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Abstract

Background: Real-world, observational studies have investigated the safety profile of Direct Oral Anticoagulants (DOACs) on Major
Hemorrhage (MH) used for stroke prevention in Non-Valvular Atrial Fibrillation (NVAF). We performed a systematic review and meta-
analysis to investigate the comparative safety of DOACs versus other DOACs and versus Vitamin K Antagonists (VKAs) adhering to
PRISMA guidelines. We defined MH according to the International Society on Thrombosis and Haemostasis statement or as the com-
posite outcome of intracranial, gastrointestinal, genitourinary, respiratory, cavitary and musculoskeletal bleeding in case of studies using
International Statistical Classification of Diseases codes for patient selection. Methods: We systematically investigated two databases
(Medline, Embase) until April of 2021, gathered observational studies and extracted hazard ratios (HRs) with 95% confidence intervals
(CI) on our outcome of interest. Additional subgroup analyses according to DOAC dosing, prior diagnosis of chronic kidney disease,
prior diagnosis of stroke, history of previous use of VKA, the users’ age, the users’ gender and study population geographic region were
conducted. All analyses were performed with a random-effects model. Results: From this search, 55 studies were included and 76 com-
parisons were performed. TheMH risk associated with Rivaroxaban use was higher than the risk with Dabigatran use (HR: 1.32, 95% CI:
1.21–1.45, I2: 12.39%) but similar to VKA use (HR: 0.94, 95% CI: 0.87–1.02, I2: 76.57%). The MH risk associated with Dabigatran use
was lower than the risk with VKA use (HR: 0.75, 95% CI: 0.64–0.90, I2: 87.57%). The MH risk associated with Apixaban use was lower
than the risk with Dabigatran use (HR: 0.75, 95% CI: 0.64–0.88, I2: 58.66%), with Rivaroxaban use (HR: 0.58, 95% CI: 0.50–0.68, I2:
74.16%) and with VKA use (HR: 0.60, 95% CI: 0.55–0.65, I2: 58.83%). Our aforementioned subgroup analyses revealed similar results.
Conclusions: All in all, Apixaban was associated with a reduced MH risk compared to Dabigatran, Rivaroxaban and VKA. Dabigatran
was associated with a reduced MH risk compared to both Rivaroxaban and VKA.
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1. Introduction
Stroke is one of the most common and potentially

debilitating medical conditions [1] and places a substan-
tial financial burden on healthcare systems worldwide [2].
At least one third of strokes is caused by atrial fibrillation
(AF) [3,4]. AF is associated with higher severity strokes
compared to other common etiologies, such as carotid dis-
ease, because of their larger volume and commonly multi-
territorial nature [5,6].

International guidelines and expert opinion agree on
incorporating anticoagulation in regimens prescribed to pa-
tients with Non-Valvular AF (NVAF) for stroke prevention
purposes [7,8]. Direct Oral Anticoagulants (DOACs) and
VitaminKAntagonists (VKAs) are used to achieve this goal
[9]. DOACs seem to be safer than VKAs in regard to the
hemorrhagic risk associated with the use of anticoagulation

[10–13].
Except for these randomized, clinical trials (RCTs),

observational studies have also demonstrated the effective-
ness and safety of DOACs [14–16]. These studies have per-
formed comparisons between DOACs and VKA, an inves-
tigation similar in nature to the RCTs’ methodology, and
comparisons between DOAC agents. They have also fo-
cused on a variety of age groups, on specific comorbidi-
ties in addition to AF, on dosing regimens and have in-
cluded population samples from different geographic loca-
tions (Supplementary Material).

We performed a systematic review and meta-analysis
of observational (prospective and retrospective) studies to
investigate the comparative risk of major hemorrhage (MH)
between different DOAC agents and between DOACs and
VKA in patients with NVAF. We defined MH according
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to the International Society on Thrombosis and Haemosta-
sis (ISTH) statement or as the composite outcome of in-
tracranial, gastrointestinal, genitourinary, respiratory, cav-
itary and musculoskeletal bleeding in case of studies us-
ing International Statistical Classification of Diseases and
Related Health Problems (ICD) codes for patient selection
[17].

2. Materials and Methods
We adhered to the Preferred Reporting Items for Sys-

tematic Reviews and Meta-Analyses (PRISMA) guidelines
to produce this study [18].

2.1 Study Selection
Two independent researchers (DKG, SN) systemati-

cally searched two large, online databases (Medline, Em-
base) until April of 2021. Consensus was reached via the
intervention of a reviewer (PAB) if a disagreement between
the initial researchers was identified. The search terms we
used for our online investigation were (“novel oral antico-
agulants” OR “direct oral anticoagulants” OR “non-vitamin
K antagonist oral anticoagulants” OR NOAC OR DOAC
OR dabigatran OR rivaroxaban OR apixaban OR warfarin
OR coumadin OR “vitamin K antagonist”) AND (atrial
fibrillation OR AF OR AFIB) AND (real-world OR “real
world” OR observational OR cohort OR post-approval). As
evident by our algorithm, Edoxaban was not included in
our study. This decision of ours was based on our inten-
tion to make our results as generalizable to the worldwide
population as possible. At the time of our search the use
of this agent was lagging in Europe compared to other ar-
eas, research data from the specific geographic location was
scarce and thus this agent was excluded from investigation.
We also assessed the eligibility of studies used as references
in observational studies and in literature reviews. Our inclu-
sion criteria were: (i) retrospective or prospective observa-
tional studies, (ii) studies comparing at least one DOAC to
another DOAC or studies comparing at least one DOAC
to VKA, (iii) studies providing results in the form of Haz-
ard Ratio (HR) with 95% Confidence Intervals (95% CI)
on MH. Our exclusion criteria were (i) RCTs, (ii) studies
investigating anticoagulation for valvular AF, (iii) studies
investigating the effect of DOACs prescribed for another
indication (e.g., venous thromboembolism).

2.2 Data Extraction and Outcomes
Two independent researchers (PAB and DGK) per-

formed the data extraction using a pre-constructed form.
Upon identification of a discrepancy, a reviewer (TM) was
involved in order to reach consensus.

The single outcome of our investigation was MH.
For each study, we assessed the authors’ definition of MH
to verify appropriate alignment with the ISTH statement.
When our source studies used databases to create their pop-
ulation sample, the complete alignment with the ISTH def-

inition was deemed unrealistic and we focused on the pro-
vided ICD codes to ensure that their documented MH def-
inition appropriately included bleeding in critical areas or
organs.

HRs with 95% CIs comparing DOACs to other
DOACs and DOACs to VKA were extracted. The spe-
cific pairwise comparisons of interest were Dabigatran to
Rivaroxaban, Apixaban to Dabigatran and Apixaban to
Rivaroxaban, Dabigatran to VKA, Rivaroxaban to VKA,
Apixaban to VKA and finally DOACs (combination of
Dabigatran, Rivaroxaban and Apixaban) to VKA. In addi-
tion, HRs on dosing regimens were extracted and separate
categories were created. The “LowDose” categorywas cre-
ated to register results for the lower dose of a DOAC, e.g.,
2.5 mg of apixaban two times a day, the “Normal Dose”
category for the higher dose and the “Combined Doses”
category for results on users of both doses or in the event
of a study not providing a distinction. Except for data on
our main analysis comparisons and dose specific compar-
isons, separate HRs were extracted for several subgroups.
Our choice of subgroups was based on clinical criteria in
order to assist providers prescribing anticoagulants around
the world and on our intension to control potential bias and
reduce the heterogeneity in our analyses. The subgroups
that were formed were (i) patients with chronic kidney dis-
ease (CKD), (ii) patients who had already sustained a stroke
(Post-stroke patients), (iii) patients previously prescribed
VKA (Experienced users), (iv) users aged >65 years old,
(v) users aged >75 years old, (vi) male users, (vii) female
users, (viii) Asian users, (ix) American users and (x) Euro-
pean users.

2.3 Risk of Bias Assessment
The risk of bias assessment was performed for each

study with the Risk of Bias in Non-Randomized Studies of
Interventions (ROBINS-I) tool by two, independent to each
other researchers (DGK, VG) [19].

2.4 Statistical Analysis
Our main priority prior to any analysis was to ensure

the removal of possible duplicate populations from each
comparison. If such a possibility was appreciated (e.g.,
among studies using the same source/database, collecting
data in the same time frame), we did not analyze the re-
spective HRs together. On each such occasion, we chose to
maintain the population sample that was best representative
of the intended population or subgroup and to eliminate the
other sample or samples. Themutually exclusive subgroups
from a study (e.g., male and female patients) were included
independently in each comparison, even alongside another
group from the same study, to best avoid duplicate patients
and to utilize the maximal possible and most representative
population.
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As the populations of the included studies varied sig-
nificantly from a geographic location, gender distribution
etc. perspective, we used by default a random effects
model. Heterogeneity was quantified with calculation of
the Higgins I-square (I2) statistic, the Q value and p-value
for Q. A cutoff of I2 >75% was used to indicate signifi-
cant heterogeneity. We created forest plots to visually de-
pict each comparison. We used both the Egger’s test and
Funnel plots for risk of bias assessment. However, the lat-
ter method was used only when more than nine studies or
study groups were included in the specific comparison. A p
value of<0.05 was considered statistically significant. The
statistical analysis was performed with R (version 4.2.1, R
Foundation for Statistical Computing, Vienna, Austria) and
RStudio (version 2022.07.1, RStudio Team, RStudio: In-
tegrated Development for R. RStudio, PBC, Boston, MA,
USA).

3. Results
Our search process concluded with 7.014 records

screened, 135 full text articles assessed for eligibility
and 55 studies finally deemed appropriate for inclusion
(Supplementary Material). A PRISMA flowchart with
this process is presented in Fig. 1.

Fig. 1. PRISMA flowchart.

The total sum of the populations from all the included
studies exceeded 2,179,000 patients. The methodologic
characteristics of each study as well as the baseline charac-
teristics of their populations are presented in Supplemen-

tary Table 1.
As our study’s comparisons were numerous, two ta-

bles, one for the DOAC to DOAC comparisons (Table 1)
and one for the DOAC to VKA comparisons (Table 2), were
created to cumulatively present our results. This section is
mainly dedicated to the presentation of statistically signifi-
cant results.

3.1 Rivaroxaban versus Dabigatran
In ourmain analysis, Rivaroxabanwas associatedwith

higher risk for MH compared to Dabigatran (Combined:
HR: 1.32, 95% CI: 1.21–1.45, I2: 12.39%) (Fig. 2A).
The same result was identified for the Normal Dose (HR:
1.33, 95% CI: 1.20–1.48, I2: 0.00%), patients with CKD
subgroup (Combined: HR: 1.20, 95% CI: 0.87–1.67, I2:
77.80%), users aged >65 years old subgroup (Combined:
HR: 1.38, 95% CI: 1.28–1.48, I2: 0.00%), users aged >75
years old subgroup (Combined: HR: 1.36, 95% CI: 1.25–
1.48, I2: 0.00%), and American users subgroup (Com-
bined: HR: 1.33, 95% CI: 1.14–1.56, I2: 48.00%) analyses.
(Supplementary Fig. 1A–E).

3.2 Apixaban versus Dabigatran
Our main analysis showed lower MH risk associated

with the use of Apixaban as opposed to use of Dabigatran
(Combined: HR: 0.75, 95% CI: 0.64–0.88, I2: 58.66%)
(Fig. 2B). The patients with CKD subgroup (Combined:
HR: 0.73, 95% CI: 0.58–0.91, I2: 0.00%), users aged >65
years old subgroup (Combined: HR: 0.82, 95% CI: 0.73–
0.91, I2: 29.89%), users aged >75 years old subgroup
(Combined: HR: 0.78, 95% CI: 0.69–0.88, I2: 18.10%), fe-
male users subgroup (Combined: HR: 0.76, 95% CI: 0.68–
0.85, I2: 0.00%) and American users subgroup (Combined:
HR: 0.67, 95% CI: 0.57–0.80, I2: 26.13%) analyses pro-
duced similar results (Supplementary Fig. 2A–G).

The Egger’s test was positive (p< 0.05) for the Com-
bined category of the main analysis.

3.3 Apixaban versus Rivaroxaban
The use of Apixaban was shown to have decreased

MH risk compared to Rivaroxaban use in our main anal-
ysis (Combined: HR: 0.58, 95% CI: 0.50–0.68, I2:
74.16%/Normal Dose: HR: 0.60, 95% CI: 0.50–0.71, I2:
71.93%) (Fig. 2C, Supplementary Fig. 3A).

This result was also demonstrated in the patients with
CKD subgroup (Combined: HR: 0.63, 95% CI: 0.45–0.89,
I2: 77.46%), users aged >65 years old subgroup (Com-
bined: HR: 0.61, 95% CI: 0.54–0.69, I2: 76.25%), users
aged >75 years old subgroup (Combined: HR: 0.59, 95%
CI: 0.50–0.70, I2: 81.77%), male users subgroup (Com-
bined: HR: 0.65, 95% CI: 0.54–0.80, I2: 78.37%), fe-
male users subgroup (Combined: HR: 0.64, 95% CI: 0.50–
0.83, I2: 84.70%) and American users subgroup (Com-
bined: HR: 0.53, 95% CI: 0.46–0.61, I2: 41.70%) analyses
(Supplementary Fig. 3B–G).
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Fig. 2. Main Analysis Major Hemorrhage Risk, DOAC versus DOAC comparisons. (A) Comparison between Rivaroxaban (Com-
bined) and Dabigatran. (B) Comparison between Apixaban (Combined) and Dabigatran. (C) Comparison between Apixaban (Combined)
and Rivaroxaban.

4

https://www.imrpress.com


Table 1. Presentation of DOAC versus DOAC comparisons.
MH: Rivaroxaban (Com-

bined) vs. Dabiga-
tran

Rivaroxaban
(Low Dose) vs.
Dabigatran

Rivaroxaban (Nor-
mal Dose) vs.
Dabigatran

Apixaban (Com-
bined) vs. Dabiga-
tran

Apixaban (Low
Dose) vs. Dabi-
gatran

Apixaban (Normal
Dose) vs. Dabiga-
tran

Apixaban (Com-
bined) vs. Rivaroxa-
ban

Apixaban (Low
Dose) vs. Ri-
varoxaban

Apixaban (Normal
Dose) vs. Rivaroxa-
ban

Main Analysis 5; 1.32 (1.21–1.45);
12.39%

3; 1.33 (1.20–1.48);
0.00%

8; 0.75 (0.64–0.88);
58.66%

3; 0.82 (0.66–1.03);
54.97%

8; 0.58 (0.50–0.68);
74.16%

3; 0.60 (0.50–0.71);
71.93%

Patients with CKD 3; 1.20 (0.87–1.67);
77.80%

3; 0.73 (0.58–0.91);
0.00%

3; 0.63 (0.45–0.89);
77.46%

Experienced Users

Post-Stroke Patients

Users Aged >65
years old

7; 1.38 (1.28–1.48);
0.00%

7; 0.82 (0.73–0.91);
29.89%

7; 0.61 (0.54–0.69);
76.25%

Users Aged >75
years old

4; 1.36 (1.25–1.48);
0.00%

4; 0.78 (0.69–0.88);
18.10%

4; 0.59 (0.50–0.70);
81.77%

Male Users 3; 0.91 (0.79–1.04);
36.28%

3; 0.65 (0.54–0.80);
78.37%

Female Users 3; 0.76 (0.68–0.85);
0.00%

3; 0.64 (0.50–0.83);
84.70%

Asian Users

American Users 3; 1.33 (1.14–1.56);
48.00%

6; 0.67 (0.57–0.80);
26.13%

6; 0.53 (0.46–0.61);
41.70%

European Users
In Each Cell: Number of Studies included in the Comparison; Hazard Ratio (95% Confidence Interval); I2.
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Table 2. Presentation of DOAC versus VKA comparisons.
MH: Dabigatran

(Combined) vs.
VKA

Dabigatran
(Low Dose) vs.
VKA

Dabigatran
(Normal Dose)
vs. VKA

Rivaroxaban
(Combined) vs.
VKA

Rivaroxaban
(Low Dose) vs.
VKA

Rivaroxaban
(Normal Dose)
vs. VKA

Apixaban (Com-
bined) vs. VKA

Apixaban (Low
Dose) vs. VKA

Apixaban (Nor-
mal Dose) vs.
VKA

DOACs (Com-
bined) vs. VKA

Main Analysis 16; 0.75 (0.64–
0.90); 87.57%

9; 0.83 (0.76–
0.91); 22.92%

10; 0.71 (0.61–
0.81); 66.91%

15; 0.94 (0.87–
1.02); 76.57%

9; 0.96 (0.86–
1.09); 73.39%

11; 0.99 (0.90–
1.08); 56.92%

18; 0.60 (0.55–
0.65); 58.83%

8; 0.65 (0.57–
0.74); 64.05%

8; 0.58 (0.53–
0.64); 36.87%

12; 0.89 (0.69–
1.15); 94.05%

Patients with
CKD

3; 0.74 (0.65–
0.84); 0.00%

5; 0.94 (0.74–
1.20); 60.99%

4; 0.60 (0.50–
0.72); 51.56%

Experienced
Users

Post-Stroke Pa-
tients

3; 0.76 (0.59–
0.96); 32.89%

3; 0.96 (0.73–
1.27); 64.37%

4; 0.72 (0.59–
0.88); 46.41%

3; 0.90 (0.75–
1.06); 0.00%

Users Aged >65
years old

8; 0.78 (0.62–
0.99); 91.36%

3; 0.75 (0.55–
1.01); 85.62%

6; 1.02 (0.91–
1.15); 83.75%

3; 0.88 (0.57–
1.36); 92.69%

3; 1.09 (0.93–
1.27); 59.26%

7; 0.60 (0.54–
0.67); 51.05%

5; 0.86 (0.80–
0.92); 13.82%

Users Aged >75
years old

4; 0.79 (0.70–
0.90); 51.08%

4; 1.05 (0.92–
1.21); 81.82%

3; 0.88 (0.57–
1.36); 92.69%

5; 0.60 (0.52–
0.70); 66.90%

3; 0.87 (0.82–
0.93); 0.00%

Male Users 3; 0.71 (0.51–
0.99); 91.56%

Female Users 3; 0.64 (0.60–
0.69); 0.00%

Asian Users 6; 0.62 (0.55–
0.70); 0.00%

4; 0.70 (0.54–
0.90); 74.44%

3; 0.67 (0.40–
1.13); 86.24%

4; 0.73 (0.53–
1.00); 55.89%

4; 0.60 (0.45–
0.79); 78.03%

7; 0.83 (0.79–
0.87); 0.00%

American Users 6; 0.89 (0.66–
1.20); 94.29%

4; 0.81 (0.65–
0.99); 79.34%

8; 1.01 (0.95–
1.08); 38.86%

4; 1.06 (0.93–
1.22); 54.31%

7; 0.58 (0.52–
0.64); 47.05%

3; 0.61 (0.52–
0.72); 46.58%

3; 0.59 (0.55–
0.62); 0.00%

European Users 4; 0.70 (0.57–
0.87); 55.99%

5; 0.86 (0.78–
0.94); 0.00%

4; 0.60 (0.51–
0.71); 20.86%

3; 1.01 (0.89–
1.15); 55.48%

4; 1.08 (0.95–
1.23); 49.82%

3; 1.02 (0.94–
1.11); 0.00%

6; 0.64 (0.55–
0.75); 52.51%

3; 0.72 (0.64–
0.82); 0.00%

3; 0.57 (0.49–
0.67); 25.33%

4; 0.91 (0.48–
1.74); 97.01%

In Each Cell: Number of Studies included in the Comparison; Hazard Ratio (95% Confidence Interval); I2.
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3.4 Dabigatran versus VKA
Dabigatran use was associated with lower MH risk

compared to VKA use in our main analysis (Combined:
HR: 0.75, 95% CI: 0.64–0.90, I2: 87.57%/Low dose: HR:
0.83, 95% CI: 0.76–0.91, I2: 22.92%/Normal Dose: HR:
0.71, 95% CI: 0.61–0.81, I2: 66.91%) (Fig. 3A, Supple-
mentary Fig. 4A,B).

Most subgroup analyses, specifically patients with
CKD subgroup (Combined: HR: 0.74, 95% CI: 0.65–0.84,
I2: 0.00%), Post-Stroke patients subgroup (Combined: HR:
0.76, 95% CI: 0.59–0.96, I2: 32.89%), users aged >65
years old subgroup (Combined: HR: 0.78, 95% CI: 0.62–
0.99, I2: 91.36%), users aged >75 years old subgroup
(Combined: HR: 0.79, 95% CI: 0.70–0.90, I2: 51.08%),
Asian users subgroup (Combined: HR: 0.62, 95% CI:
0.55–0.70, I2: 0.00%), American users subgroup (Normal
Dose: HR: 0.81, 95% CI: 0.65–0.99, I2: 79.34%), Euro-
pean users subgroup (Combined: HR: 0.70, 95% CI: 0.57–
0.87, I2: 55.99%/Low Dose: HR: 0.86, 95% CI: 0.78–0.94,
I2: 0.00%/Normal Dose: HR: 0.60, 95% CI: 0.51–0.71, I2:
20.86%), resulted in similar findings (Supplementary Fig.
4C–M).

The Egger’s test was positive (p< 0.05) for the Com-
bined and Normal Dose categories of the users aged >65
years old subgroup analyses.

3.5 Rivaroxaban versus VKA
Rivaroxaban was not associated with significantly dif-

ferent MH risk compared to VKA in our main or subgroup
analyseswith the notable exception ofAsian users subgroup
(Combined: HR: 0.70, 95% CI: 0.54–0.90, I2: 74.44%)
(Fig. 3B, Supplementary Fig. 5A–Q).

The Egger’s test was positive (p < 0.05) for all cate-
gories of the main analysis, for the users aged >65 years
old subgroup analysis and for the users aged >75 years old
subgroup analysis.

3.6 Apixaban versus VKA
The use of Apixaban was shown to have significantly

lower MH risk compared to VKA use (Combined: HR:
0.60, 95% CI: 0.55–0.65, I2: 58.83%/Low Dose: HR:
0.65, 95% CI: 0.57–0.74, I2: 64.05%/Normal Dose: HR:
0.58, 95% CI: 0.53–0.64, 36.87%) with our main analysis
(Fig. 3C, Supplementary Fig. 6A,B).

A similar trend was observed with many of our sub-
group analyses, namely the patients with CKD subgroup
(Combined: HR: 0.60, 95% CI: 0.50–0.72, I2: 51.56%),
the Post-Stroke patients subgroup (Combined: HR: 0.72,
95% CI: 0.59–0.88, I2: 46.41%), the users aged >65 years
old subgroup (Combined: HR: 0.60, 95% CI: 0.54–0.67,
I2: 51.05%), the users aged>75 years old subgroup (Com-
bined: HR: 0.60, 95% CI: 0.52–0.70, I2: 66.90%), the
male users subgroup (Combined: HR: 0.71, 95% CI: 0.51–
0.99, I2: 91.56%), the female users subgroup (Combined:
HR: 0.64, 95% CI: 0.60–0.69, I2: 0.00%), the Asian users

subgroup (Combined: HR: 0.60, 95% CI: 0.45–0.79, I2:
78.03%), the American users subgroup (Combined, HR:
0.58. 95% CI: 0.52–0.64, I2: 47.05%/Low Dose: HR:
0.61, 95% CI: 0.52–0.72, I2: 46.58%/Normal Dose: HR:
0.59, 95% CI: 0.55–0.62, I2: 0.00%) and the European
users subgroup (Combined: HR: 0.64, 95% CI: 0.55–0.75,
I2: 52.51%/Low Dose: HR: 0.72, 95% CI: 0.64–0.82, I2:
0.00%/Normal Dose: HR: 0.57, 95% CI: 0.49–0.67, I2:
25.33%) (Supplementary Fig. 6C–O).

3.7 DOACs versus VKA
No statistically different risk of MH was identified by

the comparison of DOACs use (combination of Dabigatran,
Rivaroxaban and Apixaban) versus VKA.

Lower risk of MH was observed both for the users
aged >65 years old subgroup (Combined: HR: 0.86, 95%
CI: 0.80–0.92, I2: 13.82%), users aged >75 years old
(Combined: HR: 0.87, 95% CI: 0.82–0.93, I2: 0.00%) and
Asian users subgroup (Combined: HR: 0.83, 95%CI: 0.79–
0.87, I2: 0.00%) analyses (Supplementary Fig. 7A–F).

3.8 Publication and Other Types of Bias Assessment
The Egger’s test was negative, suggestive of possible

absence of publication bias, for most of the comparisons
with the entire list of exceptions presented in Supplemen-
tary Table 2.

All our comparisons with 10 or more included studies
resulted in additional Funnel Plot creation. All of them are
presented in Supplementary Fig. 8A–F.

Because of the nature of our included studies, all of
themwere deemed to reachmoderate or higher level of bias.
This assessment is further expanded in our Discussion sec-
tion.

4. Discussion
Our study was a systematic review and meta-analysis

of 55 “real-world” studies comparing the MH risk associ-
ated with the use of DOACs versus other DOACs andVKA.

We concluded that (i) Rivaroxaban was associated
with higher MH risk compared to Dabigatran (ii) Apixaban
was associated with lowerMH risk compared to Dabigatran
(iii) Apixabanwas associatedwith lowerMH risk compared
to Rivaroxaban (iv) Dabigatran was associated with a lower
MH risk compared to VKA (vi) Rivaroxaban was not asso-
ciated with a significantly different MH risk compared to
VKA (vii) Apixaban was associated with a lower MH risk
compared to VKA (iv) DOACs as a whole were not asso-
ciated with a significantly different MH risk compared to
VKA.

While the superiority of DOACS compared to VKA
regarding several outcomes, including MH, is established,
the main research focus is pivoting towards the compari-
son between different DOACs. As no RCT has performed
a head-to-head comparison between DOACs, both obser-
vational studies and meta-analyses of observational stud-
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Fig. 3. Main Analysis Major Hemorrhage Risk, DOAC versus VKA comparisons. (A) Comparison between Rivaroxaban (Com-
bined) and VKA. (B) Comparison between Apixaban (Combined) and VKA. (C) Comparison between Apixaban (Combined) and VKA.
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ies provide valuable insight on this specific question. Our
study demonstrates that Apixaban is associated with a lower
risk for MH compared to both Rivaroxaban and Dabiga-
tran. Dabigatran was also associated with a lower risk for
MH compared to Rivaroxaban. According to our previ-
ously noted calculations, no significant source of bias was
deemed to affect our results. At the same time, it needs
to be underlined that no “one-size-fits-all” solution exists
and that clinicians would be advised to individually assess
each patient’s profile and tailor the anticoagulation to best
fit their needs. For example, the use of dabigatran is asso-
ciated with decreased risk of intracranial hemorrhage and
this agent might be a better choice for a patient at increased
risk of such a complication [20].

Placing our study’s conclusions against conclusions
reached by large-scale RCTs, we identified certain simi-
larities. The first RCT on this subject (the Randomized
Evaluation of Long-Term Anticoagulation Therapy, RE-
LY) investigated the efficacy and safety of Dabigatran ver-
sus VKA. The researchers identified a lower rate of MH
with the use of the Low Dose of Dabigatran compared to
VKA but were unable to prove a statistically significant re-
sult for the Normal Dose [10]. Our results agree with the
first of those findings and reinforce the statistical signifi-
cance of the latter. The Rivaroxaban Once Daily Oral Di-
rect Factor Xa Inhibition Compared with Vitamin K Antag-
onism for Prevention of Stroke and EmbolismTrial in Atrial
Fibrillation trial introduced rivaroxaban as an anticoagulant
for the management of NVAF. There was no statistically
significant difference on MH risk appreciated between the
rivaroxaban and the warfarin groups, a conclusion corrobo-
rated by our results [11]. Finally, the last of our investigated
DOAC agents, apixaban, was introduced by the Apixaban
for Reduction in Stroke and Other Thromboembolic Events
in Atrial Fibrillation (ARISTOTLE) trial. In this trial, it was
demonstrated that patients with NVAF anticoagulated with
Apixaban had a lower MH risk compared to those antico-
agulated with warfarin [12]. Our results align adequately
with these findings.

Our results are also in agreement with previously con-
ducted observational studies (Supplementary Material)
and meta-analyses. For example, it was shown in a recent
meta-analysis that Dabigatran use had decreased risk ofMH
compared toVKAuse, although this result did not reach sta-
tistical significance, that Rivaroxaban use had similar risk
compared to VKA use and that Apixaban use had lower risk
compared to VKA use [21]. Prior to our study, the efficacy
and safety of DAOCs among the Asian population was in-
vestigated by Li et al. [22]. All in all, it seems that the effi-
cacy and safety profile of DOACs demonstrated by RCTs is
rather well supported by the effectiveness and safety profile
demonstrated by observational studies and meta-analyses.

4.1 Strengths and Limitations
There are several strengths appreciated in our study.

First, we adhered strictly to systematic review and meta-
analysis methodology. Second, we implemented a narrow
focus onMH and attempted to provide answers to a specific
and clinically relevant question. Third, all our investiga-
tions and analyses were performed according to our initial
plan thus avoiding the addition of bias to our study. Fourth,
we were able to search, collect, screen and analyze a large
number of studies and thus a substantial patient population.
All in all, we were able to perform the largest to-date real-
world data meta-analysis on this topic.

Despite these strengths, we would also like to ac-
knowledge certain weaknesses of our study. First, since
our primary data is derived from observational studies, our
study is restricted by certain limitations linked to this type
of research. The most pertinent of them would be the pos-
sible presence of unmeasured and uncontrolled confound-
ing factors especially considering that most of our source
material studies formed their respective populations from
databases using International Statistical Classification of
Diseases and Related Health Problems (ICD) codes for pa-
tient selection. Such confounding factors would possibly
persist the transfer to our study and translate to different
types of bias, among which selection bias and bias by indi-
cation would be the most important. For example, we had
little data available to determine the percentage of patients
using the on-label dose of each DOAC in each study. At
the same time, it is known that the off-label use of DOACs
varies widely among different countries and is identified as
a limiting factor of all observational studies on this subject
[23]. As such, we used our dosing categories as described
above without being able to verify the appropriate dosing
in each category. Nonetheless, our goal of presenting “real-
world” results on DOAC use led us to acknowledge and ac-
cept this possibility of bias. Second, a few of our analyses
were primarily driven by a small number of studies. This
phenomenon occurred either because of the high weight at-
tributed to them or because of a lack of a higher number of
studies to be included in that specific comparison. Third,
we observed significant heterogeneity among studies while
reporting data on MH. In order to mitigate this effect, both
a random effect model was implemented and analyses on
several and clinically relevant subgroups were performed.
Fourth, we were unable to collect data on the DOACs users’
functional status and most importantly their frailty diagno-
sis because of the paucity of such information in our source
material. Finally, we did not include comparisons of Edox-
aban as explained above.

5. Conclusions
In conclusion, this is the largest systematic review and

meta-analysis on the comparison of DOACs versus other
DOACs and versus VKA on MH risk. Apixaban was as-
sociated with a reduced MH risk compared to Dabigatran,
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Rivaroxaban and VKA. Also, Dabigatran was associated
with a reduced MH risk compared to both Rivaroxaban and
VKA.

IRB Review
This study is a review and meta-analysis, which does

not involve human subjects, and as such does not require
IRB review.

Data Availability Statement
Our data is derived from public domain resources. All

data source material that supports the findings of this study
are available on Medline and Embrace.

Author Contributions
PABwas involved in database search for eligible stud-

ies, was involved in data extraction from the studies, was in-
volved in duplicate removal, was involved in the data analy-
sis, was involved in the manuscript writing process and was
involved in the manuscript submission. DGK was involved
in the study design, was involved in the study organization,
was involved in the review of statistical analysis and was
involved in the result review. SN, TM and VG were in-
volved in data extraction and/or bias assessment. GN were
involved in methodology review, were involved in the re-
sult review and were involved in the manuscript writing
process.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding
This research received no external funding.

Conflict of Interest
Dr Ntaios has received Speaker fees/Advisory

Boards/Research support by Abbott; Amgen; Bayer;
BMS/Pfizer; Boehringer-Ingelheim; Sanofi.

Supplementary Material
Supplementary material associated with this article

can be found, in the online version, at https://doi.org/10.
31083/j.rcm2310334.

References
[1] Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway

CW, Carson AP, et al. Heart Disease and Stroke Statistics-2019
Update A Report From the American Heart Association. Circu-
lation. 2019; 139: e56–e528.

[2] Katan M, Luft A. Global Burden of Stroke. Seminars in Neurol-
ogy. 2018; 38: 208–211.

[3] Freedman B, Potpara TS, Lip GYH. Stroke prevention in atrial
fibrillation. The Lancet. 2016; 388: 806–817.

[4] Björck S, Palaszewski B, Friberg L, Bergfeldt L. Atrial fibril-
lation, stroke risk, and warfarin therapy revisited a population-
based study. Stroke. 2013; 44: 3103–3108.

[5] Anderson DC, Kappelle LJ, Eliasziw M, Babikian VL, Pearce
LA, Barnett HJ. Occurrence of hemispheric and retinal ischemia
in atrial fibrillation compared with carotid stenosis. Stroke.
2002; 33: 1963–1967.

[6] Harrison MJ, Marshall J. Atrial fibrillation, TIAs and completed
strokes. Stroke. 1984; 15: 441–442.

[7] Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ,
Blomstrom-Lundqvist C, et al. 2020 ESC Guidelines for the di-
agnosis and management of atrial fibrillation developed in col-
laboration with the European Association for Cardio-Thoracic
Surgery (EACTS): The Task Force for the diagnosis and man-
agement of atrial fibrillation of the European Society of Cardiol-
ogy (ESC) Developed with the special contribution of the Euro-
pean Heart Rhythm Association (EHRA) of the ESC. European
Heart Journal. 2021; 42: 373–498.

[8] Snow V, Weiss KB, LeFevre M, McNamara R, Bass E, Green
LA, et al. Management of Newly Detected Atrial Fibrillation:
a Clinical Practice Guideline from the American Academy of
Family Physicians and the American College of Physicians. An-
nals of Internal Medicine. 2003; 139: 1009–1017.

[9] Barnes GD, Lucas E, Alexander GC, Goldberger ZD. National
Trends in Ambulatory Oral Anticoagulant Use. The American
Journal of Medicine. 2015; 128: 1300–1305.e2.

[10] Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J,
ParekhA, et al. Dabigatran versus warfarin in patients with atrial
fibrillation. The New England Journal of Medicine. 2009; 361:
1139–1151.

[11] Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W,
et al. Rivaroxaban versus Warfarin in Nonvalvular Atrial Fibril-
lation. The New England Journal of Medicine. 2011; 365: 883–
891.

[12] Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek
EM, Hanna M, et al. Apixaban versus warfarin in patients with
atrial fibrillation. The New England Journal of Medicine. 2011;
365: 981–992.

[13] Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD,
Halperin JL, et al. Edoxaban versus Warfarin in Patients with
Atrial Fibrillation. The NewEngland Journal ofMedicine. 2013;
369: 2093–2104.

[14] de Vries TAC, Hirsh J, Xu K, Mallick I, Bhagirath VC, Eikel-
boom JW, et al. Apixaban for Stroke Prevention in Atrial Fib-
rillation: why are Event Rates Higher in Clinical Practice than
in Randomized Trials?-A Systematic Review. Thrombosis and
Haemostasis. 2020; 120: 1323–1329.

[15] Hohmann C, Hohnloser SH, Jacob J, Walker J, Baldus S, Pfister
R. Non-Vitamin K Oral Anticoagulants in Comparison to Phen-
procoumon in Geriatric and Non-Geriatric Patients with Non-
Valvular Atrial Fibrillation. Thrombosis and Haemostasis. 2019;
119: 971–980.

[16] Hohnloser SH, Basic E, Nabauer M. Changes in Oral Anticoag-
ulation Therapy over one Year in 51,000 Atrial Fibrillation Pa-
tients at Risk for Stroke: a Practice-Derived Study. Thrombosis
and Haemostasis. 2019; 119: 882–893.

[17] Schulman S, Kearon C. Definition of major bleeding in clini-
cal investigations of antihemostatic medicinal products in non-
surgical patients. Journal of Thrombosis and Haemostasis. 2005;
3: 692–694.

[18] Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC,
Ioannidis JP, et al. The PRISMA statement for reporting sys-
tematic reviews andmeta-analyses of studies that evaluate health
care interventions: explanation and elaboration. PLoSMedicine.
2009; 6: e1000100.

10

https://doi.org/10.31083/j.rcm2310334
https://doi.org/10.31083/j.rcm2310334
https://www.imrpress.com


[19] Hinneburg I. ROBINS-1: A tool for asssessing risk of
bias in non-randomised studies of interventions. Medizinische
Monatsschrift fur Pharmazeuten. 2017; 40: 175–177.

[20] Archontakis-Barakakis P, Li W, Kalaitzoglou D, Tzelves L,
Manolopoulos A, Giannopoulos S, et al. Effectiveness and
safety of intracranial events associated with the use of direct oral
anticoagulants for atrial fibrillation: A systematic review and
meta-analysis of 92 studies. British Journal of Clinical Pharma-
cology. 2022. (in press)

[21] Ntaios G, Papavasileiou V, Makaritsis K, Vemmos K, Michel
P, Lip GYH. Real-World Setting Comparison of Nonvitamin-K
Antagonist Oral Anticoagulants Versus Vitamin-K Antagonists

for Stroke Prevention in Atrial Fibrillation: A Systematic Re-
view and Meta-Analysis. Stroke. 2017; 48: 2494–2503.

[22] Li W, Archontakis-Barakakis P, Palaiodimos L, Kalaitzoglou
D, Tzelves L, Manolopoulos A, et al. Dabigatran, rivaroxaban,
and apixaban are superior to warfarin in Asian patients with
non-valvular atrial fibrillation: an updated meta-analysis. World
Journal of Cardiology. 2021; 13: 82–94.

[23] Shen NN, Zhang C, HangY, Li Z, Kong LC,WangN, et al. Real-
World Prevalence of Direct Oral Anticoagulant Off-Label Doses
in Atrial Fibrillation: An Epidemiological Meta-Analysis. Fron-
tiers in Pharmacology. 2021; 12: 581293.

11

https://www.imrpress.com

	1. Introduction
	2. Materials and Methods 
	2.1 Study Selection
	2.2 Data Extraction and Outcomes
	2.3 Risk of Bias Assessment 
	2.4 Statistical Analysis

	3. Results
	3.1 Rivaroxaban versus Dabigatran
	3.2 Apixaban versus Dabigatran
	3.3 Apixaban versus Rivaroxaban
	3.4 Dabigatran versus VKA
	3.5 Rivaroxaban versus VKA
	3.6 Apixaban versus VKA
	3.7 DOACs versus VKA
	3.8 Publication and Other Types of Bias Assessment

	4. Discussion
	4.1 Strengths and Limitations 

	5. Conclusions 
	IRB Review
	Data Availability Statement
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

