

vitamin K antagonists: the Seventh ACCP 

Conference on Antithrombotic and Thrombolytic 

Therapy. Chest. 2004;126:3 Suppl:204S-233S.  



Parameshwar S et al. Int J Res Med Sci. 2016 Jun;4(6):2120-2124 

                                                            International Journal of Research in Medical Sciences | June 2016 | Vol 4 | Issue 6    Page 2124 

2. Hirsh J, Dalen J, Anderson DR, Poller L, Bussey H, 

Ansell J, et al.  Oral anticoagulants.  Chest. 

2001;119(suppl 1):8-21.  

3. Kearon C, Ginsberg JS, Kovacs MJ, Anderson DR, 

Wells P, Julian JA et al. Comparison of low-intensity 

warfarin therapy with conventional-intensity 

warfarin therapy for long-term prevention of 

recurrent venous thromboembolism. N Engl J Med. 

2003; 349:631-9. 

4. Levine MN, Raskob G, Landefeld S, Kearon C. 

Hemorrhagic complications of anticoagulant 

treatment. Chest. 2001;119:1 Suppl:108S-21S. 

5. Takahashi H, Wilkinson GR, Padrini R, Echizen H. 

CYP2C9 and oral anticoagulation therapy with 

acenocoumarol and warfarin: similarities yet 

differences. Clin Pharmacol Ther. 2004;75:376-80.  

6. Kaminsky LS, Zhang ZY. Human P450 metabolism 

of warfarin. Pharmacol Ther. 1997;73:67-74.  

7. Higashi MK, Veenstra DL, Kondo LM, Wittkowsky 

AK, Srinouanprachanh SL, Farin FM,  et al. 

Association between CYP2C9 genetic variants and 

anticoagulation-related outcomes during warfarin 

therapy. JAMA. 2002;287:1690-8.  

8. Veenstra DL, Blough DK, Higashi MK, Farin FM, 

Srinouanprachan S, Rieder MJ, et al. CYP2C9 

haplotype structure in European American warfarin 

patients and association with clinical outcomes. Clin 

Pharmacol Ther. 2005;77:353-64.  

9. Rettie AE, Haining RL, Bajpai M, Levy RH. A 

common genetic basis for idiosyncratic toxicity of 

warfarin and phenytoin.  Epilepsy Res.1999;35:253-

5. 

10. Rettie AE, Korzekwa KR, Kunze KL, Lawrence RF, 

Eddy AC, Aoyama T, et al.  Hydroxylation of 

warfarin by human cDNA-expressed cytochrome 

P450.  Chem Res Toxicol. 1992;5:54-9.  

11. Crespi CL, Miller VP. The R144C change in the 

CYP2C9*2 allele alters interaction of the 

cytochrome-P450withNADPH: cytochrome-P450 

oxidoreductase.  Pharmacogenetics. 1997;7:203-10. 

12. Takanashi K, Tainaka H, Kobayashi K, Yasumori T, 

Hosakawa M, Chiba K.CYP2C9 Ile359 and Leu359 

variants.  Pharmacogenetics. 2000;10:95-104. 

13. Furuya H, Fernandez-Salguero P, Gregory W, Taber 

H, Steward A, Gonzalez FJ, et al.  Genetic 

polymorphism of CYP2C9 and its effect on warfarin 

maintenance dose requirement in patients undergoing 

anticoagulation therapy.  Pharmacogenetics. 

1995;5:389-92. 

14. Aithal GP, Day CP, Kesteven PJ, Daly AK. 

Association of polymorphisms in the cytochrome 

P450 CYP2C9 with warfarin dose requirement and 

risk of bleeding complications.  Lancet. 

1999;353:717-9. 

15. Taube J, Halsall D, Baglin T. Influence of 

cytochrome P-450 CYP2C9 polymorphisms on 

warfarin sensitivity and risk of over-anticoagulation 

in patients on long-term treatment.  Blood. 

2000;96:1816-9. 

16. Loebstein R, Yonath H, Peleg D, Almog S, 

Rotenberg M, Lubetsky A,  et al.  Interindividual 

variability in sensitivity to warfarin-nature or 

nurture?  Clin Pharmacol Ther. 2001;70:15964. 

17. Cain D, Hutson SM, Wallin R. Assembly of the 

warfarin-sensitive vitamin K 2,3-epoxide reductase 

enzyme complex in the endoplasmic reticulum 

membrane. J Biol Chem. 1997;272:29068-75. 

18. Rieder MJ, Reiner AP, Gage BF. Effect of VKORC1 

haplotypes on transcriptional regulation and warfarin 

dose. N Engl J Med.. 2005;352:2285-93. 

19. FDA approves updated warfarin (Coumarin) 

prescribing information. Press release of the Food 

and Drug Administration, August 16, 2007.  

20. FDA clears genetic lab test for warfarin sensitivity. 

Press release of the Food and Drug Administration, 

September 17, 2007. 

21. Beyth RJ, Quinn L, Landefeld CS. A 

multicomponent intervention to prevent major 

bleeding complications in older patients receiving 

warfarin: a randomized, controlled trial. Ann Intern 

Med. 2000;133:687-95. 

22. McMahan DA, Smith DM, Carey MA, Zhou XH. 

Risk of major hemorrhage for outpatients treated 

with warfarin. J Gen Intern Med. 1998;13:311-6. 

23. Sullivan-Klose TH1, Ghanayem BI, Bell DA, Zhang 

ZY, Kaminsky LS, Shenfield GM, et al.  The role of 

the CYP2C9-Leu359 allelic variant in the 

tolbutamide polymorphism. Pharmacogenetics. 

1996;6:341-9. 

24. Schwarz UI, Ritchie MD, Bradford Y. Genetic 

Determinants of Response to Warfarin during Initial 

Anticoagulation. N Engl J Med. 2008;358:999-1008. 

25. Stubbins MJ, Harries LW, Smith G, Tarbit MH, 

Wolf CR.  Genetic analysis of the human 

cytochrome P450 CYP2C9 locus.  

Pharmacogenetics. 1996;6:429-39. 

26. Fihn SD, McDonell M, Martin D, Henikoff J, 

Vermes D, Kent D  et al.  Risk factors for 

complications of chronic anticoagulation. Ann Intern 

Med. 1993;118:511-20.  

27. Yasar U, Eliasson E, Dahl ML, Johansson I, 

Ingelman-Sundberg M, Sjöqvist F. Validation of 

methods for CYP2C9 genotyping.  Biochem Biophys 

Res Commun. 1999;254:628-31. 

28. Veenstra DL, Higashi MK, Phillips KA. Assessing 

the cost-effectiveness of pharmacogenomics.  AAPS 

Pharmsci. 2000;2:2-9.  

 

 

 

 

 

 

Cite this article as: Parameshwar S, Rashmi, 

Dattatreya PV. Genetic determinants of response and 

adverse effects following vitamin K antagonist oral 

anticoagulants. Int J Res Med Sci 2016;4:2120-4. 


