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Abstract: Aim: To determine whether VKORC1 rs9923231, CYP2C9 rs1057910, CYP4F2 rs2108622 and ORM1
rs17650 genotypes contribute to warfarin therapy in patients during initiation and maintenance anticoagulation
treatment after heart valve surgery. Methods: 287 Chinese patients with warfarin treatment more than three month
after heart valve replacement operations were enrolled. Blood was collected from each subject for DNA extraction
and genotyping. Analyzing the relationship between genotypes and warfarin curative effect. Results: Their mean
age was 48.0 + 10.5 years old. During the initiation phase, the growth rate of INR was partial correlated with
VKORC1 rs9923231, CYP2C9 rs1057910 and ORM1 rs17650, respectively. Compared with AG or GG genotypes of
VKORC1 c.-1639 carriers, patients with VKORC1 c.-1639AA reached target INR therapeutic range faster (P<0.001)
and has a high risk of overanticoagulation (P<0.001). Carriers of at least one CYP2C9 *3 allele reached the target
INR therapeutic range and supra-therapeutic INR were faster than CYP2C9 wild-type carriers (P=0.032, P=0.032,
respectively). CYP4AF2 rs2108622 could significantly influence on time to the target INR therapeutic range and
time to INR above 3.0 after hierarchical analysis with VKORC1, CYP2C9 and ORM1 (P=0.011, P=0.044, respec-
tively). VKORC1 rs9923231, CYP2C9 rs1057910 and ORM1 rs17650 were significantly influence the %TTR in three
months (P=0.031, P=0.008, P=0.001, respectively). During the maintenance phase, VKORC1 c.-1639AA carri-
ers spent more time at supra-therapeutic INRs (P<0.001). CYP2C9 rs1057910, CYP4F2 rs2108622 and ORM1
rs17650 gene variants did not affect outcome parameters in maintenance phase. Conclusions: This study found
that genetic factors could significantly affected on warfarin therapy in Chinese. Meanwhile, genetic variations play a
more important role in the initial phase than did in maintenance phase of warfarin therapy.
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Introduction ing disease, the intake of vitamin K and drug

interactions [7, 8]. CYP2C9 is the major enzyme

Warfarin is one of the coumarins anticoagu-
lants, which is used for prevent thromboembol-
ic episodes [1]. However, Warfarin is character-
ized by a narrow therapeutic index and a wide
interindividual variability in dose requirements
[2, 3]. Despite the warfarin dose is adjusted
according to patients’ international normalized
ratio (INR) and prothrombin time (PT), the
patients still have a high risk of suffer from
adverse event such as bleeding [4-6].

Genetic variations was confirmed the main fac-
tors for the warfarin therapy among various fac-
tors such as height, weight, age, sex, complicat-

responsible for metabolyzing S-warfarin to 7-
hydroxywarfarin [4]. Warfarin exert its antico-
agulant activity by inhibiting vitamin K epoxide
reductase complex (VKORC1) directly [9, 10].
Polymorphisms of VKORC1 rs9923231 and
CYP2C9 rs1057910 can explain about 30% of
warfarin dosage variation [11]. Cytochrome oxi-
dase 4F2 (CYP4F2) is a metabolic enzyme of
vitamin K1, previous studies had confirmed
that CYP4F2 rs2108622 polymorphism could
explain 2-7% variations of stable warfarin dose
[12, 13]. Acid glycoprotein, also called oroso-
mucoid (ORM), as the major binding protein of
warfarin. Our previous study has found that
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Table 1. Population characteristics

Variable No (%)
Subjects - n 287
Female - n (%) 180 (62.7)
Age

x £ SD 48.0+10.5

Median 48.0

Range 18.0-73.0
Weight

x+SD 56.6+10.0

Median 56.0

Range 35.5-95.0
BSA

x £ SD 1.67+0.16

Median 1.65

Range 1.33-2.16
Valve type

Mechanical 278 (96.8)

Biological 9(3.2)
Valves position

Aortic 34 (11.8)

Mitral/Tricuspid 210 (73.2)

Both 43 (15.0)
Atrial fibrillation (AF)

Absent 150 (52.3)

Present 137 (47.7)
Coronary heart disease (CHD)

Absent 278 (96.9)

Present 9(3.1)

Data are presented as the mean + standard deviation
(SD) with the range in parenthesis, or as the number
with the percentage in parenthesis.

ORM1 rs17650 *S carriers required lower ma-
intenance doses to achieved the considerable
anticoagulation effect [14].

The adverse reactions of warfarin therapy are
mainly happened in the first three months,
especially in the first month with warfarin ther-
apy [15-17]. Meanwhile, this period is also fre-
quently for warfarin dose adjusted. Therefore, a
scientific approach for shorten dose adjust-
ment period and achieve a accurate warfarin
initial dose is highly desirable. Pharmaco-
genomics may provide promising solutions to
achieve this goal.

Some studies had confirmed that VKORC1
rs9923231 and CYP2C9 rs1057910 could sig-
nificantly influence on the initiation and mainte-
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nance phases of phenprocoumon and warfarin
therapy [18-21]. However, most of the studies
were performedin Caucasians. Phenprocoumon
is preferentially used in many European coun-
tries, however, warfarin is the most frequently
prescribed anticoagulant in Chinese. Therefore,
the purpose of this research was to evaluate
the affect of VKORC1, CYP2C9, CYP4F2 and
ORM1 gene variants on warfarin therapy during
the initiation and maintenance phases in
Chinese.

Materials and methods
Patients

A total of 287 Chinese patients with operation
of heart valve replacement and treated with
warfarin during the whole follow-up period were
recruited in this study, all patients signed
informed consent. Demographics and clinical
outcomes of patients were collected from med-
ical records. Patients were recruited from
Department of Cardiothoracic Surgery of the
Second Xiangya Hospital and Department of
Cardiothoracic Surgery of the Zhengzhou
Central Hospital from October 2014 to De-
cember 2016. This study was approved by the
ethics committee of the Institute of Clinical
Pharmacology, Central South University and
the ethics committee of Zhengzhou Central
Hospital.

Study design

2 ml peripheral venous blood was collect-
ed from each subject for DNA extraction.
Genotypes for VKORC1 rs9923231, CYP2C9
rs1057910, CYP4F2 rs2108622 and ORM1
rs17650 were determined by using standard
pyrosequencing method. PCR primers were
listed in our previous research [22]. All geno-
type results were confirmed by double-blind
detection.

All the eligible patients were at least 18 years
old with satisfactory hepatic and renal func-
tions as well as platelet counts. The patients
who continuous use warfarin more than 3
months (minimal period 91 days, maximal 382
days, median 194 days) were enrolled in our
study. Patients were excluded from the study if
they meet the exclusion criteria. INR values
were determined every two days in the first
week, every week in the first month, and then
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Table 2. Outcome parameters in the initiation phase of warfarin therapy according to genotypes

n

INR1-O/dose

INR2-1/dose

INR3-2/dose

INR4-3/dose

INR5-4/dose

INRG-5/dose

VKORC1
AA
GA
GG
P-value
CYP2C9
*1%1
*1*3
*3*3
P-value*
ORM1
*F*F
*F*S
*S*S
P-value
CYP4F2
CcC
CT
T
P-value
Sex
Male
Female
P-value
Total

236
47
4

268
18

184
92
11

217
68

107
180

287

0.048 (0.024-0.097)

0.044 (0.024-0.072)

0.036 (0.024-0.060)
0.443

0.044 (0.020-0.088)
0.048 (0.028-0.108)
0.020
0.347

0.044 (0.020-0.084)

0.044 (0.017-0.092)

0.052 (0.028-0.130)
0.215

0.052 (0.024-0.092)

0.030 (0.010-0.074)

0.065 (0.042-0.083)
0.000

0.040 (0.017-0.076)
0.048 (0.024-0.092)
0.068
0.044 (0.020-0.088)

0.044 (0.020-0.088)

0.020 (0.000-0.048)

0.032 (0.010-0.044)
0.000

0.040 (0.016-0.078)
0.044 (0.012-0.108)
0.012
0.612

0.040 (0.012-0.084)

0.036 (0.014-0.072)

0.040 (0.024-0.106)
0.477

0.040 (0.016-0.084)

0.032 (0.013-0.061)

0.052 (0.021-0.105)
0.208

0.040 (0.016-0.076)
0.040 (0.016-0.088)
0.590
0.040 (0.016-0.080)

0.040 (0.020-0.088)

0.016 (-0.004-0.046)

0.028 (0.002-0.048)
0.000

0.036 (0.014-0.076)
0.044 (0.012-0.120
-0.028
0.235

0.036 (0.012-0.080)

0.036 (0.012-0.073)

0.040 (0.024-0.068)
0.444

0.040 (0.012-0.080)

0.036 (0.016-0.068)

0.028 (0.023-0.070)
0.825

0.036 (0.012-0.068)
0.038 (0.013-0.088)
0.349
0.036 (0.012-0.076)

0.052 (0.020-0.102)

0.022 (0.001-0.048)

0.010 (-0.005-0.022)
0.000

0.044 (0.016-0.088)
0.096 (0.026-0.206)
0.048
0.003

0.044 (0.0150.088)

0.048 (0.016-0.103)

0.048 (0.020-0.116)
0.610

0.048 (0.016-0.092)

0.041 (0.016-0.092)

0.044 (0.012-0.207)
0.858

0.044 (0.015-0.081)
0.048 (0.016-0.099)
0.268
0.044 (0.016-0.092)

0.052 (0.012-0.104)

0.028 (0.002-0.050)

0.008 (-0.007-0.014)
0.000

0.044 (0.008-0.088)
0.080 (0.008-0.194)
0.144
0.015

0.044 (0.008-0.092)

0.052 (0.012-0.108)

0.032 (-0.002-0.060)
0.015

0.044 (0.008-0.092)

0.050 (0.012-0.100)

0.010 (-0.010-0.080)
0.182

0.042 (0.003-0.096)
0.048 (0.012-0.096)
0.405
0.048 (0.008-0.096)

0.044 (0.008-0.092)

0.012 (-0.004-0.044)

0.006 (0.004-0.014)
0.000

0.036 (0.000-0.076)
0.072 (0.005-0.196)
0.144
0.011

0.032 (0.000-0.076)

0.048 (0.008-0.092)

0.012 (-0.021-0.055)
0.005

0.036 (0.000-0.076)

0.040 (0.004-0.092)

0.041 (-0.026-0.034)
0.119

0.028 (0.000-0.076)
0.040 (0.004-0.084)
0.145
0.038 (0.000-0.080)

Values are given as median (inter-quartile range), *compared with *1*1 and *1*3.
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Table 3. Impact of genotypes on %TTR in
three months

n %TTR P-value

VKORC1 0.031
AA 236 54.44(33.89-82.77)
AG 47  43.33 (24.44-63.33)
GG 4 45.77 (16.66-64.80)

CYP2C9 0.008

*1*1 268 54.44(32.77-80.00)
*1*3 18 31.66 (13.06-52.50)
*3*3 1 32.22
ORM1 0.001
*F*F 184 58.33(38.88-84.44)
*F*S 92 41.11(16.11-72.78)
*S*S 11 41.11 (17.24-65.00)

CYPAF2 0.848
cC 217 52.22(32.22-77.78)
CT 68 56.67 (28.88-83.33)
T 2 42.22(39.44-45.00)

Total 287 52.22(32.22-77.78)

Values are given as median (interquartile range).

every month. The target INR was 2.0 to 3.0, the
percentage of time spent in, above, and below
the therapeutic INR range was calculated
according to Rosendaal et al research [23].

Statistical analysis

Results are presented as mean + SD or median
(inter-quartile range) if it is not mentioned oth-
erwise. Differences between groups were
detected using the U-test of Mann-Whitney, or
H-test of Kruskal and Wallis, as appropriate.
Cox regression analyses were performed to
deter mine hazard ratios (HR). SPSS 19.0 was
used for data analysis (SPSS Inc, Chicago,
Illinois). P<0.05 was considered to be statisti-
cally significant.

Results
Clinical characteristics

The demographics and clinical characteristics
of the 287 patients were listed in Table 1.
patients mean age was 48.0 + 10.5 years old
(18-73). 180 of them were female subjects
(62.7%), whereas 107 of them were male sub-
jects (37.3%). 278 (96.8%) of the patients with
mechanical heart valve replacement and only
9 of the patients with biological valve im-
plantation.
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Impact of genotypes on warfarin initiation and
maintenance therapy

As shown in Table 2, the growth rate of INR was
partial correlated with VKORC1 rs9923231
from the second day on, and with CYP2C9
rs1057910 and ORM1 rs17650 from the fourth
and the fifth day on, respectively. However,
there was no correlation between CYPAF2
rs2108622 and the growth rate of INR. The
impact of genotypes on the percentage of time
INR values within the scope of the treatment
(%TTR) in three months was shown in Table 3,
VKORC1 rs9923231, CYP2C9 rs1057910 and
ORM1 rs17650 were significantly influence
%TTR. Compared with mutant-type carriers, the
wild-type carriers of VKORC1 rs9923231,
CYP2C9 rs1057910 and ORM1 rs17650 spent
more time within target INR therapeutic range
(P=0.031, P=0.008, P=0.001, respectively).

The time to target INR therapeutic range and
time to INR above 3.0 were significantly associ-
ated with VKORC1 and CYP2C9 genotypes.
Patients with AG or GG genotypes of VKORC1
€.-1639 had a prolonged initiation phase with
the time to the target INR therapeutic range
compared with VKORC1 c¢.-1639AA carriers
(median/range: 14.50/7.30-25.00 days vs.
5.00/3.00-8.00 days, P<0.001; HR: 3.28, 95%
Cl 2.34-4.61, P<0.001; Figure 1A), and the
time to INR above 3.0 has the same trend
(median/range: 110.00/33.00-195.05 days vs.
25.00/12.00-126.00 days, P<0.001; HR: 3.09,
95% ClI 1.85-5.18, P<0.001; Figure 2A). Ca-
rriers of CYP2C9 *3 allele reached the target
INR therapeutic range faster compared to CY-
P2C9 wild-type carriers (median/range: 5.00/
3.00-6.00 days vs. 6.00/4.00-10.00 days, P=
0.032; HR: 2.80, 95% Cl 1.28-6.15, P=0.010;
Figure 1B) and patients carriers of at least one
CYP2C9 *3 allele required fewer time to INR
above 3.0 compared to CYP2C9 wild-type carri-
ers (median/range: 13.00/7.00-108.50 days
vs. 34.50/14.00-144.50 days, P=0.012; HR:
2.59, 95% Cl 1.12-6.01, P=0.026; Figure 2B).

Hierarchical analysis

After hierarchical analysis with VKORC1
9923231, CYP2C9 rs1057910, CYP4F2 rs-
2108622 and ORM1 rs17650, there was no
significantly difference of analysis results of
VKORC1 rs1057910, CYP2C9 *3 and ORM1
rs17650 between signal gene and hierarchical

Am J Transl Res 2019;11(4):2507-2515
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Figure 1. A. Time to the therapeutic range, plotted for VKORC1 c.-1639 gene variants. B. Time to the therapeutic
range, plotted for CYP2C9 haplotypes.
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Figure 2. A. Time to INR above the therapeutic range (INR>3.0), plotted for VKORC1 c.-1639 gene variants. B. Time
to INR above the therapeutic range (INR>3.0), plotted for CYP2C9 haplotypes.

analysis. However, CYP4F2 rs2108622 could peutic range (median/IQR: 5.95/0.00-17.86%)
significantly influence on time to the target INR than did patients with the VKORC1 ¢.-1639GG
therapeutic range and time to INR above 3.0 (median/IQR: 0.00/0.00-2.95%) and VKORC1
after hierarchical analysis (Table 4, P=0.011, ¢.-1639AG (median/IQR: 0.00/0.00-5.67%) ge-
P=0.044, respectively). notypes (Table 5, P<0.001). Others gene and
clinical factors did not significantly influence
Impact of genotypes on warfarin maintenance %TTR and the time above INR 3.0 (%) in the
therapy maintenance phase.
During the maintenance phase, the %TTR, sub- Discussion
therapeutic and supra-therapeutic INR ranges
was 54.22%, 41.52%, and 4.26%, respectively. There were most significant ethnic differences
The time above INR 3.0 (%) was significantly in warfarin therapy between Chinese and
associated with the VKORC1 rs9923231. Caucasians. The initial warfarin dose and main-
Patients with the VKORC1 c.-1639AA genotype tenance warfarin dose of Chinese were signifi-
spent significantly more time above the thera- cantly lower than Caucasians as the difference
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Table 4. Outcome parameters of warfarin therapy according to CYP4F2 after hierarchical analysis

CYP4F2
AA*1%1CC*F*F AAFLFICTHFYF  AAFLFATTXFXF |
(n=104) (n=42) (n=1)
Time to the target INR therapeutic range 5.00 (4.00-8.00) 7.00 (4.50-13.30) 8.00 0.011
%TTR 53.48 (38.27-77.21) 64.39 (39.30-80.53) 65.24 0.243
Time to INR above 3.0 28.50 (13.30-134.00) 55.00 (22.80-191.50) 15.00 0.044
Time above INR 3.0 (%) 5.50 (0.00-18.58) 1.57 (0.00-14.39) 14.59 0.200

Values are given as median (inter-quartile range).

Table 5. Outcome parameters of warfarin therapy during the

maintenance phase

n

%TTR

Time above INR 3.0 (%)

VKORC1
AA 236
AG 47
GG 4
P-value

CYP2C9
*1*1 268
*1*3 18
*3*3 1
P-value*

ORM1
*F*F 184
*F*S 92
*S*S 11
P-value

CYP4F2
CcC 217
CT 68
T 2
P-value

Sex
Male 107
Female 180
P-value

Valves

Mechanical 278
Biological 9
P-value

Age
P-value

BSA
P-value

Total 287

54.55 (34.74-74.72)

54.38 (25.72-75.55)

40.96 (11.44-67.98)
0.502

54.58 (34.90-74.96)
45.28 (23.64-70.77)
38.32
0.145

55.77 (35.91-76.27)

50.64 (29.70-71.85)

52.69 (33.17-80.10)
0.295

52.58 (34.16-72.78)

63.27 (33.99-76.02)

68.40 (65.24-71.56)
0.088

54.99 (35.00-74.73)
53.29 (33.99-74.72)
0.680

54.55 (33.99-75.31)
46.55 (34.71-58.87)
0.240

0.105

0.411
54.22 (34.24-74.72)

5.95 (0.00-17.86)

0.00 (0.00-5.67)

0.00 (0.00-2.95)
0.000

4.07 (0.00-14.60)
6.88 (0.00-13.01)
18.69
0.414

4.06 (0.00-14.36)

4.32 (0.00-16.10)

8.44 (0.00-32.64)
0.474

4.45 (0.00-14.69)

2.98 (0.00-14.29)

8.86 (3.13-14.59)
0.607

5.57 (0.00-18.31)
4.07 (0.00-13.98)
0.540

4.08 (0.00-14.58)
16.33 (1.29-27.98)
0.167

0.409

0.181
4.26 (0.00-14.59)

Values are given as median (inter-quartile range), *compared with *1*1 and

*1*3.
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in frequency of alleles. Although
there were some studies had con-
firmed the impact of gene poly-
morphisms on the initiation phase
and maintenance phase of warfa-
rin treatment in Caucasians, the
similar research in Chinese popu-
lation was scarcely.

Our result showed that the genetic
variation of VKORC1 strongly mod-
ulated the initiation phase of war-
farin treatment. Patients with
VKORC1 c¢.-1639AA reached the
target INR therapeutic range fast-
er than VKORC1 ¢.-1639G allele
carriers, which means these
patients could achieve the proper
anticoagulation effect faster.
Meanwhile, patients with VKORC1
¢.-1639AA showed a high risk of
over-anticoagulation in the initia-
tion phase of warfarin therapy.
Compared to VKORC1 ¢.-1639GG
and VKORC1 c.-1639AG carriers,
the risk of INR above 3.0 was 3.09
times with the VKORC1 c.-1639AA
carriers (Figure 2A). Beate Luxe-
mbourg et al also found that
VKORC1 c¢.-1639AA and GG carri-
ers showed a prolonged initiation
phase with a large number of anti-
coagulation visits and a high risk
of over-anticoagulation in the initi-
ation phase of phenprocoumon
therapy (HR 3.06) [18]. The main
reason of the inconsistent result
was the difference in frequency
of alleles between Chinese and
Caucasians. The frequency of
alleles VKORC1 c¢.-1639G was

Am J Transl Res 2019;11(4):2507-2515
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64.8% in Beate Luxembourg study, however,
the frequency of alleles VKORC1 ¢.-1639G was
9.6% in our study. Warfarin exerts its anticoag-
ulant activity by inhibit the activity of VKORC1
and which is a key enzyme response to recy-
cling of vitamin K, an essential component of
several coagulation factors. VKORC1 rs99-
23231 impaired the inhibitory activity of warfa-
rin and led to more dosage to maintain warfarin
therapy [24]. We found that VKORC1rs9923231
could significantly affected the growth rate of
INR. Patients with a VKORC1 c.-1639G allele
were obvious insensitive to warfarin, the growth
rate of INR of these patients was significantly
lower than the VKORC1 c.-1639AA carriers
from the second day with warfarin therapy. This
might also be an explanation for the fact that
the patients with VKORC1 ¢.-1639GA and
VKORC1 c¢.-1639GG need more dosage to
maintain warfarin therapy.

Warfarin is mainly metabolized by CYP2C9 in
vivo, and the mutation of CYP2C9 rs1057910
significantly impaired the activity of CYP2CO9. In
our study, the growth rate of INR of patients
with CYP2C9 *3 allele was 2 times compared
to the wild carriers from the fourth day with
warfarin therapy. During the initial 10 day with
warfarin therapy, 50% patients with CYP2C9 *3
allele encountered at least one time of INR
above 3.0, this data was just 14.6% in CYP2C9
*1*1 carriers. Since, patients with CYP2C9 *3
allele more easily reached the therapeutic
range and had a high risk of overanticoagula-
tion. Schalekamp et al also found that CYP-
2C9 *2 or *3 carriers showed an increased risk
of overanticoagulation during the initial weeks
of phenprocoumon treatment [25]. Beate
Luxembourg et al also found that CYP2C9 *2 or
*3 carriers reached stable INRs significantly
faster compared to wildtype carriers [18].

The anticoagulation cycle is a complex process.
Excepting VKORC1 and CYP2C9, genetic varia-
tion of other components involved in the vita-
min K cycle also could affected warfarin thera-
py. CYP4F2 is a metabolic enzyme of vitamin
K1, which play a vital role of the anticoagulant
action of warfarin [26]. We found that CYP4F2
rs2108622 did not significantly influence on
the growth rate of INR during the initial week of
warfarin therapy. However, after hierarchical
analysis, patients with AA*1*1CC*F*F geno-
types of CYPAF2 rs2108622 reached the tar-
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get INR therapeutic range faster compared to
CYP4AF2 rs2108622 AA*1*1CT*F*F carriers
(median/range: 5.00/4.00-8.00 days vs. 7.00/
4.50-13.30 days, p=0.032; HR: 1.95, 95% CI
1.32-2.89, P=0.001). Meanwhile, patients with
AA*1*1CC*F*F genotypes increased the risk of
overanticoagulation. Our data testified that
CYP4F2 had a moderate but statistically signifi-
cant association with the variation of warfarin
dose.

ORM1 was the main binding protein of warfarin.
The binding affinity of ORM1 rs17650 two poly-
morphic variants were reported differed many
times [27, 28]. Wang LS et al study found that
ORM1 rs17650 could significantly influence on
warfarin maintain dose, ORM1 rs17650 *S car-
riers required lower maintenance doses to
achieved the considerable anticoagulation
effect [14]. Our early study found that patients
with ORM1 rs17650 *S genotypes were more
sensitive to warfarin, and the polymorphism
could account for 1.2% variation in the effect
index of warfarin [22]. Although we found that
ORM1 rs17650 could influence on the growth
rate of INR during the initial stage. However,
there was no significantly difference of time to
the target INR therapeutic range and time to
INR above 3.0 between various genotypes.
Even so, patients with ORM1 *S genotypes has
the trend of increased risk of overantico-
agulation.

Our study also take into account non-genetic
factors such as weight, body surface area
(BSA), sex, age, valve type, complicating dis-
ease. We found that patients with biological
valve replacement were easier reached the
therapeutic range and had a high risk of ove-
ranticoagulation compared to mechanical valve
replacement. As previous studies observed,
weight could affected warfarin maintain dose,
we found that BSA could affected warfarin ther-
apy during the initial stage.

There was no consistent conclusion about
whether patients could benefit from genetic
testing. A clinical research performed by EU-
PACT found that the treatment efficacy of geno-
type-guided group was superior to the standard
dose group, in the first 12 weeks, %TTR
increased by 7%, and %TTR of INR 4 decreased
by 69%, time to achieve therapeutic INR
reduced by 28% [20]. However, COAG clinical
study found that there was no significantly dif-
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ference of %TTR between genotype-guided
group and clinically guided group [21]. In our
study, we found that VKORC1 rs9923231,
CYP2C9 rs1057910 and ORM1 rs17650 were
significantly influence the %TTR in three
months. However, all the genetic factors and
non-genetic factors had no significantly influ-
ence on %TTR during the maintenance phase.
Meanwhile, only VKORC1 rs9923231 could sig-
nificantly influence on the time above INR
3.0(%) during the maintenance phase.

In summary, this study found that VKORC1
9923231, CYP2C9 rs1057910, CYP4F2 rs-
2108622 and ORM1 rs17650 could affect war-
farin therapy during the initial stage in Chinese.
However, the impact of gene polymorphisms on
warfarin therapy during the maintenance phase
was limited. Meanwhile, we found that there
was a different way of the impact of gene poly-
morphisms on warfarin therapy between Chi-
nese and Caucasians. A major limitation of our
study is stronger endpoints such as bleeding,
thrombosis, or death were not evaluated in our
study. However, the patients were recruited
continuously, more data will be collected for
validate our findings.
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