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Abstract
The purpose of this study was to investigate influence of gene polymorphisms of APOB and APOE on risk of bleeding
complications at therapeutic INR, during warfarin treatment in Korean patients with mechanical cardiac valves. The study
included 142 patients from the EwhA-Severance Treatment Group (EAST) of Warfarin. A total of 12 SNPs was
investigated. Five SNPs of APOB (c.13013G>A, c.1853C>T, c.1594C>T, c.293C>T, and c.7545C>T) and five SNPs of
APOE (g.4798T>G, g.6406G>A, g.10413T>C, c.388T>C, and c.526C>T) were selected. In addition to selected SNPs,
VKORC1 g.6399C>T, and CYP2C9 c.1075A>C, which were known to have significant effects on warfarin stable doses,
were also included in the study. Two SNPs of APOB (c.293C>T and c.1853C>T) were associated with bleeding
complications. T allele carriers of c.293C>T had 8.6 times (95% CI 2.9–25.5, p < 0.001) increased risk of bleeding, and
attributable risk was 88.3%. C allele carriers of c.1853C>T had 6.4 times (95% CI 2.3–17.9, p < 0.001) increased risk of
bleeding after adjusting for covariates (attributable risk of 84.3%). AUROC values of models that included c.1853C>T and
c.293C>T were 0.771 and 0.802, respectively. Among demographic characteristics, age was the only significant factor. This
study revealed that APOB was associated with bleeding complications in patients with warfarin treatment after mechanical
cardiac valves.

Introduction

Warfarin has been widely used as an oral anticoagulant to
reduce risk of serious consequences, including heart attack
and stroke. Although introduction of direct oral anticoagulant
decreased use of warfarin, warfarin remains first-line antith-
rombotic therapy in patients with mechanical heart valves
[1]. Substantial risk of thromboembolic events immediately
following mechanical valve replacement, necessitates initia-
tion of anticoagulant therapy with warfarin [2–4].

Despite these advantages, warfarin has a narrow ther-
apeutic range and high interpatient variability, requiring
frequent monitoring. International normalized ratio (INR) is
used to monitor warfarin treatment, and recommended tar-
get INR for mechanical heart valve is 2.5 (range, 2.0–3.0)
[5]. So far, most pharmacogenomics studies and guidelines
for warfarin have been focused on initial therapeutic dose
determination; [6] however, after stable doses are achieved,
genetic information contributes little to warfarin dose pre-
diction [7]. Although INR is routinely monitored during
warfarin therapy for assessment of anticoagulation intensity
and dose adjustment, some studies showed that patients
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could still experience bleeding complications within ther-
apeutic INR, even at low INR [8, 9]. This implies that the
intensity of anticoagulation does not fully explain the rea-
son behind bleeding events in patients.

Bleeding is the most serious complication of antic-
oagulation treatment. Although several bleeding risk scores
such as HAS-BLED have been developed, they only
include demographic and clinical factors, except for the
HEMOR2RHAGES score, which includes CYP2C9 var-
iants [10]. Some studies have been performed to evaluate
the relationship between genotypes and bleeding [11];
however, as most studies deal with patients in the dose-
titration phase, information on long-term warfarin therapy
after INR stabilization is extremely scarce.

It has been studied that apolipoproteins are involved in
platelet functions. Especially, apolipoproteins B (APOB)
exist on the surface of low‐density lipoprotein (LDL) par-
ticles [12]. LDL sensitizes platelets via binding of apoB-100
to a receptor on the platelet membrane and via transferring
lipids to the platelet membrane. Moreover, apolipoprotein E
(APOE) mediates inhibition of platelet functions by APOE-
containing lipoproteins such as high‐density lipoproteins.
So, it is reasonable to assume that gene polymorphisms of
APOB and APOE may influence risk of bleeding during
warfarin treatment. However, effects of these gene poly-
morphisms on bleeding complications in patients with
warfarin treatment, have not been studied [13]. Therefore,
the purpose of this study was to investigate influence of
gene polymorphisms of APOB and APOE on risk of
bleeding complications at therapeutic INR, during warfarin
treatment in Korean patients with mechanical cardiac
valves.

Subjects and methods

Study patients and data collection

Study patients were enrolled from the EwhA-Severance
Treatment (EAST) Group of Warfarin. The study cohort
consisted of 229 patients who had warfarin therapy, after
mechanical heart valve replacement between January 1982
and December 2009 at Severance Cardiovascular Hospital
of Yonsei University College of Medicine. Patients that
maintained a stable INR (INR of 2–3 for at least three
consecutive times) were eligible for the study. Patients that
had experienced bleeding complications in supra or sub-
therapeutic INRs were excluded. Patients were also exclu-
ded if their complications were not verified by health
professionals.

Patients were followed-up continuously at the outpatient
clinic of Severance Cardiovascular Hospital of Yonsei Uni-
versity Medical Center. Blood samples were collected during

regularly scheduled clinic visits. Data collection was per-
formed from scanned medical records, and electronic medical
records of patients June 1983–August 2010. Data including
gender, age, body weight, height, position of valve prosthesis,
valve type, warfarin therapy duration, INR measurements,
concurrent medication, comorbidity, and history of bleeding
complications were collected. Bleeding complications were
classified as major life-threatening, other major, any major,
minor, or minimal using the scheme detailed in Platelet
Inhibition and Patient Outcomes trial [14]. Data of all
12 single nucleotide polymorphisms (SNPs) and related
phenotype of bleeding were submitted to ClinVar (accession
number: SCV000889936–SCV000889947). This study was
approved by the Institutional Review Board of the Yonsei
University Medical Center (approved number: 4–2009–0283).
All patients gave written informed consent for participation.

Genotyping methods

Tag SNPs analysis was performed with minor allele frequency
(MAF) of ≥10% in Japanese and Han Chinese populations
using Haploview 4.2 [15]. Linkage disequilibrium (LD)
blocks were constructed following the D′-method using the
default algorithm in Haploview 4.2 and confirmed by the
HaploReg 4.1 [16]. Based on LD pattern, tagSNP selection
was performed with the pairwise tagging method (r2 ≥ 0.8).
Based on previous research, NM_000384.2:c.7545C>T (p.
(Thr2515=)) in the APOB gene and NM_000041.3:
c.388T>C (p.(Cys130Arg)) and NM_000041.3:c.526C>T (p.
(Arg176Cys))SNP in the APOE gene were also included
[17, 18]. A total of five SNPs of APOB (NM_000384.2:
c.13013G>A (p.(Ser4338Asn)), NM_000384.2:c.1853C>T
(p.(Ala618Val)), NM_000384.2: c.1594C>T (p.(Arg532Trp)),
NM_000384.2:c.293C>T (p.(Thr98Ile)), and c.7545C>T)
and five SNPs of APOE (NG_007084.2:g.4798T>G,
NG_007084.2:g.6406G>A, NG_007084.2:g.10413T>C,
c.388T>C, and c.526 C > T) were selected. In addition to
selected SNPs, NG_011564.1:g.6399C>T in the VKORC1
gene and NM_000771.3:c.1075A>C (p.(Ile359Leu)) in the
CYP2C9 gene, which were found to have significant effects
on warfarin stable doses, were also included in the study. So, a
total of 12 SNPs was investigated.

Genomic DNA from patients was isolated from ethy-
lendiaminetetraacetic acid-blood samples using the QIAamp
DNA Blood Mini Kit (QIAGEN GmbH, Hilden, Germany)
according to protocol of the manufacturer. Genotyping was
conducted using the TaqMan genotyping assay using real
time PCR system (ABI 7300, ABI, Foster City, CA, USA).

Statistical analysis

Hardy–Weinberg equilibrium (HWE) was tested using a
chi-square test. LD (r2 and D′) between two loci in the gene
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was calculated with Haploview 4.2 [15]. Continuous vari-
ables in patients with bleeding complications and those
without complications were compared by Student’s t test.
Chi-square test was used to compare categorical variables
between the two groups, and Bonferroni correction was
performed for 12 SNPs. Multivariate logistic regression
analysis was used to examine independent risk factors for
bleeding complications. Factors having p < 0.05 or
remaining significant after Bonferroni correction from uni-
variate analysis, with clinically relevant confounders, were
included in multivariate analysis. Odds ratio (OR) and
adjusted odds ratio (AOR) were calculated from univariate
and multivariate analyses, respectively. Attributable risk
(%) was calculated by (1− 1/AOR) × 100. Discrimination
of the model was further assessed by analysis of the area
under receiver operating curve (AUROC) that assesses the
ability of the risk factor to predict bleeding.
Hosmer–Lemeshow test was performed to confirm the
model’s goodness of fit. We calculated the number needed
to genotype for preventing one patient from experiencing a
significantly higher incidence of bleeding complications by
1/absolute risk reduction. Absolute risk reduction was
obtained by multiplying the relative risk reduction by gen-
otyping and risk of higher incidence of bleeding compli-
cations without genotyping. Post hoc power calculations
were performed using Quanto 1.2.4 software (http://biosta
ts.usc.edu/software). A p-value of less than 0.05 was con-
sidered statistically significant. All statistical analyses were
performed with IBM SPSS statistics version 20 software
(International Business Machines Corp., NY, USA).

Results

Of 229 patients from the EAST Group of Warfarin, 87
patients were excluded due to the following reasons; 28
patients did not reach stable INR, four patients had bleeding
complications at supratherapeutic INR, and 55 patients
reported minimal bleeding complications not verified by
health professionals. Accordingly, data from 142 patients
that underwent cardiac valve replacement were used for
analysis. Median age of included patients was 60 years
(range, 34–81 years). There were 52 (36.6%) males.
Follow-up periods ranged from 1.0 to 29.7 years. Mean INR
monitoring interval was 2.9 months, and average number of
INR measurements per patient was 23.

As shown in Table 1, 21 patients (14.8%) had bleeding
complications at therapeutic INR. Among those 21 patients,
11 patients and 10 patients experienced minor bleeding and
minimal bleeding complications, respectively. There was no
significant difference between the two groups, except for
atrial fibrillation. Patients with atrial fibrillation had more

bleeding complications in therapeutic INR, than patients
without atrial fibrillation (p= 0.045).

Table 1 Patient characteristics of study patients

Characteristics Bleeding complication,
number (%)

p

Presence
(n= 21)

Absence
(n= 121)

Sex 0.705

Male 8 (38.1) 44 (36.4)

Female 13 (61.9) 77 (63.6)

Age (years) 0.168

Mean ± SD 62.0 ± 11.2 58.7 ± 10.0

Body weight (kg) Mean ± SD 58.6 ± 10.7 58.7 ± 10.4 0.989

Body mass index (kg/m2)
Mean ± SD

22.3 ± 2.3 22.5 ± 2.8 0.756

Comorbidity

Hypertension 6 (28.6) 33 (27.3) 0.902

Diabetes mellitus 3 (14.3) 10 (8.3) 0.377

Chronic heart failure 7 (33.3) 25 (20.7) 0.199

Atrial fibrillation 17 (81) 70 (57.9) 0.045

Myocardial infarction 2 (9.5) 2 (1.7) 0.104

Comedication

Angiotensin-converting-
enzyme inhibitor

2 (10.5) 19 (18.8) 0.383

Angiotensin II receptor
blocker

4 (21.1) 19 (18.8) 0.820

Antiplatelet drugs 0 (0) 4 (3.8) 0.398

Calcium channel blocker 4 (21.1) 19 (18.8) 0.820

Diuretics 9 (47.4) 35 (34.7) 0.291

Statins 0 (0) 4 (4.0) 0.378

Valve position 0.740

Aortic 6 (28.6) 28 (23.1)

Mitral 9 (42.9) 66 (54.5)

Doublea 5 (23.8) 20 (16.5)

Tricuspidb 1 (4.8) 7 (5.8)

Valve type 0.418

St. Jude Medical 7 (38.9) 39 (34.2)

CarboMedics 6 (33.3) 32 (28.1)

ATS 2 (11.1) 15 (13.2)

MIRA 1 (5.6) 9 (7.9)

Duromedics 2 (11.1) 6 (5.3)

OnX 0 (0) 4 (3.5)

Othersc 0 (0) 9 (7.9)

INR Mean ± SD 2.41 ± 0.07 2.45 ± 0.10 0.143

Follow-up time (years)
Median (range)

14.3
(1.4–29.7)

14.7
(1.0–27.7)

0.886

aAortic plus mitral valve
bTricuspid valve with or without other valves
cIncluding Sorin, Bjork Shiley, D-ring, and prostheses using two or
more different valve types
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Effects of 12 genetic variants on bleeding complications
in therapeutic INR were evaluated (Table 2). All APOB
SNPs were in exons, and these consisted of four non-
synonymous (c.13013G>A, c.1853C>T, c.1594C>T, and
c.293C>T) and one synonymous SNP (c.7545C>T). Of the
five APOE SNPs, two were nonsynonymous (c.388T>C and
c.526C>T). g.4798T>G, g.6406G>A, and g.10413T>C
were in promoter, intron, and 3′UTR region, respectively.
Observed genotype frequencies were consistent with the
HWE except for two SNPs (c.1853C>T and c.7545C>T).
Moderate degree of LD was observed between c.1853C>T
and c.293C>T (r2= 0.628). As shown in Table 2, statisti-
cally significant associations between genotypes and
bleeding complications were revealed for c.1853C>T,
c.293C>T, and c.7545C>T in APOB. Bonferroni-corrected
significance level for 12 SNPs was 0.0042 (0.05/12), and
after Bonferroni correction both c.1853C>T and c.293C>T
remained statistically significant. For c.1853C>T, C allele
carriers experienced more bleeding complications than
patients with TT genotypes (33.3% versus 7.8%, p < 0.001).
In the case of c.293C>T, 12 out of 32 patients (37.5%) with
T allele had bleeding complications, whereas 9 of 110 of
patients (8.2%) with CC genotype had bleeding complica-
tions (p < 0.001). For c.7545C>T, patients with variant
allele carriers revealed higher bleeding risk, compared to
patients with wild type homozygote (35.3% versus 12.0%,
p= 0.011); however, it did not remain significant after
Bonferroni correction. None of the APOE SNPs showed
significant difference in risk of bleeding. The post hoc
power calculations showed that our study (21 cases and 121
controls) had 95.3% and 96.9% statistical power for
c.1853C>T (MAF= 0.162) and c.293C>T (MAF= 0.130),
respectively, assuming a significance level of 0.05.

Since there was moderate LD between APOB c.1853C>T
and c.293C>T (r2= 0.628), two models were constructed
for multivariate analysis (Table 3). Model I included
c.1853C>T and Model II included c.293 C >T in addition to
age, sex, and factors having p < 0.05 from univariate ana-
lysis. After adjusting for related covariates, carriers of C
allele in c.1853C>T revealed approximately 6.4-fold higher
bleeding complications than patients with TT genotype
(p < 0.001). In Model II, age (AOR= 1.1, 95% CI
1.00–1.10, p= 0.035) and T allele carriers of c.293C>T
(AOR= 8.6, 95% CI 2.9–25.5, p < 0.001) were sig-
nificantly associated with bleeding risk. In constructed
models, attributable risks of c.1853C>T and c.293C>T were
84.3% and 88.3%, respectively. The AUROC values of
Model I and Model II were 0.771 and 0.802, respectively
(Fig. 1). The Hosmer–Lemeshow test showed that the fit-
ness of both of models were satisfactory (χ2 = 5.415, 8
degrees of freedom, p= 0.712 for Model I; χ2= 7.146, 8
degrees of freedom, p= 0.521 for Model II).

We calculated the number needed to genotype for pre-
venting one patient with risk allele from experiencing
higher incidence of bleeding complications using each
model, obtaining 13.0 and 13.4 for APOB c.1853C>T and
for c.293C>T, respectively.

Discussion

Results of this study suggested that two SNPs of APOB
(c.293C>T and c.1853C>T) were associated with bleeding
complications, after stabilization of warfarin response in
Korean patients with mechanical heart valves. T allele
carriers of c.293C>T had 8.6 times (95% CI 2.9–25.5)
increased risk of bleeding, and attributable risk was 88.3%.
C allele carriers of c.1853C>T had 6.4 times (95% CI
2.3–17.9) increased risk of bleeding, after adjusting for
covariates (attributable risk of 84.3%). The number needed
to genotype was calculated to be around 13 in both
c.1853C>T and c.293C>T. AUROC values of models that
included c.1853C>T and c.293C>T, were 0.771 and 0.802,
respectively. Among demographic characteristics, age was
the only significant risk factor, for bleeding complications
after adjusting for covariates.

APOB is on the surface of LDL particles and transports
cholesterol and triglycerides in the blood stream. It has been
reported that lipoprotein disorders affected platelet func-
tions, and hypersensitive platelets were observed in various
stages of hyperlipidemia. Especially, LDL, a circulating
complex of lipids and proteins increased in hypercholes-
terolemia, enhances platelet function and platelet sensitiza-
tion. Hence, it was assumed that APOB levels could affect
bleeding complications. A study revealed that APOB
increase resulted in bleeding complications. In the study,
each 1-SD elevation in APOB increased subarachnoid
hemorrhage by 1.14-fold [19]. However, with respect to
association between blood lipid levels and bleeding com-
plications, results are inconsistent. Some studies revealed
low lipid levels were associated with increasing risk of
intracerebral hemorrhage [20–22]. In contrast, several stu-
dies reported that increased cholesterol concentrations
resulted in higher bleeding rates [23, 24].

Both APOB c.293C>T and c.1853C>T are in domains
critical for lipidation of APOB. Moreover, c.293C>T has
been suggested to affect activation of APOB and LDL
during cholesterol transport [25]. A previous study showed
that c.293C>T and c.1853C>T were associated with LDL
and total cholesterol levels [26]. Specifically, it was
revealed that polymorphism of c.293C>T increased LDL
concentration, whereas that of c.1853C>T decreased LDL
concentration [27]. So, it was speculated that the higher
bleeding complications in patients with mutant allele in
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c.293C>T, and wild allele in c.1853C>T, were possibly
attributed to increased concentrations in LDL and
cholesterol.

APOB c.7545C>T is a synonymous SNP. A study on
Chinese population reported that c.7545C>T polymorphism
was associated with cerebral hemorrhage. However, this
SNP failed to reveal significance after Bonferroni correction
in our study. Since the Chinese study did not conduct a
correction on multiple testing, it was difficult to compare
their results with ours [28].

APOE is known to be a strong risk factor for warfarin-
related hemorrhage [29, 30]. Especially, APOE c.526C>T
and c.388T>C increased risk of warfarin-related bleeding
complications [31, 32]. However, Asian populations

including Koreans have very low frequency of APOE ε
variants. In addition, variant-type homozygotes in APOE
c.526C>T and c.388T>C are very rare; there were no
patients with variant-type homozygote of c.526C>T and
c.388T>C in our study population. The reason for lack of
statistical significance in APOE SNPs with bleeding in this
study was probably due to low frequency of variants.

VKORC1 and CYP2C9 have significant effects on war-
farin response [33]. Our study did not reveal correlation
between these two genes and bleeding risks. Since patients
with polymorphisms of VKORC1 or CYP2C9 had dose
adjustment according to INR measurement, increased risk
of bleeding complication was not expected in our study.

Age plays an important role in bleeding complication,
related to warfarin treatment. A previous cohort study
including patients on warfarin showed that risk of major
hemorrhage increases with older age [34]. Our study also
revealed that older age was significantly associated with
increased bleeding risk.

To evaluate the potential clinical value of genotyping
SNPs which were found to be significant in this study, we
calculated the number needed to genotype for preventing
one C allele carrier in APOB c.1853C>T and one T allele
carrier in APOB c.293C>T from experiencing higher inci-
dence of bleeding complications. Using the equations, 13
and 13.4 were obtained in c.1853C>T and c.293C>T,
respectively, indicating that prospective genotyping of the
SNPs could be cost-effective in clinical practice. Therefore,
it would be advisable to detect C allele carriers in
c.1853C>T and T allele carriers in c.293C>T before war-
farin initiation, which would then allow methods to prevent
bleedings.

The limitations of our study are a single ceter study with
a small sample size and retrospective design. Another lim-
itation is that we were unable to obtain lipid or APOB
levels. Therefore, it is difficult to demonstrate underlying

Fig. 1 Area under receiver operating characteristic curve for bleeding
complications at therapeutic INR. AUC for Model I is 0.771 (95% CI
0.654–0.887, p < 0.001), and AUC for Model II is 0.802 (95% CI
0.699–0.905, p < 0.001)

Table 3 Univariate and multivariate analyses to identify predictors for bleeding complications at therapeutic INR

Variables Crude OR (95% CI) Model I Model II

Adjusted OR (95% CI) Attributable risk (%) Adjusted OR (95% CI) Attributable risk (%)

Male 1.08 (0.41–2.80)

Age, years 1.03 (0.99–1.08) 1.05 (0.99–1.10) 1.06 (1.00–1.12)*

Atrial fibrillation 3.10 (0.98–9.75) 2.93 (0.88–9.84) 2.74 (0.81–9.29)

APOB (NM_000384.2)

c.1853C>T, C allele
carrier

5.94 (2.22–15.85)** 6.38 (2.28–17.85)** 84.3

c.293 C>T, T allele
carrier

6.73 (2.51–18.09)** 8.55 (2.87–25.46)** 88.3

Logistic regression analyses were carried out with variables of sex, age, atrial fibrillation, and c.1853C>T for Model I, and sex, age, atrial
fibrillation, and c.293C>T for Model II

*p < 0.05, **p < 0.001
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mechanisms of bleeding complications. Also, since this
study dealt with patients with INR 2–3, only minimal or
minor bleeding events were observed. While there is no
doubt that fatal and major hemorrhages are of essential
importance, minor bleedings are also important, because
they serve as an alert for subsequent major bleedings and
may increase the number of visits to clinics and sometimes
the emergency room, which results in additional expendi-
tures. However, given the only minor and minimal bleeding
complications, it is uncertain if these SNPs may play
important roles in major bleeding complications. Therefore,
further studies using a larger sample size and multicenter
design are needed.

Despite shortcomings, this study provides compelling
evidence for prediction of bleeding risks regarding warfarin
usage. Our study is the first to develop prediction models
using APO gene polymorphisms, for bleeding risk factors in
patients taking warfarin. In addition, we performed Bonfer-
roni correction, although it is not necessary since Bonferroni
correction is considered overly conservative for a hypothesis-
generating study and this study is intended to find candidate
genes for the bleeding complications. Results of this study
could be used to develop and implement individually tailored
intervention strategies, such as posttherapeutic dose adjust-
ment, to prevent warfarin-induced bleeding risks.
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