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Randomized controlled trials (RCTs) constitute the most 
rigorous method to assess the effectiveness of a treat-

ment for a specific disease, minimizing the possibility that the 
identified effect is caused by a confounding factor and lim-
iting systematic differences between the treatment groups. 
RCTs and their meta-analyses represent the highest quality of 
medical evidence and form the basis for the development of 
guidelines by healthcare organizations.1,2 However, RCTs are 
limited by their restricted generalizability to larger and often 

more representative populations of patients, healthcare provid-
ers, and settings where concomitant diseases, medications, and 
adherence to treatment may significantly differ.3 Furthermore, 
systematic collection of data on added patients may help to 
identify additional risk in specific treatments or patient groups.

Evidence derived from sources outside the typical clinical 
research setting—usually referred to as real-world or phase 
IV evidence—like electronic health records, claims and bill-
ing data, and disease registries complements the evidence 

Background and Purpose—Evidence from the real-world setting complements evidence coming from randomized 
controlled trials. We aimed to summarize all available evidence from high-quality real-world observational studies 
about efficacy and safety of nonvitamin-K oral anticoagulants compared with vitamin-K antagonists in patients with 
atrial fibrillation.

Methods—We searched PubMed and Web of Science until January 7, 2017 for observational nationwide or health insurance 
databases reporting matched or adjusted results comparing nonvitamin-K oral anticoagulants versus vitamin-K antagonists 
in patients with atrial fibrillation. Outcomes assessed included ischemic stroke, ischemic stroke or systemic embolism, 
any stroke or systemic embolism, myocardial infarction, intracranial hemorrhage, major hemorrhage, gastrointestinal 
hemorrhage, and death.

Results—In 28 included studies of dabigatran, rivaroxaban, and apixaban compared with vitamin-K antagonists, all 3 
nonvitamin-K oral anticoagulants were associated with a large reduction of intracranial hemorrhage (apixaban hazard 
ratio [HR], 0.45; 95% confidence interval [CI], 0.31–0.63; dabigatran HR, 0.42; 95% CI, 0.37–0.49; rivaroxaban HR, 
0.64; 95% CI, 0.47–0.86); similar rates of ischemic stroke and ischemic stroke or systemic embolism (apixaban HR, 
1.05; 95% CI, 0.75–1.19 and HR, 1.08; 95% CI, 0.95–1.22 / dabigatran HR, 0.96; 95% CI, 0.80–1.16 and HR, 1.17; 95% 
CI, 0.92–1.50 / rivaroxaban HR, 0.89; 95% CI, 0.76–1.04 and HR, 0.73; 95% CI, 0.52–1.04, respectively); apixaban and 
dabigatran with lower mortality (HR, 0.65; 95% CI, 0.56–0.75 and HR, 0.63; 95% CI, 0.53–0.75, respectively); apixaban 
with fewer gastrointestinal (HR, 0.63; 95% CI, 0.42–0.95) and major hemorrhages (HR, 0.55; 95% CI, 0.48–0.63); 
dabigatran and rivaroxaban with more gastrointestinal hemorrhages (HR, 1.20; 95% CI, 1.06–1.36 and HR, 1.24; 95% 
CI, 1.08–1.41, respectively); dabigatran and rivaroxaban with similar rate of myocardial infarction (HR, 0.96; 95% CI, 
0.77–1.21 and HR, 1.02; 95% CI, 0.54–1.89, respectively).

Conclusions—This meta-analysis confirms the main findings of the randomized controlled trials of dabigatran, rivaroxaban, 
and apixaban in the real-world setting and, hence, strengthens their validity.   (Stroke. 2017;48:2494-2503. DOI: 10.1161/
STROKEAHA.117.017549.)
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coming from RCTs.3 When RCTs and real-world evidence 
point toward the same conclusion, they provide a strong argu-
ment supporting its validity and robustness. Nonetheless, 
pooling of large data sets of heterogeneous quality without 
proper matching statistical techniques, such as propensity-
score matching, may result in flawed inferences.3

For many decades, vitamin-K antagonists (VKAs) were 
the only available class of anticoagulants for the prevention 
of the embolic complication of atrial fibrillation (AF). During 
the past decade, 4 new nonvitamin-K oral anticoagulants 
(NOACs, sometimes referred to as direct oral anticoagulants4) 
have been tested and approved for patients with AF: dabiga-
tran, rivaroxaban, apixaban, and edoxaban. The RCTs of these 
drugs showed that they are at least as effective as VKAs and 
safer in several respects.5–8

More recently, several reports were published providing infor-
mation about the safety and efficacy of NOACs in the real-world 
setting. However, these reports vary significantly with regard to 
the source of the data and the analytic methodology.

The aim of the present study is to perform a systematic 
review of the available real-world evidence from large-scale, 
high-quality phase IV studies focused on the efficacy and 
safety of NOACs compared with VKAs.

Methods

Search Strategy and Inclusion Criteria
The literature search was performed in 2 databases by 2 investigators 
with experience in literature search (GN and VP): PubMed and Web 
of Science for the period between first available date and January 7, 
2017. The search terms were non valvular atrial fibrillation OR atrial 
fibrillation AND nonvitamin-K-antagonists OR new oral anticoagu-
lants OR novel oral anticoagulants OR dabigatran OR rivaroxaban OR 
apixaban OR edoxaban AND vitamin-K antagonists OR warfarin OR 
coumadin OR acenocoumarol AND real world OR observational OR 
registry. We also checked the references of related letters, reviews, and 
editorials and contacted experts in the field to identify potentially eli-
gible studies that may have not been included in the literature yield. To 
be eligible for inclusion in this meta-analysis that was not pre-planned, 
the studies had to be observational studies comparing ≥1 NOACs with 
VKA; to ensure that the highest quality data sets are included, only 
nationwide or health insurance claims databases reporting matched or 
adjusted results were eligible. In all comparisons, VKA was used as 
the reference. For outcomes analyses in which some of the included 
studies have used the same data source, we included only the one 
with the longest study period unless the study periods did not overlap 
between studies or unless the study included also data from another 
source. Studies that did not report matched or adjusted results—but 
reported only crude results—were excluded. We also excluded studies 
published only in abstract form or unpublished studies. This system-
atic review was conducted and reported based on the Meta-analysis 
of Observational Studies in Epidemiology guidelines (Table I in the 
online-only Data Supplement).9

Study Selection, Data Extraction, Study 
Outcomes, and Assessment of Bias
Two authors (GN and VP) reviewed the literature yield, evaluated 
the eligibility of the studies, and extracted information about study 
characteristics, patient demographics, comorbidities, follow-up dura-
tion, and outcomes. The selection criteria were not pre-planned. Any 
discrepancy or uncertainty was resolved by consensus or discussion 
with the other authors.

The outcomes assessed included ischemic stroke, ischemic stroke 
or systemic embolism, any stroke or systemic embolism, myocardial 

infarction, intracranial hemorrhage, major hemorrhage, gastrointesti-
nal hemorrhage, and death.

Assessment of the risk of bias was performed according to the 
Grading of Recommendations Assessment, Development and 
Evaluation working group.10 In particular, we assessed the risk for the 
following biases: failure to develop and apply appropriate eligibil-
ity criteria (inclusion of control population), flawed measurement of 
both exposure and outcome, failure to adequately control confound-
ing, and incomplete follow-up.

Statistical Analysis
We pooled logarithmic hazard ratios (HR) of the adjusted or matched 
effect estimates and the corresponding standard errors on a random-
effects analysis. Logarithmic HR were calculated as ln(HR); standard 
errors were calculated as (upper confidence interval [CI] − lower 
CI)/3.92. Pooled effect estimates and the corresponding variance 
were presented as HR and 95% CI.

For all statistical comparisons, the level of significance was set at 95%. 
Heterogeneity between trials was assessed by the I2 index that measures 
the percentage of the variability in effect estimates, which is attributable 
to heterogeneity. Funnel plot of the reported effect estimates was used 
to assess for risk of publication bias. All analyses were performed with 
the Review Manager (computer program, version 5.0; Copenhagen: The 
Nordic Cochrane Center, The Cochrane Collaboration, 2008).

Results
The literature search yielded 803 results of which 28 were 
finally included in the study (Figure I in the online-only Data 
Supplement).11–38 Dabigatran use was assessed in 24 stud-
ies, rivaroxaban in 14, apixaban in 7, and VKA in 23 stud-
ies; no study assessed edoxaban. The main characteristics of 
the studies included in the meta-analysis are summarized in 
Table II in the online-only Data Supplement, whereas Table 
III in the online-only Data Supplement presents the studies 
that had overlapping data sources per outcome and our actions 
to minimize over-representation of the overlapping studies to 
the pooled effect estimates, as well as the difference in the 
pooled effect estimates with and without our actions. We did 
not detect any significant risk of bias for the included studies 
(Figure II in the online-only Data Supplement).

Dabigatran Versus VKA
Compared with VKA, dabigatran was associated with lower 
risk for intracranial hemorrhage in 12 studies that included 
606 855 patients (HR, 0.42; 95% CI, 0.37–0.49)12,13,16,19,20,28,29,31–

34,38 and lower risk for death in 6 studies that included 319 486 
patients (HR, 0.63; 95% CI, 0.52–0.76)16,19,23,28,32,37 (Figure 1).

There was no statistical difference between dabigatran and 
VKA for the outcomes of ischemic strokes in 9 studies that 
included 476 924 patients (HR, 0.96; 95% CI, 0.80–1.16)11–

13,16,19,23,24,29,31–33,35,37; ischemic stroke or systemic embolism in 
7 studies that included 234 739 patients (HR, 1.17; 95% CI, 
0.92–1.50)14,15,24,27,30,31; any stroke or systemic embolism in 
2 studies that assessed 66 992 patients (HR, 0.93; 95% CI, 
0.77–1.14)29,33; major hemorrhage in 13 studies that included 
348 896 patients (HR, 0.83; 95% CI, 0.65–1.05)14,16,20,21,23,26–

30,32–34; myocardial infarction in 5 studies that included 316 180 
patients (HR, 0.96; 95% CI, 0.77–1.21)13,14,16,32,36 (Figure 1).

We identified 10 studies that included 537 770 patients 
which assessed the outcome of gastrointestinal hemorrhage 
and reported higher risk of dabigatran compared with VKA 
(HR, 1.20; 95% CI, 1.06–1.36)12,13,16,19,20,28,32–34,38 (Figure 1).
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There was significant heterogeneity in all analyses with the 
exception of the outcome of intracranial hemorrhage and any 
stroke or systemic embolism (Figure 1). There was no indica-
tion of publication bias by the funnel plots (Figure III in the 
online-only Data Supplement).

Rivaroxaban Versus VKA
Compared with VKA, rivaroxaban was associated with lower 
risk for intracranial hemorrhage in 7 studies that included 
136 221 patients (HR, 0.64; 95% CI, 0.47–0.86)13,15,17,20,22,31,33 
(Figure 2).

A

Figure 1. A, Dabigatran vs vitamin-K antagonists (VKAs) for efficacy outcomes: ischemic stroke (top), ischemic stroke or systemic 
embolism (middle top), any stroke or systemic embolism (middle bottom), and myocardial infarction (bottom). (Continued )
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B

Figure 1 Continued. B, Dabigatran vs VKAs for safety outcomes: intracranial hemorrhage (top), gastrointestinal hemorrhage (middle 
top), major hemorrhage (middle bottom), and death (bottom). CI indicates confidence interval.
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There was no statistical difference between rivaroxaban 
and VKA for the outcomes of ischemic stroke in 5 studies 
that included 108 810 patients (HR, 0.89; 95% CI, 0.76–
1.04)13,17,22,31,33; ischemic stroke or systemic embolism in 4 
studies that included 54 577 patients (HR, 0.73; 95% CI, 0.52–
1.04)14,15,27,31; any stroke or systemic embolism in 2 studies that 
included 50 620 patients (HR, 0.87; 95% CI, 0.71–1.07)22,33; 
major hemorrhage in 8 studies that assessed 167 532 patients 
(HR, 1.00; 95% CI, 0.92–1.08)14,15,20,22,23,26,27,33; myocardial 
infarction in 2 studies that included 24 621 patients (HR, 1.02; 
95% CI, 0.54–1.89)13,14; and death in 2 studies that included 
51 795 patients (HR, 0.67; 95% CI, 0.35–1.30)15,23 (Figure 2).

We identified 4 studies that included 71 368 patients which 
assessed the outcome of gastrointestinal hemorrhage and 
reported higher risk of rivaroxaban compared with VKA (HR, 
1.24; 95% CI, 1.08–1.41)13,15,22,33 (Figure 2).

There was significant heterogeneity for the outcomes of 
intracranial hemorrhage and death (Figure 2). There was no 
indication of publication bias by the funnel plots (Figure III in 
the online-only Data Supplement).

Apixaban Versus VKA
Compared with VKA, apixaban was associated with 
lower risk for intracranial hemorrhage in 4 pooled studies 
that included 66 482 patients (HR, 0.45; 95% CI, 0.31–
0.63)17,20,31,33; lower risk for gastrointestinal hemorrhage 
in 2 studies that included 33 323 patients (HR, 0.63; 95% 
CI, 0.42–0.95)20,33; and lower risk for major hemorrhage in 
4 studies that included 89 036 patients (HR, 0.55; 95% CI, 
0.48–0.63).20,23,26,33 We identified only one study of 41 785 
patients which assessed death; it reported lower risk with 
apixaban compared with VKA (HR, 0.65; 95% CI, 0.56–
0.75).23 Also, we identified only one study of 15 390 patients 
which assessed the outcome of any stroke or systemic embo-
lism; it reported lower risk of apixaban compared with VKA 
(HR, 0.67; 95% CI, 0.46–0.98)33 (Figure 3).

There was no statistical difference between apixaban and 
VKA for the outcomes of ischemic stroke in 3 studies that 
included 48 549 patients (HR, 0.95; 95% CI, 0.75–1.19)17,31,33 
nor ischemic stroke or systemic embolism in one study of 
24 993 patients (HR, 1.07; 95% CI, 0.87–1.31)31 (Figure 3).

A

Figure 2 . A, Rivaroxaban vs vitamin-K antagonists (VKAs) for efficacy outcomes: ischemic stroke (top), ischemic stroke or systemic 
embolism (middle top), any stroke or systemic embolism (middle bottom), and myocardial infarction (bottom). (Continued )

D
ow

nloaded from
 http://ahajournals.org by on January 18, 2020



Ntaios et al  NOACs vs VKAs in AF: Real-World Data Meta-Analysis   2499

There was significant degree of heterogeneity in the analy-
sis of the outcomes of gastrointestinal hemorrhage (I2: 73%) 
but not for the other outcomes (Figure 3). There was no indi-
cation of publication bias by the funnel plots (Figure III in the 
online-only Data Supplement).

Discussion
The present meta-analysis of real-world data shows that dabi-
gatran, rivaroxaban, and apixaban, as compared with VKAs, 
are associated with lower risk of intracranial hemorrhage and 
similar risk of ischemic stroke and ischemic stroke or sys-
temic embolism; apixaban and dabigatran with lower risk 
of mortality; apixaban with fewer gastrointestinal and major 
hemorrhages; dabigatran and rivaroxaban with higher risk of 

gastrointestinal hemorrhage; dabigatran and rivaroxaban with 
a similar rate of myocardial infarction. Therefore, these data 
support the findings of the RCTs, do not uncover new safety 
concerns, and strengthen their validity.

The confirmation of a large effect of all 3 studied NOACs 
on the safety outcome of intracranial hemorrhage is reassur-
ing, with the relative reductions ranging from 36% (for rivar-
oxaban) to 58% (for dabigatran).

On the contrary, the effect of the NOACs compared with 
VKAs for the outcome of major hemorrhage was not uniform. 
In the present analysis, compared with VKAs, apixaban was 
associated with lower risk of major hemorrhage, whereas 
dabigatran and rivaroxaban had similar risk. Again, these 
findings support the finding of the corresponding RCTs: in 

B

Figure 2 Continued. B, Rivaroxaban vs VKAs for safety outcomes: intracranial hemorrhage (top), gastrointestinal hemorrhage (middle 
top), major hemorrhage (middle bottom), and death (bottom). CI indicates confidence interval.
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B

A

Figure 3. A, Apixaban vs vitamin-K antagonists (VKAs) for efficacy outcomes: ischemic stroke (top), ischemic stroke or systemic embo-
lism (middle), and any stroke or systemic embolism (bottom). B, Apixaban vs VKAs for safety outcomes: intracranial hemorrhage (top), 
gastrointestinal hemorrhage (middle top), major hemorrhage (middle bottom), and death (bottom). CI indicates confidence interval.
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the ARISTOTLES trial (Apixaban for Reduction in Stroke 
and Other Thromboembolic Events in Atrial Fibrillation), 
apixaban was associated with a 31% reduction of major 
hemorrhage compared with warfarin.7 Such a reduction was 
not seen in the ROCKET-AF trial (Rivaroxaban Once Daily 
Oral Direct Factor Xa Inhibition Compared With Vitamin K 
Antagonism for Prevention of Stroke and Embolism Trial in 
Atrial Fibrillation) with rivaroxaban nor in the higher dose of 
dabigatran in RE-LY (Randomized Evaluation of Long-Term 
Anticoagulation Therapy); however, the lower dose of dabiga-
tran also showed a significant 20% reduction.5 The results of 
the present meta-analysis support the conclusions of the RCTs 
that the 3 studied NOACs are at least as safe as VKAs with 
regard to the outcome of major hemorrhage.

Similarly, our findings with regard to the outcome of gas-
trointestinal hemorrhage were consistent with the RCTs: 
compared with warfarin, in the RE-LY, the dabigatran 150 mg 
arm had a 48% increased risk of gastrointestinal hemorrhage 
that was not present with the 110 mg dose (relative risk, 1.50; 
95% CI, 1.19–1.89).5 In the ROCKET-AF, this risk for riva-
roxaban was increased by 46% as compared with warfarin,6 
whereas a nonsignification risk reduction of 11% was found 
in ARISTOTLE with apixaban.7

We found that apixaban and dabigatran had lower mortality 
compared with VKAs, and rivaroxaban had similar mortality 
to the VKAs. These results are consistent with the results of 
the RCTs: apixaban was associated with a significant 11% 
reduction of mortality in the ARISTOTLES trial7 and dabiga-
tran was associated with a borderline 10% reduction of mor-
tality for patients treated with the 150 mg twice daily dose.5 
On the contrary, rivaroxaban was not associated with a reduc-
tion in mortality in the ROCKET-AF trial.6

In their RCTs, apixaban and the higher dose of dabigatran 
were associated with a lower risk of ischemic stroke and sys-
temic embolism compared with VKAs5–8; these results were not 
replicated in the present meta-analysis, perhaps because of the 
availability of only a single study (in the case of apixaban) or 
because we did not perform dose-specific analyses. The pres-
ent meta-analysis found that all 3 studied NOACs had similar 
risk of ischemic stroke and ischemic stroke/systemic embolism 
compared with VKAs supporting in the real-world setting that 
these 3 NOACs are at least as effective as VKAs for the preven-
tion of ischemic stroke and ischemic stroke/systemic embolism.

In the RE-LY trial, there was a numeric, but not statisti-
cal, difference, for more myocardial infarctions in patients 
allocated to dabigatran compared with VKA, a finding that 
triggered a debate about the association between dabigatran 
and the risk of myocardial infarction.5,39–42 The present meta-
analysis of the outcome of myocardial infarction includ-
ing >300 000 patients indicates that the risk for myocardial 
infarction was similar between dabigatran- and VKA-treated 
patients and, hence, provides further arguments against a puta-
tive association between dabigatran and myocardial infarction.

The strengths of the present meta-analysis are its large 
sample size, the inclusion only of studies that reported proper 
matching techniques and were derived from nationwide or 
health insurance claims databases, and the assessment of 
hard clinically relevant outcomes. However, it is limited by 
potential unmeasured residual confounding, such as selective 

prescribing, lack of information about patient characteristics, 
patient adherence and persistence to treatment, time-within-
therapeutic-range for patients receiving VKA, and physician 
adherence to prescribing indications, which all may account 
for the heterogeneity identified for several outcomes and may 
potentially influenced the reported results. The knowledge 
of treatment allocation may introduce a bias that potentially 
affects the validity of the study results. Although this limita-
tion does not apply to deaths of all cause, the corresponding 
number of included studies is unfortunately rather small. The 
open-label character does not diminish the general value of the 
performed head-to-head comparisons, especially for NOAC 
trial results. Also, different doses of NOAC were not analyzed 
separately because of limited data and to avoid complexity. In 
addition, the included registries had not been organized pri-
marily as a research tool, and the accuracy and reliability of the 
data are therefore limited. Finally, the absence of phase IV data 
on edoxaban do not allow for any further analysis of this drug.

The current guidelines of the European Society of 
Cardiology recommend that NOACs should be preferred to 
VKAs in patients with AF who initiate anticoagulation. This 
recommendation is mainly driven by the significantly lower 
risk of the NOACs for intracranial hemorrhage compared 
with warfarin as concluded in the RCTs, as well as by other 
advantages of the NOACs over VKAs, such as better adher-
ence, limited drug–drug and food–drug interactions, no need 
for monitoring prothrombin time, or dose adjustments.43

The present meta-analysis supports the main conclusions of 
the RCTs of dabigatran, rivaroxaban, and apixaban in the real-
world setting and, hence, strengthens their validity.
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