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Abstract
Background  Bleeding events are one of the major concerns in patients using oral anticoagulants (OACs). We aimed to evalu-
ate the association between major bleeding and long-term clinical outcomes in atrial fibrillation (AF) patients taking OACs.
Methods  We analyzed a database comprising two large-scale prospective registries of patients with documented AF: the 
RAFFINE and SAKURA registries. The primary outcome was major adverse cardiac and cerebrovascular events (MACCE), 
defined as the composite of all-cause death, ischemic stroke, and myocardial infarction. Major bleeding was defined in 
accordance with the criteria of the International Society on Thrombosis and Hemostasis. Cox multivariate analysis was used 
to determine the impact of major bleeding on the incidence of MACCE.
Results  The median follow-up period was 39.7 (interquartile range, 33.1–48.1) months. Among 6,633 patients with AF who 
were taking OAC, 298 (4.5%) had major bleeding and 737 (11.1%) had MACCE. The incidence of MACCE was higher 
in patients with bleeding than in those without (18.33 and 3.22, respectively, per 100 patient-years; log-rank p < 0.0001). 
Multivariate logistic regression analysis revealed older age, vitamin K antagonist use, and antiplatelet drug use as inde-
pendent predictors of major bleeding. Median duration of MACCE occurrence after major bleeding was 41 (interquartile 
range, 3–300) days. Multivariate Cox hazard regression analysis showed that the risk of MACCE was significantly higher in 
patients with major bleeding compared to those without (hazard risk, 4.64; 95% confidence interval, 3.62–5.94; p < 0.0001).
Conclusions  Major bleeding was associated with long-term adverse cardiovascular events among AF patients taking OAC. 
Therefore, reducing the risk of bleeding is important for improving clinical outcomes in patients with AF.
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Introduction

Atrial fibrillation (AF) is the most common sustained 
arrhythmia in clinical practice, and its rate of incidence 
continues to increase [1, 2]. Overall, AF increases the risk 
of thromboembolic stroke; therefore, patients with AF 
often require treatment with an oral anticoagulant (OAC) 
such as vitamin K antagonists (VKAs) or direct oral anti-
coagulants (DOACs) [2]. Recent guidelines have recom-
mended DOACs over VKAs [2]. In a recent meta-analysis, 
DOACs were associated with significant reductions of 
19% for the risk of stroke/systemic embolism and 51% for 
hemorrhagic stroke, compared with VKAs [3]. However, 
bleeding events remain a major concern even in patients 
using DOACs because major bleeding is not uncommon 
and is associated with adverse cardiovascular events [4–6]. 
In addition to AF, patients at high risk of bleeding are 
now considered a prognostic factor in coronary artery dis-
ease as well [7, 8]. A sub-analysis of the ARISTOTLE 
trial demonstrated that major bleeding in patients taking 
OACs increased the risk of mortality, stroke, or myocar-
dial infarction (MI) within 30 days after major bleeding 
events [9]. However, this sub-analysis demonstrated the 
relationship between bleeding and adverse events only in 
the short term, and there are few reports regarding whether 
bleeding is involved in long-term cardiovascular events. 
The aim of the present study was to evaluate long-term 
clinical outcomes after a major bleeding event in patients 
with AF who were taking OACs, using data from two Japa-
nese multicenter, prospective registries.

Materials and methods

Study subjects

The analyzed database included two large-scale prospec-
tive registries of patients with documented AF: the RAFF-
INE [10] and SAKURA [11] registries.

The RAFFINE registry is an observational, multi-
center, prospective registry of Japanese patients with 
AF. It was designed to follow clinical events for at least 
3 years and up to 5 years (UMIN Clinical Trials Regis-
try: UMIN000009617) [10]. In total, 3,901 patients were 
enrolled between January 2013 and December 2015 at 5 
Juntendo University hospitals and 50 general hospitals and 
clinics. Follow-up was completed in December 2018 [12]. 
Patients aged 20 years or older with a diagnosis of AF 
by 12‑lead electrocardiogram (ECG) or 24-h Holter ECG 
were eligible for enrollment into the RAFFINE registry. 
Physicians at each site enrolled consecutive patients with 

AF who were under regular clinical observation (for at 
least 3 months) at the outpatient department. Patients with 
a life expectancy < 1 year, hospital in-patients, and those 
who failed to provide written informed consent were not 
enrolled.

The SAKURA is also a prospective observational regis-
try focusing on patients with documented AF being treated 
with anticoagulants [11]. Overall, 3266 patients were 
enrolled at 2 university hospitals, 13 affiliated or commu-
nity hospitals, and 48 private clinics between September 
2013 and December 2015 (UMIN Clinical Trials Registry: 
UMIN000014420). Patients aged ≥ 20 years with AF were 
diagnosed using 12-lead ECG, Holter ECG, or event-acti-
vated ECG in all patients. Patients with rheumatic mitral 
valve disease, those with a history of prosthetic valve 
replacement, those with active infectious endocarditis, and 
those who failed to provide written informed consent were 
excluded.

Ethics approval was obtained from the relevant ethics 
committee for each registry (approval numbers: M11-0799 
[11 November 2014] for RAFFINE and RK-130111-2 [1 
February 2013] for SAKURA). The Institutional Review 
Board of our institution approved the study protocol for 
analysis of the combined dataset of the two cohorts. All 
patients provided written informed consent. The study was 
conducted in accordance with the ethical principles of the 
Declaration of Helsinki.

Bleedings and endpoints

Major bleeding was defined in accordance with the criteria 
of the International Society on Thrombosis and Hemostasis 
(ISTH) as follows: (1) a reduction in hemoglobin level of at 
least 2 g/dL; (2) transfusion of at least two units of blood; 
(3) symptomatic bleeding at a critical area or organ [13].

The primary outcome in this study was major adverse 
cardiac and cerebrovascular events (MACCE), defined as 
the composite of all-cause death, ischemic stroke, and myo-
cardial infarction. Secondary outcomes were all-cause death 
and cardiovascular death. Clinical outcome events were 
reported by physicians and verified by document submis-
sion as much as possible.

Statistical analysis

Quantitative data are presented as the mean ± standard 
deviation (SD) or the median (interquartile range [IQR]). 
Categorical variables are presented as frequencies. Continu-
ous variables were compared using an unpaired t test or the 
Mann–Whitney U test. Categorical variables (presented as 
frequencies) were compared using the chi-squared test or 
Fisher's exact probability test. Logistic regression analysis 
was performed to clarify the factors associated with the 
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incidence of a major bleeding event. Variables that showed 
an unadjusted value of p < 0.05 among potential confounders 
(age, sex, body mass index, history of major bleeding events, 
use of VKAs, use of antiplatelet drugs, serum creatinine, 
hypertension, and diabetes mellitus) were included in the 
multivariate logistic model.

The Kaplan–Meier method was used to estimate cumula-
tive event rates, and differences in the incidence rates (shown 
as percentages per patient-year) were analyzed using the log-
rank test. A landmark analysis was performed to assess the 
incidence of MACCE after major bleeding events and the 
time from major bleeding onset to MACCE onset among 
patients who experienced major bleeding events. Cox pro-
portional-hazards model was used to compare outcomes 
between the groups, with results expressed as the hazard 
ratio (HR) with 95% confidence interval (CI). To investigate 
the risk of MACCE in patients with bleeding, we compared 
the incidence of MACCE in patients with and without bleed-
ing during follow-up. Subsequently, to assess the incidence 
of MACCE after the first bleeding, we examined the time 
from major bleeding onset to MACCE onset. Cox multivari-
ate analysis was performed to determine the impact of major 
bleeding on the incidence of MACCE. The following vari-
ables were entered in the multivariate model: age, sex, body 
mass index, hypertension, diabetes mellitus, use of VKAs, 
and congestive heart failure. Among patients who expe-
rienced major bleeding events, any clinical events before 
major bleeding were not considered and only MACCE after 
major bleeding were examined. The incidence risks of sec-
ondary outcomes were analyzed in the same manner, and 
variables showing values of p < 0.05 were considered sta-
tistically significant. All statistical analyses were performed 
using JMP version 14.2.0 software (SAS Institute, Cary, NC, 
USA).

Results

Patients and baseline characteristics

After combining the RAFFINE and SAKURA registry data, 
we enrolled 7167 patients with AF. Excluded were those 
without follow-up data (N = 54) and those not taking OAC 
(N = 480). A final total of 6633 patients were assessed in 
the present study (Fig. 1). The median follow-up period 
was 39.7 (IQR 33.1–48.1) months. Mean patient age was 
72 years, 71% were male, 36% had paroxysmal AF, mean 
CHADS2 score was 1.9, and 20% were taking antiplatelet 
drugs in addition to OACs.

Among the 6633 patients, 298 (4.5%) had a major bleed-
ing event during follow-up, with incidence of 1.38 per 
100 patient-years. Table 1 lists the patient characteristics 
at baseline, stratified by occurrence of a major bleeding 

event during the follow-up period. Patients with an incident 
of major bleeding were significantly older, more likely to 
have ischemic heart disease and previous stroke, and were 
more often taking VKA and antiplatelet drugs than those 
without an incident of major bleeding. Baseline CHADS2, 
CHA2DS2-VASc, and HAS-BLED score were significantly 
higher and hemoglobin level was significantly lower in 
patients with major bleeding.

Predictors of major bleeding events

Table 2 lists the results of univariate and multivariate logistic 
regression analysis. Age, use of VKA, use of an antiplatelet 
drug, and serum creatinine were selected by univariate logis-
tic regression analysis (p < 0.05) and entered into the mul-
tivariate model. Multivariate regression analysis revealed 
older age (odds ratio, 1.03; 95% CI, 1.02–1.05; p < 0.0001), 
VKA (odds ratio, 1.42; 95% CI, 1.11–1.80; p = 0.005), and 
antiplatelet drug use (odds ratio, 1.31; 95% CI, 1.003–1.718; 
p = 0.048) as factors significantly associated with incidence 
of major bleeding.

Clinical outcomes

Table 3 shows the incidences of primary and secondary out-
comes. The rate of incidence for each clinical event was 
significantly higher in patients with major bleeding than in 
those without. MACCE occurred in 72 patients after major 
bleeding and in 665 patients without major bleeding (18.33 
and 3.22 per 100 patient-years, respectively). The median 
duration of MACCE after major bleeding was 41 (IQR, 
3–300) days. All-cause death occurred in 65 patients after 
major bleeding and in 464 patients without major bleeding 

Fig. 1   Flow chart of patient selection. After the RAFFINE (N = 3901) 
and SAKURA (N = 3266) registry data were combined, 7,167 patients 
with AF were enrolled. After excluding patients without follow-up 
data (N = 54) and those who were not taking OAC (N = 480), a final 
total of 6,633 patients were assessed in the present study. During 
follow-up, 298 (4.5%) patients had a major bleeding event. AF; atrial 
fibrillation, OAC; oral anticoagulant
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Table 1   Baseline clinical characteristics

Total Major bleeding (+) Major bleeding (–) p value
N = 6633 N = 298 N = 6335

Age, years 72.2 ± 9.2 74.8 ± 8.0 72.1 ± 9.3 < 0.0001
Male sex 4728 (71.3) 212 (71.1) 4516 (71.3) 0.96
Type of atrial fibrillation 0.17
Paroxysmal 2361 (35.9) 95 (32.0) 2266 (36.1)
Persistent 1043 (15.9) 43 (14.5) 1000 (15.9)
Permanent 3173 (48.2) 159 (53.5) 3014 (48.0)
Body mass index, kg/m2 24.0 ± 3.7 23.6 ± 3.9 24.0 ± 3.7 0.06
CHADS2 score 1.9 ± 1.2 2.3 ± 1.3 1.9 ± 1.2 < 0.0001
CHA2DS2-VASc score 3.2 ± 1.5 3.6 ± 1.5 3.1 ± 1.5 < 0.0001
HAS-BLED score 1.9 ± 0.9 2.8 ± 1.2 1.8 ± 0.9 < 0.0001
Heart failure 1554 (23.4) 78 (26.2) 1476 (23.3) 0.26
Ischemic heart disease 791 (11.9) 48 (16.1) 743 (11.7) 0.02
Peripheral artery disease 141 (2.1) 9 (3.0) 132 (2.1) 0.27
Hypertension 4824 (72.7) 228 (76.5) 4596 (72.6) 0.13
Dyslipidemia 3070 (46.3) 142 (47.7) 2928 (46.2) 0.63
Diabetes mellitus 1814 (27.4) 95 (31.9) 1719 (27.1) 0.07
Current smoking 690 (10.5) 30 (10.1) 660 (10.5) 0.84
Previous stroke (ischemic) 934 (14.1) 57 (19.1) 877 (13.8) 0.01
Previous major bleeding event 201 (3.0) 14 (4.7) 187 (3.0) 0.09
Drug
Vitamin K antagonist 3292 (49.6) 178 (59.7) 3114 (49.2) 0.0004
Direct oral anticoagulant 3341 (50.4) 120 (40.3) 3221 (50.8) 0.0004
Antiplatelet drug 1314 (19.8) 80 (26.9) 1234 (19.5) 0.002
Blood test
Hemoglobin, g/dL 13.7 ± 1.7 13.1 ± 1.8 13.7 ± 1.7 < 0.0001
Platelet count, × 104/μL 19.6 ± 5.9 19.1 ± 6.5 19.6 ± 5.8 0.14
Serum creatinine, mg/dL 0.86 [0.73, 1.02] 0.89 [0.73, 1.08] 0.86 [0.73, 1.02] 0.049
Urinary acid, mg/dL 5.9 ± 1.5 6.0 ± 1.6 5.9 ± 1.5 0.08
Low-density lipoprotein-cholesterol, mg/dL 103.6 ± 28.2 98.4 ± 28.4 103.8 ± 28.1 0.001
High-density lipoprotein-cholesterol, mg/dL 55.0 ± 15.4 53.1 ± 15.1 55.1 ± 15.4 0.03
Triglycerides, mg/dL 111 [79, 160] 108 [76, 163] 112 [80, 160] 0.17
Hemoglobin A1c, % 6.0 ± 0.8 6.1 ± 0.9 6.0 ± 0.8 0.48
Brain natriuretic peptide, pg/mL 107.5 [56.3, 194.7] 121.2 [63.5, 218.8] 107.0 [56.2, 193.5] 0.09

Table 2   Logistic regression 
analysis for major bleeding 
events

95% CI, 95% confidence interval; OR, odds ratio

Univariable Multivariable

OR 95% CI p value OR 95% CI p value

Age 1.04 1.02–1.05 < 0.0001 1.03 1.02–1.05 < 0.0001
Male 0.99 0.77–1.28 0.96
Body mass index 0.97 0.08–1.04 0.06
Previous major bleeding event 1.62 0.93–2.83 0.09
Vitamin K antagonist use 1.53 1.21–1.94 0.0004 1.42 1.11–1.80 0.005
Antiplatelet drug use 1.52 1.17–1.97 0.002 1.31 1.003–1.718 0.048
Hypertension 1.23 0.94–1.62 0.13
Diabetes mellitus 1.26 0.98–1.61 0.07
Serum creatinine 1.18 1.04–1.34 0.03 1.13 0.98–1.30 0.13
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(16.32 and 2.21 per 100 patient-years, respectively). Car-
diovascular death occurred in 24 patients after major bleed-
ing and in 192 patients without major bleeding (6.02 and 
0.91 per 100 patient-years, respectively). Ischemic stroke 
occurred in 10 patients after major bleeding and 197 patients 
without major bleeding. In the non-major bleeding group, 
63 patients experienced myocardial infarction during the 
period, while none of the patients developed myocardial 
infarction after major bleeding events. Median duration until 
death and until cardiovascular death after major bleeding 
were 43 and 13 days, respectively. Incidences of MACCE 
and all-cause death after major bleeding events were signifi-
cantly and clearly higher compared with those without major 
bleeding (both log-rank p < 0.0001; Figs. 2, 3).

Multivariate Cox hazard regression analysis showed that 
risk of MACCE was significantly higher in patients after 
major bleeding compared with those without major bleeding 
(HR, 4.64; 95% CI, 3.62–5.94; p < 0.0001; Table 3). Mul-
tivariate Cox hazard analysis showed that major bleeding 
was also associated with the incidence of all-cause death 
and of cardiovascular death (HR, 5.84; 95% CI, 4.48–7.63; 

p < 0.0001 and HR, 4.97; 95% CI, 3.22–7.67; p < 0.0001, 
respectively; Table 3).

Discussion

In the present study, we investigated the association between 
major bleeding and long-term cardiovascular events in 
patients with AF who were taking OAC. The major findings 
were as follows: (1) during follow-up, 4.5% of patients (1.38 
per 100 patient-years) experienced major bleeding events; 
(2) older age, VKA use, and antiplatelet drug use were 
independently associated with incidence of major bleeding 
events; (3) 24% of patients with major bleeding had MACCE 
during long-term follow-up (18.33 per 100 patient-years); 
(4) patients who experienced major bleeding had signifi-
cantly higher risks of MACCE, all-cause death, and cardio-
vascular death, and these adverse events occurred relatively 
early after major bleeding occurred.

As major bleeding events were found to lead to worse 
clinical outcomes, it is important to pay careful attention 

Table 3   Clinical events and risk after major bleeding events

95% CI, 95% confidence interval; HR, hazard ratio; MACCE, major adverse cardiac and cardiovascular events

Patients with major bleed-
ing

Patients without major bleeding Univariate Multivariate

No. of 
patients /total 
no. (%)

Per 100 
patient-
years

No. of patients /total 
no. (%)

Per 100 
patient-
years

HR (95% CI) p value HR (95% CI) p value

Primary outcomes
MACCE 72/298 (24.2) 18.33 665/6335 (10.5) 3.22 5.69 (4.45–7.28) < 0.0001 4.64 (3.62–5.94) < 0.0001
Secondary outcomes
Death 65/298 (21.8) 16.32 464/6335 (7.3) 2.21 7.48 (5.75–9.74) < 0.0001 5.84 (4.48–7.63) < 0.0001
Cardiovascular 

death
24/298 (8.1) 6.02 192/6335 (3.0) 0.91 6.71 (4.36–10.32) < 0.0001 4.97 (3.22–7.67) < 0.0001

Fig. 2   Rates of major adverse 
cardiac and cerebrovascular 
events (MACCE) in patients 
with and without major bleed-
ing. Development of MACCE 
was significantly and clearly 
higher after major bleeding 
than without major bleeding 
(log-rank p < 0.0001). MACCE; 
major adverse cardiac and 
cerebrovascular events
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to the risk of major bleeding in patients with AF who are 
taking OACs. A previous report from the ARISTOTLE trial 
showed that older age, prior bleed, prior stroke, diabetes, 
lower creatine clearance, decreased hematocrit level, and 
use of aspirin and nonsteroidal inflammatory drugs were 
independent predictors of major bleeding among patients 
with AF [14]. In addition, recent studies have shown that 
bleeding risk is higher with VKAs than with DOACs [15, 
16]. Switching to a DOAC should be considered for patients 
receiving a VKA, particularly in those with high bleeding 
risk [15]. The present study found that as well as VKAs, 
antiplatelet drug use was related to major bleeding events. 
AF patients with coronary artery disease (CAD) usually 
take antiplatelet drugs, and 20% of the present patients used 
these drugs. The AFIRE trial demonstrated that DOAC 
monotherapy was non-inferior to combination therapy with 
DOAC plus a single antiplatelet agent in terms of efficacy, 
and was superior in terms of safety in patients with AF and 
stable CAD [17]. Therefore, for patients using both OAC and 
antiplatelet drugs, it is important to evaluate the necessity 
for continuation of antiplatelet drugs.

Previous reports have shown that major bleeding 
increased the risk of cardiovascular events in AF patients 
in the first 30 days after a bleeding event [9, 14]. Recently, 
Meyer et al. evaluated the long-term risk of adverse clinical 
outcomes in AF patients with a newly documented bleed-
ing episode [18]. They reported median time to an adverse 
outcome event of 142 days after a major bleed. In contrast, 
the median time until development of MACCE after a major 
bleed in the present study was only 41 days. Kaikita et al. 
investigated the association between bleeding and cardio-
vascular events in AF patients with stable CAD. Their time-
adjusted multivariate analysis showed a temporal association 
between major bleeding and subsequent MACCE, with a 
particularly high risk of developing MACCE within 1 month 
after a major bleed [19]. Even in studies with long-term 
observation, post-bleeding events occurred relatively early; 

therefore, careful observation of patients with AF is required 
during that period.

There are several possible explanations for the increased 
risk of MACCE after major bleeding. First, bleeding itself is 
a direct cause of cardiovascular events. Bleeding can be fatal 
and anemia due to bleeding might lower the threshold for 
ischemia or heart failure. Acute anemia results in decreased 
blood supply and sudden hypoxia to the heart. In addition, 
it exacerbates the preexisting compromised coronary blood 
supply in patients with CAD, and there is a disproportion-
ate oxygen supply and demand ratio to the heart [20, 21]. 
Second, OACs are often discontinued in an effort to con-
trol major bleeding [22]. A previous study has reported that 
discontinuation of OAC after bleeding episodes was asso-
ciated with a higher risk of adverse outcomes [18]. Thus, 
early resumption of OAC is preferable after hemostasis is 
achieved and the clinical condition is stabilized, especially 
in patients with high thrombotic risk. Conversely, restart-
ing OAC after a bleeding event has also been associated 
with increased risk of recurrent bleeds [23, 24]. Determin-
ing the optimal timing for restarting anticoagulation has 
the dual therapeutic aims of preventing thrombotic events 
while minimizing rebleeding, and should be discussed by 
the medical team. In patients with recurrent severe bleed-
ing and in those who are not able to restart anticoagulation, 
non-pharmacological therapies such as left atrial appendage 
closure or occlusion should be considered. Third, the pre-
sent patients with major bleeding had higher prevalence of 
ischemic heart disease and prior stroke, and higher CHADS2 
and HAS-BLED scores than those without major bleeding. 
In other words, patients at high risk of bleeding not only 
have an increased risk of bleeding but also an elevated risk 
of cardiovascular events. Therefore, we should be aware of 
bleeding as well as cardiovascular events in these patients.

Previous studies have reported the association between 
major bleeding events and worse clinical outcomes in 
patients with AF [25]. However, in the present study, we 

Fig. 3   All-cause mortality in 
patients with and without major 
bleeding. Development of 
MACCE was significantly and 
clearly higher after major bleed-
ing than without major bleeding 
(log-rank p < 0.0001)
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enrolled only AF patients who took OAC. Furthermore, the 
fact that the bleeding event revealed an association not only 
with MACCE and death, but also with cardiovascular death, 
seems to be a novelty point.

This study had several limitations. First, as a prospective 
observational study, unknown confounding factors or selec-
tion bias might have affected the outcomes, regardless of 
the analytical adjustments. Second, it was unknown whether 
patients who had experienced major bleeding events dis-
continued OACs, and when they restarted anticoagulation 
therapy. It is also possible that some patients might have 
changed the type of OAC taken or lowered their dosage to 
reduce bleeding risks during the course of the study.

In the present analysis of data from two large-scale pro-
spective registries, major bleeding was associated with 
long-term adverse cardiovascular events among AF patients 
taking OACs. Therefore, to improve clinical outcomes in 
patients with AF, it is important to reduce bleeding risks. 
When a major bleeding event occurs, patients should be 
monitored carefully for cardiovascular events, especially in 
the early phase after bleeding.
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