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Abstract
Background This meta-analysis aimed to evaluate the efficacy and safety of non-vitamin K antagonist oral anticoagulants
(NOACs) versus vitamin K antagonists (VKAs) in secondary stroke prevention in atrial fibrillation (AF) patients.
Methods PubMed and Embase electronic databases were systematically searched from January 2009 to July 2019 for relevant
randomized clinical trials and observational studies. A random-effects model was applied in the pooled analysis.
Results A total of 14 studies (4 randomized clinical trials and 10 observational studies) were included. Based on the randomized
clinical trials, compared with VKA use, the use of NOACs was associated with decreased risk of stroke and systemic embolism,
major bleeding, and intracranial bleeding. Based on the observational studies, compared with VKAs, the subgroup analysis
showed that dabigatran and rivaroxaban were associated with a reduced risk of stroke or systemic embolism, whereas dabigatran
and apixaban were associated with a decreased risk of major bleeding.
Conclusion Based on current data, the use of NOACs is at least non-inferior to the use of VKAs in AF patients for secondary
stroke prevention irrespective of NOAC type.
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Introduction

Oral anticoagulants are the first-line therapy for atrial fibrilla-
tion (AF) in the prevention of stroke. Vitamin K antagonists
(VKAs) such as warfarin have been widely used in AF pa-
tients for decades. Previous studies have indicated that warfa-
rin can achieve a two-thirds reduction in the primary preven-
tion of stroke [1–3], and a similar risk reduction has been
shown in secondary stroke prevention observational studies.
Since 2009, non-vitamin K antagonist oral anticoagulants
(NOACs; dabigatran, apixaban, edoxaban, and rivaroxaban)
have provided an alternative therapy that is at least non-
inferior to warfarin for thromboprophylaxis. AF is associated
with the incidence of stroke-related death and disability in up
to 15–25% of cases [4, 5]. A history of stroke/transient ische-
mic attack (TIA)/stroke or systematic embolism (SSE) is con-
sidered a risk factor for embolism in AF patients. Early recur-
rence of stroke is common when AF patients have a history of
stroke/TIA/SSE. They are also more prone to hemorrhagic
events after being prescribed oral anticoagulants. It is thus of
great importance to evaluate the application of anticoagulants
in AF patients regarding secondary stroke prevention.
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In 2012, Ntaios et al. [6] pooled the data from randomized
clinical trials (RCTs) comparing different NOACs
(dabigatran, rivaroxaban, and apixaban) versus warfarin in
AF patients with previous stroke/TIA. Their results indicated
that NOACs produced significant reductions in systemic em-
bolism, major bleeding, and hemorrhagic stroke compared
with warfarin, and a subsequent study that included data from
edoxaban confirmed these findings of Ntaios et al. [7]. In
addition, there are no differences in the effects of rivaroxaban
and warfarin in patients with mild AF-related acute ischemic
stroke [8]. However, the evidence generated from RCTs lacks
broad generalizability to patients in real-world settings.
Therefore, this meta-analysis aimed to compare the efficacy
and safety outcomes of NOACs versus VKAs in AF patients
with previous stroke/TIA/SSE using data from both RCTs and
observational studies.

Methods

This meta-analysis was carried out according to the Cochrane
Handbook for Systematic Reviews of Interventions [9] and
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses [10].

Eligibility Criteria

Studies were included if they met the following criteria:
(1) study population: non-valvular AF patients with pre-
vious stroke/TIA/systemic embolism who received at least
one NOAC compared to those who received VKAs. (2)
Interventions: any NOACs and VKAs. (3) Outcomes:
studies reported at least one of the efficacy or safety out-
comes. Efficacy outcomes included stroke or SSE, ische-
mic stroke (IS), and all-cause death, and safety outcomes
included major bleeding, intracranial hemorrhage (ICH),
and gastrointestinal (GI) bleeding. (4) Study design: RCTs
or observational studies. (5) Effect estimates: propensity
score-matched or adjusted risk ratios (RRs) and 95% con-
fidence intervals (CIs). Studies that reported AF patients
with certain interventions (e.g., cardioversion, catheter ab-
lation, coronary interventions, or left-atrial appendage clo-
sure) or with specific diseases (e.g., coronary artery dis-
ease, peripheral artery disease, liver disease, diabetes, or
cancer) were excluded. Publications with no data, such as
reviews, case reports, case series, editorials, letters, guide-
lines, and conference abstracts, were also excluded. If the
AF subjects in multiple studies were from the same data
source, the study with the longest study period or the
largest sample size was included.

Literature Search

PubMed and Embase electronic databases were systemat-
ically searched from January 2009 (since the first avail-
able NOAC, dabigatran, was applied to AF patients) to
July 2019 for studies that compared the effect between
any reduced-dose NOAC and VKAs in AF patients with
previous stroke/TIA/systemic embolism. As shown in
Supplemental Table I, the search strategy combined three
kinds of search terms using the Boolean operator “and”:
“atrial fibrillation OR atrial flutter” AND “non-vitamin K
antagonist oral anticoagulants OR NOACs OR direct oral
anticoagulants OR DOACs OR new oral anticoagulants
OR novel oral anticoagulants OR oral thrombin inhibitors
OR factor Xa inhibitors OR dabigatran OR rivaroxaban
OR apixaban OR edoxaban” AND “vitamin K antagonists
OR warfarin”. We applied no linguistic restrictions in the
literature search. The literature search strategy is shown in
Supplemental Table I. To ensure a comprehensive litera-
ture search, the reference lists of the retrieved studies
were screened to identify additional reports.

Study Selection and Data Extraction

All the retrieved studies were independently screened by two
reviewers (Xin Liu and Zi-Xuan Xu). According to the inclu-
sion and exclusion criteria, we first read the titles and abstracts
to identify potentially eligible studies, the full texts of which
were reviewed in more detail. Disagreements were resolved
by consensus or by a discussion with other authors (Ping Yuan
and Wen-Gen Zhu). For each study, we collected the follow-
ing data: the first author and publication year, country, study
design, inclusion period, data source, type of NOACs, follow-
up time of NOAC cohorts, and outcomes used in the study. If
one study reported adjusted RRs in multiple models, the most-
ly adjusted one was included.

Risk of Bias Assessment

For the RCTs, the bias risk was evaluated according to the
Cochrane risk of bias assessment tool [9]. The bias risk of
each study was scored as “low”, “unclear”, or “high” in each
section. A “low risk” was considered when three out of five
biases were “low” [11]. For the observational studies, the
modified Newcastle–Ottawa Scale (NOS) tool was applied
to evaluate the methodological quality [12, 13]. This scoring
scale involved three domains: the selection of cohorts, the
comparability of cohorts, and the assessment of the outcome.
A study with a NOS score of <6 was defined as low quality
[14].
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Statistical Analysis

The Cochrane Q test and I2 statistic were the most commonly
reported statistical methods to assess heterogeneity, where
P < 0.1 and I2 > 50% indicated a substantial heterogeneity,
respectively. The natural logarithms of RRs and standard er-
rors of included studies were calculated and then pooled by a
random-effects model using an inverse variance method. The
publication bias was assessed by using the funnel plots and
further calculated by using the Egger and Begg tests.
Sensitivity analysis and subgroup analysis were performed
where appropriate.

All statistical analyses were performed using the Review
Manager 5.3 software (the Nordic Cochrane Center,
Rigshospitalet, Denmark) and Stata software (version 15.0,
Stata Corp LP, College Station, TX, USA).

Results

Study Selection

The process for electronic retrievals is shown in Supplemental
Fig. I. A total of 16 studies (5 sub-analyses of RCTs [8, 15–18]
and 11 observational studies [19–29]) were potentially quali-
fied. In order to show the reliability of all the included studies,
the source and the size of participants have been listed in
Supplemental Table II. In addition, two studies focusing on
AF patients with acute ischemic stroke were excluded [8, 21].
Finally, four sub-analyses of RCTs and 10 observational stud-
ies were included in this meta-analysis. The baseline charac-
teristics of the included studies are shown in Supplemental
Table II. Analysis of four post-proof-of-concept (PoC) RCTs
provided the initial anticoagulation therapy. All patients were
randomized after day 7 post-stroke in ARISTOTLE [30] and
after day 15 in both RE-LY [31] and ROCKET [32]. The
ENGAGE AF-TIMI 48 trial [33] excluded patients with any
ischemic stroke type up until day 30. Regarding the observa-
tional studies, the information of anticoagulation agents was
list in the Supplemental Table II, without details about the
initial NOACs available. For the quality assessment, the four
sub-analyses of RCTs had a low risk of bias, whereas the 10
observational cohorts had an acceptable quality with a NOS
score of ≥6.

NOACs Versus VKAs Based on RCTs

Efficacy

Compared with VKA use, the use of NOACs was associated
with decreased risk of SSE (with stroke/TIA: RR, 0.82, 95%
CI 0.71–0.94; without stroke/TIA: RR, 0.80, 95% CI 0.70–
0.92; Pinteraction = 0.88; Supplemental Fig. II). A similar rate of

IS was observed in patients with and without previous stroke/
TIA (Supplemental Fig. III). As shown in Table 1, there was
no difference in the risk of all-cause death between patients
without previous stroke/TIA (RR, 0.91, 95% CI 0.85–0.97)
and those with previous stroke/TIA (RR, 0.91, 95% CI 0.82–
1.01) (Pinteraction = 0.99; Supplemental Fig. IV) (Fig. 1).

Safety

Compared with VKA use, the use of NOACs was associated
with decreased rates of major bleeding (with stroke/TIA: RR,
0.85, 95% CI 0.73–0.98; without stroke/TIA: RR, 0.85, 95%
CI 0.74–0.99; Pinteraction = 0.96; Supplemental Fig. V) and
intracranial bleeding (with stroke/TIA: RR, 0.46, 95% CI
0.31–0.68; without stroke/TIA: RR, 0.43, 95% CI 0.35–
0.53; Pinteraction = 0.76; Supplemental Fig. VI) in AF patients
with or without previous stroke/TIA. There was a similar risk
of GI bleeding in patients with and without previous stroke/
TIA (Supplemental Fig. VII) (Fig. 2, Table 1).

NOACs Versus VKAs Based on Observational Studies

Sensitivity analysis was performed by excluding the study of
Lip GY et al. since the studied populations were AF patients
with stroke/systemic embolism (SSE), and the results were not
changed. (Supplemental Table III).

Efficacy

Compared with VKA use, the use of NOACs was associated
with reduced risk of SSE (RR, 0.79, 95% CI 0.72–0.88;
Fig. 3) and all-cause death (RR, 0.84, 95% CI 0.74–0.95;
Supplemental Fig. VIII) but a comparable risk of IS (RR,
0.87, 95% CI 0.74–1.03; Supplemental Fig. IX) and myocar-
dial infarction (MI) (RR, 1.08, 95% CI 0.81–1.43;
Supplemental Fig. X).

Safety

Compared with the VKA users, the users of NOACs had
reduced risk of major bleeding (RR, 0.70, 95% CI 0.57–
0.84; Fig. 4) and ICH (RR, 0.44, 95% CI 0.34–0.57;
Supplemental Fig. XI) in secondary stroke prevention in AF
patients. We found a similar risk of GI bleeding (RR, 1.06,
95% CI 0.86–1.31; Supplemental Fig. XII) in these two
groups.

Subgroup Analysis

We performed a subgroup analysis based on the NOAC types.
Compared with VKAs, dabigatran (RR, 0.83, 95% CI 0.75–
0.93) and rivaroxaban (RR, 0.76, 95% CI 0.69–0.84), but not
apixaban (RR, 0.78, 95% CI 0.60–1.02), reduced the risk of
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SSE (Fig. 5), and dabigatran (RR, 0.62, 95% CI 0.47–0.83)
and apixaban (RR, 0.68, 95% CI 0.57–0.82), but not

rivaroxaban (RR, 1.02, 95% CI 0.85–1.23), were associated
with a decreased risk of major bleeding (Fig. 6). Data

Efficacy analysis: AF patients with stroke/TIA 

Fig. 1 Comparing efficacy-related outcomes of NOACs with warfarin in
AF patients with previous stroke or TIA based on RCTs. Abbreviations:
SSE = stroke or systemic embolism; IS = ischemic stroke; AF = atrial fi-
brillation; NOACs = non-vitamin K antagonist oral anticoagulants; DA =

dabigatran; RIV = rivaroxaban; API = apixaban; EDO = edoxaban;
TIA = transient ischemic attack; CI = confidence interval; SE = standard
error; IV = inverse of the variance; RCTs = randomized clinical trials

Table 1 RRs and 95% CIs of NOACs versus warfarin in AF patients with or without previous stroke or TIA using randomized clinical trials

No. of reports RRs and 95% CIs Pinteraction

Stroke or systemic embolism

Previous stroke or TIA 5 0.82 [0.71, 0.94] 0.88
No previous stroke or TIA 5 0.80 [0.70, 0.92]

Ischemic stroke

Previous stroke or TIA 6 0.94 [0.82, 1.07] 0.77
No previous stroke or TIA 5 0.91 [0.81, 1.04]

All-cause death

Previous stroke or TIA 5 0.91 [0.82, 1.01] 0.99
No previous stroke or TIA 5 0.91 [0.85, 0.97]

Major bleeding

Previous stroke or TIA 5 0.85 [0.73, 0.98] 0.96
No previous stroke or TIA 5 0.85 [0.74, 0.99]

Intracranial hemorrhage

Previous stroke or TIA 6 0.46 [0.31, 0.68] 0.76
No previous stroke or TIA 5 0.43 [0.35, 0.53]

Gastrointestinal bleeding

Previous stroke or TIA 3 1.16 [0.86, 1.77] 0.92
No previous stroke or TIA 3 1.12 [0.85, 1.48]

Abbreviations: AF = atrial fibrillation; NOACs = non-vitamin K antagonist oral anticoagulants; TIA = transient ischemic attack; RR = risk ratio; CI =
confidence interval
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regarding other efficacy and safety outcomes suggested that
NOACs had lower or similar rates of thromboembolic and
bleeding events relative to VKAs (Supplemental Figs. XIII,
XIV, XV, and XVI). Additional subgroup analysis was con-
ducted regarding different prior stroke types. The results sug-
gested that NOACs had lower or similar rates of thromboem-
bolic and bleeding events compared with VKAs. There was
no difference between AF and different types of previous
stroke (all Pinteraction>0.5) (Supplemental Table IX).

Publication Bias

There were seemingly no potential publication biases indicated
by the funnel plots (Supplemental Figs. XVII andXVIII). For the
observational studies, Egger and Begg tests were also performed.
The results for some reported outcomes indicated certain publi-
cation biases (Supplemental Fig. XIX). Nevertheless, the results
from the trim-and-fill analysis showed no trimming performed,
and the corresponding pooled results were not changed.

Safety analysis: AF patients with stroke/TIA 

Fig. 2 Comparing the safety-related outcomes of NOACs with warfarin
in AF patients with previous stroke or TIA based on RCTs.
Abbreviations: ICH = intracranial hemorrhage; GI bleeding = gastrointes-
tinal bleeding; AF = atrial fibrillation; NOACs = non-vitamin K

antagonist oral anticoagulants; DA = dabigatran; RIV = rivaroxaban;
API = apixaban; EDO = edoxaban; TIA = transient ischemic attack;
CI = confidence interval; SE = standard error; IV = inverse of the vari-
ance; RCTs = randomized clinical trials
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Fig. 3 Comparison of the outcome of SSE with NOACs versus VKAs in
secondary stroke prevention in AF patients based on observational
studies. Abbreviations: SSE = stroke or systemic embolism; AF = atrial
fibrillation; NOACs = non-vitamin K antagonist oral anticoagulants;

VKAs = vitamin K antagonists; DA = dabigatran; RIV = rivaroxaban;
API = apixaban; EDO = edoxaban; TIA = transient ischemic attack;
CI = confidence interval; SE = standard error; IV = inverse of the
variance; RCTs = randomized clinical trials
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Discussion

Our meta-analysis pooled the data from 4 sub-analyses from
RCTs and 10 observational studies to evaluate the compari-
sons of efficacy and safety outcomes for NOACs and VKAs

in AF patients with stroke/TIA. The pooled RCT data show
that the use of NOACs was associated with decreased risk of
stroke or systemic embolism, major bleeding, and ICH when
compared with VKA use. Similar efficacy and safety out-
comes (NOACs versus VKAs) are indicated for AF patients

 

SSE_Real World_Subgroup 

(Denmark)

(Denmark)

(Denmark)

(Korea)

(Korea)

(Korea)

(Korea)

(Korea)

(Taiwan China)

(Taiwan China)

(Taiwan China)

(United States)

(United States)

(United States)

(United States)

Fig. 5 Comparison of the outcome of SSE with different NOACs versus
VKAs in secondary stroke prevention in AF patients based on
observational studies. Abbreviations: SSE = stroke or systemic
embolism; AF = atrial fibrillation; NOACs = non-vitamin K antagonist

oral anticoagulants; VKAs = vitamin K antagonists; DA = dabigatran;
RIV = rivaroxaban; API = apixaban; TIA = transient ischemic attack;
CI = confidence interval; SE = standard error; IV = inverse of the
variance; RCTs = randomized clinical trials
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Fig. 4 Comparison of major bleeding with NOACs versus VKAs in
secondary stroke prevention in AF patients based on observational
studies. Abbreviations: AF = atrial fibrillation; NOACs = non-vitamin K
antagonist oral anticoagulants; VKAs = vitamin K antagonists; DA =

dabigatran; RIV = rivaroxaban; API = apixaban; EDO = edoxaban;
TIA = transient ischemic attack; CI = confidence interval; SE = standard
error; IV = inverse of the variance; RCTs = randomized clinical trials
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with and without previous stroke. In addition, this is the first
study to include observational study data to compare the out-
comes of NOACs and VKAs in this population of interest.
Compared with VKAs, subgroup analysis showed that
dabigatran and rivaroxaban were associated with a reduced
risk of stroke or systemic embolism, whereas dabigatran and
apixaban were associated with a decreased risk of major
bleeding. Overall, NOACs are at least non-inferior to VKAs
in secondary stroke prevention in AF patients, irrespective of
the NOAC type.

Data from both the RCTs [34–38] and observational studies
[10, 39, 40] show the superiority of NOACs in the reduction
of hemorrhagic-related adverse outcomes, including ICH and
GI bleeding. In the present study, among AF patients with a
history of stroke/TIA/SSE, NOACs show better reductions in
the risk of SSE and ICH than VKAs. Among the mild AF-
related acute ischemic stroke patients, rivaroxaban and VKAs
show comparable effectiveness and safety profiles, as is
reflected by the recurrence of IS and the incidence of ICH
based on magnetic resonance imaging (MRI) diagnosis [8].
The specific-dose analysis of dabigatran from the RE-LY trial
[17] was also included in this study. The regular dose (150mg,

bid) and low dose (110 mg, bid) of dabigatran did not show
superiority but did show comparable efficacy compared with
VKAs regarding SSE, while the low dose of dabigatran was
safer with regard to major bleeding, ICH, and GI bleeding. In
addition, NOACs showed advantages over VKAs regardless
of the presence or absence of previous stroke/TIA in the
RCTs.

Data from observational studies suggest that when com-
pared with VKAs, NOACs show at least comparable effec-
tiveness and greater safety among AF patients [29, 41].
Specifically, several meta-analyses indicated that when AF
patients had other conditions, such as chronic kidney disease
[42], percutaneous coronary intervention after myocardial in-
farction [43], or cancer [44], NOACs were more effective and
safer for them than VKAs. However, there are limited data
focusing on AF patients with a history of stroke/TIA/SSE,
which is one of the most common complications in observa-
tional cohort studies. In a previous study, NOACs were found
to be an independent factor negatively correlated with acute
major cerebral artery occlusion in acute cardioembolic stroke
with non-valvular AF when compared with either no
anticoagulation or VKAs [45]. Another study reported that
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Fig. 6 Comparison of major bleeding with different NOACs versus
VKAs in secondary stroke prevention in AF patients based on
observational studies. Abbreviations: AF = atrial fibrillation; NOACs =
non-vitamin K antagonist oral anticoagulants; VKAs = vitamin K

antagonists; DA = dabigatran; RIV = rivaroxaban; API = apixaban;
TIA = transient ischemic attack; CI = confidence interval; SE = standard
error; IV = inverse of the variance; RCTs = randomized clinical trials
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AF patients with a history of ISwere more likely to experience
TIA and partial anterior circulation infarct, which are usually
indicators of less severe infarcts and better functional out-
comes [46], when they were treated with NOACs versus
VKAs. However, in the acute phase, thrombolysis was more
common in the VKA group. Our meta-analysis data suggest
that NOACs are associated with reduced risk of SSE and all-
cause death, but have a comparable risk of IS. In terms of
safety, NOACs reduce the rates of major bleeding and ICH,
but have a similar risk of GI bleeding in AF patients with
previous stroke/TIA/SSE when compared with VKAs.

However, the results from the sub-analysis of different
types of NOACs varied. When compared with VKAs,
dabigatran and rivaroxaban, but not apixaban, significantly
reduced the risk of SSE, while in terms of safety, dabigatran
and apixaban, but not rivaroxaban, significantly decreased the
risk of major bleeding. It has been observed that all three
NOACs have similar anti-embolism effects, while both
dabigatran and apixaban show a significantly reduced rate of
major bleeding in real-world applications [27]. This indicates
that the effectiveness and safety event rates for rivaroxaban
treatment are higher in AF patients with prior stroke/TIA than
in those without stroke [47]. We did not present the edoxaban
data because only one study compared the effects of edoxaban
and VKAs [25]. According to the data in the present meta-
analysis, we can conclude that the use of NOACs is at least
non-inferior to the use of VKAs in AF patients with previous
stroke/TIA/SSE. Taking the advantages of NOAC application
into consideration, including rapid onset/offset of action, few
drug interactions, predictable pharmacokinetics, and eliminat-
ing the requirement for regular coagulation monitoring,
NOACs would be a better choice in the clinical setting.

Limitations

This is the first meta-analysis evaluating the safety and effica-
cy of NOACs versus VKAs among AF patients with and
without previous stroke/TIA that provides robust evidence to
fill the gap in knowledge regarding primary and secondary
stroke prevention in AF patients. However, several limitations
should be noted. Patients with AF who had a stroke/TIA/SSE
history were at high risk for recurrent ischemic stroke, espe-
cially in the early phase after stroke, and the incidence of
ischemic stroke recurrence related to AF was found to be as
high as 8% during the first 14 days [48]. Early prescriptions of
NOACs do not increase the risk of ICH, but do decrease
recurrent ischemic stroke. The timing of the initial secondary
stroke prevention apart from anticoagulation agents should be
taken into consideration. Due to the limited data regarding the
initial time point of NOAC administration and early outcome
in these specific patients, subgroup analysis was not available
in this meta-analysis. Future studies are warranted to address

the best treatment window. The baseline severity of stroke
could be closely related to the prognosis. The National
Institutes of Health Stroke Scale should be the primary assess-
ment of AF patients with previous stroke before
anticoagulation application. As such, subgroup analysis re-
garding the severity of stroke could not be performed due to
the limited data. For the observational cohort studies, limita-
tions arise from the bias of prescriptions from doctors and the
lack of information about patient adherence and persistence.
The proportion of patients treated with warfarin within the
therapeutic range varied among the RCTs and was absent in
most of the observational studies. Due to the lack of compar-
isons among different NOAC agents, it is too early to deter-
mine which one would be the best choice for AF patients with
a history of ischemic stroke or TIA or systematic embolism.

Conclusions

In both RCTs and observational studies for secondary stroke
prevention among AF patients, NOACs demonstrated a de-
creased risk of SSE and a lower rate of major bleeding and
ICH compared with VKAs.
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