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Abstract: Background: There is a plethora of real-world data on the safety and effectiveness of
direct-acting oral anticoagulants (DOACs); however, study heterogeneity has contributed to
inconsistent findings. We compared the effectiveness and safety of apixaban with those of other
direct-acting oral anticoagulants (DOACs) and vitamin K antagonists (VKA e.g., warfarin). Methods:
A systematic review and meta-analysis was conducted retrieving data from PubMed, SCOPUS and
Web of Science from January 2009 to December 2021. Studies that evaluated apixaban (intervention)
prescribed for adults (aged 18 years or older) with AF for stroke prevention compared to other
DOACs or VKAs were identified. Primary outcomes included stroke/systemic embolism (SE),
all-cause mortality, and major bleeding. Secondary outcomes were intracranial haemorrhage (ICH)
and ischaemic stroke. Randomised controlled trials and non-randomised trials were considered for
inclusion. Results: In total, 67 studies were included, and 38 studies were meta-analysed. Participants
taking apixaban had significantly lower stroke/SE compared to patients taking VKAs (relative risk
(RR) 0.77, 95% confidence interval (CI) 0.64–0.93, I2 = 94%) and dabigatran (RR 0.84, 95% CI 0.74–0.95,
I2 = 66%), but not to patients administered rivaroxaban. There was no statistical difference in mortality
between apixaban and VKAs or apixaban and dabigatran. Compared to patients administered
rivaroxaban, participants taking apixaban had lower mortality rates (RR 0.83, 95% CI 0.71–0.96,
I2 = 96%). Apixaban was associated with a significantly lower risk of major bleeding compared to
VKAs (RR 0.58, 95% CI 0.52–0.65, I2 = 90%), dabigatran (RR 0.79, 95% CI 0.70–0.88, I2 = 78%) and
rivaroxaban (RR 0.61, 95% CI 0.53–0.70, I2 = 87%). Conclusions: Apixaban was associated with a
better overall safety and effectiveness profile compared to VKAs and other DOACs.

Keywords: apixaban; atrial fibrillation; stroke; major bleeding; anticoagulant; secondary prevention

1. Introduction

Anticoagulation is the fundamental priority for the prevention of stroke in people
diagnosed with atrial fibrillation (AF) and is one of the pillars of guideline-recommended
AF management [1,2]. The efficacy of direct-acting oral anticoagulants (DOACs) versus
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warfarin has received considerable attention in the last decade. DOACs have generally [3,4],
although not always [5], demonstrated favourable outcomes for stroke and mortality.
Typically, DOACs are now favoured over warfarin for stroke prevention in AF due to
their superior safety profile regarding intracranial haemorrhage (all DOACs) and major
bleeding (some DOACs) [1,6]. However, agreement on the most favourable DOAC in terms
of effectiveness and safety is challenging, particularly given that there are no head-to-head
comparison trials.

There is a plethora of real-world data on the safety, and to a lesser extent, the effective-
ness of DOACs, but the disparity in study populations, inclusion and exclusion criteria,
and statistical analyses, has resulted in inconsistent findings and several unanswered ques-
tions. Further, our understanding of the potential impact of geographical region, study
design and age on such outcomes is lacking. Addressing these gaps in the current evidence
base will allow clinicians and patients to make better, evidence-informed decisions when
selecting a DOAC to prevent stroke in people with AF.

Given apixaban is the most commonly used DOAC [7], the aims of this systematic
review and meta-analysis were to compare the effectiveness and safety of apixaban with
those of other DOACs and vitamin K antagonists (VKA e.g., warfarin). First, we sought to
determine if apixaban was more effective (reduced stroke and mortality) and safer (reduced
major bleeding) than dabigatran, rivaroxaban, edoxaban, and VKAs for patients with AF.
Second, we investigated how geographical region (Asia, Europe, North America) and age
(≥75/<75 years of age) may impact the effectiveness and safety of apixaban.

2. Methods

This systematic review was registered in the International Prospective Register of Sys-
tematic Reviews—PROSPERO (CRD42021236826) and conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
guidelines [8].

2.1. Study Inclusion Criteria

We included studies carried out in any setting that evaluated apixaban (intervention)
prescribed for adults (aged 18 years or older) with AF for stroke prevention compared to
other DOACs or VKAs (e.g., warfarin). Primary outcomes included stroke or any throm-
boembolic event (stroke/SE composite), all-cause mortality, and major bleeding. Secondary
outcomes included intracranial haemorrhage (ICH) and ischaemic stroke. Definitions used
for each outcome were employed by the primary trials and may not be consistent between
studies. All randomised controlled trials and non-randomised studies, pre–post studies
and interrupted time series were considered for inclusion. Cross-sectional studies, case
reports and qualitative studies were excluded.

2.2. Search Strategy

The search strategy was developed by the review team who selected all key terms.
Medical subject headings (MesH) terms and synonyms for the different terms such as “atrial
fibrillation”, “apixaban” and “stroke” were used and combined with Boolean operators,
proximity operators, truncations and wildcards. PubMed, SCOPUS and Web of Science
were searched from 1 January 2009 to 21 December 2021 for relevant studies (refer to
Supplement S1 for full search strategies). Database searches were initiated from 2009 rather
than inception, because the first DOAC trial (RE-LY) was published in 2009 [9]. There
were no language restrictions; however, availability of the full text was a requirement for
inclusion. Search results were managed using EndNote X9.3.3.

2.3. Study Selection

Two reviewers (B.J.R.B., J.Z.), independently and in duplicate, screened the titles and
abstracts of the studies retrieved by the databases against the search criteria. The full
texts of all potentially relevant articles were retrieved and independently assessed by the
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reviewers (B.J.R.B., P.C., D.A.L., M.C., D.G.). Any disagreement was resolved through
discussion with the first author (B.J.R.B.).

2.4. Data Extraction

Data extraction was conducted independently by five reviewers (B.J.R.B., P.C., D.A.L.,
M.C., D.G.), with at least 20% checked by (B.J.R.B.) to ensure consistency/accuracy. The
following information was extracted: (i) authors, year, country, reference; (ii) study design
with inclusion/exclusion criteria; (iii) study aim; (iv) intervention and comparator charac-
teristics (n = age, sex, CHA2DS2-VASc, HAS-BLED); (v) outcomes (effectiveness and safety);
(vi) follow-up time points; (vii) results; (viii) study conclusions; (ix) risk of bias assessment.

2.5. Risk of Bias Assessment

Five authors (B.J.R.B., P.C., D.A.L., M.C., D.G.) independently assessed the individual
studies for risk of bias in duplicate, and any discrepancies were resolved via discussion or
referral to a third reviewer, as required. The Cochrane Risk of Bias v.2 (RoB2) tool [10] was
used to assess the risk of bias for randomised controlled trials (RCTs). The Risk Of Bias In
Non-randomised Studies—of Interventions (ROBINS-I) [11] was used to assess the risk of
bias for non-randomised studies.

2.6. Data Synthesis

Meta-analyses were conducted for comparable studies. Primary and secondary out-
come effect measures with 95% confidence intervals were pooled using RevMan soft-
ware [12]. Results are presented visually using Forest plots. For studies where quantitative
data were too few or too heterogeneous, a narrative synthesis approach was used. Effect
measures for dichotomous outcomes were analysed using the number of events and to-
tal sample size as reported in the included studies. Results of the selected studies were
combined using the Mantel–Haenszel method. Effect sizes were expressed as relative risk
and 95% confidence intervals. Heterogeneity was quantitatively assessed using Higgins’s
index (I2), with 25%, 50% and 75% considered moderate, substantial and considerable het-
erogeneity, respectively. Random-effect models were applied allowing for between-study
variability by weighting studies using a combination of intra- and inter-study variance.

2.7. Sub-Group and Sensitivity Analyses

Sub-group analyses were conducted (if sufficient data) to explore any impact of cohort
age (≥75 and <75 years) and geographical region (North America, Asia, Europe) on the
safety and effectiveness of apixaban compared to VKAs, dabigatran, and rivaroxaban.
Sensitivity analyses were planned to explore the impact of studies deemed as ‘serious risk
of bias’ on the safety and effectiveness of apixaban.

3. Results

The database searches identified 9246 papers. After removal of duplicates, 6644 papers
were included in the title and abstract screening, which resulted in 109 papers retrieved for
full-text screening against the inclusion/exclusion criteria. Of these, 67 (61%) studies were
included in the systematic review, and 38 (35%) studies were included in
meta-analyses (Figure 1).
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Figure 1. PRISMA Diagram depicting the screening and study selection process.

3.1. Characteristics of the Included Studies

The included studies were published between 2009 and 2021; two of them were
randomised controlled trials [13,14], two were prospective cohort studies [15,16], and
the remaining 63 were retrospective cohort studies (Supplementary File; Table S1). The
sample size for the apixaban-treated cohorts ranged between n = 98 [17] and
n = 353,897 patients [18]. The total sample of patients included in the review was 3,911,894,
of which, 1,292,620 patients (33%) were taking apixaban. Mean/median patient age ranged
from 62 [19] to 86 [20] years, and the proportion of females ranged between 15% [14] and
69% [21]. Of the 67 included studies, 34 were conducted in the U.S.A., 7 in Denmark,
3 each in Sweden, Spain, Norway, Japan, and Germany, 2 each in the UK and South Korea,
1 each in Taiwan, Canada, Thailand, France, and Singapore, 1 was international, with
39 participating countries, and 1 included data from Canada, the U.S.A. and the UK.

For the two included randomised controlled trials, one was deemed ‘low risk of
bias’ [13], and one was deemed ‘some concerns’ [14], with the latter due to non-blinded
participants. Overall, 64/65 real-world studies were deemed ‘moderate risk of bias‘,
with one study deemed to be at serious risk of bias [22]. For all included real-world
studies, the risk of bias was elevated due to confounding which was inherent in the
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study design. Further study-level detail regarding the risk of bias is reported within the
Supplementary File, Table S2 and Figure S1.

3.2. Primary Outcomes

Meta-analyses for stroke/SE (Figure 2), mortality (Figure 3) and major bleeding
(Figure 4) are presented below. Each analysis includes all eligible studies and compared
apixaban with VKAs, dabigatran and rivaroxaban for each outcome. A comparison of
apixaban with edoxaban was not possible due to only one eligible study including data for
both drugs [23].

Figure 2. Comparison of apixaban to VKAs (1.1.1), dabigatran (1.1.2) and rivaroxaban (1.1.3) for
stroke/SE [17,18,20,24–43].
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Figure 3. Comparison of apixaban to VKAs (1.2.1), dabigatran (1.2.2) and rivaroxaban (1.2.3) for
mortality [16,18,21,25–27,30,32,34,35,39,44–47].

A total of 17 (n = 802,063), 10 (n = 321,486), and 12 (n = 1,146,705) studies compared
apixaban to VKAs, dabigatran and rivaroxaban, respectively, and were included in meta-
analyses investigating stroke/SE (Figure 2). Compared to VKAs, apixaban was associated
with a significantly lower risk of stroke/SE (relative risk (RR) 0.77, 95% confidence in-
terval (CI) 0.64–0.93, I2 = 94%). Compared to dabigatran, apixaban was associated with
a significantly lower risk of stroke/SE (RR 0.84, 95% CI 0.74–0.95, I2 = 66%). There was
no statistical difference in risk of stroke/SE between apixaban and rivaroxaban (RR 0.90,
95% CI 0.78–1.03, I2 = 88%).

A total of 10 (n = 533,997), 8 (n = 235,247) and 10 (n = 878,520) studies compared
apixaban to VKAs, dabigatran and rivaroxaban, respectively, and were included in meta-
analyses investigating mortality (Figure 3). There was no statistical difference in mortality
between apixaban and VKAs (RR 0.72, 95% CI 0.50–1.00, I2 = 99%) or apixaban and
dabigatran (RR 1.00, 95% CI 0.82–1.22, I2 = 93%). Compared to rivaroxaban, apixaban was
associated with a significantly lower risk of mortality (RR 0.83, 95% CI 0.71–0.96, I2 = 96%).

A total of 18 (n = 700,098), 14 (n = 288,057) and 13 (n = 468,097) studies compared apixa-
ban to VKAs, dabigatran and rivaroxaban, respectively, and were included in meta-analyses
investigating major bleeding (Figure 4). Apixaban was associated with a significantly lower
risk of major bleeding compared to VKAs (RR 0.58, 95% CI 0.52–0.65, I2 = 90%), dabigatran
(RR 0.79, 95% CI 0.70–0.88, I2 = 78%) and rivaroxaban (RR 0.61, 95% CI 0.53–0.70, I2 = 87%).
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Figure 4. Comparison of apixaban to VKAs (2.1.1), dabigatran (2.1.2) and rivaroxaban (2.1.3) for
major bleeding [16,17,20,23–25,27–31,33–36,38–41,48–51].

3.3. Secondary Outcomes

Meta-analyses for ischaemic stroke (Figure 5) and ICH (Figure 6) are presented below.
Each analysis included all eligible studies and compared apixaban with VKAs, dabigatran
and rivaroxaban for each outcome.

A total of 19 (n = 777,182), 16 (n = 380,145) and 17 (n = 1,087,791) studies compared
apixaban to VKAs, dabigatran and rivaroxaban, respectively, and were included in meta-
analyses investigating ischaemic stroke (Figure 5). Apixaban was associated with a sig-
nificantly lower risk of ischaemic stroke compared to VKAs (RR 0.81, 95% CI 0.68–0.96,
I2 = 92%), dabigatran (RR 0.83, 95% CI 0.70–0.97, I2 = 82%) and rivaroxaban (RR 0.75,
95% CI 0.58–0.98, I2 = 97%).
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Figure 5. Comparison of apixaban to VKAs (1.3.1), dabigatran (1.3.2) and rivaroxaban (1.3.3) for
ischaemic stroke [16–18,20,21,23,27,28,30,31,33–35,37–42,44–46,52–54].

A total of 17 (n = 1,002,726), 13 (n = 415,489) and 16 (n = 1,293,546) studies compared
apixaban to VKAs, dabigatran and rivaroxaban, respectively, and were included in meta-
analyses investigating ICH (Figure 6). Apixaban was associated with a significantly lower
rates of ICH compared to VKAs (RR 0.49, 95% CI 0.41–0.59, I2 = 81%) and rivaroxaban
(RR 0.71, 95% CI 0.61–0.84, I2 = 74%), but not dabigatran (RR 0.98, 95% CI 0.83–1.16,
I2 = 34%).
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Figure 6. Comparison of apixaban to VKAs (2.2.1), dabigatran (2.2.2) and rivaroxaban (2.2.3) for
ICH [18,20,23–28,30,31,33–35,37,39–42,44,46–48,50,52,53].

3.4. Sub-Group and Sensitivity Analyses

Sub-group meta-analyses exploring the impact of participants’ age (≥75 and <75 years)
were not possible due to insufficient sub-group data stratified by consistent age bound-
aries within the primary trials. Sub-group analyses for the impact of geographic region
(North America, Asia, Europe) on the safety and effectiveness of apixaban are presented in
Figures S2–S4 (Supplement S3). Meta-analyses are presented for the primary outcomes
stroke/SE, mortality and major bleeding comparing apixaban to VKAs, apixaban to dabi-
gatran and apixaban to rivaroxaban stratified by geographic region.
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3.5. Stratification by Geographic Region

Regarding the apixaban vs VKA comparisons, the relative risk of stroke/SE was
significantly lower with apixaban in North America, but not in Asia or Europe. There was
no difference in the relative risk of mortality across the geographic sub-groups, and the
relative risk of major bleeding was lower with apixaban across all geographic sub-groups
(Figure S2; Supplement S4). For the apixaban vs dabigatran comparisons, the relative risk
of stroke/SE and mortality were significantly lower with apixaban in North America only.
The relative risk of major bleeding was significantly lower with apixaban in North America
and Europe (Figure S3; Supplement S4). For the apixaban vs rivaroxaban comparisons, the
relative risk of stroke/SE was significantly lower with apixaban in North America only.
The relative risk for mortality was significantly lower with apixaban in North America and
Europe and could not be estimated in Asia (due to no eligible studies). The relative risk
for major bleeding was significantly lower with apixaban across all geographic subgroups
(Figure S4; Supplement S4).

Sensitivity analyses were not necessary to explore the impact of studies deemed
‘serious risk of bias’ on the safety and effectiveness of apixaban, as no studies with ‘serious
risk of bias’ were included in the meta-analyses.

4. Discussion

Our systematic review and meta-analyses show that the use of apixaban was asso-
ciated with improved effectiveness (reduced stroke/SE and ischaemic stroke) and safety
profile (major bleeding and ICH) when compared with the use of VKAs. Compared with
dabigatran, apixaban was associated with significantly lower stroke or systemic embolism,
major bleeding events and ischaemic stroke but not mortality or ICH. Compared to ri-
varoxaban, apixaban was associated with significantly lower mortality, major bleeding,
ischaemic stroke, and ICH but not stroke/SE. Some results varied when stratified by
geographic region.

In the ARISTOTLE randomised controlled trial (n = 18,201 people with AF), apix-
aban was superior to warfarin for the prevention of stroke or systemic embolism [13].
A phase II randomised controlled trial, ARISTOTLE-J, showed that in Japanese patients
with AF, apixaban was well tolerated, with lower rates of major bleeding than warfarin over
12 weeks. However, to determine the effectiveness and safety of apixaban with those of
OACs other than VKAs (i.e., warfarin), namely, dabigatran, rivaroxaban and edoxaban,
real-world studies are needed.

Our findings extend those of a previous systematic review and meta-analysis
(16 studies with up to n = 266,598 people with AF included in the meta-analysis), which
showed that the use of apixaban in cohort studies was associated with an overall similar
effectiveness in reducing stroke and any thromboembolic events when compared with
the use of warfarin (odds ratio 0.92, 95% CI 0.72–1.10) [4]. However, the previous review
demonstrated a better safety profile for apixaban compared to warfarin, dabigatran, and
rivaroxaban. A more recent systematic review and network meta-analysis (21 studies with
605,771 people with AF) [55] found that apixaban was associated with a lower risk of major
bleeding compared to rivaroxaban (hazard ratio 1.8, 95% CI 1.6–2.1) and dabigatran (hazard
ratio 1.4, 95% CI 1.2–1.6), which is in agreement with the findings of the present study.
Menichelli et al. [55] did, however, showed a higher risk of stroke or systemic embolism
with rivaroxaban compared to apixaban (hazard ratio 1.4, 95% CI 1.00–1.80) but not with
dabigatran compared with apixaban, which is contrary to our findings, although their
work included fewer studies and participants. The authors also did not find a mortality
benefit for apixaban, whereas the present study found a mortality benefit for apixaban vs.
rivaroxaban. Thus, the analysis of randomised controlled trials and cohort studies demon-
strated differing (and not yet established) effectiveness and safety profiles in DOAC–DOAC
comparisons.

A recent retrospective cohort study (published after the searches for this systematic
review), including >580,000 US Medicare beneficiaries, found that rivaroxaban was as-
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sociated with a higher adjusted risk for ischaemic or haemorrhagic events (hazard ratio
1.18 95% CI 1.12–1.24) compared to apixaban [18]. This present study was updated to
include this work in the appropriate meta-analyses. The findings in the present review
demonstrate an overall beneficial association for apixaban over rivaroxaban for stroke/SE,
mortality, major bleeding, ischaemic stroke and ICH. These findings add to the body of
evidence suggesting that apixaban is associated with a lower bleeding risk and greater
thromboembolic protection compared with rivaroxaban. Further and more broadly, our
findings provide evidence that, although apixaban was not associated with an improve-
ment in all outcomes across all DOAC comparisons, none of the outcomes we investigated
favoured either dabigatran or rivaroxaban when compared to apixaban.

Limitations

The generally high heterogeneity in several meta-analyses makes it challenging to
ascertain definitive conclusions. Furthermore, there was insufficient evidence from real-
world studies to compare edoxaban with other commonly used DOACs. Other factors may
have also influenced our findings, including inappropriate DOAC dosing and individual
patient OAC adherence and associated comorbidities. Similarly, we did not investigate
differences in DOAC dosage and associated study outcomes within this systematic review.
Despite the reduced data on the number of participants receiving the standard or a lower
dose apixaban, Proietti et al. previously demonstrated that the standard dose may be
superior to a reduced dose of apixaban for the reduction of any thromboembolic event [4].
Indeed, OAC is only one aspect of holistic or integrated care management of AF [2], whereby
adherence to such an approach and appropriate characterisation of AF patients have been
associated with improved clinical outcomes [56,57]. Further, the addition of statin therapy
to OAC has been shown to improve in-hospital prognosis of patients with acute ischaemic
stroke [43] and reduce long-term major adverse cardiovascular events in patients with
embolic stroke of undetermined source [58]. This is also important when considering the
use of apixaban, given the need for twice-daily dosing compared to once-daily dosing for
rivaroxaban, for example, and should be considered on a patient-by-patient and shared
decision-making process. Finally, most real-world studies included in this review were of a
retrospective cohort design, with innate and well-known limitations, although, adjusted
effect measures or propensity score matched populations were used where possible.

5. Conclusions

In this systematic review and meta-analysis combining data from clinical trials and
real-world studies with >3.9 million participants, apixaban was associated with a better
overall safety and effectiveness profile compared to VKAs and other DOACs. Despite the
use of random-effect models to estimate overall effect estimates, considerable heterogeneity
was present in most meta-analyses, and this should be considered when interpreting
the results.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/jcm11133788/s1, Supplement S1. Full search strategies.
Supplement S2. Characteristics of the included studies. Supplement S3. Risk of bias of the
included studies. Supplement S4. Sub-group meta-analyses. References [59–84] are cited in
Supplementary Materials.
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11. Sterne, J.A.C.; Hernán, M.A.; Reeves, B.C.; Savović, J.; Berkman, N.D.; Viswanathan, M.; Henry, D.; Altman, D.G.; Ansari, M.T.;
Boutron, I.; et al. ROBINS-I: A tool for assessing risk of bias in non-randomised studies of interventions. BMJ 2016, 355, i4919.
[CrossRef] [PubMed]

12. Review Manager (Rev.Man.) [Program]; 5.3 Version; The Cochrane Collaboration: Copenhagen, Denmark, 2014.
13. Granger, C.B.; Alexander, J.H.; McMurray, J.J.V.; Lopes, R.D.; Hylek, E.M.; Hanna, M.; Al-Khalidi, H.R.; Ansell, J.;

Atar, D.; Ave-zum, A.; et al. Apixaban versus Warfarin in Patients with Atrial Fibrillation. N. Engl. J. Med. 2011, 365,
981–992. [CrossRef] [PubMed]

14. Ogawa, S.; Shinohara, Y.; Kanmuri, K. Safety and Efficacy of the Oral Direct Factor Xa Inhibitor Apixaban in Japanese Patients
with Non-Valvular Atrial Fibrillation—The ARISTOTLE-J study. Circ. J. 2011, 75, 1852–1859. [CrossRef]

15. Halvorsen, S.; Atar, D.; Yang, H.; De Caterina, R.; Erol, C.; Garcia, D.; Granger, C.B.; Hanna, M.; Held, C.; Husted, S.; et al. Efficacy
and safety of apixaban compared with warfarin according to age for stroke prevention in atrial fibrillation: Observations from the
ARISTOTLE trial. Eur. Heart J. 2014, 35, 1864–1872. [CrossRef] [PubMed]

http://doi.org/10.1093/eurheartj/ehaa612
http://www.ncbi.nlm.nih.gov/pubmed/32860505
http://doi.org/10.1038/nrcardio.2017.153
http://www.ncbi.nlm.nih.gov/pubmed/28960189
http://doi.org/10.1016/S0140-6736(13)62343-0
http://doi.org/10.1161/STROKEAHA.117.018395
http://doi.org/10.1111/bcp.13005
http://doi.org/10.1055/s-0041-1739411
http://doi.org/10.1007/s11239-021-02416-4
http://doi.org/10.1136/bmj.n71
http://doi.org/10.1056/NEJMoa0905561
http://doi.org/10.1136/bmj.l4898
http://doi.org/10.1136/bmj.i4919
http://www.ncbi.nlm.nih.gov/pubmed/27733354
http://doi.org/10.1056/NEJMoa1107039
http://www.ncbi.nlm.nih.gov/pubmed/21870978
http://doi.org/10.1253/circj.CJ-10-1183
http://doi.org/10.1093/eurheartj/ehu046
http://www.ncbi.nlm.nih.gov/pubmed/24561548


J. Clin. Med. 2022, 11, 3788 13 of 16

16. Vinogradova, Y.; Coupland, C.; Hill, T.; Hippisley-Cox, J. Risks and benefits of direct oral anticoagulants versus warfarin in a real
world setting: Cohort study in primary care. BMJ 2018, 362, k2505. [CrossRef]

17. Tiew, W.J.; Wong, V.L.; Tan, V.H.; Tan, Y.C.; Lee, E.M. A Real-world Experience of the Safety and Efficacy of Non-vitamin K Oral
Anticoagulants Versus Warfarin in Patients with Non-valvular Atrial Fibrillation—A Single-centre Retrospective Cohort Study in
Singapore. Ann. Acad. Med. Singap. 2020, 49, 838–847. [CrossRef]

18. Ray, W.A.; Chung, C.P.; Stein, C.M.; Smalley, W.; Zimmerman, E.; Dupont, W.D.; Hung, A.M.; Daugherty, J.R.; Dickson, A.; Murray,
K.T. Association of Rivaroxaban vs Apixaban with Major Ischemic or Hemorrhagic Events in Patients with Atrial Fibrillation.
JAMA 2021, 326, 2395–2404. [CrossRef]

19. Lin, J.; Trocio, J.; Gupta, K.; Mardekian, J.; Lingohr-Smith, M.; Menges, B.; You, M.; Nadkarni, A. Major bleeding risk and
healthcare economic outcomes of non-valvular atrial fibrillation patients newly-initiated with oral anticoagulant therapy in the
real-world setting. J. Med. Econ. 2017, 20, 952–961. [CrossRef]

20. Martinez, B.K.; Sood, N.A.; Bunz, T.J.; Coleman, C.I. Effectiveness and Safety of Apixaban, Dabigatran, and Rivaroxaban Versus
Warfarin in Frail Patients with Nonvalvular Atrial Fibrillation. J. Am. Heart Assoc. 2018, 7, e008643. [CrossRef]

21. Alcusky, M.; Tjia, J.; McManus, D.D.; Hume, A.L.; Fisher, M.; Lapane, K.L. Comparative Safety and Effectiveness of Direct-Acting
Oral Anticoagulants Versus Warfarin: A National Cohort Study of Nursing Home Residents. J. Gen. Intern. Med. 2020, 35,
2329–2337. [CrossRef]

22. Noseworthy, P.A.; Yao, X.; Gersh, B.J.; Hargraves, I.; Shah, N.D.; Montori, V.M. Long-term stroke and bleeding risk in patients
with atrial fibrillation treated with oral anticoagulants in contemporary practice: Providing evidence for shared decision-making.
Int. J. Cardiol. 2017, 245, 174–177. [CrossRef] [PubMed]

23. Lee, S.-R.; Choi, E.-K.; Kwon, S.; Han, K.-D.; Jung, J.-H.; Cha, M.-J.; Oh, S.; Lip, G.Y. Effectiveness and Safety of Contemporary
Oral Anticoagulants Among Asians with Nonvalvular Atrial Fibrillation. Stroke 2019, 50, 2245–2249. [CrossRef] [PubMed]

24. Bang, O.Y.; On, Y.K.; Lee, M.-Y.; Jang, S.-W.; Han, S.; Han, S.; Won, M.-M.; Park, Y.-J.; Lee, J.-M.; Choi, H.-Y.; et al. The risk of
stroke/systemic embolism and major bleeding in Asian patients with non-valvular atrial fibrillation treated with non-vitamin K
oral anticoagulants compared to warfarin: Results from a real-world data analysis. PLoS ONE 2020, 15, e0242922. [CrossRef]

25. Chan, Y.; See, L.; Tu, H.; Yeh, Y.; Chang, S.; Wu, L.; Lee, H.; Wang, C.; Kuo, C.; Kuo, C. Efficacy and Safety of Apixa-
ban, Dabigatran, Rivaroxaban, and Warfarin in Asians with Nonvalvular Atrial Fibrillation. J. Am. Heart Assoc. 2018, 7,
e008150. [CrossRef] [PubMed]

26. Graham, D.J.; Baro, E.; Zhang, R.; Liao, J.; Wernecke, M.; Reichman, M.E.; Hu, M.; Illoh, O.; Wei, Y.; Goulding, M.R.; et al.
Comparative Stroke, Bleeding, and Mortality Risks in Older Medicare Patients Treated with Oral Anticoagulants for Nonvalvular
Atrial Fibrillation. Am. J. Med. 2019, 132, 596–604.e11. [CrossRef] [PubMed]

27. Hohnloser, S.H.; Basic, E.; Hohmann, C.; Nabauer, M. Effectiveness and Safety of Non–Vitamin K Oral Anticoagulants
in Comparison to Phenprocoumon: Data from 61,000 Patients with Atrial Fibrillation. Thromb. Haemost. 2018, 118,
526–538. [CrossRef]

28. Kjerpeseth, L.J.; Selmer, R.; Ariansen, I.; Karlstad, Ø.; Ellekjær, H.; Skovlund, E. Comparative effectiveness of warfarin, dabigatran,
rivaroxaban and apixaban in non-valvular atrial fibrillation: A nationwide pharmacoepidemiological study. PLoS ONE 2019, 14,
e0221500. [CrossRef]

29. Kohsaka, S.; Katada, J.; Saito, K.; Terayama, Y. Safety and effectiveness of apixaban in comparison to warfarin in patients with
nonvalvular atrial fibrillation: A propensity-matched analysis from Japanese administrative claims data. Curr. Med. Res. Opin.
2018, 34, 1627–1634. [CrossRef]

30. Larsen, T.B.; Skjøth, F.; Nielsen, P.B.; Kjældgaard, J.N.; Lip, G.Y.H. Comparative effectiveness and safety of non-vitamin K
antagonist oral anticoagulants and warfarin in patients with atrial fibrillation: Propensity weighted nationwide cohort study.
BMJ 2016, 353, i3189. [CrossRef]

31. Li, X.S.; Deitelzweig, S.; Keshishian, A.; Hamilton, M.; Horblyuk, R.; Gupta, K.; Luo, X.; Mardekian, J.; Friend, K.; Nadkarni,
A.; et al. Effectiveness and safety of apixaban versus warfarin in non-valvular atrial fibrillation patients in “real-world” clinical
practice. Thromb. Haemost. 2017, 117, 1072–1082. [CrossRef]

32. Lip, G.Y.H.; Skjøth, F.; Nielsen, P.B.; Kjældgaard, J.N.; Larsen, T.B. Effectiveness and Safety of Standard-Dose Nonvitamin K
Antagonist Oral Anticoagulants and Warfarin Among Patients with Atrial Fibrillation with a Single Stroke Risk Factor. JAMA
Cardiol. 2017, 2, 872–881. [CrossRef] [PubMed]

33. Lip, G.Y.; Keshishian, A.; Li, X.; Hamilton, M.; Masseria, C.; Gupta, K.; Luo, X.; Mardekian, J.; Friend, K.; Nadkarni, A.; et al.
Effectiveness and Safety of Oral Anticoagulants Among Nonvalvular Atrial Fibrillation Patients. Stroke 2018, 49, 2933–2944.
[CrossRef] [PubMed]

34. Mitsuntisuk, P.; Nathisuwan, S.; Junpanichjaroen, A.; Wongcharoen, W.; Phrommintikul, A.; Wattanaruengchai, P.; Rat-
tanavipanon, W.; Chulavatnatol, S.; Chaiyakunapruk, N.; Likittanasombat, K.; et al. Real-World Comparative Effectiveness and
Safety of Non-Vitamin K Antagonist Oral Anticoagulants vs. Warfarin in a Developing Country. Clin. Pharmacol. Ther. 2020, 109,
1282–1292. [CrossRef] [PubMed]

35. Nielsen, P.B.; Skjøth, F.; Søgaard, M.; Kjældgaard, J.N.; Lip, G.Y.H.; Larsen, T.B. Effectiveness and safety of reduced dose
non-vitamin K antagonist oral anticoagulants and warfarin in patients with atrial fibrillation: Propensity weighted nationwide
cohort study. BMJ 2017, 356, j510. [CrossRef]

http://doi.org/10.1136/bmj.k2505
http://doi.org/10.47102/annals-acadmedsg.2020184
http://doi.org/10.1001/jama.2021.21222
http://doi.org/10.1080/13696998.2017.1341902
http://doi.org/10.1161/JAHA.118.008643
http://doi.org/10.1007/s11606-020-05777-3
http://doi.org/10.1016/j.ijcard.2017.07.043
http://www.ncbi.nlm.nih.gov/pubmed/28733071
http://doi.org/10.1161/STROKEAHA.119.025536
http://www.ncbi.nlm.nih.gov/pubmed/31208303
http://doi.org/10.1371/journal.pone.0242922
http://doi.org/10.1161/JAHA.117.008150
http://www.ncbi.nlm.nih.gov/pubmed/29622587
http://doi.org/10.1016/j.amjmed.2018.12.023
http://www.ncbi.nlm.nih.gov/pubmed/30639551
http://doi.org/10.1160/TH17-10-0733
http://doi.org/10.1371/journal.pone.0221500
http://doi.org/10.1080/03007995.2018.1478282
http://doi.org/10.1136/bmj.i3189
http://doi.org/10.1160/TH17-01-0068
http://doi.org/10.1001/jamacardio.2017.1883
http://www.ncbi.nlm.nih.gov/pubmed/28614582
http://doi.org/10.1161/STROKEAHA.118.020232
http://www.ncbi.nlm.nih.gov/pubmed/30571400
http://doi.org/10.1002/cpt.2090
http://www.ncbi.nlm.nih.gov/pubmed/33113153
http://doi.org/10.1136/bmj.j510


J. Clin. Med. 2022, 11, 3788 14 of 16

36. Ramagopalan, S.V.; Sicras-Mainar, A.; Polanco-Sanchez, C.; Carroll, R.; De Bobadilla, J.F. Patient characteristics and stroke and
bleeding events in nonvalvular atrial fibrillation patients treated with apixaban and vitamin K antagonists: A Spanish real-world
study. J. Comp. Eff. Res. 2019, 8, 1201–1212. [CrossRef]

37. Staerk, L.; Gerds, T.A.; Lip, G.Y.H.; Ozenne, B.; Bonde, A.N.; Lamberts, M.; Fosbøl, E.; Torp-Pedersen, C.; Gislason, G.; Olesen, J.B.
Standard and reduced doses of dabigatran, rivaroxaban and apixaban for stroke prevention in atrial fibrillation: A nationwide
cohort study. J. Intern. Med. 2017, 283, 45–55. [CrossRef]

38. Wanat, M.A.; Wang, X.; Ms, R.P.; Chen, H.; Johnson, M.L.; Fleming, M.L.; Abughosh, S.M. Warfarin vs. apixaban in nonvalvular
atrial fibrillation, and analysis by concomitant antiarrhythmic medication use: A national retrospective study. Res. Pract. Thromb.
Haemost. 2019, 3, 674–683. [CrossRef]

39. Jansson, M.; Själander, S.; Sjögren, V.; Renlund, H.; Norrving, B.; Själander, A. Direct comparisons of effectiveness and safety of
treatment with Apixaban, Dabigatran and Rivaroxaban in atrial fibrillation. Thromb. Res. 2020, 185, 135–141. [CrossRef]

40. Rutherford, O.-C.W.; Jonasson, C.; Ghanima, W.; Söderdahl, F.; Halvorsen, S. Comparison of dabigatran, rivaroxaban, and
apixaban for effectiveness and safety in atrial fibrillation: A nationwide cohort study. Eur. Heart J.-Cardiovasc. Pharmacother. 2020,
6, 75–85. [CrossRef]

41. Staerk, L.; Fosbøl, E.; Lip, G.Y.; Lamberts, M.; Bonde, A.N.; Torp-Pedersen, C.; Ozenne, B.; Gerds, T.A.; Gislason, G.H.; Olesen, J.B.
Ischaemic and haemorrhagic stroke associated with non-vitamin K antagonist oral anticoagulants and warfarin use in patients
with atrial fibrillation: A nationwide cohort study. Eur. Heart J. 2016, 38, 907–915. [CrossRef]

42. Fralick, M.; Colacci, M.; Schneeweiss, S.; Huybrechts, K.F.; Lin, K.J.; Gagne, J.J. Effectiveness and Safety of Apixaban Compared
with Rivaroxaban for Patients with Atrial Fibrillation in Routine Practice. Ann. Intern. Med. 2020, 172, 463. [CrossRef] [PubMed]
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