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A B S T R A C T

Aims: The study aims to evaluate the impact of genetic, demographic and clinical data on various

measures of outcome of anticoagulation quality in patients.

Patients and methods: The study consisted of 310 patients receiving long-term oral anticoagulation

therapy in our hospital. Apart from demographic and clinical variables, 21 SNPs (in 7 genes) were

analyzed and compared with the outcomes of anticoagulation therapy. Various outcomes that were

measured are; supra therapeutic INRs (INR >3,>6), anticoagulation stabilization, time taken to stabilize

and proportion of INRs within (2–3), above (>3) and below (<2) therapeutic range.

Results: Supra therapeutic INRs were influenced by CYP2C9*2, *3, CYP4F2 rs2108622, VKORC1-1639G>A,

1173C>T, rs55894764 along with concomitant drugs, smoking, body weight and height. Persistently

fluctuating INRs/absolute instability correlated with VKORC1-1639G>A, gender, height and body mass

index. The time taken to stabilize was associated with CYP4F2 rs2108622, CYP2C9*14, smoking, clinical

indication and concomitant drugs. The overall distribution of INR was influenced by variants in CYP4F2

rs2108622, CYP2C9*3, rs9332230, VKORC1 1173C>T, �1639G>A, rs55894764, ABCB1 rs2032582,

rs1128503, rs1045642 and F5 rs6025, age, smoking and concomitant drugs.

Conclusions: Knowledge of factors influencing the quality of long term anticoagulation can help

clinicians to customize therapy either by dose variation, therapy with alternate choice of drug,

concurrent heparin therapy and/or frequent INR monitoring.

� 2014 Institute of Pharmacology, Polish Academy of Sciences. Published by Elsevier Urban & Partner Sp.

z o.o. All rights reserved.
Introduction

The quality of anticoagulation therapy and drug toxicity in
patients may be measured by different means. The most
commonly studied parameters for drug response are the stabilized
dose and occurrence of bleeding events. Apart from these, the
Abbreviations: OAC, oral anticoagulant; ADR, adverse drug reaction; BMI, body

mass index; SD, standard deviation; CI, confidence interval; BSA, body surface area;

INR, international normalized ratio; AOD, arterial occlusive disease; CAD, coronary

artery disease; AVR, aortic valve regurgitation; FVL, factor V Leiden; ACE,

angiotensin converting enzyme.
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anticoagulant efficiency and risk of toxicity may be calculated by
the length of time taken to stabilize, time spent (or percent) within
and outside the therapeutic international normalized ratio (INR)
range, over anticoagulation (elevated INRs > 3.0 or 4.0), severe
over anticoagulation (elevated INRs > 5.0 or 6.0), absolute
instability or persistently fluctuating INRs. A wide range of
therapy-related clinical factors such as the initiation dose, scheme
of dose titration, target INR range, quality and frequency of
anticoagulation monitoring and concurrent therapy with inter-
acting drugs can contribute to variations in any of the above quality
measures. Environmental and demographic causes of variation
may be attributed to food intake, body weight and height, age,
smoking and alcohol abuse, clinical indication and comorbidities.
Most important are the inherent and unvarying variable, i.e.
y Elsevier Urban & Partner Sp. z o.o. All rights reserved.
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genetic polymorphisms can have a large contribution to the
efficacy and toxicity of anticoagulants. There is a dearth of data on
the plausible genetic variations that contribute to diversity in the
quality of anticoagulation therapy in routine clinical setup. This
paper aims to divulge the potential genetic and non-genetic factors
contributing to measures of quality and toxicity of oral antic-
oagulation (OAC) therapy.

Patients and methods

Cohort and inclusion criteria

The study was conducted at the Sir Ganga Ram Hospital, a
tertiary health care centre in New Delhi, India. The research
protocol was approved by the Ethics Board Committee of Sir
Ganga Ram Hospital and is in accordance with the ethical
standards of Declaration of Helsinki (World Medical Associa-
tion). All participants gave written informed consent. The
inclusion criteria and design of the study have been described
elsewhere [26]. In brief, the study cohort consisted of 257 and 53
new users of acenocoumarol warfarin respectively, enrolled in
the period between January 1, 2010, and February 31, 2011 for
long-term anticoagulation therapy. All patients were followed up
for a year or the end of the study period (1st November 2011)
whichever occurred first. Demographic and clinical details were
collected with the help of standardized questionnaires. Blood
samples were collected and DNA was isolated as previously
reported [26].

Outcome definition

The present study analyzed seven different anticoagulation
outcomes in patients on long-term anticoagulation therapy; (1)
over anticoagulation, defined by at least one elevated INR > 3.0
measurement, (2) severe over anticoagulation, defined by at
least one supra-elevated INR > 6.0 measurement, (3) absolute
instability, defined as failure to stabilize in the study period due
to persistently fluctuating INRs; (4) time taken to stabilize
(days), where in a patient was classified as being ‘stabilized’
when the last three consecutive INR values remain within 2.0–
3.0 without any change in weekly average dose; (5) Proportion of
INRs within therapeutic range of 2.0–3.0, (6) proportion of
elevated INRs > 3.0, and (7) proportion of subtherapeutic
INRs < 2.0. The proportion of INRs in the last three outcomes
were calculated by the percentage of INRs falling in the three
categories of INR group for each patient, i.e. 2–3, >3 and <2.
Adverse drug reactions (bleeding/haemorrhage) were initially
classified as minor (requiring no additional testing, referral, or
outpatient visits), or major (requiring medical or surgical
intervention, major blood loss requiring blood transfusion of
two units or more).

Genotyping

Twenty one SNPs in seven different genes were analyzed. Nine
variants in CYP2C9 (*2/rs1799853/430C>T/p.Cys144Arg in exon
3; *3/rs1057910/c.1075A>C/p.Ileu359Leu in exon 7; rs9332120,
c.331+73T>C in intron 2; rs9332230, c.1291+53A>T in intron 8;
rs2298037, c.1291+147C>T in intron 8; *14/rs72558189,
c.374G>A/p.Arg125His in exon 2; rs9332172, c.820-73A>G in
intron 5; rs1057911, c.1425A>T/p.Gly475Gly in exon 9; and
c.610A>C, *57/p.Asn204His in exon 4), four variants in VKORC1

(�1639G>A/g.3588G>A/rs9923231 in upstream promoter re-
gion; rs9934438, c.1173C>T in intron 2; rs7294, c.516G>A/
3730G>A in 30UTR and rs55894764/c.36G>A/p.Arg12Arg in exon
1), CYP4F2 rs2108622 (c.1297G>A/p.Val433Met in exon 11), three
common polymorphisms in the MDR1/ABCB1 gene (rs1128503/
c.1236T>C/p.Gly412Gly in exon 12; rs2032582/c.2677T>G/A/
p.Ser893Ala/Thr in exon 21 and rs1045642/c.3435C>T/
p.Ile1145Ile in exon 26), APOE isoforms (e2, e3, e4 distinguished
by two non synonymous polymorphisms; rs7212 and rs229358),
factor V Leiden variant in F5 (rs6025/1691G>A/p.Arg506Gln) and
prothrombin variant in F2 (rs1799963/20210G>A in 30UTR) were
genotyped. The rationale of selection of candidate SNPs in CYP2C9

and VKORC1 genes and the genotyping methods have been
previously described [26].

Statistical analysis

Statistical analysis was performed with SPSS, version 16.0
(SPSS Inc., Chicago, IL). The expected genotype frequencies and the
deviation from Hardy–Weinberg equilibrium were analyzed by
Chi square test. The presence of any differences between the
categorical outcome groups was analyzed by Fisher exact test for
categorical factors and by independent samples t test for
continuous factors. All analyses were conducted at two-tailed
a-level of 0.05. For the genetic variables, we coded the wild type as
‘0’, heterozygous as ‘1’ or homozygous as ‘2’ in order to model
additive allelic effects. If the comparison with such coded
genotypes was not significant or if the prevalence of homozygous
variant alleles was low, the heterozygous and homozygous
variant genotypes were pooled for comparison of overall SNP
effect on respective outcome measures. We also used dummy
variables to code demographic factors (sex, smoking status) and
clinical variables (indication for anticoagulant therapy, additional
comorbidities), and individual concomitant medications. Finally,
we used continuous variables for age, body weight, height, body
surface area (BSA), body mass index (BMI). Body mass index (BMI),
the common used index of weight-for-height to classify under-
weight, overweight and obesity in adults was calculated as the
weight in kilograms divided by the square of the height in metres
(kg/m2).

Results

The baseline demographic and clinical characteristics are
provided here (Supplementary Table 1). The study population
had a mean age of 42.51 years (standard deviation, SD = 17.36) and
an average BMI of 25.82 (SD = 5.8). The mean follow up period was
475.32 days (SD = 172.57) during which an average of 17.04
(SD = 5.31) INR measurements were recorded for each patient. The
study population had 32.98% (SD = 18) of INRs within the
therapeutic range, 13.28% (SD = 15.61) INRs > 3.0 and 53.73%
(SD = 20.89) INRs < 2.0. Among the 294 patients who stabilized on
either anticoagulant, the average time taken to stabilize was 82.9
days (SD = 65.31) and the mean stabilized weekly dose was
20.03 mg (SD = 8.21) and 43.01 mg (SD = 16.34) of acenocoumarol
and warfarin respectively. The genotype and allele frequency of all
SNPs are tabulated and found to fit in Hardy Weinberg equilibrium
(Supplementary Table 2).

Comparative analysis for the outcome measures was carried out
with all factors listed in the Supplementary Table 1. Only the
significant factors associated with different outcome measures are
tabulated; over anticoagulation with INR> 3.0 (Table 1), severe over
anticoagulation with INR> 6.0 (Table 2), state of stabilization
(Table 3), time taken to stabilize (Table 4) and proportion of INR
within therapeutic range of 2.0–3.0 (Table 5). Secondary analyses of
factors contributing to proportion of sub therapeutic INRs (<2.0) and
elevated INRs (>3.0) was also carried out similarly (Supplementary
Tables 3 and 4). Adverse drug reactions (bleeding/haemorrhage)
were observed more commonly in patients with 30.5–46% (50th
centile, median) sub-therapeutic INRs and 29.5–33.33% (50th



Table 1
Factors associated with elevated INR>3.0.

Parameters N = 310 INR<3.0 (N = 142) INR>3.0 (N = 168) P value Odd ratio 95% CI

Smoking status Nil 230 94 (66.2%) 136 (81%) 0.011 2.17# 1.29–3.65

Past 55 32 (22.5%) 23 (13.7%)

Current 25 16 (11.3%) 9 (5.4%)

CYP4F2 rs2108622 GG 132 51 (35.9%) 81 (48.2%) 0.029 1.66 1.05–2.62

GA/AA 178 91 (64.1%) 87 (51.8%)

CYP2C9 rs1057910 AA 224 116 (81.7%) 108 (64.3%) 0.001 0.40 0.24–0.69

AC/CC 86 26 (18.3%) 60 (35.7%)

VKORC1 rs9934438 CC 213 108 (76.1%) 105 (62.5%) 0.010 0.52 0.32–0.86

CT/TT 97 34 (23.9%) 63 (37.5%)

VKORC1 rs9923231 GG 221 115 (81%) 106 (63.1%) 0.001 0.40 0.24–0.68

GA/AA 89 27 (19%) 62 (36.9%)

Antibiotic � 289 128 (90.1%) 161 (95.8%) 0.047 2.52 0.99–6.42

+ 21 14 (9.9%) 7 (4.2%)

Antihypertensive � 288 138 (97.2%) 150 (89.3%) 0.007 0.24 0.08–0.73

+ 22 4 (2.8%) 18 (10.7%)

Fenofibrate � 304 142 (100%) 162 (96.4%) 0.033 0.09 0.00–1.6

+ 6 0 (0%) 6 (3.6%)

Adverse drug reaction (bleeding)b None 224 115 (80.9%) 109 (64.9%) 0.004 0.43## 0.26–0.73

Minor 68 24 (16.9%) 44 (26.2%)

Major 18 3 (2.1%) 15 (8.9%)

Weight (kg)a 72.11 (13.917) 68.69 (16.433) 0.048 � �
Height (m)a 1.665 (0.084) 1.641 (0.116) 0.041 � �
Follow up (days)a 424.14 (164.895) 518.57 (167.439) 0.0001 � �
Time to stabilize (days)a 69.75 (45.915) 93.91 (76.345) 0.001 � �

Only those factors that were significant with P value<0.05 are shown in the above table. P values of highly significant variables (<0.01) are in bold font. For a complete list of

parameters studied, please refer Nahar et al. [26]. For continuous variables, Independent samples t-test was applied. P value<0.05 was considered to be significant risk factor

for bleeding. NA, not applicable. Antibiotic, cefpodoxime (DOXCEF)/clindamycin (DALACIN); fenofibrate, LIPICARD; antihypertensive, ramipril (CARDACE).
a Mean (standard deviation).
b Pearson Chi-square.
# The odds ratio of elevated INR>3.0 in current and past smokers versus non-smokers is 2.17 (1.29–3.65), while in current smokers versus non-smokers is 2.57 (95%

CI = 1.09–6.06).
## The odds ratio of elevated INR>3.0 for a patient with any ADR versus no ADR is 0.43 (95% CI = 0.26–0.73), minor ADR versus no ADR is 0.52 (95% CI = 0.29–0.91), while

the odds ratio for a patient with major ADR versus no ADR is 0.19 (95% CI = 0.05–0.67).

Table 2
Factors associated with supra-elevated INR>6.0.

Parameters N = 310 INR<6.0 (N = 286) INR>6.0 (N = 24) P value Odds ratio 95% CI

CYP2C9 rs1799853 CC 258 234 (81.8%) 24 (100%) 0.019 10.97 0.66–183.3

CT/TT 52 52 (18.2%) 0 (0%)

CYP2C9 rs1057910 AA 224 212 (74.1%) 12 (50%) 0.011 0.35 0.15–0.81

AC/CC 86 74 (25.9%) 12 (50%)

VKORC1 rs55894764 GG 304 283 (99%) 21 (87.5%) 0.007 0.07 0.01–0.39

GA 6 3 (1%) 3 (12.5%)

ABCB1 rs1128503 TT 92 90 (31.5%) 2 (8.3%) 0.018 0.2 0.05–0.86

TC/CC 218 196 (68.5%) 22 (91.7%)

Adverse drug reaction (bleeding) None 224 221 (77.27%) 3 (12.5%) 0.0001 0.05# 0.01–0.17

Minor 68 57 (19.93%) 11 (45.83%)

Major 18 10 (3.5%) 8 (33.3%)

Only those factors that were significant with P value<0.05 are shown in the above table. P values of highly significant variables (<0.01) are in bold font. For a complete list of

parameters studied, please refer Nahar et al. [26].
# The odds ratio of elevated INR>6.0 for a patient with any ADR versus no ADR is 0.05 (95% CI = 0.01–0.17), minor ADR versus no ADR is 0.07 (95% CI = 0.02–0.26), while the

odds ratio for a patient with major ADR versus no ADR is 0.02 (95% CI = 0.00–0.07).
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centile, median) of elevated INRs (>3.0). There was no notable
difference in the state of stabilization or time taken to stabilize
among patients on different type of coumarin anticoagulants.
Although the unstabilized cohort of 16 patients (5.16%) were
observed to have a longer follow up period, they were also observed
to have considerably higher proportion of sub therapeutic INRs.
Unstabilized patients were seen to have three folds reduced
proportion of INRs within the therapeutic range (Table 3). Patients
on warfarin were observed to have significantly higher proportion of
their INRs in-range and lesser INRs in the sub therapeutic range (<2)
as compared to those on acenocoumarol therapy (Table 5 and
Supplementary Table 4).
Discussion

Demographic/clinical factors and anticoagulation quality

Patients who were either current or past smokers were less
likely to have elevated INRs and took lesser time to stabilize than
those who never smoked. Previously reported cases of patients
taking warfarin after smoking cessation [5,11] observed delayed
increase in INRs. The reported low prevalence of elevated INRs
(>3.0) among smokers in the current study could be due to the
increased dose requirement for therapeutic anticoagulation as
previously reported [18]. This could be attributed to increased



Table 3
Factors associated with the state of stabilization.

Parameters N = 310 Stabilized (n = 294) Not stabilized (n = 16) P

Gender Male 203 197 (67%) 6 (37.5%) 0.027#

Female 107 97 (33%) 10 (62.5%)

VKORC1 rs9923231 GG 221 205 (69.7%) 16 (100%) 0.008##

GA/AA 89 89 (30.3%) 0 (0%)

Height (m)a 1.656 (0.10) 1.576 (.09) 0.005
Body mass index (BMI)a 25.66 (5.81) 28.74 (4.96) 0.028

Follow up (days)a 470.46 (173.17) 564.63 (136.81) 0.017

a Mean (standard deviation). A patient was classified as being ‘stabilized’ when the last three consecutive INR values remain within 2.0–3.0 without any change in weekly

average dose.
# Odds ratio of stabilization in males and females was 3.39 (95% CI = 1.2–9.59).
## Odds ratio of stabilization for VKORC1 rs9923231 variant genotype was 0.07 (95% CI = 0.00–1.17). Only those factors that were significant with P value<0.05 are shown

in the above table. P values of highly significant variables (<0.01) are in bold font. For a complete list of variables studied, please refer to Nahar et al. [26]. For continuous

variables, t-test was applied.

Table 4
Factors associated with time taken to stabilize on coumarin drug during follow up period.

Parameters N = 294 Time taken to stabilize (days) P

50th percentile (median) IQR 25th–75th percentile IQR

Smoking status Nil 215 65 32–120 0.018

Current 79 60 28–75

Clinical indication DVT 149 63 31.5–123 0.002
VT/stroke 53 71 56–120

CAD/AVR 32 40 30.25–60

AOD 34 55 26.5–62.75

Others 26 80.5 56–105

CYP4F2 rs2108622 GG 127 56 30–82 0.02

GA/AA 167 66 35–120

CYP2C9 rs72558189 GG 279 62 32–110 0.03

GA 15 95 71–180

Proton pump inhibitor � 238 65 34.25–120 0.001
+ 56 45 26.25–69

Tramadol � 273 62 32–120 0.035

+ 21 50 29–67.5

Antiplatelet � 114 55 29.75–78 0.001
+ 180 67 40–124.5

Of 310 patients in the study only 16 patients had not stabilized during the follow up period; hence the above analysis could be performed in 294 patients only. Mann–Whitney

or Kruskal–Wallis test was applied where appropriate. Only those factors that were significant with P value<0.05 are shown in this table. P values of highly significant

variables (<0.01) are in bold font. For a complete list of variables studied, please refer to Nahar et al. [26]. IQR, inter quartile range; DVT, deep vein thrombosis; VT, venous

thromboembolism; CAD, coronary artery disease; AVR, atrial valve regurgitation; AOD, arterial occlusive disease. Tramadol (TRAMAZAC); Antiplatelet (aspirin-ECOSPRIN;

clopidogrel-STROMIX/DEPLATT/CLOPIVAS); Proton pump inhibitor (pantoprazole-PANTOCID/rabeprazol-RABLET/RAZO).
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warfarin clearance from smoking [25]. The current study is the first
to highlight the interaction of smoking with acenocoumarol.

Older age (>60 years) patients were observed to have
significantly lower proportion of in-range INRs. The unstable
anticoagulant response is likely to be due to the additional
comorbidities and multiple drug therapy common in elderly
patients. Older age (>60/>65 years) has been repeatedly
associated with increased bleeding [12,38] and smaller than
average dose requirement [29,45].

Stabilized patients had lower BMI, increased height and carried
the VKORC1-1639 A allele as compared to those who did not stabilize
(Table 3). Since height is inversely correlated to BMI (for a constant
weight), the interaction observed between height and stabilized
state is not coincidental. A previous study showed that carriers of the
VKORC1 1173T or �1639A allele who required lower doses were
more likely to have lower BMI [37]. Hence, in the current
anticoagulated population, the results indicate that patients with
lower dose requirement were more likely to stabilize possibly due to
the small initiation dose given to the patient population.

A significantly higher proportion of females had failed to
stabilize despite the skewed male to female ratio of 2:1 (Table 3). A
recent report suggests poor anticoagulation control in females and
documents 2.6% reduction in time spent within therapeutic range
as compared to men [34]. Although the exact mechanism is
unknown, we present a hypothesis. In India, the male and female
ratio of smokers is 6.5: 1 (26% males, 4% females) [49] and in the
present study population, none of the females were smokers.
Hence, one of the plausible explanations could be the increased
proportion of elevated INRs and longer time taken to stabilize
observed in non-smokers (Tables 1 and 4, Supplementary Table 3).
Previous studies have also reported a higher risk of anticoagulant-
induced bleeding in females [38], however this finding could not be
confirmed in the present cohort [26].

Patients with arterial occlusive disease (AOD), coronary artery
disease (CAD) or aortic valve regurgitation (AVR) were noted to
stabilize sooner than those with venous thromboembolism and
other conditions (Table 4). This is likely to be caused due to a
difference in the clinicians managing anticoagulation therapy,
method of dose titration and frequency of INR measurements for
patients with CAD and AVR.

CYP2C9 and anticoagulation quality

CYP2C9*3 (rs1057910) was associated with increased likelihood
of over anticoagulation and severe over anticoagulation. The *3
carriers had higher proportion of elevated INRs (>3) and lesser sub
therapeutic INRs. CYP2C9*3 carriers have been previously reported
to have unstable anticoagulation [47] and elevated INR
[21,39,46,47]. Previous findings from the same study cohort
showed increased prevalence of bleeding in carriers of *3 allele as
well [26]. The clearance of S-warfarin is drastically reduced in
individuals homozygous for CYP2C9*3 [40]. The *2 (rs1799853)



Table 5
Factors associated with percent of INR within therapeutic range.

Parameters N = 310 % INR within 2.0–3.0 P

50th percentile (median) IQR 25th–75th percentile IQR

Age (years) �60 253 33.33 18.33–44.44 0.026

>60 57 25 14.29–36.67

CYP4F2 rs2108622 GG 132 34 20–50 0.011

GA/AA 178 30 16.67–40

CYP2C9 rs9332230 AA 222 30.77 16.67–40 0.027

AT/TT 88 38 20–49.5

VKORC1 rs55894764 GG 304 33.17 16.67–42.86 0.034

GA 6 50 41.07–59.25

ABCB1 rs2032582 TT 125 36.36 22.22–50 0.001

TG/A, GG/AA 185 28.57 14.29–40

F5 rs6025 GG 279 32 16.67–43 0.042

GA 31 40 27.27–50

Antibiotic � 289 33.33 16.67–45.5 0.002

+ 21 23.53 10.79–33.17

Penicillin � 287 33.33 16.67–45 0.034

+ 23 27.27 14.29–33.33

Antacid � 290 33.33 16.67–45.25 0.019

+ 20 26.79 8.33–40

Acetaminophen + tramadol � 278 33.33 16.92–46 0.012

+ 32 25 12.63–38.33

Vitamins and supplements � 265 33.33 20–44.72 0.004

+ 45 20 14.29–33.5

Antiplatelet � 118 36.36 22.5–46.5 0.003

+ 192 28.57 14.71–40

Type of anticoagulant Acenocoumarol 257 30.77 16.33–40 0.003

Warfarin 53 38 27.5–54.5

Mann–Whitney or Kruskal–Wallis test was applied where appropriate. Only those factors that were significant with P value<0.05 are shown in this table. P values of highly

significant variables (<0.01) are in bold font. For a complete list of variables studied, please refer to Nahar et al. [26]. IQR, inter quartile range; antacid (ranitidine-RANTAC),

Vitamins and supplements (vitamin C, vitamin B complex, calcium, FOLVITE); antiplatelet (aspirin-ECOSPRIN; clopidogrel-STROMIX/DEPLATT/CLOPIVAS); antibiotic,

cefpodoxime (DOXCEF)/clindamycin-(DALACIN); penicillin, amoxicillin + clavulinic acid (CALVCARE/AUGMENTIN); acetaminophen + tramadol (PARACETAMOL/ULTRACET).
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allele was observed to have a protective effect against supra-
elevated INRs (>6), although no such effect was observed with the
bleeding outcome previously [26]. Previous studies have reported
a slight increase in the first INR measured on day 4 [41], however
no severe over anticoagulation (INR � 6) [22,41] or bleeding [41]
was reported in *2 carriers. In contrast, few studies have reported
an increased risk of supratherapeutic INRs in *2 carriers [47] and
reduced clearance of S-warfarin in *2 homozygotes [33]. Patients
carrying the *14 (rs72558189) were examined to require longer
time to achieve stabilized state. This confirms the finding by Kim
et al. [15]. Previous in vitro studies observed a significant decrease
in CYP2C9*14 protein catalytic activity [9] which could lead to
lower intrinsic clearance of OAC. The rs9332230 variant allele was
associated with increased proportion of INRs within therapeutic
range. This intronic polymorphism showed a high allele frequency
in the present population (0.147) as compared to African [23] and
other HapMap populations (0, nil). The rs9332230 may be closely
linked to CYP2C9*3 and *2 alleles in the present population.

VKORC1 and anticoagulation quality

The SNP rs9934438 (1173C>T) was significantly associated with
increased likelihood of elevated INR (>3). The 1173T allele was also
associated with increased risk of bleeding complications in the same
study population [26]. Patients with rs9923231 (�1639G>A) were
noted to almost always stabilize and had slightly lesser percentage
of sub therapeutic INRs, an association that has not been reported
previously. However, �1639G/A polymorphism was previously
associated with shorter time to the INR within the therapeutic range
[20]. The �1639A carriers in the present study had a higher
proportion of elevated INRs (>3); also seen in previous reports
[20,47]. Vitamin K epoxide reductase is the site of inhibition by
coumarin and mutations in the VKORC1 affects the sensitivity of the
enzyme for warfarin. The VKORC1*2 haplotype characterized by
1173C>T polymorphism (in close linkage disequilibrium with
�1639G>A) is reported to abolish the E box consensus sequence
resulting in reduced promoter activity and thus altered VKORC1

mRNA expression [52]. Patients with *2 haplotype were reported to
have lower warfarin dose requirement, higher variation of INRs [27],
elevated INR [39,41] and increased percentage of INR values outside
the therapeutic interval than patients with other VKORC1 haplotypes
[27]. The rare synonymous rs55894764 (p.Arg12 = Arg) variant was
associated with reduced proportion of sub therapeutic INR and
higher percentage of in-range INRs. Although the exact mechanism
of the role of this polymorphism in anticoagulation control is
unknown, synonymous changes are known to affect the translation
efficiency by interfering with both mRNA stability and the protein
translation rate [10,17].

CYP4F2, ABCB1, F5 Leiden and anticoagulation outcomes

Carriers of CYP4F2 rs2108622 A allele (M433) were less likely to
have elevated INRs, increased proportion of within-range and sub
therapeutic INRs (<2) as compared to those with GG (V433V)
genotype. This correlates to previous findings where the V433
allele was associated with early response to acenocoumarol
(higher international normalized ratio value achieved early) and
higher coumarin-sensitivity [32]. CYP4F2 is a vitamin K1 oxidase
and carriers of the SNP (V433M) have reduced capacity to
metabolize VK1 [24], thereby increasing the individual’s dose
requirement for coumarin [3,19,32].

The ABCB1 3435T variant has been previously reported to be
associated with high dose requirement of warfarin [8] and
acenocoumarol [35]. Also, the 2677G variant has been associated
with higher acenocoumarol dose than the wild type genotype [35].
Our findings reflect similar ABCB1 response with respect to
anticoagulation level. The CT and TT genotypes of the synonymous
3435C>T SNP in ABCB1 were associated with increased proportion
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of sub-therapeutic INRs and decreased proportion of elevated INRs
as compared to CC carriers. The common 3435C>T substitution
affects ABCB1 mRNA expression in the liver, thereby reducing
mRNA stability [48]. The 3435C/T is in strong linkage disequilibri-
um with 1236C/T and 2677G/T. The carriers of at least one 2677G
allele was observed to have increased percentage of sub
therapeutic INRs and decreased percentage of in-range INRs,
while 1236C/T was associated with increased proportion of
elevated INRs.

Patients heterozygous for FVL (rs6025) had higher proportion of
INRs within range as compared to patients with wild type
genotype. This is likely due to the mild hypercoaguable state
caused by the slow inactivation of FVL as compared to normal
factor V. It is interesting to note that some studies have reported
increased risk of bleeding complications in FVL patients on OAC
therapy [2,26]. An alternate explanation for better anticoagulation
response in FVL carriers is that they may be better motivated to
adhere/comply with the anticoagulation therapy and dietary
recommendation than patients with idiopathic thrombosis.

Concomitant drugs and anticoagulation quality

The association of certain concomitant drugs with increased
risk of anticoagulant-induced bleeding has been established in the
past [26]. However, there is a dearth of knowledge about the effect
of common drugs on other measures of quality of anticoagulation
therapy. The present study reveals some novel drug interactions
with coumarin anticoagulants. Drugs that were observed to
significantly increase the likelihood of elevated INR (>3) were
fenofibrate and angiotensin-converting-enzyme (ACE) inhibitors.
There have been previous case reports of potentiating effect of
warfarin due to fenofibrates [1,16] and increased gastrointestinal
bleeding among warfarin users [36]. Anti hyperlipidemia drugs
such as fenofibrate inhibit CYP3A4 enzymes and may interact with
OAC by mechanism of displacement of coumarin drug from protein
binding sites. Anticoagulated patients on concurrent therapy with
antibiotics (cefpodoxime/clindamycin) were observed to have
considerable lesser frequency of over anticoagulation. Any
antibiotic use in patients (Cefpodoxime, clindamycin and amox-
icillin + clavulinic acid) led to an increase in sub-therapeutic INRs
and decreased proportion of in-range INRs. Although the mecha-
nism for this interaction is not entirely known, it is suspected that
the decreased vitamin K-producing gut flora results in vitamin K
deficiency [6] and hence causes fluctuations in INRs. Amoxicillin
(alone or with clavulinic acid) in combination with OAC has been
previously reported to cause elevated INRs and major bleeding
[7,30]. Concomitant therapy with the common analgesic and
antipyretic drug; acetaminophen was associated with dwindled
proportion of in-range INRs. Concomitant use of tramadol was
associated with a shorter time to stabilize. This is the first report of
interaction of tramadol with coumarin anticoagulants. Acetamin-
ophen (paracetamol) is known to increase effects of anticoagulants
[13], however these interactions were previously found to be
clinically non-significant [43]. An interesting finding in patients on
therapy with proton pump inhibitors was that they took a shorter
time to stabilize. Although there are no studies that document a
similar interaction between rabeprazole/pantoprazole with OAC,
incidences of potentiation of anticoagulant effect was reported
with other agents in the class [14,50]. Concomitant use of
antiplatelets was associated with increased proportion of elevated
INRs (>3) and decreased proportion of in-range INRs. The use of
antiplatelets was also observed to considerably extend the time to
stabilize. Van den Bemt et al. [44] observed INR instability and
delay in reaching stability in patients on concurrent therapy with
NSAIDs. Concomitant use of antiplatelets was identified as a
significant risk factor for bleeding [13,26].
Concurrent use of anticonvulsant (gabapentin) in patients was
associated with lesser proportion of elevated INRs. No evidence of
such interaction has been studied so far. Concomitant therapy with
vitamins and supplements was associated with dwindled propor-
tion of in-range INRs. Two of the patients were taking Chinese
Ginseng and others were either on vitamin C, vitamin B, multi-
vitamins or folic acid. Ginseng can decrease the anticoagulation
efficacy [51] resulting in a decline in INR [28]. There is minimal
evidence of interaction of vitamins with warfarin [4] and no
significant interaction with acenocoumarol [31].

In the present study aggregated both types of anticoagulants,
i.e. acenocoumarol and warfarin in the analysis of outcomes. At
present we have no clear explanation for risk differences. Most
likely, a difference in anticoagulation outcomes between the two
coumarin anticoagulants may find an explanation in the vastly
different pharmacokinetics of acenocoumarol and warfarin.
Acenocoumarol has lower maintenance dose and plasma concen-
tration, faster plasma clearance and shorter terminal elimination
half life as compared to warfarin [42]. Therefore, some conclusions
may be valid only for acenocoumarol since this cohort was larger
than the warfarin cohort.

Although several studies have devised a pharmacogenetic
dosing algorithm for OAC, it is important to also be able to beware
clinicians of the risk of over anticoagulation or persistently
fluctuating INRs leading to unstable anticoagulation. This study
provides a primary basis for future dose alterations based on the
presence/absence of genetic variants so as to improve the overall
therapeutic efficacy of anticoagulation in patients. Factors
associated with absolute instability gives clues to identify the
sub section of population who are females/non-carriers of VKORC1

rs9923231, shorter height and increased BMI. Counteractive steps
to improve anticoagulation efficiency such as dose adjustments
and frequent INR monitoring may be applied in this group. The
study reveals variables associated with supra therapeutic INRs
(Tables 1 and 2) that may help clinicians to identify patients with
increased risk of adverse drug effects (bleeding/haemorrhage);
ranging from minor bleeding from nose and mouth, heavy
menstrual bleeding in women to major bleeding from wound
site, gastrointestinal bleeding or brain haemorrhage. The study
documents some interesting observation with respect to the range
of INRs observed in patients. Some patients take a longer time to
achieve stable anticoagulation such as carriers of CYP4F2

rs2108622 and CYP2C9*14. Recognition of these factors can help
the physician to tailor therapy accordingly to reduce the time taken
to stabilize. Clinical decisions such as concurrent heparin therapy,
increased initiation OAC dose, frequent INR monitoring and dose
titrations may help to solve the issue in part.
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Pharmacogenetic relevance of CYP4F2 V433M polymorphism on acenocou-
marol therapy. Blood 2009;113(20):4977–9.

[33] Rettie AE, Wienkers LC, Gonzalez FJ, Trager WF, Korzekwa KR. Impaired (S)-
warfarin metabolism catalysed by the R144C allelic variant of CYP2C9. Phar-
macogenetics 1994;4:39–42.

[34] Rose AJ, Hylek EM, Ozonoff A, Ash AS, Reisman JI, Berlowitz DR. Patient
characteristics associated with oral anticoagulation control: results of the
Veterans AffaiRs Study to Improve Anticoagulation (VARIA). J Thromb Hae-
most 2010;8(10):2182–91.

[35] Saraeva RB, Paskaleva ID, Doncheva E, Eap CB, Ganev VS. Pharmacogenetics of
acenocoumarol: CYP2C9, CYP2C19, CYP1A2, CYP3A4, CYP3A5 and ABCB1 gene
polymorphisms and dose requirements. J Clin Pharm Ther 2007;32(6):641–9.

[36] Schelleman H, Bilker WB, Brensinger CM, Wan F, Yang YX, Hennessy S. Fibrate/
Statin initiation in warfarin users and gastrointestinal bleeding risk. Am J Med
2010;123(2):151–7.

[37] Schelleman H, Chen Z, Kealey C, Whitehead AS, Christie J, Price M, et al.
Warfarin response and vitamin K epoxide reductase complex 1 in African
Americans and Caucasians. Clin Pharmacol Ther 2007;81(5):742–7.

[38] Shireman TI, Mahnken JD, Howard PA, Kresowik TF, Hou Q, Ellerbeck EF.
Development of a contemporary bleeding risk model for elderly warfarin
recipients. Chest 2006;130:1390–6.

[39] Spreafico M, Lodigiani C, van Leeuwen Y, Pizzotti D, Rota LL, Rosendaal F, et al.
Effects of CYP2C9 and VKORC1 on INR variations and dose requirements during
initial phase of anticoagulant therapy. Pharmacogenomics 2008;9(9):1237–
50.

[40] Steward DJ, Haining RL, Henne KR, Davis G, Rushmore TH, Trager WF, et al.
Genetic association between sensitivity to warfarin and expression of
CYP2C9*3. Pharmacogenetics 1997;7:361–7.

[41] Teichert M, Eijgelsheim M, Rivadeneira F, Uitterlinden AG, van Schaik RH,
Hofman A, et al. A genome-wide association study of acenocoumarol mainte-
nance dosage. Hum Mol Genet 2009;18(19):3758–68.

[42] Ufer M. Comparative pharmacokinetics of vitamin K antagonists: warfarin,
phenprocoumon and acenocoumarol. Clin Pharmacokinet 2005;44(12):1227–
46.

[43] van den Bemt PM, Geven LM, Kuitert NA, Risselada A, Brouwers JR. The
potential interaction between OACs and acetaminophen in everyday practice.
Pharm World Sci 2002;24(5):201–4.

[44] van den Bemt PM, Joosten P, Risselada A, van den Boogaart MH, Egberts AC,
Brouwers JR. Stabilization of OAC therapy in hospitalized patients and char-
acteristics associated with lack of stabilization. Pharm World Sci
2000;22(4):147–51.

[45] van Schie RM, Wessels JA, le Cessie S, de Boer A, Schalekamp T, van der Meer FJ,
et al. Loading and maintenance dose algorithms for phenprocoumon and
acenocoumarol using patient characteristics and pharmacogenetic data. Eur
Heart J 2011;32(15):1909–17.

[46] Voora D, Eby C, Linder MW, Milligan PE, Bukaveckas BL, McLeod HL, et al.
Prospective dosing of warfarin based on cytochrome P-450 2C9 genotype.
Thromb Haemost 2005;93(4):700–5.

[47] Wadelius M, Chen LY, Lindh JD, Eriksson N, Ghori MJ, Bumpstead S, et al. The
largest prospective warfarin-treated cohort supports genetic forecasting.
Blood 2009;113(4):784–92.

[48] Wang D, Johnson AD, Papp AC, Kroetz DL, Sadée W. Multidrug resistance
polypeptide 1 (MDR1, ABCB1) variant 3435C>T affects mRNA stability. Phar-
macogenet Genomics 2005;15(10):693–704.

[49] WHO Report on the Global Tobacco Epidemic. India: Country Profile; 2011,
Available online at: http://www.who.int/tobacco/surveillance/policy/coun-
try_profile/ind.pdf (accessed 24.04.13).

[50] Wittkowsky AK. Drug interactions update: drugs, herbs, and oral anticoagula-
tion. J Thromb Thrombolysis 2001;12(1):67–71.

[51] Yuan CS, Wei G, Dey L, Karrison T, Nahlik L, Maleckar S, et al. Brief communi-
cation: American ginseng reduces warfarin’s effect in healthy patients: a
randomized, controlled Trial. Ann Intern Med 2004;141(1):23–7.

[52] Yuan HY, Chen JJ, Lee MT, Wung JC, Chen YF, Charng MJ, et al. A novel
functional VKORC1 promoter polymorphism is associated with inter-individ-
ual and inter-ethnic differences in warfarin sensitivity. Hum Mol Genet
2005;14(13):1745–51.

http://dx.doi.org/10.1016/j.pharep.2013.09.006
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0005
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0005
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0010
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0010
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0010
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0015
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0015
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0015
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0020
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0020
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0020
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0020
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0025
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0025
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0030
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0030
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0030
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0035
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0035
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0040
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0040
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0040
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0040
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0045
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0045
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0045
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0050
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0050
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0050
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0050
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0055
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0055
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0060
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0060
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0060
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0065
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0065
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0065
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0065
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0070
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0070
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0070
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0075
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0075
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0075
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0075
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0080
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0080
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0085
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0085
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0085
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0090
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0090
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0090
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0095
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0095
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0095
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0100
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0100
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0100
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0105
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0105
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0105
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0110
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0110
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0115
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0115
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0115
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0120
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0120
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0120
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0125
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0125
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0125
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0130
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0130
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0130
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0135
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0135
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0135
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0135
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0140
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0140
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0140
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0140
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0145
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0145
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0145
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0145
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0150
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0150
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0150
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0155
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0155
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0155
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0155
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0160
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0160
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0160
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0165
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0165
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0165
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0170
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0170
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0170
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0170
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0175
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0175
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0175
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0180
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0180
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0180
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0185
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0185
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0185
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0190
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0190
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0190
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0195
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0195
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0195
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0195
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0200
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0200
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0200
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0205
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0205
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0205
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0210
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0210
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0210
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0215
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0215
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0215
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0220
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0220
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0220
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0220
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0225
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0225
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0225
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0225
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0230
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0230
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0230
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0235
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0235
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0235
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0240
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0240
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0240
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0240
http://www.who.int/tobacco/surveillance/policy/country_profile/ind.pdf
http://www.who.int/tobacco/surveillance/policy/country_profile/ind.pdf
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0250
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0250
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0255
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0255
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0255
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0260
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0260
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0260
http://refhub.elsevier.com/S1734-1140(14)00041-3/sbref0260

	CYP2C9, VKORC1, CYP4F2, ABCB1 and F5 variants: Influence on quality of long-term anticoagulation
	Introduction
	Patients and methods
	Cohort and inclusion criteria
	Outcome definition
	Genotyping
	Statistical analysis

	Results
	Discussion
	Demographic/clinical factors and anticoagulation quality
	CYP2C9 and anticoagulation quality
	VKORC1 and anticoagulation quality
	CYP4F2, ABCB1, F5 Leiden and anticoagulation outcomes
	Concomitant drugs and anticoagulation quality

	Conflict of interest
	Funding
	Acknowledgements
	Supplementary data

	References

