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Abstract

Background: To overcome the several drawbacks of warfarin, non-vitamin K antagonist oral anticoagulants
(NOACGs) were developed. Even though randomized controlled trials (RCTs) provided high-quality evidence, the real-
world evidence is still needed. This systematic review and meta-analysis proposed to measure the safety and
efficacy profile between warfarin and NOACs in non-valvular atrial fibrillation (NVAF) patients in preventing stroke.

Results: We collected articles about the real-world studies comparing warfarin and NOACs for NVAF patients
recorded in electronic scientific databases such as Embase, ProQuest, PubMed, and Cochrane. The pooled hazard
ratio (HR) and 95% confidence interval (Cl) were estimated using the generic inverse variance method. A total of 34
real-world studies, including 2287288 NVAF patients, were involved in this study. NOACs effectively reduced the
stroke risk than warfarin (HR 0.77; 95% Cl 0.69 to 0.87; p < 0.01). Moreover, NOACs effectively lowered all-cause
mortality risk (HR 0.71; 95% Cl 0.63 to 0.81; p < 0.01). From the safety aspect, compared to warfarin, NOACs
significantly reduced major bleeding risk (HR 0.68; 95% CI 0.54 to 0.86; p < 0.01) and intracranial bleeding risk

(HR 0.54; 95% Cl 042 to 0.70; p < 0.01). However, NOACs administration failed to decrease gastrointestinal bleeding
risk (HR 0.78; 95% Cl 0.58 to 1.06; p = 0.12).

Conclusions: In NVAF patients, NOACs were found to be more effective than warfarin at reducing stroke risk.
NOACSs also lowered the risk of all-cause mortality, cerebral hemorrhage, and severe bleeding in NVAF patients
compared to warfarin.
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Background
Atrial fibrillation (AF) puts the patients at high risk for
stroke or other systemic thromboembolic events [1, 2].
Current guidelines from several cardiovascular societies
recommend oral anticoagulant treatment for long-term
stroke prevention strategy in AF patients [3-6]. War-
farin, a vitamin K antagonist (VKA), is an anticoagulant
widely used worldwide. It effectively reduces stroke risk
and mortality in AF patients [7]. However, warfarin has
several drawbacks, such as the narrow therapeutic win-
dow, the requirement for stably achieved international
normalized ratio (INR), the need for routine INR moni-
toring, the drug to food interaction, the drug to drug
interaction, and drug dose adjustment [8]. A prior study
revealed that an INR value below 2.0 was related to
the increased risk of stroke, while an INR value above
3.0 was related to the increased bleeding risk [9]. It
can be a serious problem in patients with old age, non-
compliance with medication, and various comorbidities.
The non-vitamin K antagonist oral anticoagulants
(NOAC:), including apixaban, dabigatran, edoxaban, and
rivaroxaban, were developed to overcome several draw-
backs of warfarin. In the non-valvular atrial fibrillation
(NVAF) population, several randomized controlled trials
(RCTs) revealed that NOACs were associated with better
or at least non-inferior than warfarin for systemic em-
bolism and/or stroke prevention [10-13]. From the
safety point of view, edoxaban, apixaban, and low-dose
dabigatran were related to lower bleeding rates [11-13].
However, rivaroxaban and high-dose dabigatran were
correlated with similar rates of bleeding [10, 11]. Even
though RCTs provide good evidence, they are limited by
the strict inclusion and exclusion criteria. The real-
world data offer additional evidence in an extensive
spectrum of the study population outside the strictly se-
lected and controlled population involved in the RCTs
[14]. Therefore, we conducted a systematic review and
meta-analysis to measure the efficacy and safety profile
between warfarin and NOACs in preventing stroke in
NVAF patients.

Methods

Design

A systematic review and meta-analysis study was com-
pleted in January 2021 based on the guidance from pre-
ferred reporting items for systematic review and meta-
analysis (PRISMA) [15]. We collected articles about the
real-world studies comparing NOACs and warfarin in
NVAF patients recorded in online databases such as
Embase, ProQuest, PubMed, and Cochrane. Studies that
satisfy the eligibility criteria were involved in the quality
assessment of the study. The essential information was
extracted only from high-quality studies. The exposure
variable was anticoagulants treatment. We divided the
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patients into “NOACs group” and “warfarin group.” We
also performed the “head to head” comparison between
each NOAC (apixaban, dabigatran, edoxaban, or rivarox-
aban) and warfarin. The stroke risk was our primary out-
come. The secondary outcomes included the risk of: (1)
all-cause mortality; (2) major bleeding; (3) intracranial
bleeding; and (4) gastrointestinal bleeding. The pooled
hazard ratio (HR) and 95% confidence interval (CI) were
applied in determining the overall effect.

Search strategy

Until December 2020, articles comparing the safety and
efficacy of NOACs and warfarin in NVAF were collected
from electronic scientific databases such as Embase, Pro-
Quest, PubMed, and Cochrane. We used the following
keywords: “non-vitamin K antagonist oral anticoagulant”
or “new oral anticoagulant” or “novel oral anticoagulant’
or “NOAC,” AND “direct oral anticoagulant” or
“DOAC,” AND “vitamin K antagonist” or “VKA,” AND
“warfarin,” AND “dabigatran,” AND “apixaban,” AND
“edoxaban,” AND “rivaroxaban,” AND “non-valvular
atrial fibrillation” or “non-valvular AF” or “NVAF,” AND
“stroke,” AND “cerebrovascular accident” or “CVA,”
AND “death” or “all-cause death,” AND “mortality” or
“all-cause mortality,” AND “major bleeding” or “major
hemorrhage,” AND “intracranial bleeding” or “intracra-
nial hemorrhage,” AND “gastrointestinal bleeding” or
“gastrointestinal hemorrhage” or “GI bleeding” or "GI
hemorrhage." We also collected all relevant articles
through the list of references from all accessed articles
or Google Scholar. We did not apply the language re-
striction during the initial data searching process.

Eligibility criteria

We involved all articles which met the inclusion criteria,
including: (1) cohort or real-world studies compared
warfarin and NOACs in NVAF patients; (2) studies with
the purpose to investigate the efficacy and/or safety pro-
file of NOACs and warfarin in NVAF patients for stroke
prevention; (3) intervention group was NOACs (apixa-
ban, dabigatran, edoxaban, and rivaroxaban); (4) control
group was warfarin; (5) availability of data about stroke,
all-cause mortality, major bleeding, intracranial bleeding,
or gastrointestinal bleeding; and (6) effect estimates were
in HR and 95% CI. We excluded articles with one or
more theses following criteria: (1) duplications; (2) not
published in English; (3) involved patients with venous
thromboembolism (VTE); (4) did not specify the name
of the drug; (5) did not use warfarin as VKA; and (6)
outcomes of interest were not reported. Two investiga-
tors reviewed all included articles. Discussion between
both investigators or consultation with the third investi-
gator was done to resolve the disagreement.
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Study quality assessment

We used the Newcastle-Ottawa scale (NOS) to evaluate
the quality of the studies. It has three domains with a
maximum score of 9. According to the NOS, a good
quality cohort study was defined as a study with 3 to 4
stars in the selection domain, 1 to 2 stars in the compar-
ability domain, and 2 to 3 stars in the outcome domain
[16]. Two investigators performed the study quality as-
sessment. Discrepancies between both investigators dur-
ing study quality assessment were resolved by
consultation or discussion with the third investigator.
We only included high-quality real-world studies in this
systematic review and meta-analysis.

Data extraction

Important information about (1) name of the first au-
thor; (2) date of publication; (3) enrolment period; (4)
country; (5) data source; (6) type of anticoagulants; (7)
number of participants; (8) CHA2DS2-VASc score; (9)
HAS-BLED score; (10) follow up period duration; (11)
primary statistical model; and (12) adjusted HR and 95%
CI of stroke, all-cause mortality, major bleeding, intra-
cranial bleeding, and gastrointestinal bleeding were ex-
tracted from each study. Four investigators conducted
the data extraction process.

Statistical analysis

The meta-analysis was conducted using a combination of
two software, Review Manager Version 5.3 (RevMan,
Cochrane, Copenhagen, Denmark) and Comprehensive
Meta-Analysis version 3.0 (CMA, New Jersey, USA). We
conducted the meta-analysis based on the direction from
the existing guideline [17]. We collected adjusted HR, 95%
CI, and the number of participants in each group. Log HR
was calculated using each study’s logarithms, while the
standard error (SE) was obtained from the CI given by
each study. We applied Begg’s test and Egger’s test for
publication bias identification. The p value of < 0.05 for
Begg’s test or Egger’s test represented the presence of pub-
lication bias [18—20]. The Q test was applied in identifying
the heterogeneity among the involved studies. In the pres-
ence of heterogeneity (p value of heterogeneity < 0.1), we
used the random-effect analysis model. On the contrary,
in the absence of heterogeneity (p value of heterogeneity >
0.1), we used the fixed-effect analysis model [21, 22]. The
pooled HR and 95% CI were determined using the generic
inverse variance method [23]. Statistically significant was
considered if the p value of < 0.05. Three investigators
conducted the statistical analysis process.

Results

Study selection and baseline characteristics

In the beginning, we had collected 2303 potentially eli-
gible articles from electronic scientific databases. After
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duplicate removal, we had 794 articles. A total of 701 ar-
ticles were excluded because of unrelated to our study.
We performed full-text assessment in 93 studies, then
a total of 59 studies were excluded due to (1) not
published in English (n = 9); (2) involved patients
with VTE (n = 19); (3) did not specify the name of the
drug (n = 18); (4) did not use warfarin as VKA (n = 6);
and (5) outcomes of interest were not reported (n = 7).
Finally, 34 studies were involved in this study [24-57].
The study selection flowchart is presented in Fig. 1. In this
study, we only involved high-quality studies assessed by
NOS (Supplementary Table 1).

A total of 2287288 NVAF patients receiving apixaban,
dabigatran, edoxaban, rivaroxaban, or warfarin from 34
real-world studies were involved in our meta-analysis.
We involved studies that had been done in various
countries in America, Asia, and Europe [24-57]. The
mean CHA2DS2-VASc score ranged from 2 to 4.7 [24—
30, 33, 36, 39-55, 57] while the HAS-BLED score ranged
from 1.27 to 3.9 [24-26, 28-30, 33, 39, 40, 42, 46, 47,
49-55]. The primary statistical method included propen-
sity score matching [25, 27, 31-35, 39, 41, 44, 47, 49, 50,
53, 55-57], propensity score weighting [24, 26, 28-30,
37, 38, 42, 43, 45, 46, 51, 52], and Cox proportional haz-
ard model [36, 40, 48, 54]. The follow-up period dur-
ation was long enough [24-57]. Table 1 represents the
baseline characteristics of the all included studies.

Heterogeneity and publication bias

Heterogeneity was represented by a p value of hetero-
geneity of < 0.1. It was found in almost all analyses, ex-
cept for the risk of: (1) stroke between edoxaban and
warfarin; (2) all-cause mortality between NOACs and
warfarin; and (3) intracranial bleeding between rivaroxa-
ban and warfarin. Therefore, in almost all analyses, the
random-effect analysis model was used. The p value of
Begg’s test and Egger’s test for all analyses were > 0.05,
so, no publication bias was found in this study. The as-
sessment of heterogeneity and publication is summa-
rized in Table 2.

Primary outcome

Stroke

Our primary outcome was the stroke risk reduction.
Our result revealed that NOACs significantly reduced
stroke risk in NVAF patients (HR 0.77; 95% CI 0.69 to
0.87; p < 0.01) compared to warfarin (Fig. 2). The sub-
group analysis for the specific agent also revealed the
consistent results. Apixaban (HR 0.73; 95% CI 0.64 to
0.84; p < 0.01), dabigatran (HR 0.87; 95% CI 0.81 to 0.94;
p < 0.01), edoxaban (HR 0.67; 95% CI 0.60 to 0.76; p <
0.01), and rivaroxaban (HR 0.81; 95% CI 0.73 to 0.90; p
< 0.01) significantly reduced stroke risk (Fig. 3).
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database searching
(ScienceDirect, PubMed,
Cochrane, ProQuest)
(n=2278)

Additional records identified
through other sources

(n=25)

Identification

(n=794)

Records after duplicates removed

Screening

Records screened
(n=794)

Records excluded due to unrelated with our
research

l

(n=701)
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(n=93)
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Full-text articles excluded due to:

Eligibility

l

Studies included in
qualitative synthesis
(n=34)

1

Studies included in

(meta-analysis)
(n=34)

quantitative synthesis

venous thromboembolism

Fig. 1 Flow diagram summarizing the selection process of included studies. RCT = randomized controlled trial, VKA = vitamin K antagonist VTE =

Not published in English (n = 9)
Involved patients with VTE (n = 19)
Did not specify the name of the drug (n = 18)
Did not use warfarin as VKA (n = 6)
Outcomes of interest were not reported (n = 7).

Secondary outcomes

All-cause mortality

NOACs administration successfully reduced all-cause
mortality risk than warfarin (HR 0.71; 95% CI 0.63 to
0.81; p < 0.01) (Fig. 2). From the subgroup analysis, we
found that apixaban (HR 0.69; 95% CI 0.49 to 0.98; p =
0.04), dabigatran (HR 0.67; 95% CI 0.57 to 0.80; p <
0.01), and edoxaban (HR 0.52; 95% CI 0.31 to 0.85; p =
0.01) were also related to lower all-cause mortality risk
than warfarin (Fig. 4). However, the all-cause mortality
risk between rivaroxaban and warfarin was not different
significantly (HR 0.91; 95% CI 0.70 to 1.18; p = 0.47)
(Fig. 4).

Major bleeding

NOAC:s effectively reduced major bleeding risk (HR
0.68; 95% CI 0.54 to 0.86; p < 0.01) than warfarin (Fig.
2). The subgroup analysis also revealed the consistent
results. Apixaban (HR 0.57; 95% CI 0.53 to 0.63; p <
0.01), dabigatran (HR 0.75; 95% CI 0.67 to 0.83; p <
0.01), edoxaban (HR 0.55; 95% CI 0.45 to 0.66; p < 0.01),
and rivaroxaban (HR 0.90; 95% CI 0.82 to 0.98; p = 0.01)

was associated with major bleeding risk reduction (Fig.
5).

Intracranial bleeding

NOACs administration was correlated with the lower
risk for intracranial bleeding (HR 0.54; 95% CI 0.42 to
0.70; p < 0.01) than warfarin (Fig. 2). The similar results
were also found in the agent-specific level. Apixaban
(HR 0.57; 95% CI 0.48 to 0.68; p < 0.01), dabigatran (HR
0.44; 95% CI 0.38 to 0.52; p < 0.01), edoxaban (HR 0.44;
95% CI 0.26 to 0.76; p < 0.01), and rivaroxaban (HR
0.69; 95% CI 0.64 to 0.74; p < 0.01) effectively reduced
major bleeding risk (Fig. 6).

Gastrointestinal bleeding

The analysis results for gastrointestinal bleeding were
different from major bleeding and intracranial bleeding.
Overall, NOACs did not significantly reduce the gastro-
intestinal bleeding risk (HR 0.78; 95% CI 0.58 to 1.06; p
= 0.12) (Figure 2). The subgroup analysis demonstrated
conflicting results. Compared with warfarin, apixaban
(HR 0.58; 95% CI 0.51 to 0.67; p < 0.01) and edoxaban
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Table 1 Baseline characteristics of the studies
Study Country Enrolment Data source Drugs Participants CHA2DS2VASc HASBLED Follow- Primary NOS

period up statistical

method

Adeboyeje G, USA November HealthCore Integrated A/D/ 44057 3.3 (mean) 2.1 139-285 PSW 7
2017 [24] 2009 to Research Environment R/W (mean) days

January 2016 (median)
Amin A, 2017 USA January 2012 Center of Medicare A/D/ 180020 44-47 (mean) 3.1-33 196.1- PSM 7
[25] to December and Medicaid Services R/W (mean) 2038

2014 days

(median)

Bang OY, 2020 South January 2015 Korean Health A/D/ 48389 44-452 (mean) 3.5-3.54 105-175  PSW 8
[26] Korea and Insurance Review and  R/W (mean) days

November Assessment Service (median)

2016 Database
Cha MJ, 2017 South January 2014 Korean National A/D/ 34833 3.51-3.6 (mean) NA 12 years PSM 8
[27] Korea to December Health Insurance R/W (mean)

2015 Service Database
Chan YH, 2018 Taiwan  June 2012 to Taiwan National A/D/ 73074 3.26-3.89 264-297 076-147 PSW 7
[28] December Health Insurance R/W (mean) (mean) years

2016 Research Database (mean)
Chan YH, 2019 Taiwan  June 2012 to Taiwan National A/D/ 89683 3.6 (mean) 26-2.7 16 PSW 8
[29] December Health Insurance E/R/W (mean) months

2017 Research Database
Cho MS, 2019 Korea July 2015 to  Korean National A/D/ 56504 35-3.7 (mean) 25-26 15 PSW 8
[30] December Health Insurance R/W (mean) months

2016 Service Database (median)
Coleman Cl, USA January 2012 Truven MarketScan A/D/ 9684 5 (median) 3-4 0.5-0.6 PSM 8
2017 [31] to June 2015 R/W (median)  years

(mean)

Costa OS, USA November Optum Research R/W 71226 3 (median) 2 2 years PSM 8
2020 [32] 2010 to 30 Database (median)  (median)

September

2018
Deitelzweig S, USA January 2013 Humana Research A/D/ 32488 43-46 (mean) 2.9-3.1 64-7.1 PSM 7
2017 [33] to Database R/W (mean) months

September (mean)

2015
Graham DJ, USA October Medicare D/W 134414 NA NA 180 days PSM 8
2015 [34] 2010 to

December

2012
Graham DJ, USA October Medicare A/D/ 448586 NA NA 300 days PSM 8
2019 [35] 2010 to R/W

September

2015
Halvorsen S, Norway  January 2013 Norwegian Patient A/D/ 32675 246-3.09 NA 143-212  Cox 7
2017 [36] to June 2015 Registry R/W (mean) days proportional

Norwegian (median) hazard
Prescription Database model

Hernandez |, USA October Medicare D/W 9404 NA NA 177 days PSW 8
2015 [37] 2010 to (mean)

October

2011
Hsu CC, 2018  Taiwan  January 1999 Taiwan National D/R/ 1211 NA NA 1.7 years  PSW 7
[38] to December Health Insurance W (median)

2015 Research Database
Huybrechts USA October IBM MarketScan A/D/ 169112 3.01-3.05 225-2.26 1 year PSM 8
KF, 2020 [39] 2010 to Medicare R/W (mean) (mean)

September  Optum Research

2015 Database
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Study Country Enrolment Data source Drugs Participants CHA2DS2VASc HASBLED Follow- Primary NOS
period up statistical
method
Kierpeseth LJ, Norway July 2013 to  Norwegian A/D/ 30820 29-35 (mean) 22-26 365 days  Cox 7
2019 [40] December Prescription Database  R/W (mean) proportional
2015 Norwegian Patient hazard
Registry model
Norwegian Cause of
Death Registry
National Registry
Kohsaka S, Japan March 2011 Japanese A/D/ 73989 3.8 (mean) NA 2 years PSM 8
2020 [41] to July 2018  Administrative Claims ~ E/R/W
Larsen TB, Denmark August 2011 Danish National A/D/ 61678 2.7 (mean) 22 19 years PSW 8
2016 [42] to October  Prescription Registry ~ R/W (mean) (mean)
2015 Danish National
Patient Register
Danish Civil
Registration System
Lauffenburger  USA October Truven Health D/W 64935 23-29 (mean) NA 358 days PSW 8
JC, 2015 [43] 2010 to MarketScan (mean)
December Medicare
2012
Lee SR, 2018  South January 2014 National Health E/W 16244 3.22-3.25 NA 03t0 09 PSM 9
[44] Korea to December Insurance Service (mean) years
2016 Database (median)
Lee SR, 2019  South January 2014 National Health A/D/ 24974 3 (mean) NA 12 years PSW 9
(1) [45] Korea to December Insurance Service E/R/W (median)
2016 Database
Lee SR, 2019  South January 2015 National Health A/D/ 116804 354-36 (mean) 2.69-2.71 1 year PSW 9
(2) [46] Korea to December Insurance Service E/R/W (mean)
2017 Database
Li X, 2017 [47] USA January 2012 Truven MarketScan AW 76940 3.2 (mean) 26 179.2— PSM 8
to IMS PharMetrics Plus (mean) 199.9
September  Database days
2015 Optum Clinformatics (mean)
Data Mart
Humana Research
Database
Lip YH, 2016 USA January 2013 Truven MarketScan A/D/ 29338 2.58-3.22 NA 90.37- Cox 7
(1) [48] to December Medicare R/W (mean) 12755 proportional
2013 days hazard
(median) model
Lip YH, 2016 USA January 2012 Truven MarketScan A/D/ 45361 2.6-3 (mean) 2-22 148.1- PSM 7
(2) [49] to December Medicare R/W (mean) 178.1
2014 days
(median)
Maura G, 2015 France July 2011 to  French National D/R/ 32807 24-36 (mean) 2-24 80-87 PSM 9
[50] November Health Insurance W (mean) days
2012 Information System (median)
French Hospital
Discharge Database
Mitsuntisuk P, Thailand ~ January 2012 9 Hospitals in A/D/ 2055 3.25-3.86 1.27-165 19-282 PSW 8
2020 [51] to April 2018  Thailand R/W (mean) (mean) years
(mean)
Nielsen PB, Denmark August 2011 Danish National A/D/ 55644 3.3 (mean) 24 2.5years PSW 8
2017 [52] to February  Prescription Registry R/W (mean)
2016 Danish Civil
Registration System
Danish National
Patient Register
Rutherford Norway  January 2013 The Norwegian A/D/ 65563 293-323 225-243 12 PSM 8
OCW, 2020 to December Patient Registry R/W (mean) (mean) months
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Table 1 Baseline characteristics of the studies (Continued)
Study Country Enrolment Data source Drugs Participants CHA2DS2VASc HASBLED Follow- Primary NOS
period up statistical
method
[53] 2017 The Norwegian
Prescription Database
Staerk L, 2017 Denmark August 2011 Danish National A/D/ 43299 2-2.2 (mean) 2.7-3.11 204-386  Cox 7
[54] to December Prescription Registry ~ R/W (mean) days proportional
2015 Danish Civil (median) hazard
Registration System model
Danish National
Patient Register
Villines TC, USA QOctober Department of D/W 25586 34 (mean) 39 217.2— PSM 7
2015 [55] 2009 to July  Defense Database (mean) 2973
2013 days
(mean)
Yao X, 2016 UA October OptumLabs Data A/D/ 76354 3-4 (median) 2 6 PSM 7
[56] 2010 to June Warehouse R/W (median)  months
2015
Yu HT, 2018 Korea January 2016 National Health E/W 9537 4.2 (mean) NA 5 PSM 8
[57] to December Insurance Service months
2016 (median)

A = apixaban, CHA2DS2-VASc = congestive heart failure, hypertension, age 75 years or older, diabetes mellitus, previous stroke/transient ischemic attack, vascular
disease, age 65 to 74 years, D = dabigatran, E = edoxaban, HASBLED = Hypertension, Abnormal renal or liver function, Stroke, Bleeding history, Labile international
normalized ratio (INR), age > 65 years, and antiplatelet Drug or alcohol use, NA = not available, NOS = Newcastle-Ottawa Scale, PSM = propensity score matching,

PSW = propensity score weighting, R = rivaroxaban, W = warfarin

(HR 0.62; 95% CI 0.44 to 0.87; p < 0.01) were related
with the gastrointestinal bleeding risk reduction (Fig. 7).
However, the administration of dabigatran (HR 0.99;
95% CI 0.87 to 1.12; p =0.88) and rivaroxaban (HR 1.00;
95% CI 0.86 to 1.17; p = 0.97) failed to reduce gastro-
intestinal bleeding risk (Fig. 7). All outcomes are sum-
marized in Table 2.

Discussion
Our systematic review and meta-analysis study, includ-
ing more than 2.2 million NVAF patients, assessed the
safety and efficacy profile of warfarin and NOACs for
stroke prevention in the real-world population. We ana-
lyzed the results of the real-world studies regarding anti-
coagulant treatment for NVAF in several countries
across America, Asia, and Europe. Our study sample is
smaller than the study conducted by Wang et al., which
included more than 2.3 million patients [58]. However,
Wang et al. only assessed the bleeding risk generally.
They did not analyze the specific outcome for safety and
efficacy profiles [58]. In this study, we tried to analyze
the efficacy (stroke risk and all-cause mortality risk) and
safety (intracranial bleeding risk, gastrointestinal bleed-
ing risk, and major bleeding risk) profiles specifically.
The efficacy endpoint of our study included stroke risk
(primary outcome) and all-cause mortality risk. In our
study, NOAC:s effectively reduced stroke risk compared
to warfarin. Our finding was similar to previous meta-
analysis studies [59, 60]. In subgroup analysis, apixaban,
dabigatran, and rivaroxaban also showed significant

stroke risk reduction. These results supported the find-
ings of the prior meta-analysis study [61]. However, our
study provided new real-world evidence about the bene-
fit of edoxaban for stroke risk reduction compared to
warfarin. Our study also revealed that NOACs effectively
reduced all-cause mortality compared to warfarin. This
result was not different from the previous meta-analysis
studies of RCTs [60, 62]. Our analysis on apixaban, dabi-
gatran, and edoxaban showed the benefit of all-cause
mortality risk reduction. Our results were similar to the
results of previous studies [61, 63]. However, we failed
to provide evidence of the advantage of rivaroxaban to
reduce all-cause mortality risk.

Our study revealed that NOACs were correlated with
a lower risk of intracranial bleeding and major bleeding
than warfarin. Our findings supported the previous evi-
dence from the meta-analysis of RCTs comparing
NOACs and warfarin [62]. In subgroup analysis, apixa-
ban, dabigatran, edoxaban, and rivaroxaban also showed
similar results for major bleeding and intracranial bleed-
ing. Our findings on the meta-analysis of apixaban, dabi-
gatran, edoxaban, and rivaroxaban were consistent with
the prior meta-analysis studies [61, 63, 64]. In our study,
the gastrointestinal bleeding risk between NOACs and
warfarin was not significantly different. Our result was
different from the previous meta-analysis studies. A
meta-analysis of RCTs from Ruff et al. demonstrated
that NOACs were related to greater gastrointestinal
bleeding risk [62]. However, in the meta-analysis of real-
world studies from Chan et al, NOACs significantly
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Table 2 Summary of the outcomes of interest
Outcomes NOACs Warfarin Model HR 95% Cl p value of p value  pvalue p
(n) (n) Lower limit Upper limit heterogeneity of , of ,

Begg'’s Egger’s

test test
Stroke
Apixaban 256909 474732 Random 0.73 0.64 0.84 < 001 0.77 0.77 <001
Dabigatran 345545 365144 Random 0.87 0.81 0.94 < 0.01 0.70 0.78 < 001
Edoxaban 46035 78185 Fixed 067 060 0.76 0.84 1.00 046 <001
Rivaroxaban 336406 486587 Random 0.81 073 0.90 < 001 0.19 041 <001
All NOACs 984895 1604648 Random 0.77 0.69 087 < 0.01 0.73 0.85 < 001
All-cause mortality
Apixaban 95097 309813 Random 0.69 049 0.98 < 0.01 1.00 0.60 0.04
Dabigatran 216235 390118 Random 0.67 0.57 0.80 < 0.01 0.35 0.06 < 001
Edoxaban 16210 16785 Random 0.52 0.31 0.85 0.02 1.00 0.53 0.01
Rivaroxaban 128600 310114 Random 091 0.70 118 < 0.01 0.76 0.89 047
All NOACs 456142 1026830 Fixed 0.71 0.63 0.81 0.14 0.31 0.08 < 001
Major bleeding
Apixaban 234818 314596 Random 0.57 0.53 0.63 < 0.01 042 0.20 <001
Dabigatran 292539 382810 Random 0.75 0.67 083 < 0.01 0.27 0.15 < 001
Edoxaban 48875 81025 Random 055 045 0.66 0.09 0.71 0.27 <001
Rivaroxaban 337030 377026 Random 0.90 0.82 098 <001 0.38 0.06 0.01
All NOACs 913262 1155457 Random 0.68 0.54 0.86 < 0.01 0.73 0.63 < 001
Intracranial bleeding
Apixaban 251901 442439 Random 0.57 048 0.68 < 001 0.71 0.06 <001
Dabigatran 323015 488790 Random 044 0.38 0.52 < 0.01 1.00 0.14 < 001
Edoxaban 48875 81025 Random 044 026 0.76 <001 1.00 0.06 <001
Rivaroxaban 326289 439920 Fixed 069 064 0.74 0.14 0.08 0.07 <001
All NOACs 950080 1452174 Random 0.54 042 0.70 < 0.01 0.73 0.26 < 001
Gastrointestinal bleeding
Apixaban 242813 401123 Random 0.58 0.51 0.67 < 0.01 043 0.07 <001
Dabigatran 326750 490358 Random 0.99 087 112 < 0.01 0.08 0.06 0.88
Edoxaban 48875 81025 Random 062 044 0.87 <001 1.00 0.09 <001
Rivaroxaban 312311 396000 Random 1.00 0.86 1.17 < 0.01 0.58 0.06 097
All NOACs 930749 1368506 Random 0.78 0.58 1.06 < 0.01 0.73 0.75 0.12

Cl = confidence interval, HR = hazard ratio, NOACs = non-vitamin K antagonist oral anticoagulants

decreased gastrointestinal bleeding risk [63]. Our study
revealed that apixaban and edoxaban effectively reduced
gastrointestinal bleeding risk. However, our study also
revealed that the bleeding risks between dabigatran and
rivaroxaban were not different significantly. Our results
on apixaban and edoxaban supported the results of pre-
vious real-world meta-analysis studies [61, 63]. The pre-
vious meta-analysis studies on dabigatran and
rivaroxaban showed conflicting results. A meta-analysis
study from Chan et al. [63] showed that dabigatran and
rivaroxaban did not significantly reduce the gastrointes-
tinal bleeding risk, while a meta-analysis study from Xue

et al. showed that dabigatran and rivaroxaban reduced
gastrointestinal bleeding risk [61]. Those two previous
meta-analyses included only the real-world data from
Asian countries [61, 63]. However, our study provided
real-world evidence beyond the Asian population.

Our study demonstrated that NOACS, including apix-
aban, dabigatran, edoxaban, and rivaroxaban, consist-
ently revealed a significant decrease in the risk of stroke,
all-cause mortality, major bleeding, and intracranial
bleeding in the real-world setting. The situation in the
real-world setting was quite different than in the RCTs.
In RCTs, the mean time in the therapeutic range (TTR)
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P
A. Stroke
NOAC Warfarin Hazard Ratio Hazard Ratio

Study or Subgroup  log[Hazard Ratio] SE  Total Total Weight IV, Random, 95% CI IV, Random, 95% CI

Apixaban -0.31471074 006937212 256909 474732 22.4% 0.73[0.64, 0.84] -

Dabigatran -0.13926207 0.03797152 345545 565144 28.48% 0.87[0.81, 0.94] =

Edoxaban -0.40047757 006453198 46035 78185 23.4% 0.67 [0.59, 0.76] -

Rivaroxaban -0.21072103 005340665 336406 486587 256% 0.81[0.73, 0.90] -

Total (95% CI) 984895 1604648 100.0% 0.77 [0.69, 0.87] &

Heterogeneity: Tau®= 0.01; Chi*=14.21, df= 3 (P = 0.003); F= 79% :D y 052 035 é é 10:

Testfor overall effect: Z= 4.33 (P = 0.0001)

Favours [NOAC] Favours [Warfarin)

B. All-cause mortality

Test for averall effect: Z=5.23 (P = 0.00001)

NOAC Warfarin Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Apixaban -0.37106368 017682651 95087 309813 13.5% 0.69[0.49, 098] ——
Diabigatran -0.40047757 0.0864749 216235 380118 56.4% O067[0.57, 079 e 5
Edoxaban -0.65392647 0.25731699 16210 16785  6.4% 0.52[0.31,0.86] -
Rivaroxahan -0.09431068 013321402 128600 310114  238% 0.91[0.70,1.18] —
Total (95% Cl) 456142 1026830 100.0% 0.71[0.63,0.81] @
Heterogeneity: Chi*= 5.41, df=3 (P = 0.14); F= 45% 50 1 052 055 1 % 1U=

2
Favours [NOAC] Favours [Warfarin]

C. Major bleeding

Testfor overall effect: Z= 316 (P =0.002)

NOAC Warfarin Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Apixaban -0.55341066 004440942 234818 314596 258% 0.57 [0.53,0.63] -
Dahigatran -0.28740844 005394523 292539 382810 254% 0.75[0.67,0.83] -
Edoxaban -0.60659316 0.09450914 48875 81025 23.0% 0.55[0.45, 0.66] —-
Rivaroxaban -0.10870598 004315205 337030 377026 258% 0.80[0.82, 0.98] ]
Total (95% CI) 913262 1155457 100.0% 0.68 [0.54, 0.86] i
Heterogeneity: Tau®= 0.06; Chi®= 60.72, df= 3 (P < 0.00001); F= 95% 02 o' t ; 0

2
Favours [NOAC] Favours [Warfarin]

D. Intracranial bleeding

Testfor overall effect: Z= 4.65 (P = 0.00001)

NOAC Warfarin Hazard Ratio Hazard Ratio
Study or Subgroup _ log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Apixaban -0.56655575 0.08872941 251901 442439 27.6% 0.57 [0.48, 0.68] .
Dahigatran -0.81390084 007935657 323015 488790 28.3% 0.44[0.38,0.52] -
Edoxaban -0.81175298 027577034 48875 81025 13.2% 0.44 [0.26, 0.76] I —
Rivaroxaban -0.3734864 003430669 326289 439920 309% 0.69 [0.64, 0.74] =
Total (95% CI) 950080 1452174 100.0% 0.54 [0.42, 0.70] L
Heterogeneity: Tau®= 0.05; Chi®= 29.32, df= 3 (P < 0.00001); F= 90% iﬂ 1 012 055 é % 105

Favours [NOAC] Favours [Warfarin]

E. Gastrointestinal bleeding

Testfor overall effect Z=1.56 (P=012)

NOAC Warfarin Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Apixaban -0.53707982  0.06889878 242813 401123 26.5% 0.58 [0.51, 0.67] -
Dahigatran -0.00932581 006402778 326750 480358 26.7% 0.99[0.87 1.12] -
Edaoxaban -0.47780749 017496184 48875 81025 207% 0.62 [0.44, 0.87] —
Rivaroxahan 0.00291066 007778928 312311 396000 26.2% 1.00[0.86,1.17] -
Total (95% CI) 930749 1368506 100.0% 0.78 [0.58, 1.06] ’
Heterogeneity: Tau®= 0.09; Chi*= 41.38, df= 3 (P = 0.00001); F= 93% :D y 052 015 é é 10:

Favours [NOAC] Favours [Warfarin]

Fig. 2 Comparison of NOACs versus warfarin for A stroke, B all-cause mortality, C major bleeding, D intracranial bleeding, and E gastrointestinal
bleeding. Cl = confidence interval; NOACs = non-vitamin K antagonist oral anticoagulants

of INR 2.0 to 3.0 ranged from 55 to 64% [10—12]. How-
ever, in most of the real-world studies, the TTR could
not be recorded [24-50, 52—-55, 57]. Real-world studies
usually have a role in providing complementary sources
of knowledge, and their results are fruitful to validate

the findings from RCTs. Our study also revealed that
NOAC:s failed to minimize the risk of gastrointestinal
bleeding. The possible explanations were the unavailabil-
ity of the data about: (1) patients' age; (2) the underlying
gastrointestinal disease; and (3) the administration of
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A. Apixaban
Apixaban Warfarin Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, 95% CI v, 95% Cl
Amin A, 2017 -0.86750057 0.15537634 20803 20803  5.8% 0.42[0.31, 0.57)
ChaMJ, 2017 -0.39600995 0.29533357 2189 23222 3.3% 0.67 [0.38, 1.20] —
Chan YH, 2019 -0.24248031 015373578 9952 19761  5.9% 0.71 [0.53, 0.96] ——
Coleman CI, 2017 -0.23572233 0.39199102 1257 1257 2.3% 0.79[0.37,1.70] —
Deitelzweig 5, 2017 -0.40047757 0.16070915 7107 7107 5T7% 0.67 [0.49, 0.92] =
Graham DJ, 2019 -0.34248031 0.08278112 72021 183003  7.4% 0.71 [0.60, 0.84] =
Huyhbrechts KF, 2020 -0.26136476 012775114 19588 19588  6.4% 0.77 [0.60, 0.99] —
Kierpeseth LJ, 2019 0.04879016 0.15613084 10550 6435  58% 1.05[0.77,1.43] —t—
Kohsaka 5, 2020 -0.46203546 0.09451962 22752 19059 71% 0.63[0.52, 0.76] —
Larsen TB, 2016 0.10436002 0.08271572 6349 35436 T.4% 1.11 [0.94, 1.31] ==
Lee SR, 2018 (1) -0.7985077 0.16219855 3395 9884  57% 0.45 [0.33, 0.62) —_—
Lee SR, 2019 (2) -0.37833644 0.06575468 22177 25420  76% 0.68 [0.60, 0.78] ===
Lix, 2017 -0.40047757 0.06719956 38470 38470  76% 0.67 [0.59, 0.76] -
Mitsuntisuk P, 2020 -0.73396918 0.20330577 405 605  4.8% 0.48 [0.32,0.71] =
Nielsen PB, 2017 017385331 011481574 4400 38893 B7% 1.19[0.95, 1.49] T
Staerk L, 2017 -0.02020271 0.143744382 6399 18094 B1% 0.98 [0.74, 1.30] —T
Yao ¥, 2016 -0.18632958 0.22692266 7695 TEIS  4.4% 0.83[0.53,1.29] —
Total (95% CI) 256909 474732 100.0% 0.73 [0.64, 0.84] <
Heterogeneity: Tau®= 0.06; Chi*= 84.85, df= 16 (P < 0.00001); F=31% =0 1 0:2 0‘5 2 5 1c|=
Test for overall effect: Z= 4.52 (P < 0.00001) : Favours [Apixaban] Favours [Warfarin]
B. Dabigatran
Dabigatran Warfarin Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Rand 95% CI
Amin A, 2017 021511138 0.14626442 16731 16731 4.5% 1.24 [0.93, 1.65] T
Cha MJ, 2017 0.03343478 01750537 3741 23222 35% 1.03[0.73,1.46] —T
Chan YH, 2019 -0.19845094 0.14158343 22371 19761 47% 0.82 [0.62, 1.08] —
Coleman CI, 2017 -0.51082562 0.38571693 981 981 0.9% 0.60 [0.28, 1.28] —
Graham DJ, 2015 -0.22314355 0.09175056 67207 67207  7.3% 0.80 [0.67, 0.95] ==
Graham DJ, 2019 -0.22314355 0.07357257 86293 183003  8.6% 0.80 [0.69, 0.92] -
Huybrechts KF, 2020 -0.13926207 0.09273153 29448 29448 7.2% 0.87 [0.73,1.04] —F
Kjerpeseth LJ, 2019 -0.07257069 0.18072134 50984 6435  3.3% 0.93 [0.65,1.33] —
Kohsaka 5, 2020 -0.10536052  0.118651 8003 19059  57% 0.90[0.71,1.14] ==
Larsen TB, 2016 021511138 014198517 12701 35436 4.6% 1.24 [0.94,1.64] T
Lauffenburger JC, 2015 -0.09431068 0.05880814 21070 43865  9.7% 0.91[0.81,1.02] =
Lee SR, 20149 (1) -0.597837 0.12431226 4241 9884  54% 0.55 [0.43, 0.70] —
Lee SR, 2018 (2) -0.21072103  0.0662953 17745 25420 91% 0.81[0.71,0.92] -
Mitsuntisuk P, 2020 -0.34249031 0.25316538 441 605  2.0% 0.71[0.43,1.17] —
Mielsen PB, 2017 -0.08338161 0.07499914 8875 38883 8.5% 0.92[0.79,1.07] <o
Staerk L, 2017 -0.11653382 0.10578811 12613 18094  6.4% 0.89[0.72,1.10] —=T=
villines TC, 2015 -0.17435339 0.15312869 12793 12793 42% 0.84 [0.62,1.13] —
Yao X, 2016 0.05826891 0.14958928 14307 14307 4.3% 1.06 [0.79,1.42] —1—
Total (95% CI) 345545 565144 100.0% 0.87 [0.81, 0.94] +*
Heterogeneity: Tau?= 0.01; Chi*= 34.92, df= 17 (P = 0.006); F=51% 90 1 ulz 0‘5 é 5 10’
Testfor overall effect Z= 3.48 (P = 0.0005) Favours [Dabigatran] Favours [Warfarin]
C. Edoxaban
Edoxaban Warfarin Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratio] SE Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chan YH, 2019 -0.34249031 0.17682651 4577 19761  11.0% 0.71[0.50,1.00] —
Kohsaka 5, 2020 -0.30110508 0.11644958 12592 19059 25.4% 0.74[0.59,0.93] —-
Lee SR, 2018 -0.36672528 01728672 12183 4061  11.5% 0.69[0.49,0.97] ——
Lee SR, 2019 (1) -0.40047757 0.30714156 1187 9384  3.6% 0.67[0.37,1.22) —_—
Lee SR, 2019 (2) -0.46362402 0.08413693 15496 25420 48.5% 0.63[0.53,0.74] -
Total (95% CI) 46035 78185 100.0% 0.67 [0.60, 0.76] L 2
Heterogeneity: Chi®=1.43, df= 4 (P = 0.84); F= 0% =u.1 D?Z u?s 2 5 1u=
Testfor overall effect: Z= 6.75 (P < 0.00001) Favours [Edoxaban] Favours [Warfarin]
D. Rivaroxaban
Rivaroxaban Warfarin Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Amin A, 2017 -0.35667494 0.08706873 52476 52476 8.4% 0.70[0.59, 0.83] ==
Cha MJ, 2017 0.03633193 0.14520478 5681 23222 6.0% 1.04[0.78,1.38]
Chan YH, 2019 -0.27443685 0.14593872 33022 19761 6.0% 0.76 [0.57,1.01] =
Coleman CI, 2017 -0.73396918 0.25565572 2604 2604 31% 0.48(0.29, 0.79]
Graham DJ, 2019 -0.32850407 0.07033442 106369 183003  9.2% 0.72 [0.63, 0.83] =
Huybrechts KF, 2020 -0.12783337 0.08926063 35520 35520 8.3% 0.88[0.74, 1.08] i i
Kjerpeseth LJ, 2019 019885086 0.15617076 7851 6435  56% 1.22[0.90, 1.66] e
Kohsaka S, 2020 -0.30110509 010301626 17481 19058 7.7% 0.74 [0.60, 0.91] —
Larsen TE, 2016 -0.15082289 0.09380907 7182 35436 8.1% 0.86[0.72,1.03] —
Lee SR, 2018 (1) -0.71334889 011411236 6297 9884  7.3% 0.49[0.39, 0.61] ——
Lee SR, 2019 (2) -0.23319389 0.05219179 35965 25420  9.9% 0.79[0.71, 0.88] -
Mitsuntisuk P, 2020 0.24686008 0.31473933 604 605  2.3% 1.28[0.69, 2.37] —
Nielsen PB, 2017 -0.07257069 0.13600012 3476 38883 B.4% 0.93[0.71,1.21] —T
Staerk L, 2017 -0.11653382 0.14654118 5693 18094  6.0% 0.89 [0.67,1.19] =
Yao X, 2016 0.00895033 0.15183105 16175 16175  5.8% 1.01[0.75, 1.36] —
Total (95% Cl) 336406 486587 100.0% 0.81 [0.73, 0.90] L 2
Heterogeneity: Tau®= 0.03; Chi*= 46.06, df= 14 (P = 0.0001); F= 70% =u.1 D?Z U?S 2 5 1u=
Test for overall effect: Z= 4.00 (P = 0.0001) Favours [Rivaroxaban] Favours [Warfarin]

Fig. 3 Comparison of stroke between NOACs and warfarin stratified by each agent. A Apixaban, B dabigatran, C edoxaban, and D rivaroxaban. Cl
= confidence interval, NOACs = non-vitamin K antagonist oral anticoagulants
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A. Apixaban
Apixaban Warfarin Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
ChaMJ, 2017 -1.13010296  0.2690481 2189 23222 128% 0.321[0.19, 0.55]
ChanYH, 2018 -0.54472718 0.06577394 5843 19375 17.6% 0.58 [0.51, 0.66] —=
Graham DJ, 2018 -0.41551544 0.05606503 72921 183003 17.7% 0.66 [0.59, 0.74] -
Larsen TE, 2016 -0.43078292 0.074525497 6349 35436 17.5% 0.65 [0.56, 0.75] -
Lee SR, 2019 (1) -0.27443685 011722979 3395 9884 167% 0.76 [0.60, 0.96] ——
Mielsen PB, 2017 0.39204209 0.06193902 4400 38893 17.7% 1.48[1.31,1.67] -
Total (95% CI) 95097 309813 100.0% 0.69 [0.49, 0.98] ’
Heterogeneity, Tau?= 0.18; Chi*= 152.87, df= 5 (P < 0.00001); = 97% :u p 012 0:5 2 5 0
Test for overall effect Z=2.05 (P = 0.04) Favours [Apixaban] Favours [Warfarin]
B. Dabigatran
Edoxaban Dabigatran Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cha hJ, 2017 -0.65392647 01459518 T4 23222 10.0% 0.52[0.39, 0.69] ——
ChanYH, 2018 -0.49429632 0.05786504 20079 19375 13.0% 0.61 [0.54, 0.68] -
Graham DJ, 2015 -0.15082289 0.05626194 67207 67207 13.0% 0.86 [0.77, 0.96] -
Graham DJ, 2019 -0.31471074 0.0452391 86293 183003 13.2% 0.73[0.67, 0.80] -
Hsu CC, 2018 -1.30563646 0.41984076 305 305 34% 027012062 ——————————
Larsen TE, 2016 -0.46203546 01366143 12701 35436 10.3% 0.63[0.48, 0.82] —_—
Lee SR, 2019 (1) -0.56211892 0.10989562 4241 9884 11.3% 0.57 [0.46, 0.71] ——
Mielsen PB, 2017 0.03922071 0.04159251 g87s 38893 133% 1.04[0.96,1.13] ™
Yillines TC, 2015 -0.4462871 0.07569831 12793 12793 12.5% 0.64 [0.55, 0.74] -
Total (95% CI) 216235 390118 100.0% 0.67 [0.57, 0.80] EeS
Heterogeneity: Tau®= 0.06; Chi*=102.51, df= 8 (P < 0.00001}; F=92% :D 1 0:2 055 t é 10
Testfor overall effect Z= 4.47 (P < 0.00001) Favours [Dabigatran] Favours [Warfarin]
C. Edoxaban
Edoxaban Warfarin Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Lee SR, 2018 -0.33407511 0131150 12183 4061  40.4% 0.72 [0.55, 0.93] ——
Lee SR, 2019 {1} -0.63487827 0.32886589 1187 9884 26.0% 0.53[0.28,1.01] e
Yu HT, 2018 -1.07880966 0.22430245 2840 2840 33.6% 0.34 [0.22,0.53] —
Total (95% CI) 16210 16785 100.0% 0.52[0.31, 0.85] .—
it 2 — - = — — R = [ } } 1 1 1
_I:et?;ogenemrl.lT?ru t—ZU_1 Z,;:?mp-_BE.IBDZ{ df=2(P=0.02) F=76% '0.1 012 El!5 ﬁ é 1E|'
estfor overall effect: 2= 2.57 (F = 0.01) Favours [Edoxaban] Favours [Warfarin]
D. Rivaroxaban
Rivaroxaban Warfarin Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cha hJ, 2017 -0.08012604 0.093911749 2189 23222 151% 092[0.77,1.11] -1 B
ChanH, 2018 -0.56211892 0.06435249 2777 18375 158% 0.57 [0.50, 0.65] -
Graham DJ, 2019 -0.21072103 0.04077848 106369 183003 162% 0.81 [0.75,0.88] L3
Hsu CC, 2018 0.34145978 0.43755915 300 am 5.8% 1.41[0.60, 3.32] N
Larsen TB, 2016 -0.08338161 0.05816682 7192 35436 15.9% 0.921[0.82,1.03] =
Lee SR, 2019{1) -0.21072103 0.08424688 6297 9884 154% 0.81 [0.69, 0.96] -
Mielsen PB, 2017 0.41871034 0.05692542 3476 38893 15.9% 1.521[1.36,1.70] -
Total (95% CI) 128600 310114 100.0% 0.91[0.70, 1.18] ?
Heterogeneity: Tau®*=0.10; Chi*=144.44 df=6 (P < 0.00001), = 96% I t t T t t {
Testfi Il effect: Z=0.72 (P = 0.47, 0.1 D2 0.5 g < : 10
estfor overall effect Z=0.72 (P = 0.47) Favours [experimental] Favours [control]

\

Fig. 4 Comparison of all-cause mortality between NOACs and warfarin stratified by each agent. A apixaban, B dabigatran, C edoxaban, and D
rivaroxaban. Cl = confidence interval, NOACs = non-vitamin K antagonist oral anticoagulants

gastroprotective agents. Moreover, the mean HAS-BLED
score among the included studies also varied. That could
be the essential confounding factor.

In daily clinical practice, NOACs offer more benefit
than warfarin due to: (1) rapid onset of action; (2) fixed
dosing; (3) few drug to drug interactions; (4) few drug to
food interactions; (5) no routine laboratory monitoring;
and (6) short blood-thinning effect. However, NOACs
also have several drawbacks, such as the high cost and

the unavailability of reversal agents [65, 66]. According
to our results, we recommend NOAC: as the first choice
for stroke prevention in NVAF patients.

There were several limitations of our systematic review
and meta-analysis study. First, almost all involved studies
did not provide data about the treatment regimen’s com-
pliance or persistence. Second, the TTR of warfarin
users was not reported in almost all studies. The favor-
able safety and efficacy profile of NOACs might have
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A. Apixaban

Apixaban Warfarin

Hazard Ratio

Hazard Ratio

Testfor overall effect: Z=

252 (P=0.01)

Favours [Rivaroxaban]

2
Favours [Warfarin]

Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Adeboyeje G, 2017 -0.65392647 0.12528816 3689 23431 5.0% 0.52[0.41, 0.66]
Amin A, 2017 -0.67334455 0.06874063 20803 20803 6.9% 0.51 [0.45, 0.58] -
Bang OY, 2020 -0.54472718 0.06577394 10548 8648 7.0% 0.58 [0.51, D.66] -
ChanH, 2018 -0.89159812 0.13681494 5843 19375 46% 0.41 [0.31, D.54] —_—
ChanYH, 2019 -1.07880966 0.19808772 9952 19761 31% 0.24 [0.23, 0.50]
Cho MS, 2019 -0.40047757 0.08778125 12502 10408 6.2% 0.67 [0.56, 0.80] -
Coleman Cl, 2017 -0.23572233 0.37303754 1257 1257 1.2% 0.79[0.38,1.64] —
Deitelzweig S, 2017 -0.71334989 0.09285002 7107 7107 6.0% 0.49[0.41,0.59] I
Halvarsen S, 2017 -0.5798185 016310427 6506 11427 3.9% 0.56 [0.41,0.77]
Huybrechts KF, 2020 -0.52763274 0.05586093 19588 18588 7.3% 0.59[0.53, 0.66] -
Kohsaka S, 2020 -0.32850407 0.0808617 22752 18058 6.5% 0.72[0.61,0.84] -
Lee SR, 2018 (1) -0.54472718 0.16545849 3395 9884 3.8% 0.58 [0.42, 0.80] —
Lee SR, 2018 (2) -0.51082562 0.07252965 22177 25420 B.7% 0.60[0.52, D.69] -
Lix, 2017 -0.51082562 0.05157868 38470 38470 7.4% 0.60 [0.54, D.66] -
LipYH, 2016 {1) -0.65392647 0.277413 2402 12713 2.0% 0.52[0.30, 0.90]
Lip YH, 2016 {2) -0.63487827 0.15283809 6964 6964 4.2% 0.53[0.39,0.72] Ena—
Mitsuntisuk P, 2020 -0.86750057 0.23185522 405 605 25% 0.42[0.27, 0.66]
Mielsen PB, 2017 0.03922071 016125584 4400 jel=t=lele 2.9% 1.04 [0.76,1.43] T
Rutherford OCWY, 2020 -0.27443685 0.05692542 28363 13087 72% 0.76 [0.68, 0.85] -
Yao X, 2016 -0.7985077 0.14060894 TE95 TE95 4.5% 0.45[0.34, 0.59] —
Total (95% CI) 234818 314596 100.0% 0.57 [0.53, 0.63] L 2
Heterogeneity: Tau== 0.02; Chi*= 71.73, df= 19 (P = 0.00001); IF= 74% Iu 7 D=2 D=5 2 5 1[1‘
Test for overall effect: Z=12.46 (P <= 0.00001) Favours [Apixaban] Favours [Warfarin]
B. Dabigatran
Dabigatran Warfarin Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, 95% CI k 95% CI
Adeboyeje G, 2017 -0.40047757 0.05895816 8539 23431 5.5% 0.67 [0.60, 0.75] -
Amin A, 2017 -0.23572232 0.07060155 16731 16731 5.3% 0.79 [0.68, 0.91] =
Bang OY, 2020 -0.28768207 011722979 11414 8648 4.6% 0.75[0.60, 0.84] —& |
ChanYH, 2018 -0.43078292 01050363 20079 19375 4.8% 0.65[0.53, 0.80] —
ChanH, 2018 -0.5798185 0.16077677 22371 19761 3.9% 0.56 [0.41, 0.77] -
Chao M3, 2019 -0.210721023 0.08157558 12593 10409 5.2% 0.81 [0.68, 0.85] b
Coleman CI, 2017 -0.54472718 040462237 981 ag1 1.4% 0.58 [0.26,1.28] _
Graham DJ, 2015 -0.03045921 0.04987133 67207 67207 5.6% 0.97 [0.88,1.07] -T
Halvorsen S, 2017 -0.40047757 0.13420989 7925 11427 4.3% 0.67 [0.52, 0.87] ——
Hernandez |, 2015 0.45742485 007572365 1302 8102 5.3% 1.58 [1.36,1.83] -
Huyhrechts KF, 2020 -0.27443685 0.04345625 29448 29448 5.7% 0.76 [0.70, 0.83] -
Kohsaka 5, 2020 -0.41551544 011336814 8003 19059 4.7% 0.66 [0.53, 0.82] —
Lee SR, 2019 {1) -0.68314718 0.15147592 4241 9884 4.0% 0.50 [0.27, 0.67] —
Lee SR, 2018 (2) -0.47160491 007622418 17745 25420 5.3% 0.62[0.54,0.72] _
Lip ¥H, 2016 {1) -0.12783337 0.16247938 4173 12713 3.8% 0.88 [0.64,1.21] /T
LipYH, 2016 (2) -0.37106368 0.16641254 4515 4515 3.8% 0.69 [0.50, 0.96] ——
Maura G, 2015 -0.12783337 016247938 8443 16014 3.8% 0.88 [0.64,1.21] =
Mitsuntisuk P, 2020 -1.2039728 0.26063011 441 605 2.5% 0.30[0.18, 0.50]
Mielsen PBE, 2017 -0.13826207 0.07592803 8875 38893 5.3% 0.87 [0.75,1.01] =]
Rutherford OCYY, 2020 -0.320110509 0.07537491 10413 13087 5.3% 0.74 [0.64, 0.86] =
Villines TC, 2015 -0.13926207 0.08435458 12793 12793 5.1% 0.87 [0.74,1.03] —=
Yao X, 2016 -0.23572233 0.08637969 14307 14307 51% 0.79 [0.67, 0.94] =
Total (95% CI) 292539 382810 100.0% 0.75[0.67, 0.83] L 2
Heterogeneity: Tau®= 0.05; Chi*=159.74, df= 21 (P < 0.00001); F=87% =D 1 0'2 0=5 % é 10=
Test for overall effect: Z= 5.33 (P < 0.00001) Favours [Dabigatran] Favours [Warfarin]
C. Edoxaban
Edoxaban Warfarin Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, R 95% ClI v, 95% CI
Chan ¥H, 2019 -0.86750057 0.21089127 4577 19761 13.4% 0.42[0.28, 0.63] e —
Kohsaka 5, 2020 -0.34249031 0.10329098 12592 19059 27.0% 0.71 [0.58, 0.87] —-—
Lee SR, 2018 -0.63111179 0.20133836 12183 4061 14.2% 0.53[0.36,0.79] ———
Lee SR, 2019 (1) -0.5798185 0.45514991 1187 9884 3.9% 0.56 [0.23,1.37] — =
Lee SR, 2019 (2) -0.58698698 0.09291552 15496 25420 28.8% 0.56 [0.46, 0.67] ——
Yu HT, 2018 -0.891628073 0.21754923 2840 2840 128% 0.40 [D.26, 0.61] — -
Total (95% CI) 48875 81025 100.0% 0.55 [0.45, 0.66] &
Heterageneity: Tau®= 0.02; Chi®= 9.45, df= 5 (P = 0.09); F= 47% t + + t t J
. 0.1 0.2 0.5 5 10
Test for overall effect: Z=6.42 (P < 0.00001) Favours [Edoxaban] Favours [Warfarin]
D. Rivaroxaban
Rivaroxaban Warfarin Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Adeboyeje G, 2017 0 0.05863947 5398 23431  6.0% 1.00 [0.89,1.12] -+
Amin A, 2017 0.15700375 0.033018 52476 52476 6.5% 1.17[1.10,1.25] -
Bang OY, 2020 -0.17435339 0.10466631 177789 2648 4.8% 0.84 [0.68,1.03] I
ChanYH, 2018 -0.54472718 011428412 2777 19375 4.6% 0.58 [0.46, 0.73] I
ChanYH, 2019 -0.597837 0.15406305 33022 19761 3.6% 0.55[0.41,0.74] —_—
Cho MS, 2018 -0.040822 0.07110166 21000 10409 5.7% 0.86 [0.84,1.10] -
Coleman CI, 2017 0.06765865 0.20886213 2604 2604 26% 1.07 [0.71,1.61] A
Costa 05, 2020 -0.189845094 0.04366107 35613 35613 6.4% 0.82[0.75,0.89] =
Halvorsen S, 2017 -0.15082289 0.12269836 6817 11427 4.4% 0.86 [0.68,1.09]
Huybrechts KF, 2020 0.00995033 0.03541811 35520 35520 6.5% 1.01 [0.84,1.08] T
Kohsaka 5, 2020 -0.30110509 0.08887319 17481 19059 5.3% 0.74 [0.62, 0.88]
Lee SR, 2018 (1) -0.17435339 0.10838056 6287 9884 4.8% 0.84 [0.68,1.04] =t
Lee SR, 2018 (2) -0.25102876 0.057878 358965 25420 6.1% 0.78 [0.68, 0.87] ==
Lip ¥H, 2016 (1) 012221763 011171133 10050 12713 4.7% 1.13[0.81,1.41] T
Lip ¥H, 2016 (2) -0.02020271 0.08758664 12625 12625 5.3% 0.98[0.83,1.16] e
Maura G, 2015 -0.02020271 0.21898279 4651 9301 2.5% 0.98 [0.64,1.51] ——
Mitsuntisuk P, 2020 -0.4462871 0.1457808 604 605 3.8% 0.64 [0.48, 0.85] —&
Nielsen PB, 2017 015700375 01105732 3476 38893  4.7% 1.17 [0.94, 1.45] A
Rutherford OCW, 2020 -0.03045921 0.0627802 13700 13087 5.89% 0.97 [0.86,1.10] =
Yao X, 2016 0.03922071 0.07338963 16175 16175 57% 1.04 [0.80,1.20] T
Total (95% Cl) 337030 377026 100.0% 0.90 [0.82, 0.98] &
Heterogeneity: Tau®= 0.03; Chi*= 124.12, df= 19 (P = 0.00001); F= 85% i3 sz uff. + t 10'

Fig. 5 Comparison of major bleeding between NOACs and warfarin stratified by each agent. A apixaban, B dabigatran, C edoxaban, and D
rivaroxaban. Cl = confidence interval, NOACs = non-vitamin K antagonist oral anticoagulants
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A. Apixaban

Apixaban Warfarin Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratio] SE Total Total Weight IV, 95% CI 95% CI
Adeboyeje G, 2017 -0.18632958 0.24148303 3689 23431 5.8% 0.83[0.52, 1.33] —
Amin A, 2017 -0.96758403 0.20573742 20803 20803  B.5% 0.38[0.25, 0.57] e
Bang O, 2020 -0.99425227 0.29213096 10548 8648  4.8% 0.37 [0.21, 0.66] —_—
Cha MJ, 2017 -1.20064501 0.57214485 2189 23222 1.9% 0.30[0.10,082] ———————————————
Chan YH, 2018 -0.7985077 0.20875647 5843 19375 6.4% 0.45 [0.30, 0.68] ———
Chan YH, 2019 -0.82098055 0.27025792 9952 19761 5.2% 0.44 [0.26, 0.75] —_—
Deitelzweig S, 2017 -0.01005034 0.27282535 7107 7107 51% 0.99 [0.58, 1.69] s
Graham DJ, 2019 -0.61618614 0.11691735 72921 183003 8.5% 0.54 [0.43, 0.68] ——
Halvorsen 5, 2017 -0.5798185 0.22215417 6506 11427 B.2% 0.56 [0.36, 0.87] —_—
Kjerpeseth LJ, 2019 -0.5798185 0.25394039 10550 6435  5.5% 0.56 [0.34, 0.92] —_—
Kohsaka S, 2020 -0.11653382 0.06559571 22752 19059  9.5% 0.89 [0.78, 1.01] =
Lee SR, 2019 (1) -0.61618614 0.24136762 3395 9884  5.8% 0.54 [0.34, 0.87] ———
Lee SR, 2019 (2) -0.39452517 0.12110159 22177 25420 8.4% 0.67 [0.53, 0.85] —
Lix, 2017 -0.4462871 0.12053806 38470 38470  8.5% 0.64 [0.51, 0.81] =
Mitsuntisuk P, 2020 0.09531018 0.54116189 405 605  21% 1.10[0.38, 3.18]
Staerk L, 2017 -0.63487827 0.22767767 5399 18094  B.0% 0.53 [0.34, 0.83] —
YaoX, 2016 -1.42711636 0.36406698 7695 7695  37% 0.24 [0.12, 0.49]
Total (95% CI) 251901 442439 100.0% 0.57 [0.48, 0.68] >
Heterogeneity: Tau®= 0.08; Chi*= §6.66, df= 16 (P = 0.00001); IF= 72% =0 7 012 015 é é 1D=
Test for overall effect: Z= 6.38 (P = 0.00001) Favours [Apixaban] Favours [Warfarin]
B. Dabigatran
Dabigatran Warfarin Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, 95% CI IV, Ran; 95% CI
Adehoyeje G, 2017 -0.75502258 0.15792107 8539 23431 6.6% 0.47 [0.34, 0.64]
Amin A, 2017 -0.61618614 0.21719052 16731 16731 5.4% 0.54 [0.35, 0.83]
Bang OY, 2020 -0.61618614 016339674 11414 8648 6.5% 0.54 [0.39, 0.74] —
Cha MJ, 2017 -0.82325587 0.29646061 3741 23222 4.0% 0.44 [0.25, 0.78] —
Chan YH, 2018 -0.69314718 0.16953933 20079 19375 6.4% 0.50 [0.36, 0.70] —E—
Chan YH, 2019 -0.73396918 0.25886466 22371 19761 4.6% 0.48 [0.29, 0.80] ——
Coleman Cl, 2017 -1.4B967597 1.07891367 981 981 0.5% 0.23[0.03,1.91] +
Graham DJ, 2015 -1.07880966 0.14751978 67207 67207  6.8% 0.34 [0.25, 0.45] —_—
Graham DJ, 2019 -0.96758403 0.10616532 86203 183003 7.7% 0.38[0.31, 0.47) ==
Halvorsen S, 2017 -0.77652879 0.21615138 7925 11427 54% 0.46 [0.30, 0.70] —
Herandez|, 2015 -1.13943428 0.23375193 1302 8102 50% 0.32 [0.20, 0.51] e
Hsu CC, 2018 0.22234323 0.57379001 305 305 1.6% 1.25 [0.41, 3.85)
Kjerpeseth LJ, 2018 -1.27296568 0.35365302 5984 6435  3.2% 0.28 [0.14, 0.56] ———
Kohsaka S, 2020 -0.23572233 0.09261334 5003 19058 8.0% 0.79 [0.66, 0.95] —
Lee SR, 2019 (1) -1.17118298 0.25502314 4241 9884 47% 0.31 [0.19, 0.51] e
Lee SR, 2019 (2) -0.80296205 0.14969207 17745 25420 6.8% 0.45 [0.33, 0.60] ——
Mitsuntisuk P, 2020 -1.77195684 1.07642481 441 605 0.5% 0.17[0.02,1.40] +
Staerk L, 2017 -0.99425227  0.1671987 12613 18094  6.4% 0.37 [0.27, 0.51] —_—
Yillines TC, 2015 -0.71334989 0.24700721 12793 12793 4.8% 0.49 [0.30, 0.80] —
Yao X, 2016 -1.02165125 0.22700863 14307 14307 52% 0.36 [0.23, 0.56] —
Total (95% Cl) 323015 488790 100.0% 0.44 [0.38, 0.52] <>
Heterogeneity: Tau®= 0.07; Chi*= 56.86, df= 19 (P < 0.0001); F=67% 5T o ot 3 t 0
Test for overall effect: Z= 10.26 (P < 0.00001) Favours [Dabigatran] Favours [Warfarin]
C. Edoxaban
Edoxaban Warfarin Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, R 95% CI IV, R: 95% CI
Chan YH, 2019 -0.89159812 0.34120632 4577 19761 17.4% 0.41 [0.21, 0.80] —_—
Kohsaka S, 2020 -0.08338161 0.07914416 12592 19059 23.2% 0.92 [0.79, 1.07] —=
Lee SR, 2018 -0.898094209 0.39197472 12183 4061  16.0% 0.41[0.19, 0.88] A —
Lee SR, 2014 (1) -1.77195684 0.85006779 1187 9884  T.3% 0.17[0.03,080] 4———————
Lee SR, 2019 (2) -0.98082925 0.19098918 15498 25420 21.3% 0.38 [0.2B, 0.55] —
YuHT, 2018 -1.04982212 0.43643414 2840 2840 14.9% 0.35[0.15, 0.82] —_—
Total (95% CI) 48875 81025 100.0% 0.44 [0.26, 0.76] R
Heterogeneity: Tau®= 0.32; Chi*= 31.49, df= 5 (P < 0.00001); F= 84% ED ” D=2 UIS é ;5 10:
Test for overall effect: Z= 2.94 (P = 0.003) Favours [Edoxaban] Favours Warfarin]
D. Rivaroxaban
Rivaroxaban Warfarin Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratio] SE Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Adeboyeje G, 2017 -0.30110508 0.15719323 5398 23431 4.8% 0.74[0.54,1.01]
Amin A, 2017 -0.34249031 0.09907597 52476 52476 12.0% 0.71 [0.58, 0.86] —
Bang OY, 2020 -0.41551544 0.13624804 17779 8648  6.3% 0.66[0.51, 0.86] ——
Cha MJ, 2017 -0.49429632 0.20694478 5681 23222 2.7% 0.61[0.41,0832]
Chan YH, 2018 -0.67334455 0.17682651 2777 19375  3.8% 0.51[0.36,0.72] —
Chan YH, 2019 -0.61618614 0.24260045 33022 19761  2.0% 0.54[0.34,0.87]
Coleman Cl, 2017 -0.91629073 0.49397354 2604 2604  0.5% 0.40[0.15,1.05] r
Graham DJ, 2019 -0.43078292 0.07957775 106369 183003 18.6% 0.65[0.56, 0.76] i
Halvorsen S, 2017 -0.07257069 0.1671254B 6317 11427 4.2% 0.93[0.67,1.29] T
Hsu CC, 2018 -0.17793121  0.4982592 300 301 0.5% 0.84[0.32,2.22]
Kierpeseth LJ, 2019 -0.91629073 0.28026339 7851 6435  1.5% 0.40[0.23, 0.69]
Kohsaka S, 2020 -0.21072103 0.07375329 17481 19059 21.6% 0.81[0.70,0.94] —-—
Lee SR, 2019 (1) -0.49429632 0.17082372 6297 9884 4.0% 0.61[0.44,0.85] _—
Lee SR, 2019 (2) -0.33407511 0.10300042 35965 25420 11.1% 0.72[0.59, 0.88] =
Mitsuntisuk P, 2020 -0.86750057 0.65104409 604 605  0.3% 0.42[0.12,1.50]
Staerk L, 2017 -0.41551544 0.19855084 5693 18084  3.0% 0.66[0.45,0.97]
‘Yao X, 2016 -0.67334455 0.19442706 16175 16175 3.1% 0.51[0.35,0.75)
Total (95% Cl) 326289 439920 100.0% 0.69 [0.64, 0.74] 4
Heterogeneity: Chi*= 22.01, df= 16 (P = 0.14); F= 27% =U 1 ulz u’s 2 5 10’
Test for overall effect Z=10.89 (P < 0.00001) Favours [Rivaroxaban] Favours [Warfarin]

Fig. 6 Comparison of intracranial bleeding between NOACs and warfarin stratified by each agent. A apixaban, B dabigatran, C edoxaban, and D
rivaroxaban. Cl = confidence interval, NOACs = non-vitamin K antagonist oral anticoagulants
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A. Apixaban
Apixaban Warfarin Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI , Rand 95% CI
Adeboyeje G, 2017 -0.19845094 0.13273314 3689 23431 7.0% 0.82 [0.63, 1.06] r
Amin A, 2017 -0.46203546 0.09631036 20803 20803 7.9% 0.63 [0.52, 0.76] —==
Bang OY, 2020 -0.51082562 0.10169553 10548 8643 7.8% 0.60 [0.48, 0.73] ——
Chan YH, 2018 -1.13943428 0.21615138 5843 19375  4.9% 0.32[0.21, 0.49] E—
Chan YH, 2019 -1.42711636 0.34828215 ag5z 19761  2.8% 0.24[0.12, 0.47)]
Deitelzweig S, 2017 -0.84397007  0.1217978 7107 7107 7.3% 0.43 [0.34, 0.55] —=—
Graham DJ, 2019 -0.65392647 0.07338063 72921 183003  8.4% 0.52 [0.45, 0.60] -
Halvorsen 5, 2017 -0.26136476 0.13965445 6506 11427  6.8% 0.77 [0.59, 1.01] ——
Kjerpeseth LJ, 2018 -0.35667494 0.14830777 10550 6435  B.6% 0.70 [0.52, 0.94] ——
Kohsaka S, 2020 -0.13926207 0.05594108 22752 19059  8.8% 0.87 [0.78, 0.97] o
Lee SR, 2019 (1) -0.46203546 0.23505683 3395 9884  4.5% 0.63 [0.40, 1.00] ——
Lee SR, 2019 (2) -0.5798185 0.08946259 22177 25420 8.1% 0.56 [0.47, 0.67] ===
Li3, 2017 -0.4780358 0.06406046 38470 38470 86% 0.62 [0.55, 0.70] -
Mitsuntisuk P, 2020 -0.69314718 0.24502031 405 605  4.3% 0.50 [0.31, 0.81] —
Yao ¥, 2016 -0.67334455 0.16265027 7695 7BI5  B.2% 0.51 [0.37, 0.70] ——
Total (95% CI) 242813 401123 100.0% 0.58 [0.51, 0.67] <

Heterogeneity: Tau®= 0.05; Chi®= 78.43, df= 14 (P = 0.00001); F= 82%

t + t
0.2 0.4 <]

Test for overall effect: Z=

0.04 (P=087)

Favours [Rivaroxaban] Favours [Warfarin]

0.1 2 10
Testfor overall effect: Z=7.67 (F = 0.00001) Favours [Apixaban] Favours [Warfarin]
B. Dabigatran
Dabigatran Warfarin Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total ig IV, R 1, 95% CI IV, Rand 95% CI
Adebovyeje G, 2017 015700375 0.06082026 8539 23431 6.6% 1.17[1.04,1.32] ==
Amin A, 2017 0.01980263 0.09427038 16731 16731 6.1% 1.02[0.85,1.23] =
Bang OY, 2020 -0.18632958 0.09466084 11414 8648 6.1% 0.83 [0.69, 1.00] —=—
ChanvH, 2018 -0.26136476 0.13965445 20079 19375 5.2% 0.77 [0.59,1.01] -
ChanY¥H, 2019 -0.24846136 0.22545505 22371 19761 3.7% 0.78[0.50,1.21] =i
Graham DuJ, 2015 0.24686008 0.05959672 67207 67207 6.6% 1.28[1.14,1.44] -
Graham D, 2019 0.14842 0.04611003 86293 183003 6.7% 1.16 [1.06, 1.27] =
Halvarsen S, 2017 023111172 0.11253403 7925 11427 5.7% 1.26 [1.01,1.57] —
Hernandez |, 2015 0.61518564 0.0594022 1302 8102 6.6% 1.85[1.65, 2.08] -
Hsu CC, 2018 -0.65778004 0.27884218 305 305 3.0% 0.52 [0.30, 0.89]
Kjerpeseth LJ, 2019 0.09531018 0.15063874 5984 6435 5.0% 1.10[0.82, 1.48] S
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Fig. 7 Comparison of gastrointestinal bleeding between NOACs and warfarin stratified by each agent. A apixaban, B dabigatran, C edoxaban, and
D rivaroxaban. Cl = confidence interval, NOACs = non-vitamin K antagonist oral anticoagulants
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been at least partly because of low TTR in warfarin
users. Third, we did not conduct subgroup analysis com-
paring warfarin with a low or high dose of NOACs be-
cause of the limited available data. Fourth, among the
involved studies, the precise inclusion or exclusion cri-
teria and outcomes definitions varied. Last, even though
we involved studies that reported the adjusted HR and
95% CI using either propensity score matching, propen-
sity score weighting, or multi-variate Cox regression, the
residual confounding factors with unmeasured variables
could not be excluded from this study due to the charac-
teristic of real-world data.

Conclusions

In conclusion, our study demonstrated that NOACs had
more efficacy than warfarin in preventing stroke in
NVAF patients. NOACs were also related to a lower risk
of all-cause mortality, intracranial bleeding, and major
bleeding than warfarin. Among NOACs, apixaban and
edoxaban might have a better safety and efficacy profile
compared to warfarin. A head-to-head RCT that directly
compares the specific type of NOACs is needed.
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