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Abstract
Background: To determine the contribution of cytochrome P4502C9 (CYP2C9), vitamin K epoxide reductase (VKO-
RC1) and factor VII genotypes, age, body mass index (BMI), international normalized ratio (INR) and other individual 
patient characteristics on warfarin dose requirements in an adult Turkish population. 
Methods: Blood samples were collected from 101 Turkish patients. Genetic analyses for CYP2C9*2 and *3, VKORC1 
-1639 G>A and factor VII -401 G>T polymorphisms were performed. Age, INR, BMI values and other individual pa-
tient characteristics were also recorded.
 Results: The mean daily warfarin dosage was significantly higher in patients with the CYP2C9*1/*1 genotype than in 
the CYP2C9*2/*2 and CYP2C9*1/*3	groups	(p	≤	0.05).	With	respect	to	the	VKORC1 -1639 G>A polymorphism, the 
mean	warfarin	daily	dose	requirement	was	higher	in	the	wild	type	group	compared	to	the	heterozygous	group	(p≤0.001).	
The mean daily dose requirement for patients with the GG form of factor VII was significantly higher than that of pa-
tients with the TT	genotype	(p	≤	0.05).	Age,	gender,	BMI,	INR	had	no	statistically	significant	correlation	with	warfarin	
dose	(p	≥	0.05).	
Conclusions: Polymorphisms in CYP2C9, VKORC1 and factor VII did partially affect daily warfarin dose requirements, 
while age, gender, BMI and INR do not. However, further case-control studies with a larger study size and different 
genetic loci are needed to confirm our study. Hippokratia 2014; 18 (4): 319-327.
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Introduction
Vitamin K antagonists are effective at preventing 

cardioembolic stroke, myocardial infarction and venous 
thrombosis, but they double the incidence of hemorrhage. 
The hemorrhage risk is greatest during the first weeks to 
months of therapy1. 

Oral administration of anticoagulants in the preven-
tion and treatment of thromboembolic disorders is the 
most commonly used method of treatment in clinical 
practice. Population differences in drug-metabolizing 
enzymes are important for modifying therapeutic doses 
and safety profiles of drugs among populations. Pharma-
cogenetic differences are regarded as an important factor 
to consider in the treatment of diseases and conditions 
with personalized medicine. Warfarin is the most widely 
prescribed oral anticoagulant in the world1-7. Clinically 
available warfarin consists of a racemic mixture of two 
active optical isomers, the (R)- and (S)- isoforms. Their 
pharmacokinetic properties differ considerably because 
they are cleared via different pathways. (S)- warfarin has 
about a 1.5-fold greater systemic clearance and is 5-fold 

more potent than the (R)- isoform1,4,8,9. 
However, warfarin has a narrow therapeutic range and 

a given dose may result in a large inter-individual varia-
tion. An insufficient dose may fail to prevent thromboem-
bolism, while an overdose increases the risk of bleeding. 
The degree of anticoagulation achieved in each patient is 
measured by obtaining the prothrombin time (PT) and is 
expressed as the international normalized ratio (INR)10.

The relationship between the dose prescribed and the 
individual response is regulated by genetic and environ-
mental factors. Warfarin dose requirements are affected 
by many factors, such as gender, age, diet, race, concomi-
tant medication and genetic factors. Pharmacogenomics, 
the study of the interaction of an individual’s genotype 
and drug response, can help to optimize drug efficacy 
while minimizing adverse drug reactions4,5,10. 

In particular, molecular analysis of two genes that en-
code the enzyme responsible for the warfarin (S)-isoform 
catabolism (CYP2C9) and the target enzyme vitamin K ep-
oxide reductase complex 1 (VKORC1) strongly suggests 
that their genetic variations greatly affect the individual 
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response to oral anticoagulants. Genotype-based model-
ing explained a large portion of the dose variation3,4,6,10. 
Possession of the CYP2C9*2 or CYP2C9*3 allele vari-
ants, which result in decreased enzyme activity, is asso-
ciated with a significant decrease in the mean warfarin 
dose. Several single nucleotide polymorphisms (SNPs) 
in VKORC1 are associated with warfarin dose across 
the normal dose range. Haplotypes based on these SNPs 
explain a large fraction of the inter-individual variation 
in the warfarin dose and VKORC1 variation has an ap-
proximately three-fold greater effect than CYP2C9. Ad-
ditionally, polymorphisms within the genes encoding 
transporters, receptors and vitamin K-dependent clot-
ting factors (II, VII, IX, X) and the anticoagulant pro-
teins C and S have been suggested to predict sensitivity 
to warfarin therapy2,5,6,10,11. Factor VII (FVII) is a vitamin 
K-dependent inactive protease, which is converted to its 
active form on contact with the tissue factor and then ac-
tivates factor X and factor IX. Functional genetic poly-
morphisms in the gene encoding FVII could modify the 
response to warfarin during the first days of treatment6,12.

Algorithms incorporating genetic (CYP2C9 and 
VKORC1), demographic and clinical factors to estimate 
the warfarin dosage, could potentially minimize the risk 
of over dose during warfarin induction10. Until now, there 
was no accurate way to estimate the dose to reduce the 
risk of hemorrhage1.

It appears that it would be useful to increase the num-
ber of candidate genes involved in the metabolism of oral 
anticoagulants; pharmacogenomic profiling according to 
these genes could be a powerful, easily adoptable tool to 
improve oral anticoagulant therapy management4.

In this study, we evaluated the effects of CYP2C9, 
VKORC1 and factor VII polymorphisms and other patient 
characteristics on the warfarin dose required to maintain 
a therapeutic INR (2.0-3.0) in Turkish patients.

Material and Methods
Participants

The Human Research Committee at Eskisehir Os-
mangazi University approved this study (28.07.2009/309) 
and all participants provided written informed consent. 
Participants requiring warfarin therapy were recruited 
from the outpatient clinic of the Cardiology Department 
of Eskisehir Osmangazi University Faculty of Medicine. 
In total, 101 consecutive patients fulfilled the inclusion 
criteria for this study, which included 1) use of warfarin 
for at least one month and 2) a stable INR of 2.0-3.0 since 
joining the clinic. Patients were still eligible for this study 
if there were transient alterations in warfarin require-
ments attributable to acute illness or medication changes, 
provided that they returned to their usual warfarin dose 
when the illness had resolved or the medication was dis-
continued. Patients with higher warfarin target INRs were 
included if a stable dose of warfarin maintained their INR 
between 2.0 and 3.0 for at least one month. The results 
of standard biochemical tests, age, height, body weight, 
gender, body mass index (BMI), indication for warfarin 

use, daily prescribed warfarin dose, comorbidity and con-
comitant medications were recorded on the study form. 
All subjects participating in this study were Turkish.

The exclusion criteria included non-genetic explanations 
for altered warfarin requirements, such as hepatic dysfunc-
tion, cancer, liver disease, renal disease, advanced heart fail-
ure, hypothyroidism, hyperthyroidism, diseases with bleed-
ing tendency, alcohol consumption (>7 drinks/week), un-
derweight (BMI < 18 kg/m2), concurrent rifampin or herbal 
use, a diet rich in green leafy vegetables including broccoli, 
spinach, cauliflower (> 2 servings/day), age > 80 years and 
use of > 13 acetaminophen (325 mg) tablets/week.

Genotyping
Genotyping was performed by experimenters blinded 

to the associated clinical information. We collected 10 mL 
blood in EDTA from each participant. Genomic DNA was 
isolated from blood samples. Genotyping of CYP2C9*2 
(rs1799853), (Arg144Cys), CYP2C9*3 (rs1057910) 
(Ile359Leu), VKORC1 -1639 G>A (rs9923231) and fac-
tor VII -401 G>T (rs3093229) alleles were performed ac-
cording to previously described methods2,13,14. 

Subjects with either of the two non-functional al-
leles (*2 and *3) of CYP2C9 were defined as poor me-
tabolizers (PMs). Homozygotes for the *1 allele were 
defined as homozygous extensive metabolizers (hmEms) 
and heterozygotes for the mutant allele were defined as 
heterozygous extensive metabolizers (htEms). For VKO-
RC1 -1639 G>A, subjects with GG, GA and AA alleles 
were defined as wild type, heterozygous and homozy-
gous, respectively. For factor VII -401 G>T, subjects 
with GG, GT and TT alleles were defined as wild type, 
heterozygous and homozygous, respectively.

Statistical analysis
All data analyses were performed in IBM Statistical 

Package for the Social Sciences (SPSS) version 20 (SPSS 
Inc., Chicago, IL, USA). The properties of our data distri-
bution were investigated using the Kolmogorov-Smirnov 
and Shapiro-Wilk tests. In each group, all continuous 
variables (age, BMI, dose and INR) were compared 
across genotypes using a one-way ANOVA for normally 
distributed variables and a Kruskal-Wallis test for non-
normally distributed variables. A Kolmogorov-Smirnov 
normality test was used to determine the normally dis-
tributed variables. Chi-square analyses were used for 
nominal variables. The effects of the tested parameters on 
warfarin dose were assessed using simple and multiple 
linear regression analysis. The results were evaluated in 
95	%	confidence	intervals	and	p	≤	0.05	was	accepted	as	
statistically significant.

Results
A total of 101 warfarin-treated patients, including 

60 females (59.41%) and 41 males (40.59%), were ac-
cepted for the study. The age range was 26-80 years, with 
a mean age of 63.74 ± 11.43 years. The median mainte-
nance daily dose of warfarin was 4.07 mg/day. Average 
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warfarin dose requirements ranged from 1.13 to 7.86 mg/
day. Characteristics of the study group are shown in Table 
1a. Concomitant interacting medications and comorbid-
ity are shown in Table 1b. 

between the CYP2C9*1/*1 group and the CYP2C9*1/*2 
group [3.93 (3.21-5) mg]. Additionally, there was no sta-
tistically significant difference between the CYP2C9*1/*2 

Table 1a: Characteristics of the study group consisting of 
101 Turkish patients that underwent genetic analyses for 
CYP2C9*2 and *3, VKORC1 -1639 G>A and factor VII 
-401 G>T polymorphisms.

n (%)
Age in years 
(mean+SD)

63.74 ± 11.43

Daily warfarin dose 
in mg, mean (range)

4.07 ± 1.60 (1.13-7.86)

Gender
Female 60 (59.41%)
Male 41 (40.59%)
Population 101 (100%) Turkish
Indication for 
warfarin treatmenta

AF 68 (67.33%)
MVR 21 (20.79%)
AVR 9 (8.91%)
DVT 5 (4.95%)
CAD 21 (20.79%)
CYP2C9*2
*1/*1 72 (71.3% )
*1/*2 23 (22.8%)
*2*2 6 (5.9%)
CYP2C9*3
*1/*1 57 (56.4% )
*1/*3 34 (33.7%)
*3/*3 10 (9.9%)
VKORC1 -1639G>A 
GG (wild type) 25 (24.8%)
GA (heterozygous) 49 (48.5%)
AA (homozygous) 27 (26.7%)
Factor VII -401G>T
GG (wild type) 47 (46.54%)
GT (heterozygous) 37 (36.63%)
TT (homozygous) 17 (16.83%)

Data are presented as mean ± standard deviation or number of pa-
tients (%), a: patients may have had more than one indication for 
warfarin therapy, DVT: deep vein thrombosis, MVR: mitral valve 
replacement, AVR: aortic valve replacement, AF: atrial fibrillation, 
CAD: coronary artery disease, CYP2C9: cytochrome P450 2C9 
genotype, VKORC1: vitamin K epoxide reductase genotype, factor 
VII: factor VII genotype.

Table 1b: Concomitant interacting medications and co-
morbidity of the 101 warfarin-treated patients included 
in the study.

Concomitant interacting 
medicationsa

Antiepileptics (phenyntoin, 
levetiracetam, gabapentin, ect.)

5 (4.95%)

Antibiotics (quinolones) 2 (1.98%)
Lipid-lowering agents (statins) 36 (35.64%)
H2 blockers (famotidine) 1 (0.99%)
Proton pump inhibitors 7 (6.93%)
Angiotensin II receptor 
antagonists 

14 (13.86%)

β-blockers 69 (68.32%)

Calcium Channel Blockers 11 (10.89%)
α-blockers 11 (10.89%)
Diuretics 57 (56.44%)

Bronchodilators 8 (7.92%)
Antiagregants (ASA, etc.) 57 (56.44%)
Oral iron therapy 3 (2.97 %)
Antiischemic drugs 7 (6.93%)
Coronary vasodilators 9 (8.91%)
Antidiabetic drugs 13 (12.87%)
Thyroid drugs 7 (6.93%)
Antidepressant drugs 6 (5.94%)
Other 11 (10.89%)
Comorbidity
Hypertension 60 (59.40 %)
Arrhythmia 1 (0.99 %)
Type II diabetes 18 (17.82 %)

Data are presented as number of patients (%), a: patients might have 
used more than one concomitant interacting medication.

1. The mean daily warfarin dosage was significant-
ly higher in patients with the CYP2C9*1/*1 genotype 
[median: 3.93 (2.5-5.36) mg] than in patients with the 
CYP2C9*2*2 genotype [median: 2.5 (1.88-3.12) mg] 
(p<0.05). There was no statistically significant difference 

group and the CYP2C9*2*2 group (p > 0.05) (Table 2). 
2. The mean daily warfarin dosage was significantly 

higher in patients with the CYP2C9*1/*1 genotype [5 
(3.93-5.71) mg] than in patients with the CYP2C9*1/*3 
genotype [3.21 (2.5-5) mg] (p<0.05). There was no statis-
tically significant difference between the CYP2C9*1/*1 
group and the CYP2C9*3/*3 group [3.93 (2.85-5) mg]. 
Additionally, there was no statistically significant dif-
ference between the CYP2C9*1/*3 group and the 
CYP2C9*3/*3 group (p > 0.05) (Table 3). 

3. The mean daily dose of the patients with the VKORC1 
-1639 GG genotype [5 (3.93-6.07) mg] was significantly 
higher than that of the patients with the VKORC1 -1639 GA 
[3.21 (2.5-4.82) mg] genotype (p<0.001). There was no sta-
tistically significant difference between the mean daily doses 
in patients with the VKORC1 -1639 GA genotype and patients 
with the VKORC1 -1639 AA genotype (p > 0.05) (Table 4).
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Table 2: Daily warfarin dose and clinical characteristics in patients with various CYP2C9*2 genotypes.
Wild Type

(1)
(CC)

Heterozygous
(2)

(CT)

Homozygous
 (3)
(TT)

Mean ± SD
median (25th-75th)

Mean ± SD
median (25th-75th)

Mean ± SD
median (25th-75th)

p Value Multiple 
Comparison

Age 63.12 ± 12.06
64.5 (55.25-72.75)

67.04 ± 9.63
67 (61-77)

68.83 ± 10.92
70 (58.75-80)

0.261b -

Dose 4.27 ± 1.63
3.93 (2.5-5.36)

4.04 ± 1.38
3.93 (3.21-5)

2.7 ± 1.17
2.5 (1.88-3.12)

0.034b 1-3

BMI 
(kg/m2)

26.15 ± 4.60
25.13 (23.33-27.69)

24.66 ± 3.28
23.80 (22.28-25.74)

24.92 ± 2.59
23.64 (22.99-27.93)

0.336 b -

INR 2.38 ± 0.67
2.38 (2.03-2.78)

2.50 ± 0.80
2.51 (2.09-2.69)

2.54 ± 0.77
2.52 (2.13-3.12)

0.544 b -

Sexc number (%) number (%) number (%)
Female 43 (71.7%) 13 (21.7%) 4 (6.7 %) 0.899
Male 29 (70.7%) 10 (24.4%) 2 (4.9%)

SD: standard deviation, CYP2C9*2: cytochrome P450 2C9*2 genotype, a: one-way analysis of variance, b: Kruskal-Wallis Test, c: Chi-square 
test	for	sex,	*:	p≤0.05.

Table 3: Daily warfarin dose and clinical characteristics in patients with various CYP2C9*3 genotypes. 
Wild Type

(1)
(AA)

Heterozygous
(2)

(AC)

Homozygous
 (3)

(CC)
Mean ± SD

median (25th-75th)
Mean ± SD

median (25th-75th)
Mean ± SD

median (25th-75th)
p Value Multiple 

Comparison
Age 60.76 ± 10.95

62 (50.75-69)
64.85 ± 11.90

68 (57-75)
67.2 ± 7.88

65.5 (59.75-73.25)
0.111b -

Dose 4.74 ± 1.44
5 (3.93-5.71)

3.68±1.52
3.21 (2.5-5)

4.20 ± 1.56
3.93 (2.85-5)

0.005b 1-2

BMI 
(kg/m2)

25.99 ± 4.08
25.74 (23.44-27.68)

25.40±3.62
25 (22.64-27.48)

23.08 ± 1.63
23.16 (22.17-24.66)

0.196a -

INR 2.35 ± 0.52
2.41 (2.06-2.68)

2.39 ± 0.68
2.39 (2.03-2.66)

2.74 ± 1.24
2.58 (1.44-3.88)

0.818 b -

Sexc number (%) number (%) number (%)
Female 33 (55%) 21 (35 %) 6 (10%) 0.935
Male 24 (58.5%) 13 (31.7%) 4 (9.8%)

SD: standard deviation, CYP2C9*3: cytochrome P450 2C9*3 genotype, a: one-way analysis of variance, b: Kruskal-Wallis Test, c: Chi-square 
test	for	sex,	*:	p≤0.05.

Table 4: Daily warfarin dose and clinical characteristics in patients with various VKORC1 genotypes.
Wild Type

(1)
(GG)

Heterozygous
(2)

(GA)

Homozygous
 (3)

(AA)
Mean ± SD

median (25th-75th)
Mean ± SD

median (25th-75th)
Mean ± SD

median (25th-75th)
p Value Multiple 

Comparison
Age 63.24 ± 9.73

64 (54.5-72.5)
63.93 ± 12.34

67 (58-73)
63.85 ± 11.55

65 (55-75)
0.969a -

Dose 5 ± 1.47
5 (3.93-6.07)

3.49 ± 1.29
3.21 (2.5-4.82)

4.22 ± 1.80
3.93 (2.5-5.44)

0.001b 1-2

BMI 
(kg/m2)

25.97 ± 4.59
25 (22.89-22.79)

25.12 ± 3.03
24.83 (22.52-27.53)

25.88 ± 4.01
25.84 (23.07-27.68)

0.705 a -

INR 2.27 ± 0.73
2.30 (1.63-2.80)

2.43 ± 0.79
2.4 (1.98-2.68)

2.49 ± 0.45
2.44 (2.16-2.68)

0.410 b -

Sexc number (%) number (%) number (%)

Female 15 (71.7%) 31 (6.7 %) 14 (21.7%) 0.745
Male 11 (26.8%) 18 (43,9%) 12 (29.3%)

SD: standard deviation, VKORC1: Vitamin K epoxide reductase genotype, a: one-way analysis of variance, b: Kruskal-Wallis Test, c: Chi-
square	test	for	sex,	**	p≤0.001. 
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4. The mean daily dose of the patients with the fac-
tor VII -401 GG genotype [5 (3.93-6.96) mg] was signifi-
cantly higher than that of the patients with the factor VII 
-401 TT genotype [3.57 (2.5-5) mg] (p<0.05). There was 
no statistically significant difference between the mean 
daily doses in patients with the factor VII -401 GG geno-
type and patients with the factor VII -401 GT genotype (p 
> 0.05) (Table 5).

Age, gender, BMI and INR parameters showed no 
statistically significant difference (p>0.05) across the 
CYP2C9*2, CYP2C9*3, VKORC1 -1639 G>A and fac-
tor VII -401 G>T genotype groups (Tables 2-6). A mul-
tivariate regression model including age (R2= 1.4 %), 
BMI (R2= 1 %), INR (R2= 2 %), CYP2C9*2 (R2= 0.2 
%), CYP2C9*3 (R2= 1.1 %), VKORC1 (R2= 14.9 %) and 
factor VII (R2= 2.2 %) and used to estimate warfarin dose 
(R2= 18.2 %) is shown in Table 7.

Discussion
In the present study, we investigated genetic 

[CYP2C9*2, CYP2C9*3, VKORC1 -1639G>A and fac-
tor VII  -401G>T  polymorphisms] and non-genetic 
predictors of warfarin dose requirements in 101 patients 
from Turkey. 

Warfarin is a commonly used drug, but it is difficult 
to manage clinically. Warfarin therapy, especially at ini-
tiation, is particularly problematic. There is greater than 
10-fold inter-individual variability in the dose required to 
attain a therapeutic response. The inter-individual vari-
ability in response to this drug requires patients to rou-
tinely visit coagulation clinics and undergo repeated INR 
measurements4,7,10,15. 

Genetic polymorphisms in the genes encoding for 
VKORC1 and CYP2C9 have been shown to correlate 
with the response to warfarin during both induction and 
maintenance6,16-19. Many large and retrospective clinical 
studies of various populations have found that the CYP2C9 
(*2,*3), VKORC1 -1639 G>A and factor VII -401 G> T 

polymorphisms and their allelic variants are important in 
determining the warfarin dose requirement5,10,20-28. Recent 
genome-wide association studies have confirmed known 
polymorphisms in CYP2C9 and VKORC1 as the primary 
genetic determinants of the stabilized warfarin dose29.

On the other hand, numerous clinical factors, includ-
ing age, race, weight, height, smoking status and medica-
tion use, have been associated with variability in mainte-
nance warfarin dose requirements30-32. 

Our study assessed the contributions of the CYP2C9, 
VKORC1 and factor VII genotypes to inter-individual 
variability in the Turkish population. Determinable de-
mographic factors such as age, gender and BMI, which 
have been considered as contributing covariates, along 
with INR parameters, were found not to be associated 
with warfarin dose requirements in our study. Based on 
these results, we conclude that patient age, gender, BMI, 
INR and genetic polymorphism of CYP2C9, VKORC1 
and factor VII account for approximately 18.2% of the 
variability in the daily warfarin dose  requirement, though  
the contributions of age, gender, BMI and INR were not 
statistically significant. 

Thus, our analysis revealed that despite the results of 
other studies20,22,27,28, genetic polymorphisms in the genes 
encoding CYP2C9, VKORC1 and factor VII were partial-
ly associated with warfarin dose requirement. 

We confirmed that the presence of the CYP2C9*2 
polymorphism can explain only approximately 0.2% of 
the inter-individual variability in the warfarin dose re-
quirement in our model, while CYP2C9*3 explains only 
1.1%. Furthermore, we found that the daily warfarin 
doses of patients with the CYP2C9*1/*1 genotype were 
only significantly higher than those of patients with the 
CYP2C9*2/*2 or CYP2C9*1/*3 genotypes (p < 0.05). 

Thus far, more than 50 variant alleles of CYP2C9 have 
been identified. R- and S-enantiomers of warfarin are me-
tabolized via different pathways. While the S-isoform is 
mainly metabolized by CYP2C9, the R-isoform is metab-

Table 5: Daily warfarin dose and clinical characteristics in patients with various factor VII genotypes.
Wild Type

(1)
(GG)

Heterozygous
(2)

(GT)

Homozygous
 (3)
(TT)

Mean ± SD
median (25th-75th)

Mean ± SD
median (25th-75th)

Mean ± SD
median (25th-75th)

p Value Multiple 
Comparison

Age 60.76 ± 13.11
64 (48-72)

65 ± 10.30
65 (57.5-74.5)

63.76 ± 11.57
64 (57-72)

0.450a -

Dose 5.09 ± 1.69
5 (3.93-6.96)

4.06 ± 1.74
3.93 (2.5-5)

3.74 ± 1.20
3.57 (2.5-5)

0.038b 1-3

BMI 
(kg/m2)

24.19 ± 4.58
23.33 (20.54-27.81)

25.25 ± 2.99
25.53 (23.05-27.10)

25.82 ± 3.79
24.90 (23.19-27.71)

0.501 a -

INR 2.43 ± 0.33
2.41 (2.13-2.77 )

2.39 ± 0.68
2.40 (2.01-2.79)

2.42 ± 0.83
2.37 (1.86-2.66)

0.905 b -

Sexc number (%) number (%) number (%)
Female 27 (45%) 20 (33.3 %) 13 (21.7%) 0.277
Male 20 (48.8%) 17 (41.5%) 4 (9.8%)

SD: standard deviation, factor VII: coagulation factor VII genotype, a: one-way analysis of variance, b: Kruskal-Wallis Test, c: Chi-square test 
for	sex,	**	p≤0.001. 
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olized by the CYP3A4, 1A2 and 1A1 enzymes. Genetic 
variations in these regions may lead to inter-individual 
differences in the effective warfarin dose4,10,21,28,33,34. 

Our results are similar to those of Miao et al, who 
concluded that the CYP2C9*3 allele can only explain ap-
proximately 1.7% of the inter-individual variability and 
those of Suriapranata et al, who revealed that CYP2C9*3 
was not significantly associated with warfarin dose re-
quirement. Additionally, our study is similar to previous 
studies demonstrating that CYP2C9 allelic variants fail to 

account for changes in the dose-anticoagulant effect of 
warfarin and that other factors may be involved29,35-37. 

We confirmed that the VKORC1-1639 G>A polymor-
phism can only explain approximately 14.9% of the inter-
individual variability in the warfarin dose requirement; 
as such, it made the largest contribution to estimations of 
warfarin dose in our study. The daily doses for patients 
with the VKORC1 -1639 GG genotype were only sig-
nificantly higher than those of patients with the VKORC1 
-1639 GA genotype. 

Table 7: Regression equations for modeling warfarin daily dose requirements based on age, BMI, INR and VKORC1, 
CYP2C9 and factor VII genotypes.

Model x Parameter Regression Model p R2, %
Age D=5.128-0.017(Age) 0.254 1.4
BMI D=2.931+0.036(BMI) 0.463 1
INR D=4.859-0.315(INR) 0.183 2
VKORC1 D=5.744-0.751(VKORC1) <0.001 14.9
CYP2C9*2 D=4.185-0.078(CYP2C9*2) 0.695 0.2
CYP2C9*3 D=3.755+0.176(CYP2C9*3) 0.325 1.1
Factor VII D=3.577+0.259(FACTOR7) 0.157 2.2
Age, BMI, INR, VKORC1, 
CYP2C9*2, CYP2C9*3, Factor VII

D=5.306-0.001(Age)+0.20(BMI)-0.072(INR)-
0.802(VKORC1)-0.044(CYP2C9*2)-
0.051(CYP2C9*3)+0.143(FACTOR7)

0.203 18.2

Age: input age in years, BMI: body mass index, INR: international normalized ratio; VKORC1 genotype: input 1 for GG, 2 for GA, 3 for AA; 
CYP2C9*2 genotype: input 1 for CC, 2 for GT, 3 for TT; CYP2C9*3 genotype: input 1 for AA, 2 for AC, 3 for CC; factor VII genotype: input 
1 for GG, 2 for GT, 3 for TT. The y variable is dose (D) in all models.

Table 6:  Daily warfarin dose requirements based on gender in patients with various CYP2C9, VKORC1 and factor VII 
genotypes.

Wild Type
(1)

Homozygous
Mutant

(2)

Heterozygous
(3)

 Mean ± SD
median (25th-75th)

Mean ± SD
median (25th-75th)

Mean ± SD
median (25th-75th)

 VKORC1  -1639 G>A Female: 4.88 ± 1.60
5.00 (3.93-6.07)

Female: 3.93 ± 2.03
3.43 (2.35-5.63)

Female: 3.64 ± 1.43
2.86 (2.50-5.00)

Male: 5.13 ± 1.37
5.00 (3.93-5.71)

Male: 4.58 ± 1.49
5.00 (3.30-5.53)

Male: 3.22 ± 1.00
3.21 (2.50-3.75)

p Value 0.696a 0.366a 0.372b

 CYP2C9*2 Female: 4.33 ± 1.65
4.29 (2.50-5.36)

Female: 2.18 ± 0.38
2.20 (1.82-2.50)

Female: 3.55 ± 1.27
3.93 (2.50-4.82)

Male: 4.19 ± 1.64
3.93 (2.50-5.17)

Male: 3.75 ± 1.77
3.75 (2.50-….)

Male: 4.68 ± 1.32
4.47 (3.75-5.45)

p Value 0.667b 0.140b 0.053a

 CYP2C9*3 Female: 3.58 ± 1.73
2.50 (2.50-5.00)

Female: 4.14 ± 1.09
4.64 (3.04-5.00)

Female: 4.61 ± 1.40
4.64 (3.93-5.62)

Male: 3.84 ± 1.20
3.75 (2.50-5.00)

Male: 4.29 ± 2.22
3.57 (2.68-6.61)

Male: 4.97 ± 1.55
5.00 (3.93-5.98)

p Value 0.243b 0.711b 0.501a

 Factor VII  -401 G>T Female: 3.83 ± 1.27
3.93 (2.50-5.00)

Female: 5.00 ± 1.73
5.00 (3.93-6.79)

Female: 3.51 ± 1.75
2.50 (2.50-5.00)

Male; 3.64 ± 1.15
3.21 (2.50-4.29)

Male: 5.48 ± 1.83
5.00 (3.93-…)

Male: 4.72 ± 1.55
5.00 (3.30-5.53)

p Value 0.690b 0.682b 0.040a*

VKORC1: Vitamin K epoxide reductase genotype, CYP2C9*2: cytochrome P450 2C9*2 genotype, CYP2C9*3: cytochrome P450 2C9*3 geno-
type, factor VII: coagulation factor VII genotype, a: t-test, b: Mann-Whitney Test.
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VKORC1 is the target of coumarin anticoagulants. 
Various mutations in the VKORC1 gene have been found 
in warfarin-resistant patients22,38. Reieder et al, previously 
reported that VKORC1 haplotypes can be used  to clas-
sify patients into low, medium and high warfarin dose 
groups and that differences in VKORC1 may explain the 
variation in warfarin dose  requirements between the 
patients39. Although VKORC1 -1639 G>A explains the 
highest percentage of variation in the warfarin dose, oth-
er SNPs may have independent effects and may explain 
additional variation that is not attributed to -1639G>A. 
It is necessary to note that different VKORC1 genotypes 
in various populations result in different warfarin-dosing 
patterns in these populations. It has been previously re-
ported that ethnic differences in the VKORC1 gene may 
play an important role in warfarin sensitivity 4,23,26,38. On 
the other hand, most polymorphisms in the VKORC1 
gene have been found to be associated with a normal 
warfarin dose range10. 

We confirmed that the factor VII -401 G>T poly-
morphism only explains approximately 2.2% of the 
inter-individual variability in the warfarin dose require-
ment. The daily warfarin doses of the patients with the 
factor VII -401 GG genotype were only significantly 
higher than those of the patients with the factor VII -401 
TT genotype. The factor VII gene is located on chromo-
some 13 and five polymorphic sites have been identified 
to date12. It has been proposed that the circulating FVII 
plasma levels are genetically determined to 30 %. The 
promoter variant at nt -402 has been associated with el-
evated plasma FVII levels, whereas the R353Q (rs6046) 
and -323Ins10 (rs36208070) polymorphisms have been 
associated with a 20% to 25% reduction in FVII plasma 
levels. There are a number of other factors that influence 
FVIIc (coagulant activity) levels. Age, body mass index 
(BMI) and, in women, the use of oral contraceptives and 
onset of menopause are associated with higher levels. In 
the general population, some 47% of the total variance 
in FVIIc levels is attributable to the variability between 
individuals12,21,40-42. As reported previously, the relation-
ship between INR and the plasma concentrations of the 
vitamin K-dependent factors II and VII may significantly 
differ during warfarin induction and maintenance. Thus, 
even when identical INR values are measured, the plasma 
concentration of these coagulation factors may greatly 
vary between induction and stable anticoagulation within 
the same patient. Thus, it is possible that variability in 
the FVII concentration, similar to what may be expected 
among different R353Q genotype carriers, is not a power-
ful determinant of INR variability during stable antico-
agulation6. Our data confirm these earlier findings. In this 
study, we used patients with stable INR values. 

Many other factors are important for determining a 
safe and effective dose of warfarin at the beginning of 
therapy10. Drugs, diet, various diseases, ethnicity and en-
vironmental factors can change the pharmacokinetics of 
warfarin. Certain drugs (e.g. phenylbutazone, sulfinpyra-
zone, metronidazole, trimethoprim sulfamethoxazole, 

and  amiodarone) may affect the oxidative metabolism of 
warfarin4,31,32,43. Others decrease the plasma levels of war-
farin by reducing its absorption (e.g., cholestyramine) or 
increasing its hepatic clearance (e.g. barbiturates, rifam-
picin and carbamazepine). As a rule, if a patient receives 
a large number of medications, it is difficult to control an-
ticoagulation. Long-term alcohol intake may increase the 
clearance of warfarin. Dietary vitamin K decreases the 
anticoagulant effects of warfarin, as does consumption of 
a large amount of green vegetables. Often, various foods 
and herbal medications, such as avocado and gingko, af-
fect the stability of warfarin and may reduce the need for 
the dose of warfarin4,10,43. 

Increased patient age may lead to a higher sensitiv-
ity to warfarin because there is a negative correlation be-
tween age and warfarin clearance. At the same time, as a 
result of age-related decreases in liver mass, the liver con-
tent of vitamin K epoxide reductase is reduced, causing 
increased sensitivity to warfarin4,24,26. To minimize these 
problems, which are often observed in elderly patients 
with age-related liver and kidney dysfunction, we tried to 
enroll patients with normal liver and renal function.

According to Suriapranata et al (2011), age, body 
weight, height and genetic variants of CYP2C9 and 
VKORC1 can explain approximately 15.4% of the vari-
ability in the daily warfarin dose requirement28. Other 
studies have demonstrated that genetic polymorphisms  
lead  to inter-individual differences in the effective war-
farin dose;  the data obtained to date show that CYP2C9 
polymorphisms explain 5-22% and VKORC1 polymor-
phisms 6-37% of the warfarin dose variability4,42,44. When 
taken together with age, gender, body weight, height and 
clinical factors such as other drug treatments and thera-
peutic indications, 33-57% of the dose of warfarin can be 
estimated in advance4,10,31. 

In addition, the contribution of ethnicity is an im-
portant factor in determining the effective maintenance 
dose of warfarin. For example, previous studies have 
demonstrated that in Asian patients, the maintenance 
dose of warfarin was approximately 30-40% less than 
in Caucasians; this difference has been found to be con-
nected to genetic variants of CYP2C9 and VKORC19,32,35. 
Also previous Clarification of Optimal Anticoagulation 
through Genetics (COAG) trial study showed that among 
black patients, the mean percentage of time in the thera-
peutic range was less in the genotype-guided group than 
in the clinically guided group32. The comparison of the 
allelic frequencies of CYP2C9*2,*3 and VKORC1 -1639 
G>A across four different populations (Turkish, Asian, 
African-American and Caucasian) revealed that the al-
lelic frequencies of these two genes in Turkish popula-
tions are very different from those in African-Americans 
and Asians but relatively close to those reported for Cau-
casians11. Turkish society is composed of people of many 
different ethnic backgrounds. In our study, due to a lack 
of sufficient and satisfactory information, the genetic ori-
gins of our patients could not be determined.

Based on the currently available clinical and pharma-
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cogenetic information concerning warfarin, the source(s) 
of 40% of the variation in the warfarin dose requirement 
is still unknown10. It is likely that the inter-individual 
variability in warfarin-dose requirements is due at least 
in part to additional genetic factors, including polymor-
phisms in genes encoding apolipoprotein E, multidrug 
resistance 1 (MDR1), vitamin K-dependent clotting fac-
tors and possibly additional components of the vitamin 
K epoxide reductase complex, such as gamma glutamyl 
carboxylase (GGCX), microsomal epoxide hydrolase1 
(mEH1), and calumenin (CALU)4,10,24,38. Cytochrome 
P4504F2 (CYP4F2) activity was recently found to be as-
sociated with warfarin dose23,24. Thus, the inter-individual 
variability in warfarin dose requirements is due at least 
in part to additional genetic and non-genetic factors that 
need further investigation. For a more complete survey of 
the genetic background for enzymes affecting individual 
warfarin pharmacokinetics and/or pharmacodynamics, 
full genotyping of the current list of SNPs is required.

Conclusions
In summary, the results of the present study show that 

a warfarin dosing regimen formulated using clinical data 
(age, dose, BMI, and INR) and pharmacogenetic infor-
mation concerning the CYP2C9, VKORC1 and factor VII 
genotypes could benefit patients treated with warfarin. It 
is important that prospective clinical studies assess dos-
ing algorithms that incorporate the contributions of age, 
genotype and weight, to allow for the individualization of 
warfarin dose during both the initiation and maintenance 
stages of therapy. On the other hand, polymorphisms in 
other genes that may help determine the dose of warfarin 
should be investigated. Ethnic differences should also be 
considered. Treatment algorithms that incorporate phar-
macogenomic data must be evaluated prospectively in a 
randomized controlled clinical trial before being integrat-
ed into routine clinical practice. These new algorithms 
could help physicians to determine more accurate dos-
ages for the patients and reduce the chances of bleeding 
during warfarin treatment.
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