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In the studied population, the CYP2C9*2 mutant allele 
(allele T) frequency was found to be 12.64 %. Out of 170 
patients, 39 were heterozygous (CT; 22.9 %) and two were 
homozygous (TT; 1.2 %). The CYP2C9*3 mutant allele fre-
quency (allele C) was found to be 25.8 %. Out of 170 indi-
viduals, 82 were heterozygous (AC; 48.2%) and three were 
homozygous (CC; 1.8%). Genotype frequencies of wild and 
variant alleles were 64 (37.6 %), 17 (10.0 %), 67 (39.4 %), 2 
(1.2 %), 17 (10.0 %), and 3 (1.8% ) for *1/*1, *1/*2, *1/*3, 
*2/*2, *2/*3, and *3/*3, respectively (Table 2).

Comparison of warfarin daily maintenance dose be-
tween genotype groups showed that the daily mean dose 
of warfarin in patients who have homozygous wild-type 
genotype for CYP2C9 (*1/*1) was 5.26 ± 2.32 mg, which 
was significantly higher than that in *1/*2, *1/*3 (3.57 
± 2.25 mg, p <0.001) and *2/*2, *2/*3, and *3/*3 patients 
(3.76 ± 2.4 mg, p =0.024). The mean daily warfarin dose 
in the subjects with wild-type CYP2C9*1 was significantly 
higher. However, there was no statistically significant dif-
ference in the mean daily warfarin dose between heterozy-
gotes and homozygous mutants. Distributions of the dose 
within the different genotypes are illustrated in Figure 3.

Discussion
Warfarin is an anticoagulant drug metabolized by CY-

P2C9 and its dose requirement varies between individuals. 
Optimizing the appropriate dose of warfarin for each treat-
ed individual would lead to a reduced incidence of side 
effects and in turn decreased healthcare costs for patients 

and hospitals9. The variability in the individual response to 
the prescribed daily dose of warfarin is mainly associated 
with polymorphisms in two genes, CYP2C9 and VKORC1, 
besides demographic factors such as age and body-surface 
area10. In patients with CYP2C9*2 and CYP2C9*3 alleles 
the half-life of the more bioactive S-warfarin is increased, 
so the required dose is lower, the probability of bleeding is 
higher and the time to reach a steady-state may be longer 
compared with those who carry the wild-type genotype11. 

Different allelic frequencies have been reported for 
CYP2C9*2 and CYP2C9*3 in different racial groups. In 
the multi-ethnic population of Iran, genetic diversity and 
different allelic and genotypic prevalence are possible. It is 
essential to investigate the distribution patterns of genetic 
variants in different regions of the country to reach a proper 
dosing algorithm of warfarin and a better understanding of 
the relationship between CYP2C9 variants and sensitivity 
to warfarin. In our study, the majority of patients had allele 
*1 of CYP2C9, with a frequency of 62.2 %, and the variant 
alleles 2 and 3 with 12 % and 25.8 % frequencies respec-
tively. The allelic frequencies of CYP2C9*2 and CYP2C9*3 
were compared to those reported in various populations 
(Iranian, Turkish, Indian, Chinese, Malaysian, and Euro-
pean). For example, in the northeast of Iran, the frequency 
of CYP2C9*2 and CYP2C9*3 variants (9.1 % and 10 %, 
respectively)12 was lower compared with our studied popu-
lation. The region of our studied population is located in the 
northwest of Iran near to the border with Turkey where the 
population is comprised of mostly Turkish ethnicities. So 
we compared our results with those in Turkey and observed 
similarity to those reported by Yildirim et al (17 % for *2 
and 26 % for *3)13 and Ozer et al (13 % for *2 and 15 % for 
*3)14 in a Turkish population. However, the frequencies of 
CYP2C9*2 and CYP2C9*3 in our study were different com-
pared with Gujarati Indians (4.90 % and 3.92 %)15, Chinese 
(2.6 % and 4.6 %)16, and Europeans (12.5 % and 8.5 %)17.

We also evaluated the effect of CYP2C9 polymorphisms 
as a genetic determinant of the daily warfarin dose. Our 
study showed that patients carrying mutant allele *2 and *3 
for CYP2C9 required a lower dose of warfarin compared 
with carriers of wild allele *1. Patients with homozygous 
wild-type *1/*1 genotype required a significantly higher 
dose, but there was no statistically significant difference 
between the heterozygous and homozygous mutant pa-
tients. The association of CYP2C9 variants with warfarin 

CYP2C9b All subjects (n: 170) Males (n: 66) Females (n: 104) p valuea Odds ratio
*1/*1 64 (37.6) 19 (28.78) 45 (43.26) 0.058 0.541 (0.286-1.024)
*1/*2 17 (10) 6 (9.09) 11 (10.56) 0.947 1.027 (0.462-2.283)
*1/*3 67 (39.4) 29 (43.93) 38 (36.53) 0.459 1.261 (0.682-2.332)
*2/*2 2 (1.2) 1 (1.51) 1 (0.96) 0.331 3.127 (0.278-35.123)
*2/*3 17 (10) 9 (13.63) 8 (7.6) 0.501 1.409 (0.517-3.835)
*3/*3 3 (13.0) 2 (3.03) 1 (0.96) 0.141 4.757 (0.485-46.642)

Values are presented as number of subjects and percentage in brackets, while for Odds ratios 95 % confidence intervals are reported in brack-
ets, CYP2C9: cytochrome P450 2C9 and *1, *2, *3 are the alleles, a: p value calculated by χ2 test.

Table 2: Genotype frequency of CYP2C9 gene in the present study which included 170 patients receiving warfarin therapy.

Figure 3:  Boxplot showing the different genotype groups of CY-
P2C9 against the daily warfarin dosage. Boxes indicate the medi-
an and interquartile ranges. Vertical lines above and below boxes 
indicate the minimum and maximum values. The numbers above 
whiskers show mean values. An asterisk shows each outlier.


