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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. 


