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Abstract: Objective: To investigate the efficacy and safety of genotype-based anticoagulant therapy with warfarin in 
patients with atrial fibrillation. Methods: A total of 66 patients with non-valvular atrial fibrillation treated admitted to 
our hospital from December 2014 to May 2015 were enrolled in this study. The patients were randomly allocated to 
the control group (n=33) and the intervention group (n=33). Patients in the intervention group were given genotype-
based (including VKORC1, CYP4F2, GGCX, and CYP2C9) anticoagulant therapy with warfarin, whereas patients in 
the control group received routine warfarin therapy according to the clinical practice. After 6 months of follow-up, 
the adjusted dose of warfarin, the time to achieve stable dose and International Normalized Ratio (INR) standard 
level, and the incidences of bleeding and thrombosis in both groups were recorded and compared. Results: Over-
all, 57 patients completed the follow-up, with 28 patients in the intervention group, and 29 patients in the control 
group. The intervention group received a daily dose of warfarin at 2.8 mg/d, which was lower than that of the empiri-
cal dose (3 mg/d). And the actual dose of warfarin used was not consistent with the empirical dose in 24 (85.7%) 
patients. What’s more, there were 18 (64.3%) patients in the intervention group without dose adjustment, which 
was significantly more than that of the control group (10/34.5%). The time to stable dose and to the INR standard 
level in the intervention group were (15.1±5.1) d and (6.8±3.9) d, respectively, significantly shorter as compared to 
(27.6±6.6) d and (12.9±5.6) d, respectively in the control group. In addition, during the treatment and follow-up, the 
rate of bleeding and thrombosis was 0 in the intervention group and 5 (17.2%) in the control group, indicating that 
the adverse reactions in the intervention group was significantly lower than that of the control group (P=0.022). Con-
clusion: Genotype-based anticoagulant therapy with warfarin is safe and effective in the treatment of non-valvular 
atrial fibrillation, which can shorten the latency to achieve stable dose and to the INR standard level, reduce the risk 
of bleeding/thrombosis, and improve clinical prognosis.
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Introduction

Warfarin has been extensively applied in the 
prevention of venous thrombosis and cardio-
genic cerebral embolism (valvular disease, non-
valvular atrial fibrillation, cardioversion of atrial 
fibrillation) and antithrombotic therapy for pros-
thetic valve replacement as well [1]. Warfarin, a 
vitamin K antagonist, can affect the synthesis 
of coagulation factor II, VII, IX and X. In general, 
warfarin starts to work within 8-12 h after oral 
administration, maintains its anticoagulant ef- 
fect for 2-5 d, and usually reaches a peak at 1-3 
d. However, the dose of warfarin in clinical prac-
tice may vary by more than ten times, which 
may cause fatal bleeding if overdosed, or 
thrombosis if under-dosed [2, 3]. Therefore, it is 

of great significance to adopt appropriate strat-
egies to balance and reduce the risk of hemor-
rhage and thrombosis in clinical practice.

The major function of prothrombin time (PT) is 
to monitor the effect of warfarin on anticoagula-
tion. In most atrial fibrillation cases, the interna-
tional normalized ratio (INR) standard level of 
PT should be maintained at 2.0-3.0 during the 
anticoagulation therapy with warfarin [4]. Con- 
ventionally, the standard dose of warfarin was 
given firstly, then the dose is adjusted until INR 
reaches the target range, which usually requires 
multiple adjustments and frequent testing of 
INR until the stable dose is achieved. All these 
limit the use of warfarin in clinical practice, 
especially for patients who are in urgent need 
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of anticoagulant therapy, such as, atrial fibrilla-
tion, venous thrombosis and replacement of 
prosthetic valves [5, 6].

Recent studies have demonstrated that genet-
ic and environmental factors, as well as drug 
interactions affect the efficacy of warfarin on 
anticoagulation, including the genetic mutation 
in CYP2C9 and VKORC1 [7, 8, 9, 10]. In addi-
tion, race, age, height, weight, diet, smoking, 
hepatic disease, as well as medications (such 
as phenytoin, amiodarone) also have a great 
impact on warfarin dose variability. In 2007, the 
U.S. FDA revised the labeling standard for war-
farin to warn doctors that the genetic factors  
in individual patients may affect their response 
to warfarin, and recommended the genotyping 
to calculate the accurate dose of warfarin. Ac- 
cording to the Mayo Clinic Clinical Medical 
Center, the rate of hospitalization attributed to 
hemorrhage or thrombosis dropped by 28%, 
and the rate of overall hospitalization reduced 
by 31% after the genotype-based warfarin ther-
apy [11]. Therefore, genotyping prior to warfar- 
in therapy contributes to reducing the rate of 
adverse events, thereby improving the safety 
and efficacy of the therapy. However, the accu-
rate dose of warfarin was still predicted in 20% 
patients in clinical practice, suggesting that 
additional studies are required to explore the 
genes are predictive of warfarin dose varia- 
bility.

In the present study, we selected four genes  
for analysis, including VKORC1, CYP4F2, GGCX, 
and CYP2C9, most of which were closely as- 
sociated with the individualized treatment with 
warfarin in Chinese population [9, 10, 12, and 
13]. Warfarin dose was calculated using the 
formula of International Warfarin Pharmaco- 
genomics Consortium (IWPC) with the parame-
ters including genotype, race, age and body 
mass index (BMI), etc. The clinical efficacy, 
safety and feasibility of the protocol were ana-
lyzed, to optimize the clinical application of war-
farin and tolerance of the patients.

Materials and methods

Participants

The Hospital Ethics Committee provided ap- 
proval for this study, and each patient offered 
their own written informed consent before the 
initiation of the study. Patients with non-valvu-
lar atrial fibrillation treated in our hospital  

from December 2014 to May 2015 were en- 
rolled in this study. Non-valvular atrial fibrilla-
tion is defined as atrial fibrillation without the 
occurrence of rheumatic mitral stenosis, me- 
chanical/bioprosthetic valve, and mitral valve 
repairs [4]. The patients who were more than 
18 years of age were eligible for inclusion if 
they were of Han nationality, refractory or per-
sistent atrial fibrillation, a score of no less than 
2 on the CHADS2 scale, no previous use of  
warfarin, INR 2.0-3.0 during hospitalization. 
Patients were excluded if they met any of the 
following conditions: a history of anticoagu- 
lant therapy with warfarin, intolerance to war- 
farin treatment, renal dysfunction, abnormal 
thyroid function or blood coagulation dysfunc-
tion, severe infection, severe heart failure, ane-
mia, pregnancy, patients with malignancies, or 
hemorrhage. The criteria for evaluation of the 
CHA2DS2 scoring included 1 score for recent 
heart failure, 1 for diabetes mellitus, 1 for previ-
ous onset of stroke/TIA/thrombosis, and 1 for 
history of vascular diseases (including myocar-
dial infarction, peripheral arterial disease, the 
presence of major artery plaque) [5].

A total of 66 eligible patients were enrolled in 
the study, including 46 patients with ischemic 
heart disease and 20 patients with dilated car-
diomyopathy. They were randomly assigned to 
the intervention group (n=33) and the control 
group (n=33). Patients in the intervention group 
were given genotype-based anticoagulant ther-
apy with warfarin, whereas those in the control 
group received routine warfarin therapy accord-
ing to the clinical practice.

Genotype identification

The baseline data of the patients were pooled, 
including gender, age, body mass index (BMI), 
electrocardiogram, echocardiography, baseline 
biochemical indicators, the initial dose of war-
farin (Shanghai Xinyi pharmaceutical company, 
2.5 mg/tablet), and INR at baseline. A sample 
of 6 ml venous blood was collected from ea- 
ch patient after 8-h fasting and then poured 
into an EDTA-anticoagulant tube. The DNA was 
extracted from the sample with the use of a 
whole-blood genomic DNA extraction kit, and 
polymorphism genotyping for VKORC1 (rs99- 
34438), CYP4F2 (rs2108622), GGCX (rs1167- 
6382), and CYP2C9 (rs1057910) was analyzed 
with the use of polymerase chain reaction re- 
striction fragment length polymorphism (PCR-
RFLP) method [9, 10, 12, and 13].
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Table 1. Clinical characteristics of patients in both 
groups

Clinical characteristic Intervention 
(n=28)

Control  
(n=29)

P 
value

Age (year) 63.9±16.3 62.6±17.1 0.201
Gender (male/%) 13/46.4 16/55.2 0.599
BMI (kg/m2) 25.9±3.3 26.1±3.1 0.390
ALT (IU/L) 25.69±6.10 25.30±5.91 0.610
AST (IU/L) 28.60±5.09 27.91±5.33 0.291
BUN (mmol/L) 5.26±0.71 5.98±0.66 0.671
Cr (μmol/L) 96.19±8.80 90.56±7.10 0.299
Platelet count (109/L) 189.9±8.91 176.10±10.31 0.410
INR baseline 1.02±0.30 1.01±0.29 0.516

Intervention

The patients in the intervention group were 
given genotype-based anticoagulant therapy 
with warfarin for 7 days. The daily dose of war-
farin in the intervention group was calculated 
according to the warfarin dose calculation 
method using the website (www. Warfarindo- 
sing.org) [14]. The INR was monitored during 
the treatment, and the dose of warfarin was 
adjusted until INR reached the target range. 
The patients in the control group were treated 
with routine warfarin therapy in terms of the 
clinical practice as well as BMI. The initial dose 
of warfarin (3.0 mg/d) was adjusted based on 
the INR values.

In the course of the treatment, the INR value 
was detected twice per week. The adjusted 
dose of warfarin was at a minimum amount 
ranging 0.5 to 1 mg once daily till the INR 
reached the target range (2.0-3.0). After the 
target range was achieved, INR was detected 
once a week for the first month thereafter, and 
after that once a month until the end of the 
experiment. The coagulation indicators were 
detected at any time if bleeding or other 
adverse events occurred.

Follow-up

All the patients were followed up by telephone 
visits for 6 months after discharge, once a 
week for the first month, and every two weeks 
for the second and third months, and thereaf-
ter once a month from the 4th to the 6th month.

During the follow-up, the dose of warfarin, the 
adjustment dose, the time to achieve stable 

dose and to the INR standard level were 
recorded. The stable dose of warfarin is 
defined as the daily dose for each patient 
that can stabilize the INR at target range 
for at least 3 times. The target INR varied 
from 2.0 to 3.0.

The major adverse events occurred during 
the follow-up, including ischemic stroke/
TIA cerebral hemorrhage, and other sys-
temic embolism/hemorrhage were record-
ed. Stroke was validated as demonstrated 
on the CT or MRI findings.

Statistical analysis

All data analyses were performed using the 
SPSS software package, version 21.0. The 
measurement data were presented as mean ± 
standard deviation, and an independent t-test 
was used to analyze the differences between 
the two groups. The enumeration data were 
expressed as percentages, and a chi-square 
test was used to analyze the differences be- 
tween the two groups. A P value less than 0.05 
was deemed as statistically significant. In the 
present study, no intention to treat (ITT) analy-
sis was made.

Results

Clinical characteristics of patients

A total of 57 patients (28 patients in the in- 
tervention group and 29 in the control group) 
completed the follow-up. Among the excluded 
patients, 6 did not follow the doctor’s prescrip-
tion, and 3 voluntarily withdrew from the study.

Table 1 shows there was no significant differ-
ence between the two groups in age, gender, 
BMI, serum ALT, AST, BUN and Cr levels, plate-
let counts and baseline INR value.

Genotyping and estimated initial dose of war-
farin in the intervention group

The intervention group had 28 patients (13 
males, and 15 females). The genotyping results 
showed that the maingenotype in CYP2C9*3 
was AA; TT was the major genotype in VKORC1; 
CT was the main genotype in CYP4F2; the geno-
type in GGCX was all CC. Among these patients, 
one patient had both VKORC1 and CYP4F2 
mutation, one had both CYP2C9*3 and CYP4F2 
mutation. The maximum initial daily dose of 
warfarin was set at 4.3 mg/d, approximately  
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Table 2. Genotype and estimated initial dose of Warfarin in the intervention group

No Gender Age 
(year)

Height 
(cm)

Weight 
(kg)

CYP2C9 
rs1057910

VKORC1 
rs9934438

CYP4F2 
rs2108622

GGCX 
rs11676382

Dose 
(mg/d) 

1 Female 83 162 77 AA TT CT CC 2.3
2 Female 26 160 65 AA TT CT CC 4.3
3 Female 68 154 57 AA TT CT CC 2.6
4 Female 78 162 62 AA TT CT CC 2.5
5 Female 64 154 60 AA CT CT CC 3.8
6 Female 69 155 42 AA TT CC CC 2.4
7 Male 68 168 70 AA TT CC CC 3.0
8 Female 63 163 70 AA TT CT CC 2.9
9 Female 62 156 55 AA TT CC CC 2.6
10 Female 76 155 51.5 AC TT CC CC 2.3
11 Male 52 175 97 AA TT CT CC 3.9
12 Male 65 180 54 AA TT CC CC 2.9
13 Male 62 170 75 AA TT CC CC 3.1
14 Male 70 158 55 AA TT CC CC 2.3
15 Female 64 162 75 AA TT CT CC 3.0
16 Female 82 152 50 AA TT CC CC 1.9
17 Male 80 170 55 AA TT CT CC 1.6
18 Male 77 158 56 AA CT CC CC 3.4
19 Male 69 170 69 AA TT CT CC 3.0
20 Male 52 180 91 AA TT CC CC 2.9
21 Female 62 155 58 AA TT CC CC 2.7
22 Male 82 177 46 AC TT CT CC 2.1
23 Male 59 175 73 AA TT CT CC 3.5
24 Male 63 165 67 AA TT CT CC 2.3
25 Female 83 160 50 AA TT CC CC 2.0
26 Female 78 162 92 AA TT CC CC 3.0
27 Male 76 168 67 AC CT CC CC 3.7
28 Female 59 158 80 AC TT CC CC 3.4

3 folds of the minimum initial daily dose (1.6 
mg/d). The intervention group was given an 
average daily dose of 2.8 mg/d, which was 
lower than the empirical dose of 3 mg/d. Am- 
ong the patients in the intervention group, four 
(14.3%) patients had estimated initial dose, 
consistent with the empirical dose of 3 mg/d. 
Initial doses lower than the empirical dose were 
found in 17 patients (60.7%) whereas 7 (25%) 
had initial doses higher than the empirical dose 
(Table 2).

The adjustment of warfarin dose in both 
groups

Table 3 shows that in the intervention group, 
the estimated initial dose of warfarin was 
(2.83±0.65) mg/d, which was very close to the 
actual dose of (2.88±0.55) mg/d. Eighteen 

(64.3%) patients had no dose adjustment. On 
the other hand, in the control group, the initial 
dose of warfarin was 3 mg/d; the actual dose 
was (2.69±0.76) mg/d; 10 patients (34.5%) 
were not given dose adjustments. Therefore, 
the control group had significantly a lower inci-
dence when compared with the intervention 
group (P=0.039).

The time toachievestable dose and to the INR 
standard level

Table 4 reveals that the time to achieve stable 
dose and to the INR standard level in the in- 
tervention group were (15.1±5.1) days and 
(6.8±3.9) days, respectively, substantially sh- 
orter than the time (27.6±6.6 d and 12.9±5.6 
d, respectively) in the control group (P=0.033, 
and 0.019, respectively).
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Table 4. The time achieving stable dose and to the INR 
standard level in both groups

Group The time to stable 
warfarin dose (d)

The time to standard 
INR (d)

Intervention (n=28) 15.1±5.1 6.8±3.9
Control (n=29) 27.6±6.6 12.9±5.6
P value 0.033 0.019

Table 3. The adjustment of warfarin in both groups

Group
Estimated 

dose  
(mg/d)

Actual  
dose 

(mg/d)

Patients without 
dose adjustment 

(n, %)
Intervention (n=28) 2.83±0.65 2.88±0.55 18/64.3*

Control (n=29) 3.00 2.69±0.76 10/34.5
Note: *Comparison with the control group, P=0.039.

Table 5. Adverse reactions in both groups

Group Thrombosis 
(n)

Mild 
bleeding 

(n)

Major 
bleeding 

(n)

Incidence 
(%)

Intervention (n=28) 0 0 0 0*

Control (n=29) 1 4 0 17.2
Note: *Comparison with the control group, P=0.022.

Adverse reactions in both groups

Table 5 shows that during the treatment and 
follow-up, no adverse reactions like thrombosis 
and bleeding were observed in the intervention 
group. In contrast, in the control group, throm-
bosis occurred in 1 patient and mild bleeding in 
4 patients, with a total rate of 17.2%, which was 
significantly higher than that in the intervention 
group (P=0.022).

Discussion

Anticoagulant therapy is an effective strategy 
to prevent thromboembolic events in patients 
with atrial fibrillation. Clinically, warfarin is one 
of the most frequently-used agents for antico-
agulation. Frequent monitoring of INR is need-
ed during the treatment with warfarin due to 
the narrow therapeutic window and significant 
inter-individual dose variability. In China, never-
theless, most patients underwent warfarin tre- 
atment without INR guidance or INR monitor-
ing. What’s worse, they didn’t even undergo a 
regular therapy for anticoagulation, leading to 
the high incidences of thrombosis and mortali-
ty [10].

The clinical efficacy of warfarin is 
impacted by many factors, including 
gene polymorphism, drug, food, age, 
concomitant diseases, lifestyle, and 
compliance [15]. Therefore, it is of 
particular importance to obtain ac- 
curate initial dose of warfarin and 
establish individualized treatment. 
When warfarin therapy starts at a 
high dose, the INR standard level  
will be achieved soon, which may 
increase the risk of bleeding or re- 
duce patients’ tolerance to warfarin, 
even if there is no serious fatal intra-
cranial hemorrhage. Similarly, when 
warfarin dose is too low, it takes a 
long time to adjust the dose to the 
INR standard level, which may result 
in a high risk of thrombosis and poor 
compliance of patients. Currently, a 
hotspot in the medical world is an 
individualized therapy for anticoagu-
lation with warfarin on the base of 
pharmacogenomics. VKORC1, CYP4- 
F2, GGCX and CYP2C9 are the genes 
that are closely associated with war-
farin-based individualized treatment. 

Among these genes, CYP2C9 and CYP4F2 are 
involved in the metabolic process of warfarin, 
and GGCX and VKORC1 are enzymes in the 
cycle of vitamin K [12, 13]. Thus, alteration in 
the genes encoding functional protein can 
affect the therapeutic dose of warfarin indivi- 
dually. According to previous studies, allelic 
mutation in CYP2C9 is associated with reduc- 
ed enzymatic activity of CYP2C9, leading to  
the slow clearance of warfarin in vivo, and the 
increased risk of bleeding [16-18]. In addition, 
mutations in the gene of VKORC1 increase the 
sensitivity of VKOR to warfarin, thereby enhanc-
ing the efficacy of anticoagulants. Therefore, 
the accurate initial dosing of warfarin via war- 
farin dose prediction model, which considers 
both genetic and non-genetic factors, may con-
tribute substantially to establishment of indi-
vidualized treatment, and improvements in the 
clinical efficacy and safety of the treatment.

A wide range of literature has shown that, when 
the INR is maintained at 1.5-3.0, individuals 
with CYP2C9*1/*1 usually need a higher dose 
of warfarin than those with CYP2C9*1/*3; 
patients with VKORC1 containing TT need a ma- 
rkedly lower dose of warfarin than those with 
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CT; those with CC genotype in CYP4F2 need a 
significantly lower dose of warfarin than TT car-
riers; those with CC in GGCX need a significant-
ly low dose of warfarin than GG carriers [19, 
20]. However, the studies were mostly focused 
on the two genes of CYP2C9 and VKORC1, with 
few studies on other two genes. In the pre- 
sent study, we comprehensively considered the 
effects of the polymorphism of the 4 genes 
(VKORC1, CYP4F2, GGCX and CYP2C9), clinical 
parameters and individual factors to calculate 
the initial dose of warfarin by using the formula 
of International Warfarin Pharmacogenomics 
Consortium. We found that in the intervention 
group, 17 (60.7%) patients had initial doses 
lower than the empirical dose, and 7 (25%) 
patients had initial dose higher than the em- 
pirical dose. The maximum initial daily dose  
of warfarin in the intervention group was 4.3 
mg/d, which was as approximately 3 folds  
many as that of the minimum initial daily dose 
(1.6 mg/d). Theoretically, insufficient anticoag-
ulation or excessive anticoagulation can be ob- 
served if the empirical dose is employed in 
these 24 patients. Moreover, the intervention 
group showed the estimated dose of warfarin 
of (2.83±0.65) mg/d, which was very close to 
the actual dose of (2.88±0.55) mg/d, and th- 
ere were 18 (64.3%) patients receiving no dose 
adjustment. In contrast, 10 (34.5%) patients 
had no dose adjustments in the control group, 
which was significantly lower than that of the 
intervention group, indicating that the accuracy 
of estimated dose of warfarin can reach more 
than 60%. Furthermore, we evaluated the time 
to achieve stable dose and to the INR standard 
level in both groups. The results showed that 
the intervention group had shorter time to 
achieve stable dose and to the INR standard 
level and a lower rate of bleeding/thrombosis 
events as compared to the control group. The 
results above suggest that the initial dose of 
warfarin used in the prediction model is more 
accurate. Notably, it is necessary to monitor 
the INR level and coagulation function regular- 
ly during the follow-up to ensure the long-term 
effectiveness and safety of anticoagulation 
therapy by timely adjustment of warfarin dose, 
even the stable dose and the INR standard 
level have been achieved. The initial dose of 
warfarin based on prediction model has been 
reported to contribute to earlier reach of the 
INR standard level, with higher clinical efficacy 
and lower risk of adverse events, which is of 

significance to guide the development and es- 
tablishment of individualized protocols with 
warfarin [21, 22]. The above results in the pres-
ent study were in accord with those of the pre- 
vious studies.

There were still some limitations in this study, 
including the small number of participants en- 
rolled, the short-term follow-up, and single-cen-
ter study, which may cause some statistical 
bias. In the future work, it is of great need to 
improve the experimental design, expand the 
sample size and prolong the follow-up period, 
and conduct a multicenter, double-blind clini- 
cal study. If possible, a better genotype-guided, 
warfarin-based therapeutic strategy should be 
developed and established for the treatment of 
non-valvular atrial fibrillation.

In conclusion, genotype-based warfarin treat-
ment plus INR monitoring can effectively short-
en the dose adjustment time, achieve better 
therapeutic efficacy and reduce risk of adver- 
se events when compared with conventional 
procedures.
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