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Edoxaban is used to prevent and treat stroke or systemic embolism such as venous thromboembolism. 
Although bleeding is the most common complication of anticoagulants, only a few studies have addressed the 
safety of direct oral anticoagulants in East Asian patients. In this study, we investigated the risk factors for 
bleeding in Japanese patients receiving edoxaban. A retrospective review of the records of 198 patients who 
received 30 mg/d edoxaban in our hospital between April 2015 and March 2017 was performed. Subsequently, 
these patients were followed up to 1 year. Seven (3.5%) and 22 (11.1%) patients developed major bleeding and 
clinically relevant bleeding, respectively. In the univariate Cox regression analyses, low baseline hemoglobin 
levels (p = 0.002) and low baseline creatinine clearance (p = 0.020) were significantly associated with major 
bleeding. Multivariate Cox regression analysis revealed that a low baseline hemoglobin level was a significant 
risk factor for major bleeding and clinically relevant bleeding [hazard ratio 1.67 per 1 g/dL decrease (95% 
confidence interval 1.14–2.56, p = 0.008) and hazard ratio 1.31 per 1 g/dL decrease (95% confidence interval 
1.06–1.62, p = 0.013), respectively]. Baseline hemoglobin level in quartiles also showed a quartile-dependent 
decrease in major bleeding and clinically relevant bleeding event. These results suggest that low baseline he-
moglobin level is a significant risk factor for both major bleeding and clinically relevant bleeding in Japanese 
patients receiving edoxaban. Thus, these patients should be carefully monitored.
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INTRODUCTION

Edoxaban is one of the direct oral anticoagulants (DOACs; 
dabigatran, rivaroxaban, apixaban, and edoxaban) that is used 
to prevent and treat stroke or systemic embolism such as ve-
nous thromboembolism. Edoxaban is the most frequently pre-
scribed DOAC in Kobe City Medical Center General Hospital 
[1054 (45.9%) out of 2294 patients in 2018], and also in Japan. 
As bleeding is the most common complication of anticoagu-
lants, balancing the clinical benefit for thromboembolism with 
the risk of bleeding is essential for effective and safe use of 
anticoagulants. To maximize the safety aspect of these medi-
cations, it is necessary to identify the risk factors for bleeding. 
At present, anemia, age, kidney dysfunction, concomitant use 
of antiplatelet, history of bleeding, and race have been identi-
fied as risk factors for bleeding in patients treated with vita-
min K antagonists or DOACs.1–13) Most studies investigating 
the risk factors for bleeding were based on patients in Western 
countries, who typically have a larger body weight than East 
Asian patients. The risk of intracranial bleeding is higher 
in Asian patients receiving warfarin or DOACs than non-
Asians.12,13) Besides, the risk factor for bleeding might also be 
different between different races. Only few studies have ad-
dressed the safety of DOACs in East Asian patients and very 
little has been reported on the risks for bleeding in Japanese 
patients receiving edoxaban. Thus, to identify the risk factors 
for bleeding, assessing adverse events due to edoxaban is of 
particular importance in this patient population.

In this study, we investigated the risk factors for bleeding in 

Japanese patients receiving edoxaban.

PATIENTS AND METHODS

 This retrospective cohort study was conducted in ac-
cordance with the Declaration of Helsinki and the Ethical 
Guidelines for Epidemiological Research by the Ministry 
of Education, Culture, Sports, Science and Technology and 
the Ministry of Health, Labour and Welfare of Japan. The 
protocol was approved by the institutional review board of 
Kobe City Medical Center General Hospital, Japan (Approval 
No. zn190621). The need for informed consent was waived 
for this retrospective study. Patient characteristics including 
age, sex, body weight, medical history, incidence of bleeding 
complications, concomitant medications, and laboratory data 
were reviewed using the electronic medical record system. All 
variables were recorded at baseline (before edoxaban admin-
istration).

Patients  A total of 640 consecutive patients who received 
edoxaban (30 mg/d) in our hospital between April 1, 2015 
and March 31, 2017 were included in the present study. Pa-
tients were excluded if they received edoxaban for less than 3 
months (n = 402), began edoxaban treatment at another institu-
tion (n = 35), or had missing body weight (n = 2) or serum cre-
atinine (n = 3) data. The remaining 198 patients were followed 
up to 1 year.

Bleeding Definition  Bleeding complications were evalu-
ated by compiling the following bleeding events: (a) 
major bleeding, (b) clinically relevant non-major bleeding 
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(CRNMB), and (c) minor bleeding.14) Major bleeding was 
defined by the International Society on Thrombosis and He-
mostasis criteria as clinically overt bleeding accompanied by a 
decrease in hemoglobin levels of at least 2 g/dL or the require-
ment of a transfusion with at least 2 units of packed red blood 
cells, at a critical site (intracranial, intraocular, intraspinal, 
intra-articular, intramuscular with compartment syndrome, 
pericardial, or retroperitoneal), or death.15) CRNMB was de-
fined as acute or subacute clinically overt bleeding that did not 
satisfy the criteria of major bleeding, thereby leading to hos-
pitalization for bleeding, physician-guided medical or surgical 
treatment for bleeding, or a change in antithrombotic therapy 
(including the study drug) due to bleeding. Minor bleeding 
was defined as all acute, clinically overt bleeding events that 
did not meet the criteria of major bleeding or CRNMB. These 
bleeding events, such as major bleeding or CRNMB, were de-
fined as clinically relevant bleeding.16)

Objectives  The primary objective of this study was to 

detect the risk factors associated with major bleeding in pa-
tients receiving 30 mg/d edoxaban. Secondary objectives were 
to detect risk factors for clinically relevant bleeding and the 
incidences of bleeding events.

Statistical Analysis  Statistical analyses were performed 
using JMP 13.2.1 (SAS Institute Inc., Cary, NC, U.S.A.). 
For continuous data, values are presented as mean ± stan-
dard deviation (S.D.). Student’s t-test, Fisher’s exact test, 
and Wilcoxon rank-sum test were used to assess differences 
between major bleeding group and non-major bleeding group. 
To identify the risk factors associated with major bleeding 
and clinically relevant bleeding, univariate Cox regression 
analyses were performed using the clinical variables that are 
known to be associated with bleeding, such as hemoglobin 
levels, age, creatinine clearance (CrCl), concomitant use of 
antiplatelet, and history of bleeding.1–11) Significant factors in 
univariate analyses were evaluated as potential covariates in 
multivariate Cox regression analyses. The correlation between 

Table 1. Patient Characteristics

Overall  
(n = 198)

Major bleeding  
(n = 7)

Without major bleeding 
(n = 191) p-Value

Age, years (mean ± S.D.) 70.1 ± 12.6 75.3 ± 14.1 69.9 ± 12.5 0.265a)

Male/Female, n 78/120 2/5 76/115 0.706b)

Body weight, n (%)
>60 kg 42 (21.2%) 0 (0%) 42 (22.0%) 0.349b)

≤60 kg 156 (78.8%) 7 (100%) 149 (78.0%)
Edoxaban indication, n (%)

DVT 79 2 (28.6%) 77 (40.3%)
Atrial fibrillation 67 3 (42.9%) 64 (33.5%)
PE 17 0 (0%) 17 (8.9%)
DVT + PE 14 0 (0%) 14 (7.3%)
Atrial flutter 4 0 (0%) 4 (2.1%)
Cardiogenic embolism 4 0 (0%) 4 (2.1%)
Other 13 2 (28.6%) 11 (5.8%)

Comorbidity, n (%)
Hypertension 89 3 (42.9%) 86 (45.0%)
Cancer 79 1 (14.3%) 78 (40.8%)
Diabetes 37 1 (14.3%) 36 (18.8%)
Heart failure/Low LVEF 28 2 (28.6%) 26 (13.6%)
Coronary artery disease 24 3 (42.9%) 21 (11.0%)
Stroke/TIA/Systemic embolism 19 0 (0%) 19 (9.9%)
Peripheral artery disease 15 0 (0%) 15 (7.9%)
Cerebral hemorrhage 6 0 (0%) 6 (3.1%)

History of bleeding 15 1 (14.3%) 14 (7.3%) 0.429b)

CHADS2 score (mean ± S.D.) 1.3 ± 1.1 1.6 ± 1.4 1.3 ± 1.1 0.533a)

CHA2DS2-VASc score (mean ± S.D.) 2.1 ± 1.3 2.7 ± 1.5 2.1 ± 1.2 0.196a)

HAS-BLED score (mean ± S.D.) 1.7 ± 1.1 1.9 ± 1.3 1.7 ± 1.1 0.714a)

Concomitant medication, n (%)
PPI or H2RA 94 5 (71.4%) 89 (46.6%) 0.260b)

Antiplatelet 31 2 (28.6%) 29 (15.2%) 0.301b)

P-gp inhibitor 22 2 (28.6%) 20 (10.5%) 0.176b)

NSAIDs 10 1 (14.3%) 9 (4.7%) 0.308b)

Hemoglobin, g/dL (mean ± S.D.) 11.9 ± 2.0 9.8 ± 1.9 12.0 ± 1.9 0.007c)

Treatment period (day) 293.3 ± 92.9 203.6 ± 104.5 296.6 ± 91.1 0.009a)

CrCl (mL/min), n (%) 0.008b)

>50 149 2 (28.6%) 147 (77.0%)
>15 to 50 49 5 (71.4%) 44 (23.0%)

DVT, deep vein thrombosis; PE, pulmonary embolism; LVEF, left ventricular ejection fraction; TIA, transient ischemic attack; PPI, proton pump inhibitor; H2RA, histamine 
H2-receptor antagonist; P-gp, P-glycoprotein; NSAIDs, nonsteroidal anti-inflammatory drugs; CrCl, creatinine clearance. a) Student’s t-test, b) Fisher’s exact test, c) Wilcoxon 
rank-sum test.
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significant factor in multivariate analysis and, CHADS2 score 
or HAS-BLED score, were assessed by using Spearman’s rank 
correlation coefficient. All p-values <0.05 were considered 
statistically significant.

RESULTS

Patient Characteristics  Patient characteristics are shown 
in Table 1. Incidence of major bleeding was 3.5% (7/198). 
Mean baseline hemoglobin levels and CrCl were significantly 
lower in patients that developed major bleeding than those that 
did not develop this bleeding. The median follow-up period 
was 365 d (range, 90 to 365).

Risk Factors for Bleeding Events  In the univariate Cox 
regression analyses, low baseline hemoglobin levels [hazard 
ratio (HR) 1.82 per 1 g/dL decrease, 95% confidence interval 
(CI) 1.23–2.78, p = 0.002], and low baseline CrCl (HR 1.67 per 
10 mL/min decrease, 95% CI 1.11–2.87, p = 0.020) were sig-
nificantly associated with major bleeding (Table 2). Similarly, 

low baseline hemoglobin levels (HR 1.35 per 1 g/dL decrease, 
95% CI 1.09–1.67, p = 0.006) and low baseline CrCl (HR 1.22 
per 10 mL/min decrease, 95% CI 1.00–1.50, p = 0.044) were 
significantly associated with clinically relevant bleeding (Table 
3).

Multivariate Cox regression analysis revealed that low 
baseline hemoglobin levels were significant risk factors for 
major bleeding and clinically relevant bleeding [HR 1.67 per 
1 g/dL decrease (95% CI 1.14–2.56, p = 0.008) and HR 1.31 
per 1 g/dL decrease (95% CI 1.06–1.62, p = 0.013), respectively 
(Tables 2, 3)].

Figure 1 shows the relationships between incidence of 
bleeding and baseline hemoglobin levels. The baseline he-
moglobin levels were grouped into four quartiles: the lower 
quartile (Q1) included the 25% of patients with the lowest 
hemoglobin level (≤10.7 g/dL); Q2 (10.8–12.1 g/dL) and Q3 
(12.2–13.1 g/dL) extended 25% below and above the median 
hemoglobin level, respectively; Q4 included the 25% of pa-
tients with the highest hemoglobin level (>13.1 g/dL). The 

Table 2. Risk Factors of Major Bleeding Events

Univariate Multivariate

HR 95% CI p-Value HR 95% CI p-Value

Low baseline hemoglobin levels (per 1 g/dL decrease) 1.82 1.23–2.78 0.002 1.67 1.14–2.56 0.008
Low baseline CrCl (per 10 mL/min decrease) 1.67 1.11–2.87 0.020 1.48 0.97–2.56 0.073
Concomitant use of antiplatelet 2.30 0.45–11.90 0.319
History of bleeding 1.93 0.23–16.02 0.543
Age (per 10 years increase) 1.48 0.74–3.11 0.242

HR; hazard ratio, CI; confidence interval, CrCl; creatinine clearance.

Fig. 1. Relationship between Incidence of Bleeding and Baseline Hemoglobin Levels in Patients Treated with Edoxaban
Relationship between incidence of major bleeding (A), clinically relevant bleeding (B) and baseline hemoglobin levels. Baseline hemoglobin levels were grouped into 

four quartiles. Baseline hemoglobin level: Q1, ≤10.7 g/dL; Q2, 10.8–12.1 g/dL; Q3, 12.2–13.1 g/dL; Q4, >13.1 g/dL.

Table 3. Risk Factors of Clinically Relevant Bleeding Events

Univariate Multivariate

HR 95% CI p-Value HR 95% CI p-Value

Low baseline hemoglobin levels (per 1 g/dL decrease) 1.35 1.09–1.67 0.006 1.31 1.06–1.62 0.013
Low baseline CrCl (per 10 mL/min decrease) 1.22 1.00–1.50 0.044 1.19 0.97–1.50 0.101
Concomitant use of antiplatelet 1.61 0.60–4.38 0.347
History of bleeding 1.14 0.27–4.86 0.864
Age (per 10 years increase) 1.10 0.82–1.63 0.528

HR; hazard ratio, CI; confidence interval, CrCl; creatinine clearance.
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incidence rates of major bleeding and clinically relevant bleed-
ing in Q1, Q2, Q3, and Q4 were 8.0, 3.8, 2.1, and 0%, respec-
tively (Fig. 1A), and 22.0, 9.6, 8.5, and 4.1%, respectively (Fig. 
1B).

Baseline hemoglobin level was not significantly correlated 
with either CHADS2 score (r = 0.050, p = 0.488) or HAS-
BLED score (r = 0.049, p = 0.490).

DISCUSSION

We evaluated the risk factors for bleeding in Japanese 
patients receiving edoxaban. In the multivariate Cox regres-
sion analysis, low baseline hemoglobin level was identified 
as a significant risk factor for major bleeding and clinically 
relevant bleeding (Tables 2, 3). Baseline hemoglobin level in 
quartiles also showed a quartile-dependent decrease in major 
bleeding and clinically relevant bleeding event (Fig. 1).

The risk factors for bleeding in patients receiving vitamin 
K antagonists or DOACs has been reported,1–11) with anemia, 
age, kidney dysfunction, concomitant use of antiplatelet, and 
history of bleeding being identified as common risk factors for 
bleeding events. For edoxaban, Nisio et al. conducted a sub-
group analysis of the phase 3 Hokusai-VTE study and found 
that the female sex, concomitant use of antiplatelet, hemoglo-
bin levels ≤10 g/dL, history of arterial hypertension, and sys-
tolic blood pressure >160 mmHg were risk factors for major 
bleeding.1) Aisenberg et al. conducted a subgroup analysis of 
the phase 3 ENGAGE AF-TIMI 48 study. They found that 
the male sex, increased age, prior gastrointestinal bleeding, 
concomitant aspirin, low baseline hemoglobin, kidney dys-
function, and high HAS-BLED and CHADS2 scores were risk 
factors for major gastrointestinal bleeding in patients receiv-
ing edoxaban.2) However, most study subjects were patients 
in Western countries and they typically have a larger body 
weight than East Asians, including Japanese patients. Shino-
hara et al. conducted a retrospective cohort study and reported 
that low body mass index was the risk factor for bleeding in 
Japanese non-severe frail octogenarians with atrial fibrillation 
(n = 346) receiving anticoagulants (i.e., dabigatran, rivaroxa-
ban, apixaban, edoxaban, or warfarin).17) In their study, how-
ever, the risk factor was evaluated in conjunction with 5 anti-
coagulants, and the number of patients who received edoxaban 
was limited (n = 27). To add, the risk factor was evaluated 
based on incidences of all bleeding events including major 
bleeding, CRNMB, and minor bleeding, with minor bleeding 
as the most dominant (72.9%). CRNMB and major bleeding, 
and not minor bleeding, are independently associated with 
all-cause mortality in patients with atrial fibrillation treated 
with anticoagulation therapy.14) Therefore, identifying the 
risk factors for clinically relevant bleeding with edoxaban is 
of particular importance in Asian patients. To the best of our 
knowledge, this is the first study to investigate each risk factor 
for major bleeding and clinically relevant bleeding events in 
Japanese patients receiving edoxaban.

The incidence of major bleeding in our study was similar to 
that of phase 3 clinical trials (3.5 vs. 3.1%).18) In multivariate 
Cox regression analyses, low baseline hemoglobin level was 
identified as a significant risk factor for major bleeding and 
clinically relevant bleeding (Tables 2, 3). Regardless of the 
type of DOACs, many studies have indicated that a low base-
line hemoglobin level is one of the risk factors for bleeding 

events.1–8) This study revealed that low baseline hemoglobin 
levels are risk factors for major bleeding and clinically rel-
evant bleeding in Japanese patients receiving edoxaban. These 
results are consistent with previous studies that were mainly 
performed in patients from Western countries. Although the 
mechanism of the association between low hemoglobin levels 
and the high incidence of bleeding is unclear, hemoglobin 
level was not found to influence the pharmacokinetic pa-
rameters of edoxaban.19–21) Low hematocrit levels have been 
reported to prolong bleeding time, which may be due to a 
decrease in the diffusion and activity of platelets by red blood 
cells.22–24) Pharmacodynamic interactions between edoxaban 
and low hemoglobin levels might additively increase the risk 
of bleeding. Our results suggested that the hemoglobin lev-
els of each patients should be carefully monitored to prevent 
clinically relevant bleeding.

This study had some limitations. First, only few patients 
were retrospectively analyzed at a single center. Second, 
although active bleeding was not observed at the onset of 
edoxaban treatment, low baseline hemoglobin levels in sub-
jects might reflect occult gastrointestinal bleeding.25) Third, 
blood concentrations of edoxaban or anti-factor Xa activities 
were not measured.

CONCLUSION

To summarize, our data suggest that low baseline hemoglo-
bin level is a significant risk factor for both major bleeding 
and clinically relevant bleeding in Japanese patients receiving 
edoxaban. Based on these results, careful monitoring of pa-
tients treated with edoxaban should be performed.
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