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Abstract
Background and purpose  Prospectively collected data comparing the safety and effectiveness of individual non-vitamin K 
antagonists (NOACs) are lacking. Our objective was to directly compare the effectiveness and safety of NOACs in patients 
with newly diagnosed atrial fibrillation (AF).
Methods  In GLORIA-AF, a large, prospective, global registry program, consecutive patients with newly diagnosed AF were 
followed for 3 years. The comparative analyses for (1) dabigatran vs rivaroxaban or apixaban and (2) rivaroxaban vs apixaban 
were performed on propensity score (PS)-matched patient sets. Proportional hazards regression was used to estimate hazard 
ratios (HRs) for outcomes of interest.
Results  The GLORIA-AF Phase III registry enrolled 21,300 patients between January 2014 and December 2016. Of these, 
3839 were prescribed dabigatran, 4015 rivaroxaban and 4505 apixaban, with median ages of 71.0, 71.0, and 73.0 years, 
respectively. In the PS-matched set, the adjusted HRs and 95% confidence intervals (CIs) for dabigatran vs rivaroxaban 
were, for stroke: 1.27 (0.79–2.03), major bleeding 0.59 (0.40–0.88), myocardial infarction 0.68 (0.40–1.16), and all-cause 
death 0.86 (0.67–1.10). For the comparison of dabigatran vs apixaban, in the PS-matched set, the adjusted HRs were, for 
stroke 1.16 (0.76–1.78), myocardial infarction 0.84 (0.48–1.46), major bleeding 0.98 (0.63–1.52) and all-cause death 1.01 
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(0.79–1.29). For the comparison of rivaroxaban vs apixaban, in the PS-matched set, the adjusted HRs were, for stroke 0.78 
(0.52–1.19), myocardial infarction 0.96 (0.63–1.45), major bleeding 1.54 (1.14–2.08), and all-cause death 0.97 (0.80–1.19).
Conclusions  Patients treated with dabigatran had a 41% lower risk of major bleeding compared with rivaroxaban, but simi-
lar risks of stroke, MI, and death. Relative to apixaban, patients treated with dabigatran had similar risks of stroke, major 
bleeding, MI, and death. Rivaroxaban relative to apixaban had increased risk for major bleeding, but similar risks for stroke, 
MI, and death.
Registration  URL: https://​www.​clini​caltr​ials.​gov. Unique identifiers: NCT01468701, NCT01671007. Date of registration: 
September 2013.

Graphical abstract
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Introduction

The non-vitamin K antagonists (NOACs) have changed 
the landscape of stroke prevention in patients with atrial 
fibrillation (AF) [1, 2]. In randomized clinical trials (RCTs) 
and large observational studies, NOACs showed favorable 
benefit-risk profiles compared with vitamin K antagonists 
(VKAs) [3–8]. Hence, current clinical practice guidelines 
recommend NOACs for prevention of ischemic stroke in 
patients with AF [9–12].

Currently, four NOACs are available for clinical use in 
patients with AF, including the direct thrombin inhibitor 
dabigatran and the factor Xa inhibitors rivaroxaban, apixaban, 
and edoxaban [3–6], but RCTs directly comparing these agents 
are lacking and available comparisons of individual NOACs 
are retrospective [13–17]. Studies based on claims databases 
have limitations in terms of data quality and follow-up 

duration. Prospective registries and cohort studies can provide 
more complete and accurate data, longer follow-up [18], and 
capture variables not included in claims databases [18, 19].

The Global Registry on Long-Term Oral Antithrombotic 
Treatment in Patients with Atrial Fibrillation (GLORIA-AF) 
was a large, global, prospective registry providing comparative 
data on the use of NOACs in clinical practice. For this report, 
we performed a head-to-head comparison of NOACs for the 
outcomes of interest using the Phase III, final 3-year follow-up 
period of the GLORIA-AF Registry.

https://www.clinicaltrials.gov
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Methods

Study design and setting

The 3-phase design of the GLORIA-AF Registry Program 
has been described [20]. Consecutive patients ≥ 18 years old 
with recently identified AF and CHA2DS2-VASc scores ≥ 1, 
meeting the inclusion criteria (Online Resource: Methods 1) 
were enrolled and managed according to local clinical prac-
tice at the discretion of treating physicians. Patients in Phase 
III were followed for 3 years, regardless of antithrombotic 
therapy. The study was governed by Good Clinical Practice 
and the Declaration of Helsinki. The protocol was approved 
by the European Medicines Agency and institutional review 
boards at each participating site. Patients provided written 
informed consent. An independent academic steering com-
mittee oversaw the design, execution, study conduct, and 
manuscript development (Online Resource: Data Sharing 
Statement).

Clinical outcomes

The outcomes of interest were stroke (hemorrhagic, 
ischemic, and uncertain classification), major bleeding 
(International Society on Thrombosis and Haemostasis cri-
teria), myocardial infarction, and all-cause death. Further-
more, the composite outcome of stroke, systemic embolism, 
myocardial infarction, vascular death, and life-threatening 
bleeding events was also analyzed (life-threatening bleeding 
events defined in Methods 2; Online Resource).

Statistical methods

Demographics and baseline characteristics were summarized 
descriptively and compared for dabigatran vs rivaroxaban, 
dabigatran vs apixaban, and rivaroxaban vs apixaban within 
different patient sets using standardized differences. Cate-
gorical variables were summarized by frequencies and per-
centages, and continuous variables as means and standard 
deviations (SD). For analyses comparing dabigatran vs rivar-
oxaban, dabigatran vs apixaban, and rivaroxaban vs apixa-
ban, missing data for baseline covariates and cause of death 
were handled using multiple imputation (Online Resource: 
Methods 3). Descriptive analyses for the propensity score 
(PS)-trimmed and PS-matched sets are based on the PS cal-
culated using the first of the multiple imputation patient sets, 
i.e., the first trimmed and matched sets. Outcome analyses 
were performed separately for each imputed patient set, and 
results were combined to provide estimates under the miss-
ing-at-random assumption. The PS was calculated separately 
for dabigatran vs rivaroxaban, dabigatran vs apixaban, and 

rivaroxaban vs apixaban, following which restricted sets and 
matched sets for the pairs compared were then derived. For 
each of the pairwise comparisons, outcome analyses were 
performed separately for the patient sets described below. 
Data were analyzed using SAS® software version 9.4 or 
later (SAS Institute, Inc., Cary, NC).

Patient sets

Post hoc comparisons of dabigatran vs rivaroxaban, 
dabigatran vs apixaban, and rivaroxaban vs apixaban were 
performed following the same methodology as defined for the 
analyses of the relative effectiveness and safety of dabigatran 
vs VKA among the PS-trimmed and PS-matched patient 
sets. The PS-trimmed set consisted of the cohort obtained 
after excluding those in the nonoverlapping tails of the PS 
distribution (PS-trimming) within each geographical region 
(Online Resource: Fig. 1, Fig. 2, and Fig. 3). Excluding  
patients from the tails of the PS distribution addresses 
channeling bias and improves the validity of comparisons. 
The PS-matched sets were generated from the PS-trimmed 
patient sets by 1:1 greedy nearest-neighbor matching of 
patients on dabigatran to those on rivaroxaban, dabigatran 
to apixaban, and rivaroxaban to apixaban, with a predefined 
caliper within the region (Online Resource: Methods 4). 
Descriptive analyses for the PS-trimmed and PS-matched 
sets were based on the PS calculated using the first trimmed 
and matched sets.

Clinical outcome analyses

Incidence rates with 95% confidence intervals (CIs) for key 
outcome events were calculated for dabigatran vs rivaroxa-
ban, dabigatran vs apixaban, and rivaroxaban vs apixaban 
within the trimmed and matched patient sets. The initial 
analysis comparing effects of NOACs was conducted using a 
multivariable Cox regression model within the PS-trimmed 
patient set. The model included core variables (e.g., treat-
ment, age, sex, and risk factors for stroke and bleeding). 
Further variables were included based on covariate selec-
tion procedures (Methods 5; Online Resource). Hazard ratios 
(HRs) with 95% CIs were presented for outcomes consid-
ered. The comparative analyses for dabigatran vs rivaroxa-
ban, dabigatran vs apixaban, and rivaroxaban vs apixaban 
were also conducted in the PS-matched patient set by Cox 
regression with a shared frailty factor to adjust matching 
[21]. Among matched patients, the balance between the 
treatment groups was compared for individual, prespecified 
covariates (Online Resource: Table 1), and covariates with a 
standardized difference > 10% were considered unbalanced 
and included as a separate variable in the final regression 
model. Kaplan–Meier curves were plotted based on the 
matched patients for graphical comparison. Additionally, 
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we conducted a PS stratification analysis, based on strata 
formed by deciles of an extended PS and geographic region 
(Online Resource: Methods 6). Longitudinal outcomes 
were analyzed on an as-treated basis, censoring patients 
after permanent discontinuation of initial treatment or study 
termination.

Results

The GLORIA-AF Phase III registry included 21,591 patients 
enrolled at 935 sites in 38 countries, of whom 21,300 were 
eligible for analysis. Approximately 48% were enrolled in 
Europe, 24% in North America, 20% in Asia, and 8% in 
Latin America. The eligible patient population included 
19,718 patients who received at least 1 dose of prescribed 
antithrombotic treatment and 1142 who did not initiate the 
prescribed antithrombotic treatment at baseline. Of the 
treated patients, 12,577 (60.3%) received a NOAC, either 
dabigatran (n = 3839), rivaroxaban (n = 4015), apixaban 
(n = 4505), or edoxaban (n = 332). Because of the small 
number of patients taking edoxaban, it was not further 
assessed. Baseline characteristics of patients treated with 
dabigatran, rivaroxaban, and apixaban are provided in 
the Online Resource (Table 2). A total of 17,140 (80.5%) 
patients completed the full 3 years of observation. When 
possible, information on vital status was collected for 
patients who did not complete the planned observation 
period, and at the end of the study was available for all but 
997 (4.7%) patients.

Comparisons of dabigatran vs rivaroxaban

PS‑trimmed cohorts

The PS-trimmed set included 3618 patients treated with 
dabigatran and 3785 treated with rivaroxaban (Table 1A). 
The majority came from Europe (54.0% in the dabigatran 
group and 50.4% in the rivaroxaban group), but the propor-
tion of patients prescribed dabigatran was higher in Asia 
(24.0% dabigatran vs 9.2% rivaroxaban) and Latin America 
(10.8% dabigatran vs 7.1% rivaroxaban); while in North 
America, rivaroxaban was prescribed more often (33.4% 
rivaroxaban vs 11.1% dabigatran). In terms of other charac-
teristics, the dabigatran and rivaroxaban populations were 
similar, the PS density plots showing considerable overlap 
(Online Resource: Fig. 1). Patients treated with rivaroxa-
ban more often had paroxysmal AF (57.4% rivaroxaban vs 
54.1% dabigatran), coronary artery disease (16.5 vs 12.8%), 
and diabetes mellitus (24.5 vs 21.5%), but less often had 
previous stroke (9.6 vs 7.1%) than dabigatran-treated 
patients. Concomitant antiplatelet therapy was more fre-
quent in patients given rivaroxaban (18.3 vs 12.6%). Half the 

dabigatran-treated patients took 150 mg twice daily [BID] 
and 44.9% took 110 mg BID; over 75% of patients treated 
with rivaroxaban received 20 mg daily [OD].

The incidence rates for outcomes of interest within the 
PS-trimmed patient set are shown in Table 2A for patients 
treated with dabigatran and rivaroxaban. Cox regression 
analysis within this patient set found that patients treated 
with dabigatran had a lower rate of major bleeding (HR: 
0.58; 95% CI: 0.41–0.82; Table 3). Risks of stroke (HR: 
1.40; 95% CI: 0.94–2.09), myocardial infarction (HR: 0.69; 
95% CI: 0.44–1.09), all-cause death (HR: 0.85; 95% CI: 
0.69–1.05), and the composite outcome (HR: 0.90; 95% CI: 
0.73–1.11) were similar with these anticoagulants.

PS‑matched cohorts

The PS-matched set consisted of 2918 patients in each of the 
two treated groups, whose baseline characteristics are shown 
in Table 1B. Most were enrolled in Europe (65.2%). Of the 
dabigatran group, 58.2% of patients were prescribed 150 mg 
BID, and 39.4% received 110 mg BID; of the rivaroxaban 
group, 72.7% of patients received 20 mg OD. The incidence 
rate for the key outcomes within the PS-matched cohort are 
shown in Table 2B.

Cox regression analysis of the PS-matched patient set, 
adjusted for unbalanced variables, revealed that treatment 
with dabigatran was associated with a lower rate of major 
bleeding (HR: 0.59; 95% CI: 0.40–0.88; Table 3). Rates 
of stroke (HR: 1.27; 95% CI: 0.79–2.03), MI (HR: 0.68; 
95% CI: 0.40–1.16), all-cause death (HR: 0.86; 95% CI: 
0.67–1.10), and the composite outcome (HR: 0.93; 95% CI: 
0.73–1.19) were similar for dabigatran and rivaroxaban. Post 
hoc sensitivity analyses using an extended set of covariates 
in the propensity score confirmed the PS-matched analysis 
(Table 3).

Comparisons of dabigatran vs apixaban

PS‑trimmed cohorts

The PS-trimmed set included 3580 patients treated with 
dabigatran and 4154 patients treated with apixaban; their 
baseline characteristics are shown in Table 4A. Nearly half 
(49.2%) of patients treated with apixaban were enrolled in 
Europe, and 39% were in North America. Apixaban-treated 
patients had more comorbid conditions, including hyperten-
sion (77.1% apixaban vs 74.7% dabigatran), diabetes melli-
tus (22.7 vs 21.0%), coronary artery disease (18.2 vs 12.8%), 
chronic kidney disease (creatinine clearance < 50 mL/min: 
14.2 vs 9.5%), and prior bleeding (4.4 vs 3.2%) compared 
with the dabigatran group. Concomitant antiplatelet ther-
apy was more common among apixaban-treated patients 
(19.7 vs 12.8%). These differences are reflected in the PS 
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Table 1   Baseline characteristics of dabigatran- and rivaroxaban-treated patients within the PS-trimmed cohort (A) and the PS-matched cohort 
(B)

PS propensity score; AF atrial fibrillation; HAS-BLED hypertension, abnormal liver/renal function, stroke history, bleeding history or predisposition, labile 
international normalized ratio (INR), elderly (age > 65 years), drug/alcohol usage; OAC oral anticoagulant; OD once daily; BID twice daily; mg milligram
*Standardized difference > 10% (in absolute value) is considered unbalanced between the two treatment groups
# Concomitant use of drugs associated with higher bleeding risk (i.e., antiplatelet agent, Cox-2 inhibitor, or other non-steroidal, anti-inflammatory drug)

Characteristics (A) PS-trimmed cohort (B) PS-matched cohort

Dabigatran
N = 3618

Rivaroxaban
N = 3785

Standardized 
difference*

Dabigatran
N = 2918

Rivaroxaban
N = 2918

Standardized 
difference*

Age, years, n (%)
 < 65 903 (25.0) 951 (25.1)  − 0.0039 667 (22.9) 693 (23.7)  − 0.0211
 65–74 1450 (40.1) 1442 (38.1) 0.0406 1172 (40.2) 1110 (38.0) 0.0436
 ≥ 75 1265 (35.0) 1392 (36.8)  − 0.0378 1079 (37.0) 1115 (38.2)  − 0.0255

Female sex, n (%) 1644 (45.4) 1685 (44.5) 0.0185 1348 (46.2) 1296 (44.4) 0.0358
Creatinine clearance, mL/min, n (%)
 < 30 37 (1.0) 52 (1.4)  − 0.0323 25 (0.9) 43 (1.5)  − 0.0575
 30 to < 50 305 (8.4) 377 (10.0)  − 0.0530 248 (8.5) 311 (10.7)  − 0.0734
 50 to < 80 1201 (33.2) 1182 (31.2) 0.0421 964 (33.0) 966 (33.1)  − 0.0015
  ≥ 80 1242 (34.3) 1527 (40.3)  − 0.1246 1047 (35.9) 1085 (37.2)  − 0.0270
 Missing 833 (23.0) 647 (17.1) 634 (21.7) 513 (17.6)

Type of AF, n (%)
 Paroxysmal 1956 (54.1) 2171 (57.4)  − 0.0664 1553 (53.2) 1580 (54.1)  − 0.0186
 Persistent 1232 (34.1) 1302 (34.4)  − 0.0073 997 (34.2) 1048 (35.9)  − 0.0366
 Permanent 430 (11.9) 312 (8.2) 0.1213 368 (12.6) 290 (9.9) 0.0846

Medical history, n (%)
 Congestive heart 

failure
649 (17.9) 655 (17.3) 0.0166 567 (19.4) 547 (18.7) 0.0174

 History of hypertension 2713 (75.0) 2870 (75.8)  − 0.0195 2222 (76.1) 2182 (74.8) 0.0319
 Diabetes mellitus 777 (21.5) 926 (24.5)  − 0.0711 672 (23.0) 691 (23.7)  − 0.0154
 Previous stroke 348 (9.6) 268 (7.1) 0.0918 289 (9.9) 211 (7.2) 0.0956
 Coronary artery 

disease
462 (12.8) 626 (16.5)  − 0.1067 390 (13.4) 447 (15.3)  − 0.0558

 Prior bleeding 113 (3.1) 164 (4.3)  − 0.0639 101 (3.5) 120 (4.1)  − 0.0341
 Alcohol abuse  

(> 8 units/week)
208 (5.7) 280 (7.4)  − 0.0666 199 (6.8) 204 (7.0)  − 0.0068

 Current smoker 348 (9.6) 299 (7.9) 0.0608 268 ( 9.2) 246 (8.4) 0.0266
 Past smoker 874 (24.2) 1264 (33.4)  − 0.2051 767 (26.3) 875 (30.0)  − 0.0824
 Previous OAC use 

within 3 months
1594 (44.1) 2060 (54.4)  − 0.2085 1275 (43.7) 1439 (49.3)  − 0.1129

Chronic concomitant medications, n (%)
 Antiplatelet 457 (12.6) 694 (18.3)  − 0.1582 407 (13.9) 441 (15.1)  − 0.0331
 Drugs with higher 

bleeding risk  
(HAS-BLED)#

515 (14.2) 806 (21.3)  − 0.1855 460 (15.8) 496 (17.0)  − 0.0333

Region, n (%)
 Asia 869 (24.0) 347 (9.2) 0.4074 347 (11.9) 347 (11.9) 0.0000
 Europe 1955 (54.0) 1906 (50.4) 0.0737 1903 (65.2) 1903 (65.2) 0.0000
 North America 403 (11.1) 1264 (33.4)  − 0.5552 400 (13.7) 400 (13.7) 0.0000
 Latin America 391 (10.8) 268 (7.1) 0.1309 268 (9.2) 268 (9.2) 0.0000

Treatment dose, n (%)
150 mg BID: 1915 (52.9) 10 mg OD: 101 (2.7) – 150 mg BID: 1698 (58.2) 10 mg OD: 98 (3.4) –
110 mg BID: 1624 (44.9) 15 mg OD: 792 (20.9) – 110 mg BID: 1151 (39.4) 15 mg OD: 674 (23.1) –
75 mg BID: 50 (1.4) 20 mg OD: 2867 (75.7) – 75 mg BID: 47 (1.6) 20 mg OD: 2121 (72.7) –
Other dose: 29 (0.8) Other dose: 25 (0.7) – Other dose: 22 (0.8) Other dose: 25 (0.9) –
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distributions for patients initiating dabigatran and apixaban 
(Online Resource: Fig. 2).

Half of dabigatran-treated patients received 150  mg 
BID and 45.2% received 110 mg BID; over 80% of patients 
treated with apixaban received 5 mg BID. Incidence rates for 
the outcomes of interest in patients treated with dabigatran 
vs apixaban are shown in Table 5A.

PS‑matched cohorts

After PS-matching, the study consisted of 2694 patients in 
each group. In the apixaban group, 79.6% of patients were 
treated with 5 mg BID, while only 57.6% of patients in the 
dabigatran group received 150 mg BID. Baseline charac-
teristics are shown in Table 4B, and incidence rates for the 
outcomes of interest in Table 5B.

Cox regression analysis of the PS-matched patient set, 
adjusted for the unbalanced variables, revealed similar risks 
for stroke (HR: 1.16; 95% CI: 0.76–1.78), major bleeding 
(HR: 0.98; 95% CI: 0.63–1.52), myocardial infarction (HR: 

0.84; 95% CI: 0.48–1.46), all-cause death (HR: 1.01; 95% 
CI: 0.79–1.29), and the composite outcome (HR: 1.17; 
95% CI: 0.91–1.51), with dabigatran relative to apixaban 
(Table 6). An extended PS stratified sensitivity analysis 
adjusted for unbalanced variables confirmed the findings of 
the PS-matched analysis.

Comparisons of rivaroxaban vs apixaban

PS‑trimmed cohorts

The PS-trimmed set included 3789 patients treated with 
rivaroxaban and 4227 treated with apixaban (Table 7A). 
The majority of patients came from Europe (50.1% in the 
rivaroxaban group and 49.2% in the apixaban group), but 
the proportion of patients prescribed apixaban was higher 
in North America (38.8% apixaban vs 33.7% rivaroxa-
ban), while in Latin America, the proportion of patients 
receiving rivaroxaban was higher (7.1% rivaroxaban vs 
3.6% apixaban). In terms of other characteristics, the 

Table 2   Incidence rates for 
dabigatran- and rivaroxaban-
treated patients within the 
PS-trimmed cohort (A) and the 
PS-matched cohort (B)

PS propensity score; CI confidence interval; GI gastrointestinal; ICH intracerebral
* Composite outcome of stroke-systemic embolism, myocardial infarction, life-threatening bleeding events, 
and vascular death

Incidence rates/100 
patient-years (95% CI)

(A) PS-trimmed cohort (B) PS-matched cohort

Dabigatran
n = 3628

Rivaroxaban
n = 3782

Dabigatran
n = 2896

Rivaroxaban
n = 2896

Composite outcome* 2.21 (1.88–2.55) 2.52 (2.17–2.87) 2.24 (1.85–2.66) 2.37 (1.96–2.80)
Stroke 0.78 (0.59–0.99) 0.54 (0.38–0.71) 0.71 (0.50–0.95) 0.54 (0.36–0.73)
GI bleeding 0.34 (0.21–0.48) 0.77 (0.59–0.96) 0.37 (0.23–0.55) 0.55 (0.36–0.75)
ICH bleeding 0.17 (0.09–0.28) 0.25 (0.15–0.36) 0.16 (0.06–0.27) 0.24 (0.12–0.37)
Major bleeding 0.67 (0.49–0.86) 1.47 (1.21–1.72) 0.68 (0.48–0.90) 1.15 (0.89–1.43)
Myocardial infarction 0.41 (0.28–0.56) 0.66 (0.49–0.85) 0.42 (0.26–0.60) 0.60 (0.41–0.83)
All-cause death 2.06 (1.75–2.38) 2.49 (2.16–2.84) 2.17 (1.80–2.57) 2.45 (2.05–2.85)

Table 3   Cox regression analysis 
for dabigatran vs rivaroxaban 
in the PS-trimmed and 
PS-matched cohorts and post 
hoc PS extended sensitivity 
analysis

Variables that were selected for primary analysis and PS adjustment analysis can be found in the Supple-
mental material
PS propensity score; CI confidence interval
* Unbalanced covariates: History of previous stroke, transient ischemic attack, or systemic embolism; previ-
ous oral anticoagulant use within 3 months

Hazard ratios
(95% CI)

PS-matched cohort* PS-trimmed cohort Post hoc PS stratifica-
tion with extended PS

Dabigatran (n = 2896)
Rivaroxaban (n = 2896)

Dabigatran (n = 3628)
Rivaroxaban (n = 3782)

Dabigatran (n = 3605)
Rivaroxaban (n = 3714)

Composite outcome 0.93 (0.73–1.19) 0.90 (0.73–1.11) 0.97 (0.77–1.21)
Stroke 1.27 (0.79–2.03) 1.40 (0.94–2.09) 1.53 (1.00–2.33)
Major bleeding 0.59 (0.40–0.88) 0.58 (0.41–0.82) 0.58 (0.40–0.85)
Myocardial infarction 0.68 (0.40–1.16) 0.69 (0.44–1.09) 0.70 (0.43–1.12)
All-cause death 0.86 (0.67–1.10) 0.85 (0.69–1.05) 0.90 (0.72–1.13)
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Table 4   Baseline characteristics of dabigatran- and apixaban-treated patients within the PS-trimmed cohort (A) and the PS-matched cohort (B)

PS propensity score; AF atrial fibrillation; HAS-BLED hypertension, abnormal liver/renal function, stroke history, bleeding history or predisposition, 
labile international normalized ratio (INR), elderly (age > 65 years), drug/alcohol usage; OAC oral anticoagulant; BID twice daily; mg milligram
*  Standardized difference > 10% (in absolute value) is considered unbalanced between the two treatment groups
#  Concomitant use of drugs associated with higher bleeding risk (i.e., antiplatelet agent, Cox-2 inhibitor, or other non-steroidal, anti-inflamma-
tory drug)

Characteristics (A) PS-trimmed cohort (B) PS-matched cohort

Dabigatran
N = 3580

Apixaban
N = 4154

Standardized 
difference*

Dabigatran
N = 2694

Apixaban
N = 2694

Standardized 
difference*

Age, years, n (%)
 < 65 855 (23.9) 832 (20.0) 0.0932 609 (22.6) 527 (19.6) 0.0747
 65–74 1450 (40.5) 1505 (36.2) 0.0879 1018 (37.8) 1041 (38.6)  − 0.0176
  ≥ 75 1275 (35.6) 1817 (43.7)  − 0.1667 1067 (39.6) 1126 (41.8)  − 0.0446

Female sex, n (%) 1644 (45.9) 1960 (47.2)  − 0.0253 1153 (42.8) 1253 (46.5)  − 0.0747
Creatinine clearance, mL/min, n (%)
 < 30 38 (1.1) 67 (1.6)  − 0.0480 29 (1.1) 42 (1.6)  − 0.0423
 30 to < 50 303 (8.5) 524 (12.6)  − 0.1355 234 (8.7) 351 (13.0)  − 0.1399
 50 to < 80 1206 (33.7) 1358 (32.7) 0.0211 921 (34.2) 899 (33.4) 0.0173
  ≥ 80 1212 (33.9) 1499 (36.1)  − 0.0468 948 (35.2) 958 (35.6)  − 0.0078
 Missing 821 (22.9) 706 (17.0) 562 (20.9) 444 (16.5)

Type of AF, n (%)
 Paroxysmal 1950 (54.5) 2409 (58.0)  − 0.0711 1473 (54.7) 1419 (52.7) 0.0402
 Persistent 1212 (33.9) 1423 (34.3)  − 0.0085 904 (33.6) 1011 (37.5)  − 0.0831
 Permanent 418 (11.7) 322 (7.8) 0.1328 317 (11.8) 264 (9.8) 0.0635

Medical history, n (%)
 Congestive heart 

failure
620 (17.3) 690 (16.6) 0.0189 480 (17.8) 454 (16.9) 0.0255

 History of hypertension 2676 (74.7) 3203 (77.1)  − 0.0552 2012 (74.7) 2033 (75.5)  − 0.0180
 Diabetes mellitus 753 (21.0) 944 (22.7)  − 0.0409 620 (23.0) 536 (19.9) 0.0760
 Previous stroke 408 (11.4) 481 (11.6)  − 0.0057 335 (12.4) 331 (12.3) 0.0045
 Coronary artery 

disease
458 (12.8) 757 (18.2)  − 0.1504 401 (14.9) 384 (14.3) 0.0179

 Prior bleeding 115 (3.2) 184 (4.4)  − 0.0635 100 (3.7) 103 (3.8)  − 0.0058
 Alcohol abuse  

(> 8 units/week)
211 (5.9) 325 (7.8)  − 0.0764 199 (7.4) 202 (7.5)  − 0.0042

 Current smoker 351 (9.8) 349 (8.4) 0.0488 292 (10.8) 259 (9.6) 0.0404
 Past smoker 868 (24.2) 1423 (34.3)  − 0.2214 763 (28.3) 779 (28.9)  − 0.0131
 Previous OAC use 

within 3 months
1576 (44.0) 2033 (48.9)  − 0.0987 1142 (42.4) 1165 (43.2)  − 0.0173

Chronic concomitant medications, n (%)
 Antiplatelet 459 (12.8) 818 (19.7)  − 0.1870 404 (15.0) 400 (14.8) 0.0042
 Drugs with higher 

bleeding risk  
(HAS-BLED)#

519 (14.5) 952 (22.9)  − 0.2172 458 (17.0) 478 (17.7)  − 0.0196

Region, n (%)
 Asia 836 (23.4) 338 (8.1) 0.4272 336 (12.5) 336 (12.5) 0.0000
 Europe 1972 (55.1) 2045 (49.2) 0.1174 1811 (67.2) 1811 (67.2) 0.0000
 North America 401 (11.2) 1621 (39.0)  − 0.6774 400 (14.8) 400 (14.8) 0.0000
 Latin America 371 (10.4) 150 (3.6) 0.2672 147 (5.5) 147 (5.5) 0.0000

Treatment dose, n % (%)
150 mg BID: 1882 (52.6) 5 mg BID: 3374 (81.2) – 150 mg BID: 1553 (57.6) 5 mg BID: 2145 (79.6) –
110 mg BID: 1618 (45.2) 2.5 mg BID: 769 (18.5) – 110 mg BID: 1079 (40.1) 2.5 mg BID: 544 (20.2) –
75 mg BID: 51 (1.4) Other dose: 11 (0.3) – 75 mg BID: 43 (1.6) Other dose: 5 (0.2) –
Other dose: 29 (0.8) – Other dose: 19 (0.7) –
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rivaroxaban and apixaban populations were similar and 
the PS density plots showed considerable overlap (Online 
Resource: Fig.  3). Notably, the proportion of patients 
over age 75 years more often received apixaban compared 
with rivaroxaban (44.1% apixaban vs 37.4% rivaroxaban). 
Patients treated with apixaban more often had previous 
history of stroke, transient ischemic attack, or systemic 
embolism (16.3% apixaban vs 10.8% rivaroxaban). Previ-
ous use of an oral anticoagulant within 3 months prior 
to the baseline visit was more prevalent in rivaroxaban 
patients (54.7%) compared with apixaban patients (49.0%). 
Among rivaroxaban-treated patients, 75.4% received 
20 mg OD and the corresponding proportion of apixaban 
patients receiving a standard dose (5 mg BID) was 80.9%.

The incidence rates for outcomes of interest within the 
PS-trimmed patient set are shown in Table 8A for patients 
treated with rivaroxaban and apixaban. Cox regression 
analysis within this patient set found that patients treated 
with rivaroxaban had a higher rate of major bleeding (HR: 
1.61; 95% CI: 1.22–2.12; Table 9). Risks of stroke (HR: 
0.83; 95% CI: 0.57–1.21), myocardial infarction (HR: 

0.97; 95% CI: 0.67–1.39), all-cause death (HR: 1.06; 95% 
CI: 0.89–1.28), and the composite outcome (HR: 1.04; 
95% CI: 0.86–1.26) were similar with these anticoagulants.

PS‑matched cohorts

The PS-matched set consisted of 3559 patients in each of the 
two treated groups, whose baseline characteristics are shown 
in Table 7B. Most were enrolled in Europe (51.9%). Of the 
rivaroxaban group, 76.2% of patients were prescribed 20 mg 
OD, and 20.7% received 15 mg OD; of the apixaban group, 
81.8% of patients received 5 mg BID and 18.0% received 
2.5 mg BID. The incidence rates for the key outcomes within 
the PS-matched cohort are shown in Table 8B.

Cox regression analysis of the PS-matched patient set, 
adjusted for unbalanced variables, revealed that treatment 
with rivaroxaban was associated with increased risk of major 
bleeding (HR: 1.54; 95% CI: 1.14–2.08; Table 9). Rates of 
stroke (HR: 0.78; 95% CI: 0.52–1.19), myocardial infarction 
(HR: 0.96; 95% CI: 0.63–1.45), all-cause death (HR 0.97; 
95% CI: 0.80–1.19), and the composite outcome (HR: 1.01; 

Table 5   Incidence rates for 
dabigatran- and apixaban-
treated patients within the 
PS-trimmed cohort (A) and the 
PS-matched cohort (B)

PS propensity score; CI confidence interval; GI gastrointestinal; ICH intracerebral
* Composite outcome of stroke, systemic embolism, myocardial infarction, life-threatening bleeding events, 
and vascular death

Incidence rates/100 
patient-years (95% CI)

(A) PS-trimmed cohort (B) PS-matched cohort

Dabigatran
n = 3585

Apixaban
n = 4145

Dabigatran
n = 2683

Apixaban
n = 2683

Composite outcome* 2.35 (2.00–2.72) 2.55 (2.22–2.90) 2.55 (2.12–2.98) 2.30 (1.90–2.69)
Stroke 0.85 (0.65–1.07) 0.73 (0.56–0.90) 0.86 (0.62–1.13) 0.77 (0.54–1.02)
GI bleeding 0.35 (0.22–0.50) 0.31 (0.20–0.42) 0.41 (0.25–0.58) 0.21 (0.10–0.35)
ICH bleeding 0.18 (0.08–0.28) 0.24 (0.15–0.35) 0.17 (0.07–0.28) 0.22 (0.11–0.33)
Major bleeding 0.68 (0.50–0.86) 0.93 (0.74–1.12) 0.75 (0.53–0.98) 0.78 (0.56–1.02)
Myocardial infarction 0.42 (0.28–0.57) 0.71 (0.55–0.89) 0.45 (0.28–0.63) 0.55 (0.37–0.75)
All-cause death 2.18 (1.84–2.51) 2.71 (2.39–3.05) 2.35 (1.96–2.74) 2.56 (2.16–2.98)

Table 6   Cox regression 
analysis for dabigatran vs 
apixaban in the PS-trimmed 
and PS-matched cohorts and 
post hoc PS extended sensitivity 
analysis

Variables that were selected for primary analysis and PS adjustment analysis can be found in the Supple-
mental material
PS propensity score; CI confidence interval
* Unbalanced covariates: creatinine clearance

Hazard ratios
(95% CI)

PS-matched cohort* PS-trimmed cohort Post hoc PS stratifica-
tion with extended PS

Dabigatran (n = 2683)
Apixaban (n = 2683)

Dabigatran (n = 3585)
Apixaban (n = 4145)

Dabigatran (n = 3565)
Apixaban (n = 4101)

Composite outcome 1.17 (0.91–1.51) 1.10 (0.88–1.37) 1.14 (0.92–1.43)
Stroke 1.16 (0.76–1.78) 1.26 (0.89–1.77) 1.19 (0.83–1.69)
Major bleeding 0.98 (0.63–1.52) 0.93 (0.64–1.36) 0.98 (0.67–1.43)
Myocardial infarction 0.84 (0.48–1.46) 0.71 (0.46–1.10) 0.72 (0.45–1.17)
All-cause death 1.01 (0.79–1.29) 0.90 (0.74–1.10) 0.95 (0.77–1.18)
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Table 7   Baseline characteristics of rivaroxaban- and apixaban-treated patients within the PS-trimmed cohort (A) and the PS-matched cohort (B)

PS propensity score; AF atrial fibrillation; HAS-BLED hypertension, abnormal liver/renal function, stroke history, bleeding history or predisposi-
tion, labile international normalized ratio (INR), elderly (age > 65 years), drug/alcohol usage; OAC oral anticoagulant; OD once daily; BID twice 
daily; mg milligram
*  Standardized difference > 10% (in absolute value) is considered unbalanced between the two treatment groups
#  Concomitant use of drugs associated with higher bleeding risk (i.e., antiplatelet agent, Cox-2 inhibitor, or other non-steroidal anti-inflamma-
tory drug)

Characteristics (A) PS-trimmed cohort (B) PS-matched cohort

Rivaroxaban
N = 3789

Apixaban
N = 4227

Standardized 
difference*

Rivaroxaban
N = 3559

Apixaban
N = 3559

Standardized 
difference*

Age, years, n (%)
 < 65 905 (23.9) 829 (19.6)  − 0.1037 844 (23.7) 790 (22.2)  − 0.0361
 65–74 1466 (38.7) 1533 (36.3)  − 0.0501 1373 (38.6) 1349 (37.9)  − 0.0139
 ≥ 75 1418 (37.4) 1865 (44.1) 0.1366 1342 (37.7) 1420 (39.9) 0.0450

Female sex, n (%) 1704 (45.0) 1984 (46.9) 0.0394 1590 (44.7) 1616 (45.4) 0.0147
Creatinine clearance, mL/min, n (%)
 < 30 55 (1.5) 69 (1.6) 0.0147 49 (1.4) 54 (1.5) 0.0118
 30 to < 50 372 (9.8) 549 (13.0) 0.0999 348 (9.8) 414 (11.6) 0.0600
 50 to < 80 1204 (31.8) 1372 (32.5) 0.0146 1140 (32.0) 1122 (31.5)  − 0.0109
  ≥ 80 1506 (39.7) 1517 (35.9)  − 0.0796 1433 (40.3) 1359 (38.2)  − 0.0426
 Missing 652 (17.2) 720 (17.0)  − 0.0046 589 (16.5) 610 (17.1) 0.0158

Type of AF, n (%)
 Paroxysmal 2168 (57.2) 2460 (58.2) 0.0198 2038 (57.3) 2021 (56.8)  − 0.0096
 Persistent 1312 (34.6) 1428 (33.8)  − 0.0178 1240 (34.8) 1247 (35.0) 0.0041
 Permanent 309 (8.2) 339 (8.0)  −0.0050 281 (7.9) 291 (8.2) 0.0103

Medical history, n (%)
 Congestive heart 

failure
665 (17.6) 727 (17.2)  − 0.0093 613 (17.2) 627 (17.6) 0.0104

 History of hypertension 2858 (75.4) 3259 (77.1) 0.0393 2684 (75.4) 2696 (75.8) 0.0078
 Diabetes mellitus 883 (23.3) 965 (22.8)  − 0.0113 829 (23.3) 810 (22.8)  − 0.0127
 Previous stroke 260 (6.9) 472 (11.2) 0.1507 255 (7.2) 246 (6.9)  − 0.0099
 Coronary artery 

disease
639 (16.9) 785 (18.6) 0.0447 620 (17.4) 631 (17.7) 0.0081

 Prior bleeding 189 (5.0) 225 (5.3) 0.0151 182 (5.1) 182 (5.1) 0.0000
 Alcohol abuse  

(> 8 units/week)
297 (7.8) 351 (8.3) 0.0171 293 (8.2) 298 (8.4) 0.0051

 Current smoker 306 (8.1) 344 (8.1) 0.0023 295 (8.3) 292 (8.2)  − 0.0031
 Past smoker 1297 (34.2) 1472 (34.8) 0.0125 1245 (35.0) 1261 (35.4) 0.0094
 Previous OAC use 

within 3 months
2072 (54.7) 2072 (49.0)  − 0.1136 1944 (54.6) 1718 (48.3)  − 0.1273

Chronic concomitant medications, n (%)
 Antiplatelet 705 (18.6) 837 (19.8) 0.0303 685 (19.2) 705 (19.8) 0.0142
 Drugs with higher 

bleeding risk  
(HAS-BLED)#

820 (21.6) 972 (23.0) 0.0325 798 (22.4) 818 (23.0) 0.0134

Region, n (%)
 Asia 344 (9.1) 360 (8.5) −0.0198 290 (8.1) 290 (8.1) 0.0000
 Europe 1900 (50.1) 2078 (49.2) −0.0197 1846 (51.9) 1846 (51.9) 0.0000
 North America 1277 (33.7) 1638 (38.8) 0.1052 1274 (35.8) 1274 (35.8) 0.0000
 Latin America 268 (7.1) 151 (3.6) −0.1564 149 (4.2) 149 (4.2) 0.0000

Treatment dose, n (%)
10 mg OD: 100 (2.6) 5 mg BID: 3420 (80.9) – 10 mg OD: 89 (2.5) 5 mg BID: 2911 (81.8) –
15 mg OD: 806 (21.3) 2.5 mg BID: 796 (18.8) –  15 mg OD: 735 (20.7) 2.5 mg BID: 640 (18.0) –
20 mg OD: 2856 (75.4) Other dose: 11 (0.3) – 20 mg OD: 2711 (76.2) Other dose: 8 (0.2) –
Other dose: 27 (0.7) – Other dose: 24 (0.7) –
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95% CI: 0.82–1.25) were similar for rivaroxaban and apixa-
ban. Post hoc sensitivity analyses using an extended set of 
covariates in the propensity score confirmed the PS-matched 
analysis (Table 9).

Discussion

In this large prospective study comparing various NOAC 
anticoagulants among patients with AF, the principal find-
ings were that: (1) use of NOACs varied across world 
regions; (2) patients treated with dabigatran had a lower 
risk of major bleeding compared with rivaroxaban-treated 
patients, but risks of stroke, MI, mortality, and the com-
posite outcome were similar with the two drugs; (3) there 
were similar risks of these events between patients treated 
with dabigatran or apixaban, and (4) patients treated with 
apixaban had a lower risk of major bleeding compared with 
rivaroxaban, but risks of stroke, MI, mortality, and the com-
posite outcome were similar with the two drugs.

Geographic differences in prescribing patterns included 
less frequent use of apixaban in Asia and Latin America 
than in Europe and North America. Dabigatran was more 
often prescribed in Asian countries, while apixaban and 

rivaroxaban were more frequently employed in European 
patients. Some of these differences may reflect site selection, 
the timing of regulatory approvals in various markets, study 
enrollment timelines, economic/reimbursement conditions, 
or other variations in healthcare settings [21, 22].

While the study found broadly similar event rates with 
the individual NOACs, patients treated with rivaroxaban had 
a higher incidence rate of major bleeding compared with 
dabigatran. While in randomized trials all NOACs exhib-
ited efficacy compared with warfarin, dosing was carried 
out differently. In the ARISTOTLE trial of apixaban [5] and 
the ROCKET-AF trial [4] of rivaroxaban, patients received 
standard doses unless reduced based on defined patient char-
acteristics associated with increased drug exposure. In the 
RE-LY trial of dabigatran [6], two doses were administered 
in a randomized fashion without adjustment based on patient 
characteristics.

Observational studies have noted that NOAC dosing in 
clinical practice frequently does not align with labeled rec-
ommendations, with over 20% of patients prescribed the 
lower doses of rivaroxaban or apixaban in our analysis. We 
cannot ascertain whether dose selection for patients enrolled 
in GLORIA-AF was based on label-adherent criteria.

Table 8   Incidence rates for 
rivaroxaban- and apixaban-
treated patients within the 
PS-trimmed cohort (A) and the 
PS-matched cohort (B)

PS propensity score; CI confidence interval
*  Composite outcome of stroke, systemic embolism, myocardial infarction, life-threatening bleeding events, 
and vascular death

Incidence rates/100 
patient-years (95% CI)

(A) PS-trimmed cohort (B) PS-matched cohort

Rivaroxaban
n = 3792

Apixaban
n = 4223

Rivaroxaban
n = 3563

Apixaban
n = 3563

Composite outcome* 2.57 (2.23–2.94) 2.62 (2.28–2.96) 2.56 (2.19–2.94) 2.49 (2.11–2.85)
Stroke 0.57 (0.41–0.74) 0.75 (0.58–0.93) 0.56 (0.39–0.74) 0.70 (0.51–0.90)
Major bleeding 1.44 (1.19–1.71) 0.93 (0.75–1.13) 1.48 (1.22–1.76) 0.95 (0.74–1.17)
Myocardial infarction 0.65 (0.49–0.83) 0.72 (0.56–0.89) 0.65 (0.47–0.84) 0.67 (0.49–0.85)
All-cause death 2.63 (2.29–2.98) 2.75 (2.43–3.08) 2.59 (2.24–2.96) 2.68 (2.33–3.03)

Table 9   Cox regression 
analysis for rivaroxaban and 
apixaban in the PS-trimmed 
and PS-matched cohorts and 
post hoc PS extended sensitivity 
analysis

PS propensity score; CI confidence interval
Variables that were selected for the primary analysis and the PS adjustment analysis can be found in the 
Supplemental material
* Unbalanced covariates: previous oral anticoagulant use within 3 months

Hazard ratios
(95% CI)

PS-matched cohort* PS-trimmed cohort Post hoc PS stratification 
with extended PS

Rivaroxaban (n = 3563)
Apixaban (n = 3563)

Rivaroxaban (n = 3792)
Apixaban (n = 4223)

Rivaroxaban (n = 3787)
Apixaban (n = 4192)

Composite outcome 1.01 (0.82–1.25) 1.04 (0.86–1.26) 1.05 (0.87–1.28)
Stroke 0.78 (0.52–1.19) 0.83 (0.57–1.21) 0.84 (0.58–1.22)
Major bleeding 1.54 (1.14–2.08) 1.61 (1.22–2.12) 1.73 (1.30–2.28)
Myocardial infarction 0.96 (0.63–1.45) 0.97 (0.67–1.39) 0.98 (0.68–1.41)
All-cause death 0.97 (0.80–1.19) 1.06 (0.89–1.28) 1.07 (0.89–1.29)
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A meta-analysis of 12 observational case–control and 
cohort studies using multivariable or propensity score 
adjustment to estimate relative effects found comparable 
risks of stroke or systemic embolism with rivaroxaban vs 
apixaban and apixaban vs dabigatran in adults with AF [13]. 
In that analysis, apixaban had the most favorable safety pro-
file, based on a lower rate of major bleeding than dabigatran 
and rivaroxaban [13].

A Danish nationwide study of 31,522 patients with AF 
comparing the effectiveness and safety of standard and 
reduced doses of NOACs found similar rates of stroke with 
standard and reduced NOAC doses. Rivaroxaban was asso-
ciated with a higher risk of major bleeding than dabigatran 
or apixaban and dabigatran was associated with a lower 
risk of intracranial bleeding [14]. Among patients receiving 
reduced doses, apixaban was associated with a lower risk of 
gastrointestinal bleeding than the other NOACs [14]. In Nor-
wegian and Korean cohorts, rivaroxaban was associated with 
a higher risk of major bleeding than dabigatran or apixaban 
[16, 17]. Whereas in the Global Anticoagulant Registry in 
the FIELD—Atrial Fibrillation (GARFIELD-AF) cohort of 
25,551 anticoagulated patients with AF, the mortality rate 
was lower with NOACs than with VKA [23]. In that registry, 
therapy with dabigatran was associated with a lower risk of 
major bleeding than VKA (HR: 0.68; 95% CI: 0.47–0.98), 
while no substantial differences in the risk of bleeding were 
observed with FXa inhibitors compared with VKA (HR: 
0.84; 95% CI: 0.63–1.12); but no separate analysis was per-
formed for rivaroxaban and apixaban [23]. Data from these 
observational studies, suggesting an increased risk of major 
bleeding in rivaroxaban-treated patients compared with dab-
igatran and apixaban, and similar effectiveness with the vari-
ous NOACs, are consistent with findings in GLORIA-AF.

Limitations and strengths

This study is subject to potential confounding by factors not 
adjusted for in the analysis. The use of multiple imputation 
to address missing data for comparative analysis may result 
in bias if the missing-at-random assumption is violated. 
Despite the broad variety of sites and physician specialties in 
Asia, Europe, Latin America, and North America, over 50% 
of the study group was enrolled in Europe. Of note, dosing 
recommendations and criteria for dose reduction for NOACs 
differ across the world, and dabigatran 110 mg BID is not 
registered in the USA or Japan. Despite the large size of the 
GLORIA-AF cohort, the study size was not sufficient to per-
mit comparison of NOACs based on dosage. Furthermore, 
the small number of patients prescribed edoxaban precluded 
its inclusion in comparative analyses.

Despite these limitations, GLORIA-AF is the first pro-
spective global study of consecutive AF patients receiving 
anticoagulants in routine clinical practice for over 3 years. 

Regular follow-up visits with physicians, on-site monitoring, 
and data quality assurance standards, and the low propor-
tion of patients for whom vital status was unavailable (4.7%) 
yielded high-quality, reliable data.

Conclusions

In a routine clinical practice setting over 3 years, patients 
treated with dabigatran had a 41% lower risk of major bleed-
ing compared with rivaroxaban and similar risks of stroke, 
MI and death. Relative to apixaban, dabigatran was associ-
ated with similar risks of stroke, major bleeding, MI, and 
all-cause death. Rivaroxaban relative to apixaban had an 
increased risk for major bleeding, however, similar risks for 
stroke, MI, and death.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00392-​022-​01996-2.
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