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Background: Low-dose prescription of rivaroxaban was common among patients with
atrial fibrillation (AF) in Asia. However, the benefits and harms of rivaroxaban at a low
dosage in Asian patients with AF remains unclear. Accordingly, we aimed to collect and
summarize all available evidence to fill this important knowledge gap.

Methods: In this systematic review and meta-analysis, we systematically searched
databases of MEDLINE, EMBASE, and Cochrane Library for relevant studies from
inception until February 23, 2021. Eligible retrospective nationwide or health insurance
database studies or prospective registration studies that reported efficacy (stroke/
systemic embolism), safety (major bleeding, intracranial hemorrhage, gastrointestinal
bleeding), or other outcomes (myocardial infarction, death) of low-dose rivaroxaban in
comparison with warfarin in AF patients were enrolled. Data extraction and study quality
assessment were conducted by two authors independently. Low dosing of rivaroxaban
(15/10mg) was defined as the received dose lower than the recommended dose (20 mg)
approved in most districts. Hazard ratio (HR) with 95% confidence intervals (95% CIs) was
pooled using a random-effect model. Subgroup analyses were conducted according to
different dose regimens. Sensitivity analyses were conducted by sequential elimination of
each study from the pool. Since potential effect modifiers (patient demographics,
differences of each study, and others) may lead to bias in primacy outcomes, we
performed a meta-regression analysis to explore the influence of these factors on the
primary efficacy and safety outcomes.

Results: Totally, 12 studies involving 292,815 Asian patients with AF were included. All
studies were detected as low to moderate risk bias. Low-dose rivaroxaban treatment in
Asian AF patients was associated with a reduced risk of stroke/systemic embolism (HR:
0.76, 95% CI: 0.70–0.84, I2: 57.8%), major bleeding (HR: 0.72, 95% CI: 0.62–0.84, I2:
81.5%), and all-cause death (HR: 0.65, 95% CI: 0.58–0.73, I2: 81.7%) when compared
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with warfarin. Furthermore, consistent results were observed among different dose
regimens (10/15/20 mg) in all the clinical outcomes (Pinteraction > 0.05 for each
outcome). Meta-regression analysis failed to detect any potential confounding to
impact the primacy outcomes.

Conclusion: Insights from the present meta-analysis, we found that low-dose
rivaroxaban, even at a dosage of 10mg daily, was associated with a reduced risk of
stroke/SE and bleeding than warfarin in Asian AF patients. However, owing to
considerable heterogeneity among included studies, further prospective studies are
required to confirm these findings.

Keywords: atrial fibrillation, direct oral anticoagulants, rivaroxaban, Asian, low-dose

INTRODUCTION

Direct oral anticoagulants (DOACs; rivaroxaban, apixaban,
edoxaban, and dabigatran) have been shown to be as effective
as and probably safer than vitamin K antagonists (VKAs) for the
prevention of stroke/systemic embolism (SE) in atrial fibrillation
(AF) (Steffel et al., 2018). Currently, the uptake of DOACs in AF
patients is progressively growing. It is notable that off-label low-
dosing prescriptions of DOACs in AF population are common in
the clinical practice worldwide (23.2%), particularly in Asian
countries (38.3%) (Camm et al., 2020). For Asian patients with
AF, rivaroxaban is commonly prescribed, and its dose selection is
more complicated. The subgroup analysis of the Rocket-AF trial,
a global study investigating the efficacy and safety profiles of a
daily regimen of 20 mg rivaroxaban in AF patients, indicated that
the results from the Asian population did not differ from the
western population (Wong et al., 2014). Another similar trial
(J-ROCKET AF trial), comparing outcomes of low-dose
rivaroxaban (15/10 mg once daily) with warfarin (target
international normalized ratio: 1.5–2.5) in Japanese patients
with AF, showed that patients using rivaroxaban had a similar
risk in stroke/SE and major bleeding vs. those receiving warfarin
(Hori et al., 2012). Currently, low-dose rivaroxaban (15 or 10 mg
once daily) has only been approved for stroke prevention in AF
patients in Japan and Taiwan. However, the benefit and risk
profiles of low-dose rivaroxaban among Asian patients with AF
remain unclear in daily practice. To fill this unmet knowledge
gap, we collected and summarized all available real-world studies
to assesses the benefits and harms of low-dose rivaroxaban in
Asian AF population.

METHODS

Literature Search
The present systematic review and meta-analysis was conducted
according to the priori established protocol (PROSPERO:
CRD42018089939) (Gu et al., 2020), and reported in line with
the Preferred Reporting Items for Reporting Systematic Reviews
andMeta-analyses (PRISMA) (Page et al., 2021). As for searching
strategy, the first draft in Medline database was provided by a
senior librarian, revised by three authors (Z.C, J. Q. and Y. Y.),

iterated to generate the final version, and translated in other
electronic databases. Finally, databases of Medline, Embase, and
Cochrane Library were searched from inception to February 23,
2021 for relevant studies, with the restriction of English language
and the following searching strategy: “atrial fibrillation” AND
“rivaroxaban” or “Xarelto” AND “real-world” or “real world” or
“population” or “nationwide” or “nation” or “registry” or
“cohort” or “Medicare” or “claim”. In addition, any potential
studies listed in retrieved articles were also identified.

Study Selection
The eligible criteria for studies were as follows: 1) population: Asian
patients with AF; 2) intervention: low-dosing of rivaroxaban (15/
10mg), defined as the received dose lower than the recommended
dose approved inmost districts (20mg), except Japan and Taiwan; 3)
comparison: VKAs; 4) outcomes: primary efficacy outcome (stroke/
SE), primary safety outcomes (major bleeding, intracranial
hemorrhage (ICH), and gastrointestinal (GI) bleeding) as defined
in each study (Supplementary Tables S1, S2), secondary outcomes
(myocardial infarction (MI) and death); 5) study design: real-world
studies integrating data from electronic health records, claims
databases, or disease registries; 6) follow-up duration: at least
12 weeks.

Studies that published only in the form of conference abstract
were excluded. Two authors (J. Q. and Y. Y.) independently
screened all titles and abstracts, and further assessed potentially
eligible full-text based on entry criteria. The disagreements were
resolved by discussion with the corresponding investigator (Z.C.).

Data Extraction and Quality Assessment
Data were extracted by two authors (J. Q. and Y. Y.)
independently, with the following items: study characteristics
(the first author and publication year, Country or region/data
source/inclusion period, inclusion and exclusion criteria, patient
number in different treatment, adjusted method, period of
follow-up, reported outcomes and their definition);
demographics and clinical characteristics (age, sex, dosage of
rivaroxaban, comorbidities, CHA2DS2-VASc score, HAS-BLED
score, etc.); and data of efficacy and safety outcomes (stroke/SE,
major bleeding, ICH, GI, MI, and death). The above information
was extracted from articles and their supplementary materials,
and only accessible data were analyzed.
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Since real-world studies have a higher risk for bias relative to
RCTs, we considered important factors in real-world study design
and methods used to mitigate bias when comparing outcomes
between rivaroxaban and comparator. NEW-Castle Ottawa scale
(NOS) was used for Study quality assessment, with three items:
Selection (representativeness of the exposed cohort, selection of
the non exposed cohort, ascertainment of exposure,
demonstration that outcome of interest was not present at
start of study); Comparability (comparability of cohorts on the
basis of the design or analysis); Outcome (assessment of outcome,
was follow-up long enough for outcomes to occur, adequacy of
follow up of cohorts) (Islam et al., 2018). A study can be awarded
a maximum of one score for each numbered item within the
Selection and Outcome categories, except Comparability (a
maximum of two scores). The summary risk of bias was
determined as low (NOS scores ≥7), moderate (4≤ NOS scores
≤6), and high (NOS scores ≤3).

Statistical Analyses
Dichotomous variables were calculated as hazard risks (HRs)
with 95% confidence intervals (95% CIs). The random effects
model was used to assess the overall estimated effects, in which
the uniformly minimum variance unbiased estimator of the
average effect size was obtained by weighting each effect-size
estimate by its inverse variance (Gu et al., 2020). When a single
analysis involved > 2 studies, meta-analysis was performed.
Heterogeneity among studies was evaluated using I2 test, with
I2 > 50% representing considerable heterogeneity. Subgroup
analyses were carried out based on different dose regimens
(20/15/10 mg daily), with the interaction analyses (p for
interaction) for estimating the comparability among dosage.
Sensitivity analysis was performed to assess the robustness of
the results by eliminating each study from the pool sequentially.
Given that studies conducted in Japan and Taiwan where the
lower dose is approved for AF treatment in general may differ
from those conducted in Korea where the low dose is approved in
those with renal impairment, further sensitivity analysis was
conducted by excluding studies conducted in Korea. Because
patients’ baseline characteristics (age, sex, dosage of rivaroxaban,
comorbidities, CHA2DS2-VASc score, HAS-BLED score, etc.)
may lead to bias on primacy outcomes, we performed a meta-
regression analysis to explore the influence of these factors on
outcomes. When a single analysis involved > 10 studies,
publication bias was evaluated by employing funnel plots (Gu
et al., 2020). All data were analyzed by using STATA version13.0
(Statacorp, College Station, Texas, United States), with p < 0.05
indicating a statistically significant difference. As all the included
researches were real-world studies, the evidence quality was
limited. More studies, especially high-quality trials, are
required in the future.

RESULTS

Study Selection and Characteristics
Totally, initial search yielded 1,973 records, among them 1,927
records were excluded due to duplication or irrelevance by

screening titles and abstracts, including 10 records that were
not published in English (5 in Italian; 2 in Spanish; 1 in Chinese; 1
in Japanese; 1 in Turkish) (Figure 1). 46 full-text articles were
obtained for further assessment of eligibility, and 34 articles were
excluded for reasons listed in Supplementary Table S3. Finally,
12 studies (Kohsaka et al., 2017; Chan et al., 2018; Cho et al., 2018;
Huang et al., 2018; Lai et al., 2018; Lee et al., 2018; Okumura et al.,
2018; Chan et al., 2019; Jeong et al., 2019; Lee et al., 2019; Cho
et al., 2020; Kohsaka et al., 2020) involving 292,815 Asian patients
with AF were included, with 169,383 patients using rivaroxaban
and 123,432 patients using warfarin. Among them, eight studies
with on-label low-dose rivaroxaban were conducted in Japan (3
studies) and Taiwan (5 studies), and four studies with off-label
low-dose rivaroxaban were implemented in Korea (Table 1).
Follow-up duration in these studies ranged from 11 to 24 months.

Patient Characteristics and Quality
Assessment
Detailed patients and clinical characteristics are outlined in
Supplementary Table S4. The mean age of patients was
74.2 years, and the proportion of male was 55.9%. The mean
CHA2DS2-VASc score was 3.6, and mean HAS-BLED score was
2.7. The major comorbidities were hypertension (76.8%),
followed by diabetes mellitus (35.5%), heart failure (21.9%),
and previous stroke or TIA (21.3%).

Among included 12 trials, the summary risk of bias in nine
studies (NOS scores: 7) was determined as low quality, and three
studies was assessed as moderate quality (NOS scores: 6)
(Supplementary Table S5).

Efficacy and Safety of Low-Dose
Rivaroxaban
Overall analyses on the efficacy and safety between low-dose
rivaroxaban and warfarin in Asian patients with AF are presented
in Table 2 and Supplementary Figures S1–S7. Considering the
efficacy outcome, low-dose rivaroxaban was more effective than
warfarin in reducing the risk of stroke/SE (11 studies, HR: 0.76,
95% CI: 0.70–0.84, I2: 57.8%).When regarding primary safety, the
use of low-dose rivaroxaban conferred a lower risk of major
bleeding (10 studies, HR: 0.72, 95% CI: 0.62–0.84, I2: 81.5%), ICH
(8 studies, HR: 0.56, 95% CI: 0.46–0.68, I2: 63.7%), as well as GIB
(8 studies, HR: 0.81, 95% CI: 0.69–0.94, I2: 58.5%) when
compared with warfarin. Similarly, low-dose rivaroxaban was
associated with a lower risk of MI (5 studies, HR: 0.73, 95% CI:
0.59–0.89, I2: 7.0%) and all-cause death (8 studies, HR: 0.65, 95%
CI: 0.58–0.73, I2: 81.7%).

Subgroup Analyses Based on Dosage
Analyses according to different dosage (20, 15, and 10 mg)
are showed in Figure 2 and Supplementary Figures S8–S23.
As for the efficacy, rivaroxaban resulted in a lower risk of
stroke/SE than warfarin, regardless of 20 mg (7 studies, HR: 0.62,
95%CI: 0.50–0.77, I2: 62.4%), 15 mg (6 studies, HR: 0.70, 95%CI:
0.58–0.85, I2: 63.8%) and 10 mg (2 studies, HR: 0.83, 95%CI:
0.73–0.95, I2: 0.0%). With respect to major bleeding risk,
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rivaroxaban 20 mg appeared reduced risk of major bleeding (6
studies, HR: 0.77, 95%CI: 0.62–0.97, I2: 56.8%) and GIB (5
studies, HR: 0.74, 95%CI: 0.59–0.92, I2: 0.0%) when compared
to warfarin. However, this positive outcome was not observed in
rivaroxaban 15 mg (4 studies, HR: 0.76, 95%CI: 0.57–1.00, I2:
77.7% for MB; five studies, HR: 0.91, 95%CI: 0.80–1.05, I2: 2.4%
for GIB) and 10 mg (2 studies, HR: 0.81, 95%CI: 0.40–1.64, I2:
88.9% for GIB). Besides, use of rivaroxaban 20 mg (4 studies, HR:
0.52, 95%CI: 0.40–0.69, I2: 0.0% for ICH; five studies, HR: 0.66,
95%CI: 0.52–0.83, I2: 73.4% for all-cause death), 15 mg (4 studies,
HR: 0.47, 95%CI: 0.39–0.56, I2: 0.0% for ICH; three studies, HR:
0.55, 95%CI: 0.40–0.76, I2: 0.0% for MI; five studies, HR: 0.65,
95%CI: 0.51–0.84, I2: 83.0% for all-cause death) and 10 mg (2
studies, HR: 0.61, 95%CI: 0.39–0.94, I2: 44.9% for ICH) were
consistently associated with decreased risk of ICH and all-cause
death when compared to treatment with warfarin. The outcomes
of major bleeding, myocardial infarction and all-cause death were
not reported for rivaroxaban 10 mg. Interaction analyses revealed
that results in effectiveness and safety were consistent among
different dosage of rivaroxaban (Pinteraction > 0.05 for each
outcome).

Sensitivity Analysis, Meta-regression
Analysis, and Publication Bias
Sensitivity analyses were conducted by sequentially removing
each study or by excluding studies conducted in Korea. The
pooled results were in line with the primacy efficacy and safety

outcomes (Supplementary Table S6). Also, meta-regression
analysis failed to detect any potential confounding to impact
the primacy outcomes (Supplementary Table S7). A visual
inspection of funnel plots showed a relative symmetry,
suggesting that the publication bias was not a concern overall
(Supplementary Figure S24).

DISCUSSION

Major Findings and Interpretation
The present study involved evidence from available real-world
studies for evaluating the clinical outcomes of low-dose
rivaroxaban among Asian patients with AF. Our results
indicated that low-dose rivaroxaban was associated with a
lowered risk of stroke/SE, bleeding (major bleeding, ICH,
GIB), MI, and death compared with warfarin. In further
analyses based on different dosages (20, 15, 10 mg), no
significant difference was detected among groups in all the
clinical outcomes. However, owing to relatively limited studies
and considerable heterogeneity, further prospective studies are
required to confirm these findings.

Low-Dose Rivaroxaban Use in Asian
Patients With AF
DOACs, including rivaroxaban, provide an alternative option to
warfarin and are becoming the preferred anticoagulant choice for

FIGURE 1 | Flow diagram for the selection of eligible studies.

Frontiers in Pharmacology | www.frontiersin.org May 2021 | Volume 12 | Article 6429074

Qian et al. Low-Dose Rivaroxaban in Asian Patients

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


stroke prevention in most Asian AF patients. Reduced dose of
rivaroxaban was approved by the National Food and Drug
Administration for specific patients (those with low body
weight, poor renal function or advanced age) (January et al.,
2014; Steinberg et al., 2016). Given the association between higher
bleeding risk and Asian population (Oh et al., 2016), physicians
are more sensitive to the bleeding complications of anticoagulant
therapy than to its effects in stroke prevention, generally trending
to prescribe low-dose rivaroxaban for patients in clinical practice.
Up to now, the data on effectiveness and safety of low-dose
rivaroxaban in real-world remains uncertain. A nationwide
Danish study suggested that low-dose use of DOACs might
cause increased stroke risk (Nielsen et al., 2017). Another
United States national prospective registry study indicated that

low-dose DOACs were associated with an obvious increase in
mortality (Steinberg et al., 2016). In recent years, many more
contemporary real-world studies that focused on low-dose
rivaroxaban in Asian have been published (Kohsaka et al.,
2017; Chan et al., 2018; Cho et al., 2018; Huang et al., 2018;
Lai et al., 2018; Lee et al., 2018; Okumura et al., 2018; Chan et al.,
2019; Jeong et al., 2019; Lee et al., 2019; Cho et al., 2020; Kohsaka
et al., 2020). It is well-known that real-world studies by
integrating data from electronic health records (EHRs), claims
databases, and disease registries could extend findings of RCTs to
large patient populations in real-world practice. Accordingly, in
the present study we summarized all available evidence from real-
world studies for a comprehensive and rigorous meta-analysis on
benefits and harms with low-dose rivaroxaban.

The Efficacy and Safety of Low-Dose
Rivaroxaban
Prior RCT trial (J-ROCKET) showed that low-dose rivaroxaban
therapy was related to a marginal trend toward a reduction in
stroke/SE (HR: 0.49, 95% CI: 0.24–1.00) and a similar risk in
major bleeding (HR: 0.85, 95% CI: 0.50–1.43) vs. warfarin in
Japanese patients (Hori et al., 2012). After pooling twelve real-
world studies, our data showed that low-dose rivaroxaban was
more effective and safer than warfarin for stroke prophylaxis in
Asian patients. This difference might be partially explained by the
control of time in therapeutic range (TTR), a critical indicator
reflecting the anticoagulation effect for patients treated with

TABLE 1 | Characteristics of included studies.

Study Country or
region/data source/inclusion

period

Rivaroxaban
numbers

Warfarin
numbers

Adjusted
method

Follow-up
(months)

Reported outcomes

Kohsaka
et al. (2017)

Japan/Health claims and Diagnosis Procedure
Combination/2011.3.1-2016.3.31

10–15 mg/6,726 6,726 PSM 12 MB; Any bleeding

Okumura
et al. (2018)

Japan/SAKURA AF Registry/2013.9.1-2015.12.31 10–15 mg/761 1,561 CA 24 Stroke/SE; ICH; MB;
Death

Kohsaka
et al. (2020)

Japan/Medical Data Vision Co Ltd database (372
acute care hospitals)/2011.3-2018.7

10–15 mg/17481 19,059 IPTW NR Stroke/SE; ICH; MB;
GIB; Any bleeding

Cho et al.
(2018)

Korea/National Health Insurance ServiceDatabase/
2015.7.1-2016.12.31

10–15 mg/12399;
20 mg/8,601

10,409 PSA 15 Stroke/SE; MB;
Death; Any bleeding

Lee et al.
(2019)

Korea/National Health iInsurance Service database/
2014.1-2016.12

15 mg/5,777; 20 mg/
7,792

5,777; 7,792 PSM 17 Stroke; ICH; MB; GIB;
Death

Jeong et al.
(2019)

Korea/the department of Neurology and Cardiology
at Chonnam National University Hospital in
Gwangju/2014.1-2016.12

15 mg/414;
20 mg/390

804 PSM At least 12 Stroke; ICH; MB; GIB;
MI; Death; Any
bleeding

Cho et al.
(2020)

Korea/National Health Insurance service database/
2015.7-2016.12

15 mg/4,879; 20 mg/
4,760

4,536 PSA 15 Stroke/SE; MB; Death

Lee et al.
(2018)

Taiwan/National Health Insurance Database/
2013.2.1-2016.12.31

10 mg/11029; 15 mg/
14971

16,000 PSA 15 Stroke/SE; ICH; MB;
GIB; MI; Death

Chan et al.
(2018)

Taiwan/National Health Insurance
ResearchDatabase/2012.6.1-2016.12.31

10/15 mg 26,000;
20 mg/1777

19,375 PSA 15–18 Stroke/SE; ICH; MB;
GIB; MI; Death

Huang et al.
(2018)

Taiwan/National Health Insurance claims database/
2012.6.1-2015.12.31

10 mg/3,104; 15 mg/
5,996; 20 mg/1,509

9,637 PSM 11–14 Stroke; ICH; GIB

Lai et al.
(2018)

Taiwan/National Health Insurance claims database/
2011.1.1-2015.5.31

10–15 mg/1,207;
15 mg/788

1,207; 788 PSM 7 IS; ICH; GIB; MI; Death

Chan et al.
(2019)

Taiwan/National Health Insurance Research
Database/2012.6.1-2017.12.31

10/15 mg 31,108;
20 mg 1914

19,761 PSA at least 16 IS/SE; ICH; MB;
GIB; MI

Stroke/SE, stroke/systemic embolism; IS, ischemic stroke; MB, major bleeding; ICH, intracranial hemorrhage; GIB, gastrointestinal bleeding; MI, myocardial infarction; PSM, propensity
score matching; CA, covariate adjustment; IPTW, inverse probability of treatment weighting; PSA, propensity score adjustment; NR, not reported.

TABLE 2 | Comparison of reduced-dose of Rivaroxaban vs. VKA.

Outcomes Number
of included studies

HR (95%CI) I2 (%)

Stroke/systemic embolism 11 0.76 (0.70–0.84) 57.8
Major bleeding 10 0.72 (0.62–0.84) 81.5
Intracranial hemorrhage 8 0.56 (0.46–0.68) 63.7
All-cause death 8 0.65 (0.58–0.73) 81.7
Gastrointestinal bleeding 8 0.81 (0.69–0.94) 58.5
Myocardial infarction 5 0.73 (0.59–0.89) 7.0
Any bleeding 4 0.96 (0.91–1.02) 28.7

HR, hazard ratio; CI, confidence interval.
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warfarin and usually being well controlled during the
management of RCTs. Nevertheless, TTR is hard to do well in
real-world practice for multiple factors, such as frequent
interactions with various diet or concomitant medications,
genetic differences in metabolic or pharmacodynamic features
among patients, insufficient management of anticoagulants, and
lack of compliance in warfarin therapy, subsequently leading to
poor clinical outcomes (Mitsuntisuk et al., 2020). Thus, Asian AF
patients under warfarin treatment and with poor control of TTR
might also be benefit from low-dose rivaroxaban.

The Efficacy and Safety of Rivaroxaban at
Different Dosages
Regarding different dosages, patients receiving rivaroxaban, even
at a reduced dose of 10mg, carried a decreased risk of stroke/SE,
ICH, death, and a comparative GIB risk compared to those taking
warfarin, without discrepancy among subgroups. This was quite
different from the results of increased stroke and death risks in
Europeans and Americans treated with low-dose DOACs
(Steinberg et al., 2016; Nielsen et al., 2017). Various outcomes

probably due to patient-specific characteristics, especially the
racial differences between Asians and non-Asians. According
to the population pharmacokinetics-pharmacodynamics
analyses, simulated steady-state exposure of Japanese AF
patients treated with rivaroxaban 15 mg once daily (o.d.)
approximates that achieved in simulated Caucasian AF
patients treated with rivaroxaban 20 mg o. d. (Tanigawa et al.,
2013). Besides, high prevalence of smaller body weight, advanced
age, multiple underlying comorbidities and chronic kidney
diseases in Asian AF patients also render them be benefited
from low-dose rivaroxaban. Obviously, bodyweight is a vital
factor affecting the risks for stroke/SE and bleeding when
patients were under oral anticoagulant therapy. A retrospective
cohort study suggested that being underweight was related to an
increased risk of major bleeding and all-cause death compared
with being normal weight or overweight in AF patients taking
DOACs, whereas the risk of SE was similar (Park et al., 2017). For
above evidence, it could be estimated that AF patients in Asia
might need a lowered dose of rivaroxaban than those in western
countries, and even rivaroxaban 10 mg remains a more effective
and safe dose regimen than warfarin in the Asian population.

FIGURE 2 | Benefits and harms of rivaroxaban by different dose regimen.
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Study Strengths and Limitations
Strength of this study is mainly that a systematic and rigorous
approach was used to evaluate the benefits and risks of low-
dose rivaroxaban in Asian patients with AF. We performed
the subgroup analyses according to different dosages; applied
interaction analyses to compare the difference among
subgroups; conducted sensitivity analyses to strengthen the
robustness of results. However, several limitations need to be
acknowledged. First, included studies were conducted in
different countries or regions, and the difference in the
baseline characteristics of patients could not be excluded.
To account for these issues, we have performed sensitivity
analysis and meta-regression, without finding any potential
confounding to impact the primacy outcomes. Moreover, the
overall heterogeneity among the twelve studies was moderate,
as revealed by I2-values. Accordingly, a random-effect model
was used in the statistical analysis. Second, real-world study
has certain inevitable bias due to residual confounding and
time-varying covariates/information censoring, which limited
the generalization and extrapolation of results to clinical
practice. Third, owing to the unavailability of detailed
clinical information, we could not make a powerful
subgroup analysis between patients who should be
prescribed for standard-dose rivaroxaban and those who
received under dosage for low body weight, poor renal
function, or advanced age. Fourth, the TTR of patients in
warfarin arm were not captured in this study, making the
adequacy of the warfarin dosing schedules uncertain. This
factor could have influenced the improved effectiveness of
DOACs over warfarin that we observed, particularly in the
low-dose group. Fifth, all included trials reported outcomes as
defined in each study; however, it is not possible to evaluate
whether small variations impact results obtained. Sixth, we
did not search non-English articles and other electronic
databases. However, we included studies identified in a
comprehensive search of broad databases and are confident
that this study covered the majority of studies. Lastly, due to
the limited number of involved Asian districts, our results
should be validated in further studies with AF patients from
other Asian countries.

CONCLUSION

In summary, low-dose rivaroxaban (15/10 mg), even the 10 mg-
dose regimen, was associated with a reduced risk of stroke/SE and
bleeding than warfarin among Asian patients with AF in the
clinical setting. However, owing to considerable heterogeneity

among included studies, further prospective studies are required
to confirm these findings.
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