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ABSTRACT

Introduction and objectives: To assess the effectiveness of direct oral anticoagulants vs vitamin K
antagonists in real-life patients with atrial ﬁbrillation.
Methods: A systematic review was performed according to Cochrane methodological standards. The
results were reported according to the PRISMA statement. The ROBINS-I tool was used to assess risk of
bias.
Results: A total of 27 different studies publishing data in 30 publications were included. In the studies
with a follow-up up to 1 year, apixaban (HR, 0.93; 95%CI, 0.71-1.20) and dabigatran (HR, 0.95; 95%CI,
0.80-1.13) did not signiﬁcantly reduce the risk of ischemic stroke vs warfarin, whereas rivaroxaban
signiﬁcantly reduced this risk (HR, 0.83; 95%CI, 0.73-0.94). Apixaban (HR, 0.66; 95%CI, 0.55-0.80) and
dabigatran (HR, 0.83; 95%CI, 0.70-0.97) signiﬁcantly reduced the major bleeding risk vs warfarin, but not
rivaroxaban (HR, 1.02; 95%CI, 0.95-1.10), although with a high statistical heterogeneity among studies.
Apixaban (HR, 0.56; 95%CI, 0.42-0.73), dabigatran (HR, 0.45; 95%CI, 0.39-0.51), and rivaroxaban (HR,
0.66; 95%CI, 0.49-0.88) signiﬁcantly reduced the risk of intracranial bleeding vs warfarin. Reduced doses
of direct oral anticoagulants were associated with a slightly better safety proﬁle, but with a marked
reduction in stroke prevention effectiveness.
Conclusions: Data from this meta-analysis suggest that, vs warfarin, the stroke prevention effectiveness
and bleeding risk of direct oral anticoagulants may differ in real-life patients with atrial ﬁbrillation.
C 2018 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.

Anticoagulantes orales directos frente a antagonistas de la vitamina K en
pacientes con fibrilación auricular de la práctica clı́nica: revisión sistemática
y metanálisis
RESUMEN
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Introducción y objetivos: Determinar la efectividad de los anticoagulantes orales directos frente a los
antagonistas de la vitamina K en pacientes con ﬁbrilación auricular de la práctica clı́nica.
Métodos: Se realizó una revisión sistemática acorde con los estándares metodológicos de Cochrane. Los
resultados de la revisión se publicaron según la declaración PRISMA. Se empleó la herramienta ROBINS-I
para determinar el riesgo de sesgos.
Resultados: Se incluyeron datos de 27 estudios diferentes provenientes de 30 publicaciones. En los
estudios con seguimiento hasta 1 año, el apixabán (HR = 0,93; IC95%, 0,71-1,20) y dabigatrán (HR = 0,95;
IC95%, 0,80-1,13) no se redujo signiﬁcativamente el riesgo de ictus isquémico frente a la warfarina, pero
sı́ el rivaroxabán (HR = 0,83; IC95%, 0,73-0,94). Con respecto al riesgo de hemorragias mayores, el
apixabán (HR = 0,66; IC95%, 0,55-0,80) y el dabigatrán (HR = 0,83; IC95%, 0,70-0,97) lo redujeron
signiﬁcativamente frente a la warfarina, pero no el rivaroxabán (HR = 1,02, IC95%, 0,95-1,10), aunque con
heterogeneidad entre los estudios. El apixabán (HR = 0,56; IC95%, 0,42-0,73), el dabigatrán (HR = 0,45;
IC95%, 0,39-0,51) y el rivaroxabán (HR = 0,66; IC95%, 0,49-0,88) redujeron signiﬁcativamente el riesgo de
hemorragia intracraneal frente a la warfarina. El empleo de dosis bajas de anticoagulantes orales directos
se asoció con una ligera mejorı́a del perﬁl de seguridad, pero con una marcada reducción de la efectividad
en la prevención de ictus.

* Corresponding author: Departamento de Cardiologı́a, Hospital La Paz, Paseo de la Castellana 261, 28046 Madrid, Spain.
E-mail address: escobar_cervantes_carlos@hotmail.com (C. Escobar).
https://doi.org/10.1016/j.rec.2018.03.009
1885-5857/ C 2018 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.
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Conclusiones: Los resultados de este metanálisis indican que, en comparación con la warfarina, la
efectividad para prevenir el riesgo de ictus y de hemorragias de los anticoagulantes orales directos en los
pacientes con ﬁbrilación auricular de la práctica clı́nica real puede ser diferente.
C 2018 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.

Abbreviations
AF: atrial ﬁbrillation
DOACs: direct oral anticoagulants
VKAs: vitamin K antagonists

INTRODUCTION
Atrial ﬁbrillation (AF), the most common arrhythmia in clinical
practice,1 is associated with a markedly increased risk of stroke.
AF-associated stroke has a higher risk of death, disability, and
recurrence.2 A cornerstone in the prevention of thromboembolic
complications in patients with AF is anticoagulation.3 Although
vitamin K antagonists (VKAs) are associated with a 60% reduction
in the risk of stroke in AF patients,4 they have many disadvantages
that have limited their use in clinical practice, including a narrow
therapeutic window, multiple interactions with other drugs and
foods, and the need for frequent monitoring of anticoagulant
activity and for dosage adjustments.5
Direct oral anticoagulants (DOACs) overcome most of these
limitations. In addition, a number of phase III clinical trials have
shown that DOACs are at least as effective as VKAs for the
prevention of stroke or systemic embolism, but have a better safety
proﬁle, particularly regarding the risk of intracranial bleeding.6–8
The introduction of DOACs to routine clinical practice has been
associated with improved rates of overall oral anticoagulation use in
patients with AF.9 Due to strict clinical trial inclusion and exclusion
criteria and closer patient follow-up, patients with AF participating in
clinical trials frequently differ from those in clinical practice. Thus, the
information reported in randomized clinical trials is not always valid
for real-life patients.10,11 In the last few years, many claims database
studies have analyzed the use of DOACs in AF in clinical practice.
However, discrepancies between data sources, the statistical analysis
approach, and patient characteristics can lead to conﬂicting results. In
this context, a comprehensive analysis of all published information on
the use of DOACs in patients with AF vs VKAs is of great interest. The
aim of this systematic review and meta-analysis was to assess the
effectiveness and safety of DOACs (apixaban, dabigatran, and
rivaroxaban) vs VKAs in real-life patients with nonvalvular AF.
METHODS
A systematic review was performed according to Cochrane
methodological standards.12 Results were reported according to
the PRISMA statement.13 The review protocol is detailed in the
Methods section of the supplementary material. C. Escobar and
J. Martı́-Almor selected the articles to be included. If there was
disagreement, a third researcher, A. Pérez Cabeza, was consulted.
All authors were responsible for data extraction. M.J. Martı́nezZapata was responsible for data analysis. All authors were involved
in writing the manuscript.

Only studies that reported rates and effect measures (hazard
ratios [HRs]) were included in this meta-analysis. Inclusion was
limited to observational studies (either prospective or retrospective) reporting on any of the abovementioned efﬁcacy and safety
outcomes from routinely collected health data. Studies with
national or regional registries or registries covering a large
population across multiple sites were included. Single-center
studies using local registries were excluded unless they had more
than 1000 patients. For studies that used the same registry and
were conducted in the same period (or with substantial overlap),
the most complete publication was selected. Only when the degree
of overlap between studies was minimal were all publications
included.
Outcomes
The outcomes of interest are detailed in the protocol described
in the Methods section of the supplementary material. We
prioritized ischemic stroke and the composite end point of
stroke/systemic embolism for efﬁcacy and major and intracranial
bleeding for safety. All outcomes were assessed according to
follow-up duration (up to 1 year, as well as longer) and
anticoagulant dose (standard vs reduced).
Search Strategy
To retrieve studies of interest, a MEDLINE (via PubMed) and
EMBASE (via Ovid) search was performed up to March 2017. Search
algorithms adapted to the requirements of each database were
designed; these algorithms included a combination of controlled
vocabulary search terms and ﬁlters to retrieve clinical trials and
cohort studies (Table 1 of the supplementary material). In addition,
the bibliography sections of the retrieved eligible studies were
further used to identify additional relevant studies. No temporal or
linguistic limitations were applied to the searches.
For the study selection, search results were screened based on
the title and abstract independently. Full-text versions of the
articles deemed to be eligible were retrieved and eligibility was
independently conﬁrmed based on the inclusion criteria. Disagreements were resolved by reaching consensus or by consulting
a third researcher. Results were imported into a PRISMA ﬂowchart.
For data collection, relevant data from eligible studies were
extracted and crosschecked for accuracy.
Risk of Bias Assessment
The ROBINS-I tool was used to assess the risk of bias of the
included studies.14 For each study, the confounding bias was
assessed regarding the selection, measurement interventions,
deviations from intended interventions, missing data, outcome
assessment, and selection of reported results. The original ROBINS-I
tool was adapted to ﬁt the design and speciﬁcities of the included
studies (Table 2 of the supplementary material).

Eligibility Criteria
Data Analysis and Summary of Findings
We included observational controlled studies in patients diagnosed with nonvalvular AF comparing any DOAC (apixaban,
dabigatran, or rivaroxaban; any dose) vs VKAs (focusing on warfarin).

When feasible, a pooled analysis was conducted by applying the
Cochran-Mantel-Haenszel method under a random-effects model
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using Review Manager Software (version 5.3.5). Heterogeneity and
sources of variation between studies were assessed through the I2
statistic. Findings were reported according to a narrative synthesis
for each outcome of interest and its effect estimate.
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0.71-1.20; HR, 0.95; 95%CI, 0.80-1.13; respectively). Statistical
heterogeneity was high among studies. In contrast, rivaroxaban
signiﬁcantly reduced the risk of ischemic stroke vs warfarin (HR,
0.83; 95%CI, 0.73-0.94). This ﬁnding was highly consistent
among studies (Figure 2A).

RESULTS
Ischemic Stroke Plus Systemic Embolism
The PRISMA ﬂowchart is shown in Figure 1. A total of
4244 references were obtained from MEDLINE and EMBASE searches.
After duplicate elimination, 3391 unique references were screened.
Of the 3391 unique references, 3312 were excluded based on their
title or abstract because they had no relationship with the outcomes
of this systematic review. Of these, full texts were obtained for
79 studies. After a detailed assessment of the full texts, 49 studies
were excluded. Finally, 27 different studies with published data in
30 publications were included (3 studies published relevant data in
2 separate articles).15–45 The characteristics of the included studies
are summarized in Table 3 of the supplementary material.
Data from AF patients treated with DOACs vs VKAs up to about
1 year are shown in Figure 2.

Apixaban did not reduce the risk of an ischemic event (stroke/
systemic embolism) vs warfarin (HR, 0.88; 95%CI, 0.64-1.21).
Statistical heterogeneity was high among studies yielding conﬂicting results. Dabigatran did not reduce the risk of an ischemic
event (stroke/systemic embolism) vs warfarin (HR, 0.92; 95%CI,
0.76-1.11). Rivaroxaban signiﬁcantly reduced the risk of an
ischemic event vs warfarin (HR, 0.80; 95%CI, 0.69-0.93), a ﬁnding
consistent among studies. Overall, only 1 small study compared
DOACs with warfarin with regard to ischemic events, with no
signiﬁcant differences between the 2 groups (HR, 0.44; 95%CI,
0.09-2.04) (Figure 2B).
Major Bleeding

Ischemic Stroke

Identification

Apixaban and dabigatran did not reduce the risk of ischemic
stroke vs warfarin (HR, 0.93; 95% conﬁdence interval [95%CI],

A risk reduction was observed in major bleeding with apixaban
and dabigatran vs warfarin (HR, 0.66; 95%CI, 0.55-0.80; HR, 0.83;
95%CI, 0.70-0.97; respectively), but statistical heterogeneity was

Records identified through
database searches
n = 4244

Eligibility

Screening

Records after duplicates removed
n = 339

Records screened
n = 3391

Full-text articles assessed
for eligibility
n = 79

Included

Studies included in
qualitative synthesis
n = 27 (30 articles)

Records excluded by title
and abstract because they
did not meet inclusion
criteria
n = 85

Full-text articles excluded
n = 49
19 ineligible outcomes
18 unreliable data sources
8 overlap with other included trials
2 ineligible interventions
1 ineligible population
1 not adjusted

Studies included in
quantitative synthesis
(meta-analysis)
n = 27

Figure 1. PRISMA eligibility ﬂowchart.
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high among studies. Rivaroxaban did not show a reduction in the
risk of major bleeding vs warfarin (HR, 1.02; 95%CI, 0.95-1.10)
(Figure 2C).
Intracranial Hemorrhage
Apixaban, dabigatran, and rivaroxaban (HR, 0.56; 95%CI, 0.420.73; HR, 0.45; 95%CI, 0.39-0.51; HR, 0.66; 95%CI, 0.49-0.88;
respectively) signiﬁcantly reduced the risk of intracranial bleeding
vs warfarin (Figure 2D).

A

Only 4 studies reported results from more than 1 year
(Larsen et al.,36 Nielsen et al.,39 Li et al.,37 Avgil-Tsadok et al.16).
Larsen et al.36 and Nielsen et al.39 reported data on all of the above
outcomes but Li et al.37 and Avgil-Tsadok et al.16 only considered
some of them. Compared with studies up to about 1 year of followup, the results were unchanged except for apixaban in the outcome
‘‘intracranial hemorrhage’’ and for dabigatran in the outcome
‘‘major bleeding’’; in these instances, the initially observed
signiﬁcant risk reduction was lost (Figure of the supplementary
material).

DOAC Warfarin
HR
Study or Subgroup
log[HR]
SE
Total
Total Weight IV, Random, 95%CI
Apixaban
1.13 [0.49-2.61]
Coleman et al.22
6.8%
0.122
0.42
4083
4083
0.83 [0.57-1.21]
Forslund et al.24
-0.186
0.19
3587 12919 15.8%
1.11 [0.94-1.31]
Larsen et al.36
0.08
6349 35436 21.5%
0.104
0.67 [0.58-0.77]
Li et al.37
0.07 38470 38470 22.0%
-0.400
1.19 [0.95-1.49]
Nielsen et al.39
0.173
0.11
4400 38893 20.0%
0.83 [0.53-1.30]
Yao et al.45
0.22 15390 51390 13.8%
-0.183
Subtotal (95%CI)
0.93 [0.71-1.20]
72279 181191 100.0%
Heterogeneity: Tau² = 0.07; chi-square = 28.59, df = 5 (P < .0001); I² = 83%
Test for overall effect: Z = 0.59 (P = .56)
Dabigatran
Bengtson et al.17
9.1%
0.12 13937 63460
0.182
9.2%
Bengtson et al.17
0.11 18891 37707
-0.430
8.3%
Chan et al.19
5921
5251
0.15
-0.342
7.7%
Forslund et al.24
3322 12919
0.17
-0.174
9.8%
Graham et al.26
0.09 67207 67207
-0.223
7.4%
Larsen et al. rdcd35
412
1918
0.18
0.548
6.6%
Larsen et al. stnd35
547
1918
0.21
0.582
8.5%
Larsen et al.36
0.215
0.14 12701 35436
Nielsen et al.39
8875 38893 10.1%
0.07
-0.083
6.9%
Seeger et al.42
0.20 15529 15529
-0.597
8.1%
Villines et al.44
-0.174
0.15 12793 12793
8.3%
Yao et al.45
0.15 28614 28614
0.058
188749 321645 100.0%
Subtotal (95%CI)
Heterogeneity: Tau² = 0.07; chi-square = 53.92, df = 11 (P < .00001); I²
Test for overall effect: Z = 0.56 (P = .57)
Rivaroxaban
8.5%
Chan et al.19
5251
0.20
-0.562
3916
8.2%
Coleman et al.22
0.21 11411 11411
-0.342
8.0%
Forslund et al.24
0.21
-0.356
2370 12919
Laliberté et al.33
0.18
-0.212
3654 14616 11.0%
Larsen et al.36
0.09
-0.150
7192 35436 32.4%
Nielsen et al.39
0.14
-0.072
3476 38893 17.3%
Yao et al.45
0.15 32350 32350 14.7%
0.010
Subtotal (95%CI)
64369 150876 100.0%
Heterogeneity: Tau² = 0.00; chi-square = 6.99, df = 6 (P = .32); I² = 14%
Test for overall effect: Z = 2.97 (P = .003)

HR
IV, Random, 95%CI

1.20 [0.95-1.52]
0.65 [0.52-0.81]
0.71 [0.53-0.95]
0.84 [0.60-1.18]
0.80 [0.67-0.96]
1.73 [1.21-2.47]
1.79 [1.18-2.72]
1.24 [0.94-1.64]
0.92 [0.79-1.07]
0.55 [0.37-0.82]
0.84 [0.62-1.14]
1.06 [0.79-1.42]
0.95 [0.80-1.13]
= 80%

0.57 [0.38-0.85]
0.71 [0.47-1.07]
0.70 [0.46-1.07]
0.81 [0.57-1.15]
0.86 [0.72-1.03]
0.93 [0.71-1.22]
1.01 [0.75-1.36]
0.83 [0.73-0.94]

All DOAC
0.81 [0.64-1.03]
Forslund et al.24
0.12
9272 12919 73.6%
-0.210
1.22 [0.67-2.22]
Gieling et al.25
0.30
1306 13643 26.4%
0.198
Subtotal (95%CI)
10578 26562 100.0%
0.90 [0.63-1.29]
Heterogeneity: Tau² = 0.03; chi-square = 1.55, df = 1 (P = .21); I² = 36%
Test for overall effect: Z = 0.57 (P = .57)

Test for subgroup differences: chi-square = 1.90, df = 3 (P = .59), I² = 0%

0.2
0.5
Favors DOAC

1

2
5
Favors Warfarin

Figure 2. HRs with 95%CIs for ischemic stroke (A), ischemic stroke plus systemic embolism (B), major bleeding (C), and intracranial hemorrhage (D) in patients with
AF treated with DOACs vs VKAs up to about 1 year. 95%CI, 95% conﬁdence interval; AF, atrial ﬁbrillation; DOACs, direct oral anticoagulants; HR, hazard ratio; IV,
interval variable; SE, systemic embolism.
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DOAC Warfarin
HR
HR
Total Total Weight IV, Random, 95%CI IV, Random, 95%CI
Study or Subgroup log[HR] SE
Apixaban
0.076 0.08
Larsen et al.36
7192 35436 26.6% 1.08 [0.91-1.28]
-0.400 0.06
17801 15461 27.6% 0.67 [0.59-0.76]
Li et al.37
0.173 0.11
4400 38893 25.2% 1.19 [0.95-1.49]
Nielsen et al.39
-0.400 0.19
32350 32350 20.6% 0.67 [0.46-0.98]
Yao et al.45
Subtotal (95%CI)
61743 122140 100.0% 0.88 [0.64-1.21]
Heterogeneity: Tau² = 0.09; chi-square = 30.99, df = 3 (P < .00001); I² = 90%
Test for overall effect: Z = 0.79 (P = .43)
Dabigatran
0.095 0.23
Bouillon et al.18
4370 10705 11.5% 1.10 [0.70-1.73]
-0.446 0.13
5251 20.1% 0.64 [0.49-0.84]
Chan et al.19
5921
0.157 0.14 12701 35436 19.7% 1.17 [0.89-1.54]
Larsen et al.36
-0.116 0.07
Nielsen et al.39
8875 38893 27.9% 0.89 [0.77-1.03]
-0.020 0.13 28614 28614 20.8% 0.98 [0.76-1.26]
Yao et al.45
Subtotal (95%CI)
60481 118899 100.0% 0.92 [0.76-1.11]
Heterogeneity: Tau² = 0.03; chi-square = 11.00, df = 4 (P = .03); I² = 64%
Test for overall effect: Z = 0.87 (P = .38)
Rivaroxaban
-0.2871 0.34
2335 10705 4.7% 0.75 [0.39-1.44]
Bouillon et al.18
-0.673 0.19
5251 12.0% 0.51 [0.35-0.74]
Chan et al.19
3916
-0.261 0.17
Laliberté et al.33
3654 14616 14.2% 0.77 [0.55-1.08]
-0.186 0.09
Larsen et al.36
7192 35436 28.4% 0.83 [0.69-1.00]
-0.116 0.13
Nielsen et al.39
3476 38893 20.4% 0.89 [0.69-1.15]
-0.072 0.13 32350 32350 20.3% 0.93 [0.72-1.20]
Yao et al.45
Subtotal (95%CI)
52923 137251 100.0% 0.80 [0.69-0.93]
Heterogeneity: Tau² = 0.01; chi-square = 7.65, df = 5 (P = .18); I² = 35%
Test for overall effect: Z = 2.92 (P = .003)
All DOAC
-0.821 0.78
Arihiro et al.15
475
Subtotal (95%CI)
475
Heterogeneity: Not applicable
Test for overall effect: Z = 1.05 (P = .29)

662 100.0%
662 100.0%

0.44 [0.09-2.04]
0.44 [0.09-2.04]

Test for subgroup differences: chi-square = 2.02, df = 3 (P = .57), I² = 0%

0.05 0.2
Favors DOAC

1
5
20
Favors Warfarin

Figure 2. (Continued).

Data on ischemic stroke, major bleeding, and intracranial hemorrhage in patients with AF and treated with DOACs vs VKAs are
shown in Figure 3 according to DOAC dose (standard and reduced).

(HR, 1.19; 95%CI, 0.95-1.49; HR, 0.94; 95%CI, 0.66-1.36; HR, 0.93;
95%CI, 0.71-1.22; respectively) (Figure 3A).

Ischemic Stroke

Major Bleeding

Standard Dose

Standard Dose

Compared with warfarin, treatment with standard doses of
apixaban did not reduce the risk of ischemic stroke (HR, 1.11;
95%CI, 0.94-1.31). In addition, treatment with standard doses of
dabigatran did not reduce the risk of ischemic stroke (HR, 0.97;
95%CI, 0.68-1.38). However, statistical heterogeneity was high
among studies. Treatment with standard doses of rivaroxaban
reduced the risk of ischemic stroke vs warfarin (HR, 0.86; 95%CI,
0.72-1.03) (Figure 3A).

Compared with warfarin, standard doses of apixaban reduced
the risk of major bleeding (HR, 0.55; 95%CI, 0.45-0.66). Treatment
with standard doses of dabigatran and rivaroxaban did not reduce
the risk of major bleeding (HR, 0.85; 95%CI, 0.61-1.19; HR, 1.02;
95%CI, 0.92-1.12; respectively) (Figure 3B).

Reduced Dose
Compared with warfarin, reduced doses of apixaban, dabigatran, or rivaroxaban did not decrease the risk of ischemic stroke

Reduced Dose
Compared with warfarin, reduced doses of apixaban did not
reduce the risk of major bleeding (HR, 0.75; 95%CI, 0.49-1.15).
However, statistical heterogeneity was high among studies.
Reduced doses of dabigatran did not diminish the risk of
major bleeding (HR, 0.96; 95%CI, 0.78-1.17). No risk reduction in
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C
Study or Subgroup
Apixaban

log[HR]

SE

DOAC Warfarin
HR
Total Weight IV, Random, 95%CI
Total

HR
IV, Random, 95%CI

Forslund et al.24
0.048
0.12
3587 12919 12.9% 1.05 [0.82-1.34]
Halvorsen et al.28
-0.579
0.17
6506 11427 10.8% 0.56 [0.40-0.78]
Hohnloser et al.31
-0.385
0.15
3633 16179 12.0% 0.68 [0.51-0.91]
Larsen et al.36
-0.494
0.11
6349 35436 13.5% 0.61 [0.49-0.76]
Li et al.37
-0.510
0.05
38470 38470 15.8% 0.60 [0.54-0.67]
Lip et al.38
-0.634
0.16
7438 15461 11.5% 0.53 [0.39-0.72]
Nielsen et al.39
0.039
0.16
4400 38893 11.3% 1.04 [0.76-1.42]
Yao et al.45
-0.798
0.14
15390 51390 12.1% 0.45 [0.34-0.60]
Subtotal (95%CI)
85773 220175 100.0% 0.66 [0.55-0.80]
Heterogeneity: Tau² = 0.06; chi-square = 34.52, df = 7 (P < .0001); I² = 80%
Test for overall effect: Z = 4.34 (P < .0001)
Dabigatran
Forslund et al.24
7.1%
3322 12919
-0.040
0.11
Graham et al.26
7.9%
67207 67207
-0.030
0.05
Halvorsen et al.28
6.8%
7925 11427
-0.400
0.13
Hernandez et al.29
8102
7.6%
1302
0.457
0.07
Hohnloser et al.31
6.5%
3138 16179
-0.274
0.15
Larsen et al. rdcd34
8504
6.6%
2038
0.157
0.14
Larsen et al. stnd34
8504
6.4%
2214
-0.150
0.15
Larsen et al.36
7.2%
12701 35436
-0.544
0.11
Lip et al.38
6.2%
4661 15461
-0.371
0.16
Nielsen et al.39
7.6%
8875 38893
-0.139
0.07
Nishtala et al.40
7.3%
4835
2153
-0.798
0.09
Seeger et al.42
7.6%
15529 15529
-0.223
0.08
Villineset al.44
7.6%
12793 12793
-0.139
0.08
Yao et al.45
7.5%
28614 28614
-0.235
0.08
Subtotal (95%CI)
172472 284403 100.0%
Heterogeneity: Tau² = 0.08; chi-square = 137.96, df = 13 (P < .00001); I²
Test for overall effect: Z = 2.31 (P = .02)

0.96 [0.77-1.20]
0.97 [0.88-1.07]
0.67 [0.52-0.86]
1.58 [1.36-1.84]
0.76 [0.57-1.01]
1.17 [0.89-1.54]
0.86 [0.64-1.16]
0.58 [0.47-0.72]
0.69 [0.50-0.95]
0.87 [0.75-1.01]
0.45 [0.37-0.55]
0.80 [0.68-0.94]
0.87 [0.74-1.02]
0.79 [0.67-0.93]
0.83 [0.70-0.97]
= 91%

Rivaroxaban
Forslund et al.24
9.0%
2370 12919
0.048
0.12
Halvorsen et al.28
9.1%
6817 11427
-0.150
0.12
5.2%
Hohnloser et al.31
12063 16179
-0.062
0.15
Laliberté et al.33
2.8%
3654 14616
0.076
0.21
Larsen et al.36
7192 35436 21.4%
0.058
0.07
Lip et al.38
17801 15461 18.1%
-0.020
0.08
Nielsen et al.39
3476 38893 10.4%
0.157
0.11
Yao et al.45
32350 32350 23.9%
0.039
0.07
Subtotal (95%CI)
85723 177281 100.0%
Heterogeneity: Tau² = 0.00; chi-square = 4.46, df = 7 (P = .73); I² = 0%
Test for overall effect: Z = 0.67 (P = .50)

1.05 [0.83-1.33]
0.86 [0.68-1.09]
0.94 [0.69-1.28]
1.08 [0.71-1.64]
1.06 [0.91-1.23]
0.98 [0.83-1.16]
1.17 [0.94-1.46]
1.04 [0.90-1.20]
1.02 [0.95-1.10]

All DOAC
475
662 16.3%
Arihiro et al.15
-0.462
0.61
9272 12919 47.1%
Forslund et al.24
0.009
0.07
1306 13643 36.6%
Gieling et al.25
0.732
0.24
11053 27224 100.0%
Subtotal (95%CI)
Heterogeneity: Tau² = 0.19; chi-square = 8.52, df = 2 (P = .01); I² = 77%
Test for overall effect: Z = 0.65 (P = .51)

0.63 [0.19-2.09]
1.01 [0.87-1.17]
2.08 [1.28-3.38]
1.22 [0.67-2.20]

Test for subgroup differences: chi-square = 22.42, df = 3 (P < .0001), I² = 86.6%
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Figure 2. (Continued).

major bleeding was observed between reduced doses of rivaroxaban and warfarin (HR, 1.16; 95%CI, 0.98-1.38) (Figure 3B).

(HR, 0.72; 95%CI, 0.42-1.23). Standard doses of dabigatran (HR, 0.39;
95%CI, 0.30-0.52) and rivaroxaban (HR, 0.56; 95%CI, 0.34-0.92) did
reduce the risk of intracranial bleeding over time (Figure 3C).

Intracranial Hemorrhage
Standard Dose

Reduced Dose

No differences in the risk reduction of intracranial bleeding
were observed between standard doses of apixaban and warfarin

No studies compared the incidences of intracranial bleeding
between reduced doses of apixaban and warfarin. Reduced doses of
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DOAC Warfarin
log[HR] SE Total Total Weight
Study or Subgroup
Apixaban
-0.967 0.41 4083 4083 8.9%
Coleman et al.22
-0.287 0.26 3587 12919 16.4%
Forslund et al.24
-0.579 0.22 6817 11427 19.1%
Halvorsen et al.28
-0.328 0.27 7192 35436 15.4%
Larsen et al.36
-0.446 0.12 17801 15461 29.0%
Li et al.37
-1.427 0.35 32350 32350 11.1%
Yao et al.45
71830 111676 100.0%
Subtotal (95%CI)
Heterogeneity: Tau² = 0.05; chi-square = 9.46, df = 5 (P = .09); I²
Test for overall effect: Z = 4.16 (P < .0001)
Dabigatran
Avgil-Tsadok et al. < 7516 -0.634 0.22 6370 14262
Avgil-Tsadok et al. > 7516 -0.510 0.12 9548 32930
-0.867 0.30 18891 37707
Bengtson et al.17
-0.994 0.31 13937 63460
Bengtson et al.17
-0.821 0.23 5921 5251
Chan et al.19
-0.653 0.24 3322 12919
Forslund et al.24
-1.078 0.13 67207 67207
Graham et al.26
-0.776 0.22 7925 11427
Halvorsen et al.28
-1.140 0.24 1302 8102
Hernandez et al.29
-0.371 0.29 2038 8504
Larsen et al. rdcd34
-0.693 0.39 2214 8504
Larsen et al. stnd34
-0.916 0.24 12701 35436
Larsen et al.36
-1.560 0.64 2153 4835
Nishtala et al.40
-0.713 0.25 12793 12793
Villines et al.44
-1.021 0.228 28614 28614
Yao et al.45
194936 351951
Subtotal (95%CI)
Heterogeneity: Tau² = 0.01; chi-square = 17.83, df = 14
Test for overall effect: Z = 11.90 (P < .00001)
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HR
HR
IV, Random, 95%CI IV, Random, 95%CI
0.38 [0.17-0.85]
0.75 [0.45-1.25]
0.56 [0.36-0.87]
0.72 [0.42-1.23]
0.64 [0.50-0.82]
0.24 [0.12-0.48]
0.56 [0.42-0.73]
= 47%

7.1% 0.53 [0.34-0.83]
15.6% 0.60 [0.47-0.77]
4.3% 0.42 [0.23-0.77]
4.1% 0.37 [0.20-0.68]
6.9% 0.44 [0.28-0.69]
6.1% 0.52 [0.32-0.85]
14.1% 0.34 [0.26-0.44]
7.5% 0.46 [0.30-0.71]
6.5% 0.32 [0.20-0.51]
4.7% 0.69 [0.39-1.22]
2.7% 0.50 [0.23-1.09]
6.5% 0.40 [0.25-0.64]
1.1% 0.21 [0.06-0.74]
6.0% 0.49 [0.30-0.80]
7.0% 0.36 [0.23-0.56]
100.0% 0.45 [0.39-0.51]
(P = .21); I² = 21%

Rivaroxaban
-1.204 0.35 3916 5251 10.0% 0.30 [0.15-0.60]
Chan et al.20
-0.634 0.21 11411 11411 15.5% 0.53 [0.35-0.80]
Coleman et al.22
-0.116 0.23 2370 12919 14.8% 0.89 [0.57-1.39]
Forslund et al.24
Halvorsen et al.28
-0.072 0.17 6817 11427 17.5% 0.93 [0.67-1.29]
Laliberté et al.33
0.157 0.29 3654 14616 12.2% 1.17 [0.66-2.07]
Larsen et al.36
-0.579 0.25 7192 35436 13.6% 0.56 [0.34-0.92]
Yao et al.45
-0.673 0.19 32350 32350 16.4% 0.51 [0.35-0.74]
Subtotal (95%CI)
67710 123410 100.0% 0.66 [0.49-0.88]
Heterogeneity: Tau² = 0.10; chi-square = 17.92, df = 6 (P = .006); I² = 67%
Test for overall effect: Z = 2.77 (P = .006)
All DOAC
475
Arihiro et al.15
-1.897 1.38
662 5.6% 0.15 [0.01-2.25]
-0.371 0.15 9272 12919 64.1% 0.69 [0.51-0.93]
Forslund et al.24
Gieling et al.25
0.350 0.47 1306 13643 30.3% 1.42 [0.56-3.60]
11053 27224 100.0% 0.79 [0.40-1.54]
Subtotal (95%CI)
Heterogeneity: Tau² = 0.16; chi-square = 3.41, df = 2 (P = 0.18); I² = 41%
Test for overall effect: Z = 0.70 (P = .48)

Test for subgroup differences: chi-square = 8.54, df = 3 (P = .04), I² = 64.9%

0.005
0.1
1
10
200
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Figure 2. (Continued).

dabigatran (HR, 0.47; 95%CI, 0.39-0.56) and rivaroxaban (HR, 0.33;
95%CI, 0.16-0.68) signiﬁcantly reduced the risk of intracranial
bleeding vs warfarin (Figure 3C).
DISCUSSION
The results provided by this meta-analysis aid in the
understanding of the effectiveness and safety of DOACs in real-

life patients. Unlike noncomparative studies, which only include
absolute rates,46 this study allows determination of the relative
effectiveness and safety of DOACs vs VKAs.
The RE-LY study6 showed that, after a median follow-up of 2.0
years, 150 mg dabigatran was associated with a lower risk of stroke
or systemic embolism vs warfarin, with a similar risk of major
bleeding, whereas 110 mg dabigatran was associated with a
similar risk of stroke or systemic embolism, but with a lower risk of
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Figure 3. HRs with 95% conﬁdence intervals for ischemic stroke, major bleeding, and intracranial hemorrhage in patients with AF treated with DOACs vs VKAs
according to the DOAC dosage (standard/reduced) used in each study. A: ischemic stroke (Aa: Standard dose; Ab: Reduced dose); B: major bleeding (Ba: standard
dose; Bb: reduced dose); and C: intracranial bleeding (Ca: standard dose; Cb: reduced dose). 95%CI, 95% conﬁdence interval; AF, atrial ﬁbrillation; DOACs, direct oral
anticoagulants; HR, hazard ratio; IV, interval variable; SE, systemic embolism.

major bleeding. In the ROCKET-AF trial,7 after a median follow-up
of 707 days, rivaroxaban was noninferior to warfarin for the
prevention of stroke or systemic embolism, with a similar risk of
major bleeding and a lower risk of intracranial and fatal bleeding.
In the ARISTOTLE trial, after a median follow-up of 1.8 years,
apixaban was superior to warfarin in preventing stroke or systemic
embolism, with less bleeding.8 Although these 3 studies were
head-to-head with warfarin, the patient populations included
were different; thus, no direct comparisons can be made. The
characteristics of the included studies are summarized in Table 3 of
the supplementary material. As shown in Table 3 of the
supplementary material, there were some relevant differences
in the clinical characteristics of the patients included in these
studies, not only among them, but also among the pivotal clinical
trials. As a result, the information provided by this meta-analysis is
relevant because it allows determination of the relative effectiveness and safety of DOACs vs VKAs in the full spectrum of real-life
patients.
This meta-analysis showed that apixaban and dabigatran did
not reduce the risk of ischemic stroke vs warfarin in retrospective

claims database studies with a follow-up up to 1 year or with
longer-term data. However, rivaroxaban signiﬁcantly reduced this
risk vs warfarin. This signiﬁcant reduction also occurred with the
composite variable of ischemic stroke and systemic embolism.
Apixaban and dabigatran signiﬁcantly reduced major bleeding risk
vs warfarin, but not vs rivaroxaban. Notably, statistical heterogeneity was high among studies. However, apixaban, dabigatran, and
rivaroxaban signiﬁcantly reduced the risk of intracranial bleeding
vs warfarin. The main objective of anticoagulation in AF patients is
to prevent stroke with an acceptable bleeding risk.3 Our data
showed that, vs warfarin, the most effective drug to reduce the risk
of stroke in clinical practice was rivaroxaban, with a similar risk of
major bleeding.
One of the main advantages of DOACs vs warfarin is that DOACs
do not require continuous dosage adjustments. DOAC dosages are
adjusted according to speciﬁc clinical conditions that differ
markedly among each drug.6–8 In our meta-analysis, the effectiveness and safety of DOACs was speciﬁcally analyzed according to
dosage. Standard doses of dabigatran and particularly rivaroxaban,
but not apixaban, tended to reduce the risk of ischemic stroke,
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Figure 3. (Continued).

whereas reduced doses of all DOACs did not decrease the risk of
stroke. Reduced doses of DOACs tended to be safer than standard
doses in terms of bleeding risk. The main limitation of the
observational studies that reported the DOAC doses is that
the information regarding the dosage adequacy according to
patients’ clinical characteristics was not reported. Our metaanalysis showed that, overall, DOACs at reduced doses were
associated with a slightly better safety proﬁle, but with a marked
reduction in the effectiveness of stroke prevention. In fact, the
prescription of inadequate doses of DOACs is associated with
worse safety and no beneﬁt in effectiveness.39,47 This suggests that
reduced doses of DOACs should only be used when indicated
according to drug labeling and not when physicians perceive an
increased risk of bleeding. Unfortunately, inappropriate drug use is
reportedly frequent.48–50
A meta-analysis of the effectiveness and safety of DOACs vs
VKAs for stroke prevention in AF was recently published.51
However, there are important differences between our systematic

review and that published by Ntaios et al.51 Our work included
a greater number of studies and a higher number of patients. In
addition, the inclusion/exclusion criteria were stricter in our
systematic review. Indeed, in our systematic review, studies
that exhibited a substantial overlap were excluded. In addition,
when data were duplicated, the most recent studies or those
with the highest number of patients were selected. Moreover,
our search was more up-to-date and we included 11 additional
studies vs Ntaios et al. 51 Importantly, speciﬁc analyses
according to follow-up time and DOAC dosage were performed,
increasing the validity and generalizability of our results.
Accordingly, our systematic review is more complete and
exhaustive and has a higher statistical power. For example, due
to its higher statistical power and in contrast to the study by
Ntaios et al., 51 our work found that dabigatran signiﬁcantly
reduced the risk of major bleeding vs warfarin and that
rivaroxaban decreased the risk of ischemic stroke and systemic
embolism.
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Figure 3. (Continued).

Limitations
Some limitations should be mentioned. Observational
studies have a higher risk of bias than clinical trials. We found
a moderate risk of bias with the ROBINS-I tool. Vitamin K
antagonists were the key comparator arm. However, time in
therapeutic range and data adjusted according to this parameter were not disclosed in any studies. Analyses were limited to
some outcomes, such as stroke, major bleeding, or intracranial
bleeding, but not others. In some comparisons, statistical
heterogeneity was high among studies, limiting the validity and
the generalizability of the results. No signiﬁcant clinical
information was available for edoxaban.

dabigatran. Apixaban and dabigatran signiﬁcantly reduced
the risk of major bleeding, whereas rivaroxaban showed similar
risk to warfarin. Compared with warfarin, DOACs signiﬁcantly
reduced the risk of intracranial bleeding. Reduced doses of
DOACs were associated with a marked reduction in the
effectiveness of stroke prevention and with a slightly better
safety proﬁle. Data from this meta-analysis suggest that, vs
warfarin, the effectiveness and safety of some DOACs may differ
in real-life AF patients.
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CONCLUSIONS
In conclusion, in studies with a follow-up up to 1 year or
with longer-term data, rivaroxaban signiﬁcantly reduced the
risk of ischemic stroke vs warfarin, unlike apixaban and
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WHAT IS KNOWN ABOUT THE TOPIC?
- Data from clinical trials are not always valid for real-life
patients.
- In recent years, many studies with different designs,
analyses, and patient characteristics have analyzed the
use of DOACs in AF patients in clinical practice.
- This systematic review assessed the effectiveness of
DOACs vs VKAs in nonvalvular AF patients.
WHAT DOES THIS STUDY ADD?
- In contrast to apixaban and dabigatran, rivaroxaban
signiﬁcantly reduced the risk of ischemic stroke vs
warfarin.
- Apixaban and dabigatran signiﬁcantly reduced the risk
of major bleeding vs warfarin, unlike rivaroxaban, but
with a high statistical heterogeneity among studies. All
DOACs signiﬁcantly reduced the risk of intracranial
bleeding vs warfarin.
- Reduced doses of DOACs were associated with a slightly
better safety proﬁle, but with a marked reduction in
effectiveness for stroke prevention.

SUPPLEMENTARY MATERIAL
Supplementary material associated with this article can
be found in the online version available at https://doi.org/
10.1016/j.rec.2018.03.009.
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