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INTRODUCTION 
 

Anticoagulation therapy is crucial among older patients 

with atrial fibrillation (AF) because the incidence of 

thromboembolisms increases with age [1, 2]. Similarly, 

older patients, especially those with AF, often have 

numerous cardiovascular events, such as heart failure 

and coronary artery disease [3–5]. 

 

Currently, direct oral anticoagulants (DOACs) have 

been established as standard anticoagulation drugs for 

all generations of patients. Studies have reported that 
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ABSTRACT 
 

Background: Experimental studies have reported that Factor Xa inhibitors (Xa-Is) have positive effects on 
cardiac muscles and blood vessels via protease-activated receptor 2 inhibition, suggesting the preventive 
effects of Xa-Is on cardiovascular events. However, the clinical impact of Xa-Is on cardiovascular disease is 
unknown. 

Objectives: This study aimed to investigate the incidence of cardiovascular events among older patients with 
nonvalvular atrial fibrillation (NVAF) taking Xa-Is compared with those taking non-Xa-Is. 
Methods: We conducted a single-center historical cohort study of consecutive patients with NVAF who  
were aged ≥80 years and used oral anticoagulants. Xa-Is included rivaroxaban, apixaban, and edoxaban, and 
non-Xa-Is included dabigatran and warfarin. The outcome of cardiovascular events was defined as a 
composite outcome of congestive heart failure, arteriosclerotic disease, and cardiovascular death. We 
compared the 5-year incidence of cardiovascular events between patients taking Xa-Is and those taking non-
Xa-Is. 

Results: Of 1705 patients aged ≥80 years who were diagnosed with AF, 1092 patients with NVAF were enrolled. 
Propensity score matching provided 445 patients in each group. The risks of cardiovascular events, congestive 
heart failure, arteriosclerotic disease, and cardiovascular death were significantly lower in the Xa-I group than 
in the non-Xa-I group (hazard ratio [95% confidence interval]: 0.43 [0.30–0.61], 0.44 [0.29–0.66], 0.47 [0.22–
1.04], and 0.41 [0.23–0.75], respectively). 

Conclusions: Among patients with NVAF who were aged ≥80 years, the incidence of cardiovascular events was 
lower in the Xa-I users than in the non-Xa-I users. 
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the incidences of both thromboembolisms and major 

bleeding were lower in patients taking DOACs than in 

those taking warfarin [6], even among very old patients 

with nonvalvular AF (NVAF) [7]. 

 

DOACs include dabigatran as a direct thrombin 

inhibitor, and rivaroxaban, apixaban, and edoxaban as 

Factor Xa inhibitors (Xa-Is). A recent study among 

patients with NVAF and diabetes mellitus who were 

aged ≥65 years demonstrated that the incidence of 

hospitalizations for heart failure was lower in those 

taking DOACs than in those taking warfarin [8], 

suggesting that DOACs might have benefits beyond 

their anticoagulation effect. However, no clinical study 

has focused on the impact of Xa-Is on cardiovascular 

events. Recently, several experimental studies have 

suggested positive effects of Xa-Is on the cardiovascular 

system, other than anticoagulation, such as the prevention 

of the cardiac remodeling and atherosclerosis progression 

[9–13]. 

 

We hypothesized that Xa-Is have preventive effects  

on cardiovascular events in older patients. Thus, we 

investigated cardiovascular events, including heart 

failure, atherosclerotic disease, and cardiovascular 

death, in patients with NVAF who were aged ≥80 years 

and received anticoagulation therapy. Furthermore,  

we compared the 5-year incidence of cardiovascular 

events between patients taking Xa-Is and those taking 

non-Xa-Is. 

RESULTS 
 

Baseline characteristics 

 

Among 1705 patients aged ≥80 years who were 

diagnosed with AF, we excluded 54 with valvular AF, 

46 with end-stage renal failure, 184 who underwent  

AF ablation before 80 years of age, 145 who underwent 

AF ablation after 80 years of age, and 184 who were  

not using oral anticoagulants (OACs). The reasons for 

the nonuse of OACs were based on the decisions  

of physicians, mainly considering the bleeding risk  

of patients. Among the patients not using OACs, 95% 

(n = 175) had at least one bleeding risk factor and  

77% (n = 141) had more than two bleeding risk factors 

other than age. Consequently, 1092 patients with NVAF 

(Xa-I group, n = 513; non-Xa-I group, n = 579) were 

included in this study as a crude cohort (Figure 1). 

 

The median observation period was 962 days 

(interquartile ranges [IQR]: 450, 1563) in the Xa-I 

group and 1180 days (IQR: 463, 1960) in the non-Xa-I 

group (P < 0.001). The distribution of Xa-Is was as 

follows: rivaroxaban, 18% (n = 95); apixaban, 59% (n = 

302); and edoxaban, 23% (n = 116). The distribution  

of non-Xa-Is was as follows: dabigatran, 16% (n = 95) 

and warfarin, 84% (n = 484). In the Xa-I group, 87%  

(n = 445) of patients used low-dose Xa-Is. Among 

them, 77% (n = 344) of patients met the dose reduction 

criteria, and the remaining 23% (n = 99) of patients who 

 

 

 

Figure 1. Flowchart of the study procedure. A total of 1705 patients aged ≥80 years were diagnosed with AF. Ultimately, 1092 patients 

with NVAF (Xa-I group, n = 513; non-Xa-I group, n = 579) were included in this study as the total original cohort. After propensity score 
matching, 445 patients were extracted from both groups. AF, atrial fibrillation; NVAF, nonvalvular AF; Xa-I, Factor Xa inhibitor. 
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were prescribed a low dose had at least one bleeding 

risk factor other than age. In the non-Xa-I group, 

dabigatran was used in the low-dose setting in 99%  

(n = 94) of patients who met the dose reduction  

criteria. Regarding warfarin control, in 87% (n = 428) 

of patients who could be evaluated for the time in a 

therapeutic range (TTR), the median TTR was 61% 

(IQR: 36, 87). The median age, proportions of female 

patients and patients with a history of heart failure, 

prevalence of hypertension, and β-blockers use were 

significantly higher in the Xa-I group than in the non-

Xa-I group. The proportions of patients with a history of 

thromboembolisms were significantly lower in the Xa-I 

group than in the non-Xa-I group (Table 1). 

 

Within the observation period, 4.5% (n = 49) of patients 

(22 of 513 in the Xa-I group and 27 of 579 in the  

non-Xa-I group) were lost to follow-up. The rate of 

discontinuation of OACs was 3.8% (n = 41) (22 of  

513 in the Xa-I group and 19 of 579 in the non-Xa-I 

group). The reasons for discontinuing OACs were minor 

bleeding (n = 11), aging (n = 2), renal function decline 

(n = 2), poor adherence or warfarin control (n = 3),  

an invasive procedure (n = 7), and unknown (n = 16).  

 

After propensity score matching, 445 patients were 

selected from each group, and the baseline characteristics 

were well matched between the groups (Table 2). 

 

Outcomes 

 

The 5-year occurrence of cardiovascular events was 

significantly lower in the Xa-I group than in the  

non-Xa-I group in the propensity score-matched cohort 

(Figure 2A). The secondary outcomes were significantly 

and numerically lower in the Xa-I group than in the 

non-Xa-I group (congestive heart failure: hazard ratio 

[HR] 0.44, 95% confidence interval [CI] 0.29-0.66,  

P < 0.001; arteriosclerotic disease: HR 0.47, 95% CI 

0.22-1.04, P = 0.060; and cardiovascular death: HR 

0.41, 95% CI 0.23-0.75, P = 0.003) (Figure 2B–2D). 

The multivariate Cox proportional hazards model 

determined that non-Xa-I use was an independent 

predictor of 5-year cardiovascular events (Table 3). 

Subgroup analyses of cardiovascular events according 

to Xa-I use revealed consistent findings, except for the 

AF type (Figure 3). 

 

The sensitivity analyses of 5-year cardiovascular events, 

congestive heart failure, arteriosclerotic disease, and 

cardiovascular death in the total original cohort showed 

similar results to those of the main analyses (Figure 

4A–4D).  
 

As the post-hoc outcomes, the 5-year incidence of 

strokes was significantly lower in the Xa-I group than in 

the non-Xa-I group both in the total original cohort and 

propensity score matched cohort (total original cohort: 

7% [n = 36/513] vs. 22% [n = 125/579] P < 0.001; 

propensity score matched cohort: 7% [n = 33/445] vs. 

21% [n = 95/445], P < 0.001). The 5-year incidence of 

the all-cause death was significantly lower in the Xa-I 

group than in the non-Xa-I group both in the total 

original cohort and propensity score matched cohort 

(total original cohort: 30% [n = 154/513] vs. 47% [n = 

270/579], P < 0.001; propensity score matched cohort: 

29% [n = 130/445] vs. 58% [n = 260/445], P < 0.001). 

 

An additional analysis comparing the Xa-I and 

dabigatran groups showed that the 5-year incidence  

of cardiovascular events and arteriosclerotic disease 

were significantly lower in the Xa-I group than in  

the dabigatran group; however, the 5-year incidences  

of congestive heart failure and cardiovascular death 

did not differ between the groups (Supplementary 

Figure 1A–1D). 

 

DISCUSSION 
 

The present study had several findings. First, the 5-year 

incidence of cardiovascular events was lower in patients 

taking Xa-Is than in those taking non-Xa-Is, even after 

an adjustment for potential confounders. Second, the 

preventive effects of Xa-Is on congestive heart failure, 

atherosclerotic disease, and cardiovascular death were 

confirmed. Third, subgroup analyses exhibited consistent 

effects of Xa-Is on cardiovascular events across the 

subgroups, except for the AF type. Fourth, the incidences 

of cardiovascular events and arteriosclerosis were lower 

in patients taking Xa-Is than in those taking dabigatran 

in the total original cohort. 

 

Morimoto et al. suggested some differences in the  

risk of a myocardial infarction among the OACs in a 

meta-analysis with an indirect comparison among the 

OACs [14]. Moreover, a subanalysis of ENGAGE  

AF-TIMI 48 reported that the reduction in ischemic 

events, including myocardial infarctions, with edoxaban 

versus warfarin was greater in patients with coronary 

artery disease [15]. We clarified the differences between 

Xa-Is and non-Xa-Is in a long-term observational  

study among very old patients with NVAF. In the 

subgroup analyses, the preventive effects of Xa-Is on 

cardiovascular events were not shown, with dispersed 

HR in patients with paroxysmal AF. Paroxysmal AF 

occasionally leads to rapid hemodynamic instability 

owing to the sudden loss of the atrial function and 

tachycardias with heart rate vulnerability. A previous 

study reported that paroxysmal AF, but not persistent 
AF, was a predictor of hospitalizations for heart failure 

in patients with heart failure and a reduced ejection 

fraction [16]. The impact of Xa-Is in patients with  
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Table 1. Baseline characteristics (total original cohort). 

 Xa-I group 

(N = 513) 

Non-Xa-I group 

(N = 579) 
P-value 

Follow-up period (days), median (IQR) 962 (450, 1563) 1180 (463, 1960) < 0.001 

Age (years), median (IQR) 84 (81, 87) 83 (80, 86) 0.003 

Female sex, N (%) 272 (53) 265 (46) 0.017 

Body weight (kg), median (IQR) 53 (46, 60) 54 (45, 61) 0.74 

eGFR (mL/min/1.73 m2), median (IQR) 54 (44, 66) 55 (42, 68) 0.30 

Persistent AF, N (%) 298 (58) 344 (59) 0.66 

Hypertension, N (%) 378 (74) 374 (65) 0.001 

Diabetes mellitus, N (%) 88 (17) 114 (20) 0.28 

History of heart failure, N (%) 93 (18) 50 (9) < 0.001 

History of a pacemaker implantation, N (%) 58 (11) 70 (12) 0.69 

History of arteriosclerotic disease, N (%) 133 (26) 133 (23) 0.26 

History of a thromboembolism, N (%) 109 (21) 163 (28) 0.009 

History of major bleeding, N (%) 26 (5) 40 (7) 0.20 

Medications    

ACEI/ARB, N (%) 236 (46) 280 (48) 0.44 

β-blocker, N (%) 262 (51) 216 (37) < 0.001 

Ca blocker, N (%) 248 (48) 249 (43) 0.08 

Statin, N (%)  134 (26) 132 (23) 0.20 

Values are presented as the median (IQR) in accordance with the distribution and number of 
patients (%).  
Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, 
angiotensin receptor blocker; Ca blocker, calcium channel blocker; eGFR, estimated glomerular 
filtration rate; IQR, interquartile range; SD, standard deviation; Xa-I, Factor Xa inhibitor. 

 

Table 2. Baseline characteristics (propensity score-matched cohort). 

 Xa-I group  

(N = 445) 

Non-Xa-I group  

(N = 445) 
P-value 

Follow-up period (days), median (IQR) 998 (452, 1566) 1092 (436, 1903) 0.50 

Age (years), median (IQR) 83 (81, 87) 83 (80, 86) 0.38 

Female sex, N (%) 221 (50) 226 (51) 1.00 

Body weight (kg), median (IQR) 53 (46, 60) 53 (45, 60) 0.89 

eGFR (mL/min/1.73 m2), median (IQR) 55 (44, 66) 55 (41, 68) 0.95 

Persistent AF, N (%) 261 (59) 256 (58) 0.79 

Hypertension, N (%) 321 (72) 304 (68) 0.24 

Diabetes mellitus, N (%) 80 (18) 87 (20) 0.61 

History of heart failure, N (%) 41 (10) 49 (7) 0.43 

History of a pacemaker implantation, N (%) 54 (12) 59 (13) 0.68 

History of arteriosclerotic disease, N (%) 104 (23) 109 (24) 0.75 

History of a thromboembolism, N (%) 101 (23) 101 (23) 1.00 

History of major bleeding, N (%) 26 (6) 26 (6) 1.00 

Medications    
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ACE-I/ARB, N (%) 198 (44) 228 (51) 0.052 

β-blocker, N (%) 204 (46) 203 (46) 0.96 

Ca blocker, N (%) 211 (47) 195 (44) 0.31 

Statin, N (%)  107 (24) 111 (25) 0.82 

Values are presented as the median (IQR) in accordance with the distribution and number of 
patients (%). 
Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin 
receptor blocker; Ca blocker, calcium channel blocker; eGFR, estimated glomerular filtration rate; IQR, 
interquartile range; SD, standard deviation; Xa-I, Factor Xa inhibitor. 

 

paroxysmal AF may differ according to the AF severity 

or patient condition. 

 

Xa-Is inhibit the Factor Xa-protease-activated receptor 

2 (PAR2) activity pathway. Activation of PAR2 causes 

the progression of cardiac remodeling, the accumulation 

of inflammatory substances in the myocardium, an 

increase in interstitial fibrosis, and a reduction in 

cardiac contractility, leading to heart failure. In fact,  

a previous study reported that patients receiving  

Xa-Is exhibited reduced levels of circulating markers  

of fibrosis and diastolic dysfunction compared with 

those receiving vitamin K antagonists [10]. The 

signaling PAR2 activity pathway also induces an 

increase in vascular inflammatory substances, activates 

macrophages, and destabilizes atherosclerotic lesions 

[11]. In fact, experimental studies demonstrated  

that rivaroxaban inhibits arteriosclerosis development  

[13, 17]. The mechanism by which dabigatran directly 

inhibits thrombin differs from that of Xa-Is. Thrombin 

also contributes to inflammatory responses and fibrosis 

of vascular smooth muscles, likely related to Factor Xa 

[18]. However, no experimental study has elucidated 

the effect of thrombin inhibitors on cardiac remodeling 

 

 
 

Figure 2. Incidence of primary and secondary outcomes (propensity score-matched cohort). (A) Cardiovascular events. (B) 
Congestive heart failure. (C) Arteriosclerotic disease. (D) Cardiovascular death. The incidence of composite cardiovascular events, 
arteriosclerotic disease, congestive heart failure, and cardiovascular death within 5 years was significantly and numerically lower in the Xa-I 
group than in the non-Xa-I group. CI, confidence interval; HR, hazard ratio; Xa-I, Factor Xa inhibitor. 
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Table 3. Predictors of cardiovascular events (total original cohort). 

 Univariable   Multivariable   

 HR 95% CI P-value HR 95% CI P-value 

Xa-I use 0.59 0.44–0.79 < 0.001 0.44 0.32–0.60 < 0.001 

History of a thromboembolism 0.83 0.60–1.16 0.27 0.84 0.60–1.18 0.31 

Hypertension 0.87 0.65–1.16 0.34 0.90 0.67–1.22 0.51 

Female sex 1.00 0.76–1.32 0.58 0.96 0.71–1.32 0.82 

History of major bleeding 1.07 0.58–1.96 0.83 0.93 0.50–1.74 0.82 

Statin use 1.31 0.97–1.77 0.08 0.98 0.70–1.35 0.89 

Age ≥85 years 1.17 0.88–1.55 0.28 1.15 0.86–1.54 0.36 

β-blocker use 1.27 0.97–1.68 0.08 1.23 0.92–1.64 0.16 

Persistent AF 1.33 1.00–1.77 0.053 1.30 0.97–1.74 0.08 

Body weight <50 kg 1.17 0.89–1.55 0.27 1.28 0.93–1.76 0.13 

Diabetes mellitus 1.84 1.36–2.49 < 0.001 1.53 1.11–2.10 0.009 

eGFR <60 mL/min/1.73 m2 1.65 1.21–2.24 0.001 1.56 1.14–2.13 0.005 

History of arteriosclerotic disease 2.38 1.80–3.15 < 0.001 1.98 1.45–2.72 < 0.001 

History of heart failure 3.58 2.62–4.90 < 0.001 3.50 2.49–4.91 < 0.001 

Abbreviations: AF, atrial fibrillation; CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio; Xa-I, 
Factor Xa inhibitor. 

 

and/or arteriosclerosis. Moreover, a meta-analysis  

of clinical studies suggested that patients taking 

dabigatran had a higher incidence of acute coronary 

syndrome than those taking warfarin [19]. A recent 

study involving patients with AF and diabetes mellitus 

who were aged ≥65 years reported a lower incidence 

of hospitalizations for heart failure in patients taking 

dabigatran than in those taking warfarin, similar to  

that in those taking Xa-Is [8]. These results suggest 

that the effect of dabigatran on the vascular system  

is limited, but its effect on the cardiac function is 

expected, supporting our results of the sensitivity 

analysis regarding dabigatran, with a similar incidence 

of heart failure and higher incidences of cardiovascular 

events and arteriosclerotic disease in the dabigatran 

group than in the Xa-I group in the original total 

cohort. Inhibition of the activation of the Factor  

Xa-PAR2 pathway rather than that of coagulation 

factors may be important. A further study is needed  

to clarify the association between the Factor Xa- 

PAR2 pathway and cardiovascular events to enhance 

the position of Xa-Is beyond only anticoagulant  

drugs. 

 

To the best of our knowledge, this is the first study to 

address the effects of Xa-Is on composite cardiovascular 

events, congestive heart failure, arteriosclerotic disease, 

and cardiovascular death among very old patients with 

NVAF over a long-term follow-up period. Our findings 

could be helpful for the preventive management of 

cardiovascular diseases, which are becoming increasingly 

common in the worldwide aging society. 

 

Several limitations of this study should be considered. 

First, this was a single-center, historical cohort study. 

However, we could investigate the detailed clinical 

courses and outcomes owing to the single-center  

design of the study. We obtained the data from not  

only the medical records but also the patients, their 

families, and their primary care physicians. Moreover, 

the number of patients lost to follow-up during  

the observation period was small. A high-quality 

investigation could confirm the reliability of the results 

of this study. Second, selection bias was inevitable as 

this study was conducted in an acute referral general 

hospital managing patients with advanced diseases, and 

catheter ablation of AF was provided to patients with 

indications. However, our study provided reliable real-

world data in very old patients who did not undergo 

catheter ablation but were appropriately managed with 

medication. Third, the much higher rate of all-cause 

death, especially in the older population, could be a 

competing risk to the primary and secondary outcomes. 

Finally, this was a nonrandomized study, and the  

effect size might be biased with potential confounders. 

However, the effect of potential confounders would  

be slight, if any, as all investigated baseline data were 

adjusted. However, considering that this was a single-

center study, the generalizability of our results should 

be validated in a larger multicenter study. 
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Figure 3. Subgroup analyses for incidence of cardiovascular events (propensity score-matched cohort). Subgroup analyses for 

the incidence of cardiovascular events based on the oral anticoagulant type showed consistent findings. AF, atrial fibrillation; CI, confidence 
interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio; Xa-I, Factor Xa inhibitor. 

 

 

 

Figure 4. Incidence of primary and secondary outcomes (total original cohort). (A) Cardiovascular events. (B) Congestive heart 

failure. (C) Arteriosclerotic disease. (D) Cardiovascular death. The incidence of composite cardiovascular events, arteriosclerotic disease, 
congestive heart failure, and cardiovascular death within 5 years was significantly lower in the Xa-I group than in the non-Xa-I group. CI, 
confidence interval; HR, hazard ratio; Xa-I, Factor Xa inhibitor. 
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CONCLUSIONS 
 

Among patients with NVAF who were aged ≥80 years, 

the incidence of cardiovascular events, congestive heart 

failure, arteriosclerotic disease, and cardiovascular death 

was significantly lower in those taking Xa-Is than in 

those taking non-Xa-Is during the 5-year observation 

period. Xa-Is may be useful for not only anticoagulation 

but also the prevention of cardiovascular events in very 

old patients with NVAF. 
 

MATERIALS AND METHODS 
 

Study design and patients 
 

We conducted a historical cohort study of consecutive 

patients with NVAF who were aged ≥80 years and 

received medical treatment for NVAF from March 2011 

to February 2021 at Kagawa Prefectural Central Hospital, 

Kagawa, Japan.  

 

The inclusion criteria were as follows: 1) diagnosis of 

AF, including a new or existing diagnosis, based on 

electrocardiogram recordings in the hospital at the  

time of hospitalization or during outpatient visits;  

and 2) age ≥80 years at the time of enrollment. The 

exclusion criteria were as follows: 1) valvular AF; 2) 

end-stage renal failure; 3) catheter ablation of AF; and 

4) nonuse of OACs. Valvular AF was defined as AF 

with moderate or severe mitral stenosis or a mechanical 

valve replacement. End-stage renal failure was defined 

as a creatinine clearance of <15 mL/min/1.73 m2 or 

regular dialysis. 

 

We determined the first observation day of the study on 

the basis of the age and OAC use. The first observation 

day was defined as one of the following: 1) the start 

date of the study (March 1, 2011) for patients who were 

aged ≥80 years and were using OACs on that date; 2) 

the 80th birthday for patients who were aged <80 years 

and were using OACs on the start date of the study; and 

3) the anticoagulation therapy start date for patients who 

did not use OACs previously. 

 

Data collection and variables 

 

We collected data on the patient characteristics, including 

the medical history, laboratory data, medication  

use, electrocardiography findings, and transthoracic 

echocardiography findings. The patients were divided 

into the following two groups based on the inhibitors 

used: Xa-I group (patients who used the Xa-Is 

rivaroxaban, apixaban, and edoxaban) and non-Xa-I 
group (patients who used the non-Xa-Is dabigatran  

and warfarin). We investigated the outcomes from the 

medical records at Kagawa Prefectural Central Hospital. 

We further investigated the outcomes in March  

2021 through a mail-in questionnaire or telephone  

call to patients, their families, and their primary care 

physicians among patients who completed clinical visits 

at Kagawa Prefectural Central Hospital. We calculated 

the time in TTR as an index of warfarin control using 

Rosendaal’s linear interpolation method [20]. We set 

the target international normalized ratio at 1.6–2.6 for 

older patients based on Japanese guidelines [21]. 

 

Study outcomes 

 

The primary outcome was the composite of 

cardiovascular events. Cardiovascular events included 

congestive heart failure, arteriosclerotic disease, and 

cardiovascular death. The secondary outcomes were 

congestive heart failure, arteriosclerotic disease, and 

cardiovascular death. Congestive heart failure was 

defined as heart failure requiring hospitalization. 

Arteriosclerotic disease included coronary artery 

disease, peripheral artery disease, and aortic disease. 

Coronary artery disease included acute coronary 

syndrome and stable angina requiring interventional 

treatment (percutaneous coronary intervention and/or 

coronary artery bypass grafting). Peripheral artery 

disease was defined as arteriosclerotic obliterans in the 

lower limbs that required interventional treatment 

(endovascular and/or surgical therapy). Aortic disease 

included acute aortic dissection and an aortic aneurysm 

that required interventional treatment (surgical and/or 

stent grafting). Cardiovascular death included death 

caused by congestive heart failure or arteriosclerotic 

disease, and sudden cardiac death. The post-hoc 

outcomes were strokes and all-cause death. Strokes 

included cerebrovascular infarctions, transient ischemic 

attacks, and intracranial hemorrhages. 

 

Statistical analysis 

 

We compared the backgrounds and outcomes of the Xa-

I and non-Xa-I groups. We censored the observations 

due to 1) loss to follow-up by the end date of the study 

(February 28, 2021); 2) a change in or discontinuation 

of OACs; and 3) catheter ablation of AF. We did  

not censor cases due to dose changes or drug changes 

within the group. We performed the main analysis  

of this study in the propensity score-matched cohort. 

For the propensity score development, we selected  

age ≥85 years, sex, body weight <50 kg, estimated 

glomerular filtration rate (eGFR) <60 mL/min/1.73 m2, 

hypertension, diabetes mellitus, history of heart failure 

requiring hospitalization, history of a thromboembolism, 

history of major bleeding, type of AF, and use of  
β-blockers as independent variables. We used a logistic 

regression model to calculate the propensity score with 

a tolerance of 0.05 and constructed 1:1 matching. 
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Continuous variables have been expressed as means 

and standard deviations or medians and IQRs based 

on their distributions. We used the t-test or Wilcoxon 

rank-sum test for between-group comparisons. 

Categorical variables have been presented as numbers 

and percentages, and intergroup comparisons were 

conducted using the chi-square test. The outcomes 

have been presented as the total number of first 

events. A Kaplan–Meier survival curve and log-rank 

test were used to compare the incidence rates of the 

primary and secondary outcomes between the Xa-I 

and non-Xa-I groups. The effect has been expressed 

as HR and its 95% CI using a Cox proportional 

hazards model.  

 
Subgroup analyses were performed in the propensity 

score-matched cohort to estimate the HRs of 

cardiovascular events for age, sex, body weight, 

eGFR, hypertension, diabetes mellitus, history of  

heart failure requiring hospitalization, history of a 

thromboembolism, history of arteriosclerotic disease, 

history of major bleeding, and type of AF. 

 
To assess the robustness of the analyses of the 

propensity score-matched cohort, we conducted 

multivariate analyses in the total original cohort.  

We included the following variables in the multi- 

variate Cox proportional hazards model: age ≥85 

years, female sex, body weight ≤50 kg, eGFR <60 

mL/min/1.73 m2, hypertension, diabetes mellitus, 

history of heart failure requiring hospitalization, 

history of thromboembolism, history of arteriosclerotic 

disease, history of major bleeding, use of β-blockers, 

use of statins, and type of AF. 

 
Sensitivity analyses were performed for the primary 

and secondary outcomes between the Xa-I and non-

Xa-I groups on the total original cohort in the same 

way as the main analyses. Moreover, to evaluate the 

difference among the types of DOACs, additional 

analysis was conducted to compare the primary 

outcome between the Xa-I and dabigatran groups on 

the total original cohort. 

 
All statistical analyses were performed using SPSS 

Statistics version 28 software (IBM Corp., Armonk, 

NY, USA). A two-sided P-value of <0.05 was 

considered statistically significant. 

 

Abbreviations 
 

AF: atrial fibrillation; DOAC: direct oral anticoagulant; 

eGFR: estimated glomerular filtration rate; NVAF: 

nonvalvular atrial fibrillation; OAC: oral anticoagulant; 

TTR: time in therapeutic range; Xa-I: Factor Xa 

inhibitor. 

AUTHOR CONTRIBUTIONS 
 

Keisuke Okawa, Masahiko Takahashi: Design of the 

work; data acquisition, analysis, and interpretation; 

drafting of the work; final approval of the version to be 

published; agreement to be accountable for all aspects 

of the work in ensuring that questions related to the 

accuracy or integrity of any part of the work are 

appropriately investigated and resolved. Ryu Tsushima, 

Yuya Sudo, Ai Sakamoto, Masahiro Sogo, Masatomo 

Ozaki: Data acquisition; drafting of the work; final 

approval of the version to be published; agreement to be 

accountable for all aspects of the work in ensuring that 

questions related to the accuracy or integrity of any part 

of the work are appropriately investigated and resolved. 

Takeshi Morimoto: Data analysis and interpretation; 

critical revision for important intellectual content, final 

approval of the version to be published; agreement to be 

accountable for all aspects of the work in ensuring that 

questions related to the accuracy or integrity of any part 

of the work are appropriately investigated and resolved. 
 

CONFLICTS OF INTEREST 
 

Dr. Takahashi reports lecture fees from Bayer and 

Daiichi Sankyo. Dr. Morimoto reports lecture fees from 

Bristol–Myers Squibb, Daiichi Sankyo, and Pfizer, and 

manuscript fees from Bristol–Myers Squibb and Pfizer. 

Dr. Okawa reports lecture fees from Bayer, Boehringer 

Ingelheim, Bristol–Myers Squibb, Daiichi Sankyo, and 

Pfizer. The other authors have nothing to disclose. 
 

ETHICAL STATEMENT AND CONSENT 
 

This study conformed to the principles of the Declaration 

of Helsinki and was approved by the Clinical Ethics 

Committee of Kagawa Prefectural Central Hospital. The 

IRB approval numbers of this study are 897, 1030, and 

104. Written informed consent was substituted with an 

opt-out method by announcing the handling of personal  

data and the right to withdraw consent on the study 

institution’s website. 
 

FUNDING 
 

No funding was provided for this study. 
 

REFERENCES 
 

1. Olesen JB, Lip GY, Hansen ML, Hansen PR, Tolstrup JS, 
Lindhardsen J, Selmer C, Ahlehoff O, Olsen AM, 
Gislason GH, Torp-Pedersen C. Validation of risk 
stratification schemes for predicting stroke and 
thromboembolism in patients with atrial fibrillation: 
nationwide cohort study. BMJ. 2011; 342:d124. 

 https://doi.org/10.1136/bmj.d124  

990

https://doi.org/10.1136/bmj.d124


www.aging-us.com 10 AGING 

PMID:21282258 

2. Friberg L, Rosenqvist M, Lip GY. Evaluation of risk 
stratification schemes for ischaemic stroke and 
bleeding in 182 678 patients with atrial fibrillation: the 
Swedish Atrial Fibrillation cohort study. Eur Heart J. 
2012; 33:1500–10. 

 https://doi.org/10.1093/eurheartj/ehr488 
PMID:22246443 

3. Odutayo A, Wong CX, Hsiao AJ, Hopewell S, Altman DG, 
Emdin CA. Atrial fibrillation and risks of cardiovascular 
disease, renal disease, and death: systematic review 
and meta-analysis. BMJ. 2016; 354:i4482. 

 https://doi.org/10.1136/bmj.i4482  
PMID:27599725 

4. Lloyd-Jones DM, Larson MG, Leip EP, Beiser A, 
D’Agostino RB, Kannel WB, Murabito JM, Vasan RS, 
Benjamin EJ, Levy D, and Framingham Heart Study. 
Lifetime risk for developing congestive heart failure: 
the Framingham Heart Study. Circulation. 2002; 
106:3068–72. 

 https://doi.org/10.1161/01.cir.0000039105.49749.6f 
PMID:12473553 

5. Lerner DJ, Kannel WB. Patterns of coronary heart 
disease morbidity and mortality in the sexes: a 26-year 
follow-up of the Framingham population. Am Heart J. 
1986; 111:383–90. 

 https://doi.org/10.1016/0002-8703(86)90155-9 
PMID:3946178 

6. Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, 
Deenadayalu N, Ezekowitz MD, Camm AJ, Weitz JI, 
Lewis BS, Parkhomenko A, Yamashita T, Antman EM. 
Comparison of the efficacy and safety of new oral 
anticoagulants with warfarin in patients with atrial 
fibrillation: a meta-analysis of randomised trials. 
Lancet. 2014; 383:955–62. 

 https://doi.org/10.1016/S0140-6736(13)62343-0 
PMID:24315724 

7. Takahashi M, Okawa K, Morimoto T, Tsushima R, 
Sudo Y, Sakamoto A, Sogo M, Ozaki M, Doi M, 
Morita H, Okumura K, Ito H. Impact of direct oral 
anticoagulant use on mortality in very old patients 
with non-valvular atrial fibrillation. Age Ageing. 
2022; 51:afac146. 

 https://doi.org/10.1093/ageing/afac146 
PMID:35776672 

8. Lin SM, Liu PP, Tu YK, Lai EC, Yeh JI, Hsu JY, Munir KM, 
Peng CC, Huang HK, Loh CH. Risk of heart failure in 
elderly patients with atrial fibrillation and diabetes 
taking different oral anticoagulants: a nationwide 
cohort study. Cardiovasc Diabetol. 2023; 22:1. 

 https://doi.org/10.1186/s12933-022-01688-1 
PMID:36609317 

9. Imano H, Kato R, Tanikawa S, Yoshimura F, Nomura A, 
Ijiri Y, Yamaguchi T, Izumi Y, Yoshiyama M, Hayashi T. 
Factor Xa inhibition by rivaroxaban attenuates cardiac 
remodeling due to intermittent hypoxia. J Pharmacol 
Sci. 2018; 137:274–82. 

 https://doi.org/10.1016/j.jphs.2018.07.002 
PMID:30055890 

10. Friebel J, Weithauser A, Witkowski M, Rauch BH, 
Savvatis K, Dörner A, Tabaraie T, Kasner M, Moos V, 
Bösel D, Gotthardt M, Radke MH, Wegner M, et al. 
Protease-activated receptor 2 deficiency mediates 
cardiac fibrosis and diastolic dysfunction. Eur Heart J. 
2019; 40:3318–32. 

 https://doi.org/10.1093/eurheartj/ehz117 
PMID:31004144 

11. Hara T, Phuong PT, Fukuda D, Yamaguchi K, Murata C, 
Nishimoto S, Yagi S, Kusunose K, Yamada H, Soeki T, 
Wakatsuki T, Imoto I, Shimabukuro M, Sata M. 
Protease-Activated Receptor-2 Plays a Critical Role in 
Vascular Inflammation and Atherosclerosis in 
Apolipoprotein E-Deficient Mice. Circulation. 2018; 
138:1706–19. 

 https://doi.org/10.1161/CIRCULATIONAHA.118.03354
4 PMID:29700120 

12. Jones SM, Mann A, Conrad K, Saum K, Hall DE, 
McKinney LM, Robbins N, Thompson J, Peairs AD, 
Camerer E, Rayner KJ, Tranter M, Mackman N, 
Owens AP 3rd. PAR2 (Protease-Activated Receptor 
2) Deficiency Attenuates Atherosclerosis in Mice. 
Arterioscler Thromb Vasc Biol. 2018; 38:1271–82. 

 https://doi.org/10.1161/ATVBAHA.117.310082 
PMID:29599135 

13. Ito Y, Maejima Y, Nakagama S, Shiheido-Watanabe Y, 
Tamura N, Sasano T. Rivaroxaban, a Direct Oral Factor 
Xa Inhibitor, Attenuates Atherosclerosis by Alleviating 
Factor Xa-PAR2-Mediated Autophagy Suppression. 
JACC Basic Transl Sci. 2021; 6:964–80. 

 https://doi.org/10.1016/j.jacbts.2021.09.010 
PMID:35024502 

14. Morimoto T, Crawford B, Wada K, Ueda S. 
Comparative efficacy and safety of novel oral 
anticoagulants in patients with atrial fibrillation: A 
network meta-analysis with the adjustment for the 
possible bias from open label studies. J Cardiol. 2015; 
66:466–74. 

 https://doi.org/10.1016/j.jjcc.2015.05.018 
PMID:26162944 

15. Zelniker TA, Ruff CT, Wiviott SD, Blanc JJ, Cappato R, 
Nordio F, Mercuri MF, Lanz H, Antman EM, Braunwald 
E, Giugliano RP. Edoxaban in atrial fibrillation patients 
with established coronary artery disease: Insights from 
ENGAGE AF-TIMI 48. Eur Heart J Acute Cardiovasc 
Care. 2019; 8:176–85. 

991

https://pubmed.ncbi.nlm.nih.gov/21282258
https://doi.org/10.1093/eurheartj/ehr488
https://pubmed.ncbi.nlm.nih.gov/22246443
https://doi.org/10.1136/bmj.i4482
https://pubmed.ncbi.nlm.nih.gov/27599725
https://doi.org/10.1161/01.cir.0000039105.49749.6f
https://pubmed.ncbi.nlm.nih.gov/12473553
https://doi.org/10.1016/0002-8703(86)90155-9
https://pubmed.ncbi.nlm.nih.gov/3946178
https://doi.org/10.1016/S0140-6736(13)62343-0
https://pubmed.ncbi.nlm.nih.gov/24315724
https://doi.org/10.1093/ageing/afac146
https://pubmed.ncbi.nlm.nih.gov/35776672
https://doi.org/10.1186/s12933-022-01688-1
https://pubmed.ncbi.nlm.nih.gov/36609317
https://doi.org/10.1016/j.jphs.2018.07.002
https://pubmed.ncbi.nlm.nih.gov/30055890
https://doi.org/10.1093/eurheartj/ehz117
https://pubmed.ncbi.nlm.nih.gov/31004144
https://doi.org/10.1161/CIRCULATIONAHA.118.033544
https://doi.org/10.1161/CIRCULATIONAHA.118.033544
https://pubmed.ncbi.nlm.nih.gov/29700120
https://doi.org/10.1161/ATVBAHA.117.310082
https://pubmed.ncbi.nlm.nih.gov/29599135
https://doi.org/10.1016/j.jacbts.2021.09.010
https://pubmed.ncbi.nlm.nih.gov/35024502
https://doi.org/10.1016/j.jjcc.2015.05.018
https://pubmed.ncbi.nlm.nih.gov/26162944


www.aging-us.com 11 AGING 

 https://doi.org/10.1177/2048872618790561 
PMID:30039978 

16. Mogensen UM, Jhund PS, Abraham WT, Desai AS, 
Dickstein K, Packer M, Rouleau JL, Solomon SD, 
Swedberg K, Zile MR, Køber L, McMurray JJ, and 
PARADIGM-HF and ATMOSPHERE Investigators and 
Committees. Type of Atrial Fibrillation and Outcomes 
in Patients With Heart Failure and Reduced Ejection 
Fraction. J Am Coll Cardiol. 2017; 70:2490–500. 

 https://doi.org/10.1016/j.jacc.2017.09.027 
PMID:29145948 

17. Hara T, Fukuda D, Tanaka K, Higashikuni Y, Hirata Y, 
Nishimoto S, Yagi S, Yamada H, Soeki T, Wakatsuki T, 
Shimabukuro M, Sata M. Rivaroxaban, a novel oral 
anticoagulant, attenuates atherosclerotic plaque 
progression and destabilization in ApoE-deficient mice. 
Atherosclerosis. 2015; 242:639–46. 

 https://doi.org/10.1016/j.atherosclerosis.2015.03.023 
PMID:25817329 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

18. Ansell J. Factor Xa or thrombin: is factor Xa a better 
target? Journal of thrombosis and haemostasis : JTH. 
2007; 5 Suppl 1:60–4.19. Clemens A, Fraessdorf 
M, Friedman J. Cardiovascular outcomes during 
treatment with dabigatran: comprehensive analysis of 
individual subject data by treatment. Vasc Health Risk 
Manag. 2013; 9:599–615. 

 https://doi.org/10.2147/VHRM.S49830 
PMID:24143109 

20. Rosendaal FR, Cannegieter SC, van der Meer FJ, Briët E. 
A method to determine the optimal intensity of oral 
anticoagulant therapy. Thromb Haemost. 1993; 
69:236–9. 

 PMID:8470047 

21. JCS Joint Working Group. Guidelines for 
Pharmacotherapy of Atrial Fibrillation (JCS 2013). Circ J. 
2014; 78:1997–2021. 

 https://doi.org/10.1253/circj.cj-66-0092 
PMID:24965079 

 

 

  

992

https://doi.org/10.1177/2048872618790561
https://pubmed.ncbi.nlm.nih.gov/30039978
https://doi.org/10.1016/j.jacc.2017.09.027
https://pubmed.ncbi.nlm.nih.gov/29145948
https://doi.org/10.1016/j.atherosclerosis.2015.03.023
https://pubmed.ncbi.nlm.nih.gov/25817329
https://doi.org/10.2147/VHRM.S49830
https://pubmed.ncbi.nlm.nih.gov/24143109
https://pubmed.ncbi.nlm.nih.gov/8470047
https://doi.org/10.1253/circj.cj-66-0092
https://pubmed.ncbi.nlm.nih.gov/24965079


www.aging-us.com 12 AGING 

SUPPLEMENTARY MATERIALS 

 

Supplementary Figure 

 

 

 

 

 

Supplementary Figure 1. Incidence of primary and secondary outcomes: Xa-I vs. dabigatran (total original cohort). The 

incidence of cardiovascular events and arteriosclerotic disease was significantly lower in the Xa-I group than in the dabigatran group. The 
incidence of congestive heart failure and cardiovascular death did not differ between the groups. Abbreviations: CI, confidence interval; HR, 
hazard ratio; Xa-I, Factor Xa inhibitor.  
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