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Abstract

Aim The anticoagulation effect of warfarin is usually evaluated by percentage of time in therapeutic range (PTTR),
which is negatively correlated with the risk of warfarin adverse reactions. This study aimed to explore the effects of
genetic and nongenetic factors on anticoagulation efficacy of warfarin during different therapeutic range.

Methods We conducted an observational retrospective study aiming at evaluating the impact of clinical and genetic
factors on PTTR from initial to more than six months treatment. This analysis included patients with heart valve
replace (HVR) surgery who underwent long-term or life-long time treatment with standard-dose warfarin for antico-
agulation control in Second Xiangya Hospital. All patients were followed for at least 6 months. We genotyped single
nucleotide polymorphisms in VKORCT and CYP2C9 associated with altered warfarin dose requirements and tested
their associations with PTTR.

Results A total of 629 patients with intact clinical data and available genotype data were enrolled in this study, and
only 38.63% patients achieved good anticoagulation control (PTTR > 0.6). Clinical factors, including male gender, older
age, overweight, AVR surgery and stroke history, were associated with higher PTTR. Patients with VKORCT -1639AA
genotype had significantly higher PTTR level compared with GA/GG genotype carriers only in the first month of treat-
ment. Patients with CYP2C9*3 allele had higher PTTR compared with CYP2C9*1*1 carriers. Moreover, compared with
VKORCT -1639 AG/GG carriers, INR>4 was more likely to be present in patients with AA genotype. The frequency of
CYP2C9*1*3 in patients with INR>4 was significantly higher than these without INR > 4.

Conclusion We confirmed the relevant factors of warfarin anticoagulation control, including genetic factors (VKORC1
-1639G > A and CYP2C9*3 polymorphisms) and clinical factors (male gender, older age, overweight, AVR surgery and
stroke history), which could be helpful to individualize warfarin dosage and improve warfarin anticoagulation control
during different treatment period.
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Introduction

Despite the arrival of new oral anticoagulants, warfarin
remains one of the most commonly prescribed oral anti-
coagulants for the prevention and treatment of thrombo-
embolic episodes, and it remains the only choice for oral
anticoagulant in patients with mechanical heart valve
[1, 2]. The clinical use of warfarin is challenging due to
its narrow therapeutic index and huge inter-individual
variability in warfarin maintain dose requirement [3,
4]. Patients usually have to maintain the international
normalized ratio (INR) within the therapeutic range
(2.0—3.0) depending on their indications. Genetic vari-
ations are considered the major factor that influences the
warfarin dose required, especially variants in the genes
encoding the main drug metabolic enzymes cytochrome
P450 (CYP) 2C9 (CYP2(C9) and the drug target vitamin K
epoxide reductase complex subunit 1 (VKORC]I) [5].

The quality of warfarin anticoagulation control can
be evaluated by PTTR, expressed by the percent of
time within the target range [6]. A higher PTTR value
is associated with a reduced risk of thromboembolic
or hemorrhagic adverse events and indicates a better
anticoagulation control [7, 8]. A large part of prospec-
tive clinical trials, which were usually designed to test
the effect of genotype-based dosing on warfarin antico-
agulation control, usually defined PTTR as the primary
outcome [9, 10]. The National Institute for Health and
Care Excellence recommends PTTR>65% for optimal
anticoagulation control with vitamin K antagonists [11].
One meta-analysis showed that time in therapeutic range
(TTR) in earliest 3 months was longer in genotype-based
dosing algorithms compared with standard vitamin K
antagonist dosing algorithms [12]. Moreover, personali-
zation of warfarin dose based on CYP2C9 and VKORCI
genotypes showed a longer TTR compared to traditional
strategies [13]. In addition, YP4F2 polymorphisms could
not result in any favorable clinical outcomes except for
the reduction of supra-therapeutic INR.

Vast variation in PTTR can be also showed among dif-
ference populations, the mean PTTR was significantly
higher in Australia (82%) compared with Singapore (58%)
[14, 15]. PTTR level also had wide inter-patient variabil-
ity, and multiple factors including age, gender, ethnicity,
SAMe-TT,R, score, drug combination, other complica-
tions, adherence to treatment and genetic factors had
previously evidenced to be associated with PTTR indi-
vidual difference [16, 17]. More recently, Eriksson et al.
firstly showed that ASPH rs4379440 polymorphism was
associated with PTTR during the first 3 months through
a Genome Wide Association Study [18]. However, one
recent study based on Brazil population failed to testify
this association. Among these genetic factors, polymor-
phisms in the CYP2C9 and VKORCI genes are usually be
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supposed to be related with PTTR difference, and a num-
ber of pharmacogenomics studies have been conducted
to investigate the association of CYP2C9 and VKORCI
polymorphisms with PTTR inter-individual difference
[19, 20]. However, the results between studies did not
reach consensus, none of the published studies evaluated
the association between genetic/non-genetic factors and
PTTR during different time periods of treatment. Hence,
the aim of this study was to explore the associationof
PTTR with polymorphisms of CYP2C9 and VKORCI1 in
Chinese population.

Method

Study population

This study was conducted in compliance with the Dec-
laration of Helsinki. This project was approved by the
Ethics Committee of the Institute of Clinical Pharmacol-
ogy at Central South University (CTXY-110005) and the
trial was previously registered: ChiCTRONC-11001532.
Written informed consent was received from par-
ticipants before enrolment, and each patient had been
regularly observed for at least 6 months as follow-up
period. Enrolled participants were identified by random
numbers.

Clinical variables collection, follow-up method

and genotyping

We respectively followed-up patients who underwent
HVR surgery and initial warfarin therapy in the Car-
diac Surgery Department of Xiangya Hospital and Sec-
ond Xiangya Hospital from February 2017 to December
2018. Inclusion criteria were age>18 years; under HVR
surgery and treated with warfarin; being follow-up for at
least 6 months. Exclusion criteria were malignant tumor;
under the age of 18 years; severe liver or kidney function
dysfunction; pregnant and parturient women. Electronic
medical records was reviewed for clinical informa-
tion, including: age, sexual, height, weight, smoking and
drinking habit, combined disease (hypertension, diabe-
tes mellitus, coronary heart disease, stroke history, etc.),
combined treatment (herbs, aspirin, amiodarone, flucon-
azole and so on), clinical indications (mechanical HVR,
biological HVR, mitral valve replacement (MVR), aortic
valve replacement (AVR), and tricuspid valve replace-
ment (TVR)) and INR values of each test. Concomi-
tant medication use was recorded during follow-up and
those medications were classified as drugs which could
increase or decrease INR level.

All patients received an initial dose of 2.5 mg to 3.5 mg
warfarin daily. All patients returned regularly to adjust
therapeutic dose on the basis of INR result. The patient
treatment and followed-up strategy was shown in Fig. 1.
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Initial warfarin dosage: 2.5-3.5mg/kg

1 week

1 month

2 months

3 months

6 months

Fig. 1 Study flowchart

We respectively recorded the INR, warfarin dosage and
the drug combination status after each follow-up visit.

Peripheral whole blood samples (2 ml) were collected
and stored in a -20°Cenvironment. The genomic DNA
was extracted using a commercial Geomic DNA Purifica-
tion Kit (Wizard Genomic DNA Purification Kit, A1620;
Promega) according to the protocol. The DNA samples
were stored at -20°C until being used. The polymor-
phisms of VKORCI -1639G>A and CYP2C9*3 in this
study were genotyped by pyrosequencing as described in
our previously published manuscript [3].

The determination of INR and PTTR

2 ml of peripheral blood were collected in tube with
EDTA as anticoagulant and then centrifuged for 15 min
with 2500 rpm. The values of PT and INR are tested
with STAGO STAR Evolution fully automatic clotting
analyzer. The therapeutic range of INR was in accord-
ance with the American College of Cardiology/Ameri-
can Heart Association (ACC/AHA) guideline for the
management of patients with valvular heart disease.
Target INR range depended on the position of valve
and the presence of atrial fibrillation (AF). The thera-
peutic INR was between 2.0 and 3.0 for HVR patients,
and was between 2.5 and 3.5 for patients with TVR.

Take INR test every 2-3 days

Take at least one time INR measurement

Take at least one time INR measurement

Take at least one time INR measurement

Take at least one time INR measurement
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Rosendaal linear interpolation method was used to cal-
culate warfarin PTTR [6]. The primary outcome of this
study was PTTR. The secondary outcomes included the
frequency of good anticoagulation control (defined as
PTTR >60%), and the frequency of over-anticoagual-
tion (patients with INR greater than 4.0) [21, 22].

Statistical analysis

The sample size was estimated by Power and Sample
Size 3.1.2 as described in our previous published man-
uscript [23]. Means and standard deviations were cal-
culated for continuous variables, and frequencies and
percentages were calculated for categorical variables.
The association between covariates and outcomes was
performed using SPSS Statistic version 19.0 (SPSS,
Inc, Chicago, Illinois). A x* test calculated deviation
from Hardy—Weinberg equilibrium. T test (for con-
tinuous variables) and x2 test (for categorical variables)
were used in analyzing the difference of characteristics
between groups.

Results

Characteristics of samples enrolled in this study

A total of 629 patients with intact clinical data and availa-
ble genotype data were finally enrolled in this study based
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on the inclusion and exclusion criteria, as shown in Fig. 1.
The basic characteristics of patients were presented in
Table 1. Most patients (88.39%) were under mechanical
HVR (MHVR) surgery and required lifetime warfarin
anticoagulation therapy. Only 23 patients had prescribed
drugs which might increase INR levels by influencing the
pharmacokinetics or pharmacodynamics of warfarin.
According to the follow-up strategy, patients had taken
10.9 times INR tests on average and median follow-up
time was 291 days. Average PTTR gradually increased
with follow-up time, as shown in Supplementary Fig. 1,
and PTTR tended to be stable after 2 months of treat-
ment. After 6 months of follow-up, only 38.63% patients
achieved good anticoagulation control (PTTR>0.6). A
total of 533 patients got stable warfarin dosage during
follow-up time.

Influence of clinical factors on PTTR difference

We firstly evaluated the effect of clinical characteristics
on PTTR inter-individual difference, and found thatgen-
der, age, BMI, AVR, combined with stroke history and
INR measure times were significantly associated with
anticoagulation control, as shown in Supplementary
Table 1. In detail, these data showed that male patients,
older patients, overweight patients, patients with AVR
surgery and patients with stroke history were more likely
to have better anticoagulation control, with data shown
in Fig. 2. The median INR test time was 9 in 6-month
follow-up period (IQ1-IQ3=7-11). More frequent INR
measurements (>13 times) was associated with higher
PTTR and better anticoagulation efficacy. However, this
advantage gradually became insignificant with the exten-
sion of treatment time.

Influence of genetic polymorphisms on PTTR

In this study population, the prevalence of VKORCI
-1639AA genotype, AG genotype and GG genotype
were 82.67%, 16.53% and 0.8%, respectively. The G
allele frequency was 9.06%. The genotype frequencies
for CYP2C9*1*1, *1*3, *3*3 were 91.25%, 8.75% and 0%,
respectively. The allele frequencies of CYP2C9*1*1 and
*1*3 were in Hardy—Weinberg equilibrium (P-value
were 0.94 and 0.23, respectively). Patients with
VKORC1 -1639AA genotype had significantly higher
PTTR level compared with GA/GG genotype carri-
ers in the first therapeutic month, as shown in Fig. 3A.
However, this difference became inconspicuous as the
treatment continued and number of times of warfarin
dose adjustment increased. Patients with CYP2C9*1*3
allele had higher PTTR compared with CYP2C9*1*1
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Table 1 Characteristics of enrolled patients

Variables Number (total samples =629)
Sexual, M/F 244 (38.79%) /385 (61.21%)
Age,y 46.71+1033
Weight, kg 16041+7.77
High, cm 57494992
Smoking habit 67 (10.65%)
Drinking history 36 (5.72%)
Combined diseases
Hypertension 58 (9.22%)
CHD 19 (3.02%)
T2D 13 (2.07%)
AF 268 (42.61%)
Stroke history 28 (4.45%)
Infectious endocarditis 30 (4.77%)
Digestive tract disease 14 (2.23%)
Gallbladder disorders 21 (3.34%)
Hepatitis 17 (2.70%)
Hyperthyroidism 16 (2.54%)
Pausimenia 93 (14.79%)
MHVR 556 (88.39%)
BHVR 73 (11.61%)
MAZE 99 (15.74%)
AF after Surgery 169 (26.87%)
Drugs increase INR 23 (3.66%)
Drugs decrease INR 0
Follow-up time, media (25th-75th IQR), 291 (225-442)
day
INR measurements, media (25th-75th 9 (7-11)
IQR)
INR>4 229(36.40%)
INR>100 19 (3.02%)
PTTR (6 M) 55.88+25.0
PTTR (6 M) >80% 125 (19.87%
PTTR (6 M) >60% 288 (45.79%,
PTTR (6 M) <40%

VKORCT -1639AA
VKORCT -1639AG
VKORCT -1639GG
CYP2C9*1*1
CYP2C9*1*3 /*3*3

520 (82.67%
104 (16.53%
5(0.79%)
574 (91.26%)
55 (8.74%)

)
)
183 (29.09%)
)
)

CHD Coronary heart disease, T2D Type 2 diabetes, AF Atrial fibrillation,
MHVR Mechanical heart valve replacement, BHVR Bioprosthetic heart valve
replacement, MAZE Wolf Mini-maze surgery

carriers, and only significant difference was observed in
5 months PTTR (Fig. 3B, P=0.044).

Factors associated with good anticoagulation control
Good anticoagulation control was defined as
PTTR>60% after 6 months of follow-up. Table 2



Sun et al. BMC Cardiovascular Disorders (2023) 23:279 Page 5 of 11
- Female (n=385) =&~ age= 50 (n=198)
100+ = Men (n=244) 100+ -= age<50 (n=431)
80 80 i
E 604 * # # v 6] % x  l#
o 404 E 40 | | |
20 20 -
c L} T T L) T L} T T L) c
> ° ° ° ° ° o " o T T T T T T T T T
ARSI IR R R & o W W W W
I\ 3 ) < ) NN Q AT NN N - ) '\,19 '&Q @Q
-~ BMI>24 (N=175) -~ AVR (N=306)
100- -# BMI< 24 (N=454) - - N-AVR (N=323)
80 T 1
* * *
E 60+ e - 'n::
o 404 I I o
20 - 1
c T T T T T T T T T c T T T T T T T T T
& o @ ¢ ¢ O W & @ @ @ 6 o T o
AT R D AT ™ & P O & D
-~ MVR (N=521) -e- with stroke history (N=28)
100 -=- without MVR (N=108) 1004 - without stroke history (N=601)
12
E
o
RO MR & W W W W W W
,\b b‘b Nb & 53 53 d ' Q'
K o R & S B © &
-e- INRtest= 13 (N=57)
100+ = INRtest <13 (N=572)
80-
x 60
E
o 40
20-
c T T T T T T T T
&S 5 W o & W & o
AT D R

Fig. 2 Association between clinical factors and PTTR difference during follow-up period

reported the univariate analysis of the rate of good anti-
coagulation control. Compared with younger patients,
older patients (especially aged more than 50 years)
were confirmed to have a significantly higher rate of

good anticoagulation control (OR 1.57 (95%CI 1.12—
2.21), P=0.01). Males had higher PTTR>60% rate
than females (OR 1.55 (95%CI 1.127-2.14), P=0.009).
Patients with PTTR > 60% had higher height and weight
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Fig. 3 PTTR varies with follow-up time in patients with different genotypes of VKORCT -1639G > A and CYP2C9*3. 3A, VKORC1 -1639G > A
polymorphism and PTTR change; 3B, CYP2C9*3 polymorphism and PTTR change

than those with PTTR<60% (P=0.025 and 0.015
respectively). However, the BMI level showed no statis-
tic significant difference between groups. The material
and type of valve replacement also showed significant
difference between patients with good anticoagulation
control and those without good coagulation control, as
shown in Table 2. We compared the genotype distribu-
tions of VKORCI -1639G > A and CYP2C9*3 polymor-
phismsin good anticoagulation patients and found that
the genotype frequencies of VKORCI -1639G > A and
CYP2C9*3 showed no significant difference between
patients with good anticoagulation control and those
without anticoagulation control, as shown in Fig. 4
(P=0.71 and P=0.065 respectively).

Factors associated with over-anticoagulation frequency

Patientshad INR measurement result>4 at least for
once were defined as patients with over-anticoagu-
lation, which is associated with bleeding events. The

analysis results showed that both genetic and nonge-
netic factors were significantly associated with INR >4
(Table 3). The results showed that older patients (OR
0.65 (95%CI 0.47-0.90), P=0.01), over-weight patients
(OR 0.67 (95%CI 0.45-0.99), P=0.044) were not prone
to occur INR>4 events. Moreover, female patients
were more inclined to have INR>4 compared with
male patients (OR 1.55 (95%CI 1.10-2.18), P=0.014).
Further analysis showed that patients with type 2 dia-
betes (T2D) or hyperthyroidism were more likely to
have INR>4 compared with patients without these
complications (P=0.018 for T2D and 0.015 for hyper-
thyroidism, respectively). Moreover, INR >4 was sig-
nificantly more prevalent in patients prescribed with
concomitant medications (such as aspirin, amiodar-
one, fluconazole), which might increase INR com-
pared to patients without these drugs (OR 5.49 (95%CI
2.22-13.57), P=2.09E-4). Compared with VKORCI
-1639 AG or GG carriers, INR>4 is more likely to
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Table 2 Clinical and genetic data of patients with PTTR >60% and PTTR < 60%

Variables PTTR>60% (N=288) PTTR<60% (N=341) P
Age,y 479441038 4568+10.20 0.006
Age > 50y 106 (36.81%) 92 (26.98%) 0.01

Age <50y 182 (63.19%) 249 (73.02%)
High, cm 161.17+7.73 159.77 +7.75 0.025
Weight, kg 5854+10.19 56.60+9.60 0.015
BMI 2246+3.17 22124307 0.16

BMI>24 53 (47.74%) 58 (52.25%) 0.67

BMI< 24 235 (45.37%) 283 (54.63%)
Sexual, F/M 160 (55.56%)/128 (44.44%) 225 (65.98%)/116 (34.02%) 0.009
Smoking habit 35(12.15%) 32(9.23%) 0.30
Drinking history 21 (7.29%) 15 (4.40%) 0.12
MHVR 247 (44.26%) 311 (55.74%) 0.042
BHVR 41 (57.74%) 30 (42.26%)
AVR 166 (57.64%) 140 (41.06%) 9.08E-8
MVR 230 (79.86%) 291 (85.34%) 0.072
TVR 19 (6.60%) 14 (4.11%) 0.005
Hypertension 32 (11.11%) 26 (7.62%) 0.16
CHD 13 (4.51%) 6 (1.76%) 0.06
T2D 6 (2.08%) 7 (2.05%) 1.00
AF 133 (46.18%) 135 (39.59%) 0.11
Stroke history 18 (6.25%) 10 (2.93%) 0.052
MAZE 47 (16.32%) 52 (15.25%) 0.74
AF after surgery 86 (29.86%) 83 (24.34%) 0.13
Infectious endocarditis 11 (3.82%) 19 (5.57%) 035
Digestive tract disease 9(3.13%) 5(1.47%) 0.18
Gallbladder disorders 6 (2.08%) 15 (4.40%) 0.12
Hepatitis 7 (2.43%) 10 (2.93%) 0.81
Hyperthyroidism 8 (2.78%) 8 (2.35%) 0.80
Pausimenia 38 (13.19%) 55 (16.13%) 031
INR measurements, media (25th-75th IQR) 7 (7-11) 9(8-11) 0.25
VKORC1 0.30

AA 242 (84.03%) 275 (80.56%)

AG+GG 46 (15.97%) 66 (19.35%)
CYP2C9 0.065

*1%1 256 (88.89%) 318(93.26%)

*1*3 32(11.11%) 23 (6.74%)

BMI Body mass index, AVR Aortic valve replacement, MVR Mitral valve replacement, TVR Tricuspid valve replacement

occur in patients with AA genotype (OR 1.63 (95%CI
1.03-2.58), P=0.037). The frequency of CYP2C9*1*3
in patients with INR >4 was significantly higher than
those without INR>4 (OR 2.26 (95%CI 1.29-3.95),
P=0.005).

Discussion

The present study aimed to evaluate the influence of
clinical and genetic factors on interindividual differ-
ence of warfarin anticoagulation control in a cohort
of Chinese patients under HVR surgery. We further

determined the association of those factors with
PTTR during different treatment stage. This research
showed that VKORC1 -1639G > A mutation, the type
of HVR surgery and INR test frequency were main
causes of PTTR difference in the early stage of treat-
ment (1% treatment month). As the risk of anticoag-
ulant-related bleeding is not predictable at treatment
onset, we can speculate that DNA test could helpful
in predicting anticoagulation efficacy and appropri-
ately increase INR test could be useful in maintaining
desired treatment effect.
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Fig. 4 Association of distribution of VKORC1-1639G > A and CYP2C9*3 genotypes with INR >4
Table 3 Difference of clinical and genetic factors between patients with INR>4 or without INR> 4
Variables INR<4 (N=229) Without INR >4 (N=400) P
Age,y 48.57+10.10 456541033 0.001

Age > 50y 89 (38.86%) 109 (27.25%) 0.003

Age <50y 140 (61.14%) 291(72.75%)
High, cm 159.04+7.49 161.20+7.82 0.001
Weight, kg 56.74+10.12 57924978 0.82
BMI 22374333 22214299 027
Sexual, F/M 155 (67.68%)/74 (32.32%) 230 (57.50%)/170 (42.50%) 0.014
Pausimenia 47 (30.32%) 93 (40.43%) 0.052
Smoking habit 21 (9.17%) 46 (11.5%) 042
Drinking history 10 (4.37%) 26 (6.50%) 0.29
MHVR 203 (88.65%) 353 (88.25%) 1.00
BHVR 26 (11.35%) 47 (11.75%)
AVR, (n=306) 101 (44.10%) 205 (51.25%) 0.24
MVR, (n=521) 208 (40.00%) 313 (60.00%) 4.15E-5
TVR, (n=33) 17 (51.51%) 16 (48.49%) 0.76
Hypertension 19 (8.30%) 39 (9.95%) 057
CHD 5(2.18%) 14 (3.5%) 047
72D 9 (3.93%) 4(1.0%) 0018
AF before surgery 104 (45.41%) 164 (41.0%) 031
Stroke history 15 (6.55%) 13 (3.25%) 0.069
MAZE 32 (13.97%) 67 (16.75%) 043
AF after surgery 72 (31.44%) 97 (24.25%) 0.061
Infectious endocarditis 9 (3.93%) 30 (7.5%) 0.086
Digestive tract disease 6 (2.62%) 8 (2.0%) 0.59
Gallbladder disorders 8 (3.49%) 13 (3.25%) 1.00
Hepatitis 4(1.75%) 13 (3.25%) 032
Hyperthyroidism 11 (4.80%) 5(1.25%) 0.015
Drug increase INR 13 (5.24%) 8 (2.25%) 2.09E-4
VKORC1 0.037

AA 199 (86.90%) 321 (80.25%)

AG+GG 30 (13.10%) 79 (19.75%)
CYP2C9 0.005

*1*1 199 (86.90%) 375 (93.75%)

*1*3 30 (13.1%) 25 (6.25%)
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As the treatment continued, the advantage of genetic
polymorphism and INR test was gradually weakening,
and clinical factors, such as gender, age, BMI and stroke
history became the main reasons for PTTR interindi-
vidual difference. In addition to genetic factors, age, gen-
der, BMI and concomitant drugs that increased INR were
widely evidenced to affect warfarin maintenance dose
[24]. The difference in PTTR has been studied by other
researches that considered non-genetic factors, includ-
ing demographic factors, medical factors and psychoso-
cial factors as possible modifiers of PTTR [16, 19]. Our
data showed that male patients, elderly patients and over-
weight patients were more likely to have better anticoag-
ulation control especially after 3 months treatment.

This was in accordance with recently published meta-
analyses that women were associated with lower TTR
[25], and other research also found that patients with
age>65 years had higher TTR value compared with
patients with<65 years (60+24%) [26]. Our research
found that overweight patients had higher PTTR, how-
ever inconsistent results was reported in an India cohort
that underweight patients had significant higher rate of
good anticoagulation control, although the credibility
of this research result was impaired by its small sample
size [27]. Intriguingly, it has been established that over-
weight and moderately obese patients with cardiovascu-
lar diseases have a better prognosis than patients with
normal BMI, giving rise to what is known as an “obesity
paradox”. This paradox is further evidenced by a retro-
spective investigation that the associated risk of venous
thromboembolic event (VTE)/stroke was lower in over-
weight and obese patients on anticoagulation therapy
compared to normal weight [28], and some prior meta-
analyses that correlated underweight BMI patients with
high risks of VTE and bleeding when using warfarin anti-
coagulation therapy [29]. Although the obesity paradox
has been reported for various diseases, it could still be
interpreted by some plausible mechanisms. One reason-
able explanation is that underweight patients are usually
malnourished and more susceptible to illness because of
nutrient and vitamin deficiency. Another probable theory
suggests that the gut flora in obese population show sig-
nificant difference with normal BMI population, which
results in variation of drug metabolism and function [30].

Besides, we also found that patients under AVR surgery
and with stroke history had much higher PTTR. The target
INR was guided according to the recommendation of ACC/
AHA, and a target INR of 2.0 to 3.0 was usually used for
patients after AVR in this study. We also found that patients
who had taken 13 INR tests had higher PTTR compared
with those who had less than 13 INR tests. Patients usually
are asked to take INR test more frequently if their INR level
deviation from therapeutic range. Patients had INR level
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within therapeutic range for two consecutive times usually
were asked to take further INR test for a longer interval.
Hence, patients with high risks of poor warfarin antico-
agulation control might acquire better anticoagulation effi-
ciency of warfarin by taking INR test more frequently. Data
of our research showed that VKORCI -1639G>A and
CYP2C9*3 polymorphisms had no statistically significant
association with long-term warfarin anticoagulation con-
trol. However, patients with VKORCI -1639GA/GG geno-
types had significantly lower PTTR compared with AA
carriers in the first month. It had been widely evidenced
that both VKORCI -1639G>A and CYP2C9*3 polymor-
phisms were significantly associated with warfarin dose dif-
ference in different population [31, 32], and personalizing
warfarin dose based on CYP2C9 and VKORCI genotypes
might be more beneficial compared to traditional strate-
gies [13]. Previous meta-analysis presented that -1639GA
and -1639GG carriers required 52% and 102% higher mean
daily warfarin dose than -1639AA carriers [33]. As all
patients received the same initial dosage in this study, it was
easy to understand that patients with -1639GA or -1639GG
genotypes required much longer time to adjust therapeu-
tic dosage. As the therapeutic dose adjusted by INR value
in the process of treatment, the difference between geno-
types was gradually vanished. The adverse effects of warfa-
rin treatment mainly occurred in the first three month [34,
35]. Hence, we can speculate that patients with VKORC1
-1639G > A mutation could get better anticoagulation con-
trol at the beginning of treatment if they had their warfarin
dosage modified based on genotype.

The CYP2C9*3 carriers had higher PTTR compared
with CYP2C9*1/*1 genotype, but no statistically signifi-
cant associations were found during long-term warfarin
anticoagulation control in our research. Compared with
patients with *1/*1 genotype, *1/*2, *1/*3, *2/*2, *2/*3,
and *3/*3 carriers required 19.6%, 33.7%, 36.0%, 56.7%,
and 78.1% lower warfarin dosage, respectively [36]. Con-
sidering the significant difference between warfarin ther-
apeutic dosage between *1/*1 and homozygous genotype,
patients with wild type genotype were more likely to ben-
efit more from warfarin anticoagulation therapy in long-
term treatment.

Limitations of the present study should be consid-
ered. The first limitation is PTTR level is not a sub-
stitute for actual clinical anticoagulation outcomes.
Due to the low rate of bleeding and embolic events of
warfarin anticoagulation treatment in HVR patients,
it may be extremely resource-intensive to obtain ade-
quate samples with long-term follow-ups and occurred
bleeding or embolic events. On the other hand, we only
examined the effects of two SNPs on PTTR, which was
not conducive to the discovery of new genetic variants
associated with PTTR differences.
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In summary, we conducted a pharmacogenom-
ics study to explore factors associated with warfarin
anticoagulation control in HVR patients during dif-
ferent period of treatment. Our data highlighted that
VKORC1 -1639G>A and CYP2C9*3 polymorphisms
were associated with anticoagulation control only in the
initial stage. These finding have the potential for identi-
fying patients who are more likely to have good anti-
coagulation control of warfarin during different period
of treatment, and may further explain clinical benefit of
genotyping in individualized treatment of warfarin.
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