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Abstract. – OBJECTIVE: Non-valvular atrial 
fibrillation (NVAF) is a common manifestation of 
cardiac arrhythmia, whose significance is height-
ened in the context of an aging global population 
and changing lifestyles, leading to an increased 
incidence. Stroke prevention in NVAF is a com-
plex challenge that requires a comprehensive ex-
ploration of interventions. The emergence of Di-
rect Oral Anticoagulants (DOACs) is a potential 
treatment, necessitating a  thorough evaluation 
of their safety and efficacy. As the quest for the 
best strategy for thrombotic risk in these patients 
continues, the interaction between DOAC and as-
pirin has become the focus of research. 

MATERIALS AND METHODS: With a rigor-
ous methodological approach, we conducted a 
thorough search of scientific databases up to Au-
gust 2023. The methodology involved meticulous 
screening, careful data extraction, and rigorous 
assessment of trial quality, all conducted by two 
independent investigators. The results were syn-
thesized through standardized mean differences, 
accompanied by 95% confidence intervals.

RESULTS: DOACs demonstrated significant en-
hancements in stroke prevention for NVAF, which 
was indicated by favorable outcomes in bleeding 
(RR = 4.04, 95% CI: 3.96, 4.12), coronary artery dis-
ease (RR = 2.45, 95% CI: 2.42, 2.48), mortality (RR = 
0.49, 95% CI: 0.43, 0.56), myocardial infarction (RR 
= 1.85, 95% CI: 1.81, 1.88), and stroke (RR = 1.50, 
95% CI: 1.47, 1.54). Notably, DOACs demonstrat-
ed optimal efficacy for NVAF patients with stroke.

CONCLUSIONS: DOACs may be potentially 
effective for preventing stroke after NVAF.
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Introduction

Atrial fibrillation (AF) stands as the prevailing 
cardiac arrhythmia in clinical practice, afflicting 

a current global population of 335 million indi-
viduals, resulting in an overall prevalence rate 
of 2.9%. This escalating burden of AF is under-
scored by its well-established role as a risk factor 
for ischemic stroke (IS)1,2. AF patients face an 
annual risk of IS of about 5%, five times higher 
compared to the general population3. Notably, 
AF contributes to nearly 15-20% of all stroke 
cases, with AF-related strokes characterized by 
high mortality and sustained disability compa-
red to other causes4. Thrombosis and embolism 
constitute the primary challenges of AF, with pa-
tients experiencing non-valvular atrial fibrillation 
(NVAF), with a 5% annual incidence of embolic 
events, responsible for 15-20% of cerebral em-
bolisms5,6. Consequently, the threat of death and 
disability posed by NVAF far exceeds fivefold. 
As a fundamental approach to counteracting IS, 
clinical guidelines underscore the importance of 
anticoagulation for NVAF patients7.

Oral anticoagulants have demonstrated signifi-
cant effectiveness in preventing IS and improving 
outcomes for patients affected by NVAF. Howe-
ver, before initiating anticoagulation, the crucial 
and primary step involves assessing the risk of 
stroke, a foundational measure aimed at opti-
mizing the benefits of anticoagulant treatment8. 
The primary goal of clinicians is to identify in-
dividuals with a higher predisposition to IS while 
stratifying patients with reduced IS risk, thereby 
tailoring the application of anticoagulation to 
better suit clinical practice9. Over the past five 
decades, the use of oral anticoagulants (OACs) 
has been recommended by guidelines10 for mana-
ging NVAF, including the well-established war-
farin, widely prevalent, and the more efficient 
direct-acting oral anticoagulants (DOACs). A 
wealth of empirical evidence underscores that the 
utilization of OACs in the context of NVAF yields 
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a notable diminution of stroke risks11. Studies12  
emphasize the capacity of anticoagulant thera-
pies to decrease stroke incidence by a substantial 
50%, concurrently preventing the recurrence of 
this serious cardiovascular event.

In normal physiological circumstances, the 
coagulation process in the human body unfolds 
like a cascading enzymatic waterfall. The core 
principle underlying anticoagulant pharma-
ceuticals is to intercept this cascade sequence, 
achieved through the direct or indirect inhibi-
tion of one or more key components within the 
coagulation process13. This intervention aims to 
prevent the occurrence of thrombotic events. Vi-
tamin K antagonists (VKAs) exert their antico-
agulant effect by non-specifically and indirectly 
inhibiting clotting factors (including factors X, 
IX, VIII, VII, and II)14. Among VKAs, warfarin, 
a multi-faceted oral anticoagulant derived from 
coumarin, operates by intricately influencing vi-
tamin K metabolism15. It acts on critical coagu-
lation factors (VII, IX, and X) at the early stages 
of the coagulation cascade, impeding the gen-
eration of thrombin and the activation of factor 
II16. It is worth noting that this approach does not 
affect the synthesis of clotting factors at the pro-
tein level; instead, it operates by impeding their 
carboxylation process. Therefore, this mecha-
nism does not impact clotting factors that have 
already been activated in the physiological envi-
ronment17. Contrarily, DOACs, distinguished by 
their pronounced specificity, exert their antico-
agulant effects by directly interdicting the activ-
ities of coagulation factors Xa and IIa. 

The central focus of managing NVAF and 
mitigating its associated complications resides in 
the use of prolonged anticoagulant therapy. Pres-
ently, four DOACs – namely dabigatran, rivarox-
aban, apixaban, and edoxaban – have emerged 
as the preferred options, offering improved safe-
ty and efficacy outcomes18. Notably, within the 
scope of National Health Services practices in 
the UK in 2019, DOACs constituted a substantial 
proportion, accounting for 74% of all prescribed 
anticoagulants19. The past era has witnessed the 
combination of warfarin, a vitamin K antag-
onist, with antiplatelet therapy, aimed at treat-
ing conditions such as atrial fibrillation, venous 
thromboembolism, and atherosclerosis20. The 
increasing use of DOACs has generated a sub-
stantial body of empirical data supporting their 
effectiveness in managing NVAF, reinforced by 
their favorable safety profile for patients. Recent 
evidence21 leans toward DOACs over vitamin K 

antagonists, primarily due to their superior safe-
ty profile. Nonetheless, the therapeutic landscape 
is not without potential challenges, including the 
risk of gastrointestinal hemorrhage and the con-
cerning possibility of fatal intracranial hemor-
rhage. Such potential adverse effects may impact 
the implementation of preventive strategies22. 
The specter of major bleeding, a tangential con-
sequence, adds intricate complexities to patient 
management, necessitating a pressing search for 
an anticoagulant regimen that harmonizes both 
efficacy and safety considerations.

This study has constructed a meta-analysis to 
explore the impact of DOACs on the risk of stroke 
following NVAF, contrasting relevant random-
ized controlled trials. In this analytical domain, 
DOACs may emerge as effective medications in 
preventing stroke after NVAF. Figure 1 illustrates 
the process of literature screening.

Materials And Methods

Search Strategy
This study strictly adhered to the established 

guidelines of the Meta-analysis of Observational 
Studies in Epidemiology (MOOSE) for conduct-
ing a meta-analysis. Computer searches were 
conducted in databases including Cochrane Li-
brary, Embase, Web of Science, PubMed, Chi-
na National Knowledge Infrastructure (CNKI), 
China Biology Medicine disc (CBM), and Wan-
fang Database. The English search keywords 
were “dabigatran, rivaroxaban, apixaban, bet-
rixaban, and Warfarin”. In addition, keywords 
related to the condition were “Non-valvular atri-
al fibrillation” and “Stroke”. Taking the Pubmed 
database as an example, the search strategy is 
outlined in Table I. Furthermore, we conducted 
a thorough manual exploration of the titles and 
contents of the included studies, supplemented 
with an objective summary assessment, ulti-
mately identifying other relevant literature.

Table I. Search strategy in PubMed.

#1	 (dabigatran[Title/Abstract]) 
	 OR (rivaroxaban[Title/Abstract])) 
	 OR (apixaban[Title/Abstract] 
	 OR (betrixaban[Title/Abstract] 
	 OR (Warfarin[Title/Abstract]
#2	 (Non-valvular atrial fibrillation [Title/Abstract]) 
	 OR (Stroke[Title/Abstract])) 
#3	 #1 AND #2
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Inclusion Criteria
The criteria for inclusion, fortified by a reso-

nance spanning seven thematic dimensions, seam-
lessly converged to establish a robust threshold of 
scholarly importance. The imperatives of our inclu-
sion criteria were guided by distinct directives: (a) 
the realm of publication encompassed randomized 
controlled trials (RCTs) or observational studies; (b) 
a demographic scope of adult patients (≥18 years) 
was required, with a follow-up period of at least 
3 months; (c) a meticulous comparison between 
DOAC alone and DOAC plus aspirin was sought, 
with a focus on safety and efficacy outcomes; (d) a 
comprehensive array of pivotal outcomes was ex-
plicitly reported, including major bleeding, myocar-
dial infarction (MI), major adverse cardiac events 
(MACE), hospitalizations, all-cause mortality, 
stroke, or composite permutations thereof. (e) The 
study was conducted with a scientifically sound re-
search design and adhered to standardized proto-
cols. Follow-up data and other relevant information 
were comprehensively documented and completed.

Exclusion Criteria
(1) Case reports; (2) Studies lacking extract-

able relevant outcome measures, such as inci-
dence rates; (3) Studies including patients with 
comorbid cross diseases

Quality Assessment Criteria and Data 
Extraction

Two independent reviewers conducted the lit-
erature screening, data extraction, and quality as-
sessment. Any discrepancies were resolved by a 

third reviewer. The data extracted in this study en-
compassed study design, study population, inclu-
sion and exclusion criteria, intervention measures, 
treatment methods for the control group, and out-
comes. Continuous data were extracted as means 
± standard deviations (SD). For randomized con-
trolled trials, the Jadad scale was used for quality 
assessment, while cohort studies and case-control 
studies were assessed using the Newcastle-Ottawa 
Scale (NOS) for quality assessment.

Statistical Analysis
Review Manager 5.3 (RevMan 5.3, https://commu-

nity.cochrane.org/help/tools-and-software/revman-5) 
was used for analysis: (1) Binary variables were an-
alyzed using odds ratios (OR) with a 95% confidence 
interval (CI). Heterogeneity was tested using Q and 
I2. When heterogeneity was low, a fixed-effect model 
was selected. When heterogeneity was high, a ran-
dom-effects model (RE) was used for analysis, and a 
reevaluation of the literature was conducted to iden-
tify and analyze the sources of heterogeneity. Sub-
group analysis was performed if there was significant 
heterogeneity and statistical differences in character-
istics. If the source of heterogeneity could not be iden-
tified, descriptive analysis was conducted. p < 0.05 
was considered as significantly different.

Results

Characteristics of Included Studies
Within the timeframe from 2019 to August 2023, 

after meticulous research, a total of 732 relevant 

Figure 1. Flowchart of literature 
screening.
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articles were obtained. After removing duplicate lit-
erature, 467 articles remained, including 315 in En-
glish and 152 in Chinese. Following a preliminary 
screening based on titles and abstracts, 440 articles 
were excluded, of which 154 were irrelevant to the 
research topic, 274 were case reports and reviews, 
and 12 were single-group studies. After the initial 
screening, 27 articles were included. After reading 
the full texts, 10 articles were excluded, including 7 
without specified data and 3 with participants’ di-
agnoses not matching the criteria. Finally, 17 arti-
cles23-39 were included. Encompassing a DOAC co-
hort comprising 751,355 participants, this compila-
tion encompassed 473,577 individuals within the 
Warfarin group. Furthermore, the identification 
of literature bias risk provides a multifaceted per-
spective on the heterogeneity of the components. 
The flowchart of the included literature screening 

process is presented in Figure 1. The basic informa-
tion of the included literature is shown in Table II.

Quality Assessment of Included Literature
Among the 17 studies24-40 included in this arti-

cle, 1624,26-40 were case-control studies, and 125 was 
a retrospective case-control study. The quality of 
randomized controlled trials was evaluated using the 
Jadad scale, with appropriate random sequence gen-
eration (2 points), unclear allocation concealment (1 
point), lack of blinding (0 points), and lack of descrip-
tion of withdrawals or dropouts (0 points), resulting 
in a Jadad score of 3 points, indicating low-quality 
literature. Please refer to Table III and Figure 2.

Bleeding
1524,25,27-32,34-40 of the articles conducted detailed 

studies on bleeding. The results of the heterogeneity 

Table II. Basic information of included literature.

		  Number of 		  Outcome
Authors	 Research Type	 Participants	 Treatment	 measures

Tinkham et al24, 2019	 Case-Control Study	 407	 DOAC vs. Warfarin	 a, b, c
Elvira et al25, 2019	 Unspecified	 2,361	 DOAC vs. Warfarin	 a, c, d, e
Alberts et al26, 2019	 Case-Control Study	 365,950	 DOAC vs. Warfarin	 b, c, e
Amin et al27, 2021	 Case-Control Study	 198,171	 DOAC vs. Warfarin	 a, b, d, e
Wanat et al40, 2019	 Case-Control Study	 20,378	 DOAC vs. Warfarin	 a, e
Coleman et al28, 2020	 Case-Control Study	 6,744	 DOAC vs. Warfarin	 a, b, d, e
Coleman et al29, 2019	 Case-Control Study	 103,511	 DOAC vs. Warfarin	 a, b, d, e
Deitelzweig et al30, 2020	 Case-Control Study	 448,944	 DOAC vs. Warfarin	 a, e
Graham et al31, 2019	 Case-Control Study	 41,001	 DOAC vs. Warfarin	 a, b, d, e
Gupta et al32, 2019	 Case-Control Study	 128	 DOAC vs. Warfarin	 a, b, d, e
Kido et al34, 2019	 Case-Control Study	 30,820	 DOAC vs. Warfarin	 a, e
Kjerpeseth et al35, 2019	 Case-Control Study	 116,803	 DOAC vs. Warfarin	 a, b, d, e
Lee et al36, 2019	 Case-Control Study	 21,562	 DOAC vs. Warfarin	 a, d, e
Lin et al37, 2019	 Case-Control Study	 27,962	 DOAC vs. Warfarin	 a, b, d, e
Martinez et al38, 2019	 Case-Control Study	 7,126	 DOAC vs. Warfarin	 a, b, d, e
Peterson et al39, 2019	 Case-Control Study	 20,473	 DOAC vs. Warfarin	 a, b, d, e
Jung et al33, 2019	 Case-Control Study	 2,459	 DOAC vs. Warfarin	 b, e

a: Bleeding; b: Coronary artery disease; c: Mortality; d: Myocardial infarction; e: Stroke

Figure 2. Quality evaluation 
chart of the included studies.
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test showed significant heterogeneity among the 
studies (I2 = 100%, p < 0.0001), and a random-effects 
(RE) model was used. This evidence suggests that 
DOACs may be effective drugs for preventing bleed-
ing symptoms in patients with NVAF after stroke 
(RR = 1.50, 95% CI: 1.47, 1.54), as shown in Figure 3.

Coronary Artery Disease
Thirteen distinct articles showed the meticu-

lous examination of symptoms related to coro-
nary artery disease, revealing a landscape char-
acterized by noticeable heterogeneity across each 
subgroup (I2 = 100%, p < 0.0001), necessitating 
the utilization of the RE model. The synthesis of 
this diverse body of evidence yielded a compelling 

revelation - DOAC emerges as an effective inter-
vention in the alleviation of coronary artery dis-
ease in NVAF (RR = 2.45, 95% CI: 2.42, 2.48), as 
unveiled by the metanalysis depicted in Figure 4.

Mortality
Three24,26,30 distinct articles undertook a meticu-

lous examination of mortality, revealing a landscape 
marked by noticeable heterogeneity across each sub-
group (I2 = 38%, p = 0.2), warranting the use of the RE 
model. Synthesizing this disparate body of evidence 
yielded a compelling revelation - DOAC emerges as 
an effective intervention in the alleviation of mortal-
ity in NVAF (RR = 0.49, 95% CI: 0.43, 0.56), as un-
veiled by the metanalysis depicted in Figure 5.

Table III. Newcastle-Ottawa Scale (NOS) scores of the included literature.

Authors	 Case Selection	 Comparability	 Outcome	 NOS scores

Tinkham et al24, 2019	 4	 2	 1	 7
Elvira et al25, 2019	 3	 2	 1	 6
Alberts et al26, 2019	 3	 2	 1	 6
Amin et al27, 2019	 3	 1	 1	 5
Wanat et al40, 2019	 4	 2	 1	 7
Coleman et al28, 2020	 3	 2	 1	 6
Coleman et al29, 2019	 3	 1	 1	 5
Deitelzweig et al30, 2020	 4	 1	 1	 6
Graham et al31, 2019	 3	 2	 1	 6
Gupta et al32, 2019	 4	 2	 1	 7
Kido et al34, 2019	 4	 1	 1	 6
Kjerpeseth et al35, 2019	 3	 1	 1	 5
Lee et al36, 2019	 4	 2	 1	 7
Lin et al37, 2019	 4	 2	 1	 7
Martinez et al38, 2019	 4	 1	 1	 6
Peterson et al39, 2019	 3	 1	 1	 5
Jung et al33, 2019	 4	 2	 1	 7

Figure 3. Forest plot of bleeding.
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Myocardial Infarction
12 distinct articles examined myocardial in-

farction symptoms, revealing a landscape char-
acterized by noticeable heterogeneity across each 
subgroup (I2 = 100%, p < 0.0001), necessitating the 
adoption of the RE model. The synthesis of this di-
verse body of evidence yielded a compelling reve-
lation - DOAC emerges as an effective intervention 

in the alleviation of myocardial infarction in NVAF 
(RR = 1.85, 95% CI: 1.81, 1.88), as unveiled by the 
metanalysis depicted in Figure 6.

Stroke
1625-40 distinct studies performed a scrupulous 

examination of stroke symptoms, uncovering a 
landscape rife with evident heterogeneity across 

Figure 5. Forest plot of mortality.

Figure 4. Forest plot of coronary artery disease.

Figure 6. Forest plot of myocardial infarction.
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each subgroup (I2 = 100%, p < 0.0001), leading 
to the adoption of the RE model. Synthesizing 
this disparate body of evidence yielded a signif-
icant finding - DOACs emerge as a noteworthy 
intervention in the alleviation of stroke in NVAF 
(RR = 1.50, 95% CI: 1.47, 1.54), as unveiled by the 
metanalysis depicted in Figure 7.

Scrutiny of Publication Bias
As shown in Figure 8, the meta-analysis fun-

nel plot displayed the varying expression lev-
els of five indicators, which were significantly 
asymmetric. This asymmetry suggested a po-
tential publication bias in this study.

Discussion

Anticoagulation therapy stands as a pivotal de-
fense against the ominous specter of stroke in indi-
viduals with AF, a cardiac arrhythmia characterized 
by irregular and quivering heartbeats. This condi-
tion bears the potential for a cascade of detrimental 
outcomes, spanning from blood clots to heart fail-
ure41. The use of long-term oral warfarin is consis-
tently championed in clinical wisdom for combating 
VAF42. However, the scenario changes when consid-
ering NVAF, revealing complex patterns influenced 
by the diverse range of blood clots and stroke risks. 
This leads us to a pivotal question: can DOACs ef-
fectively take the place of warfarin, providing a via-
ble alternative for NVAF management?

As evidence continues to mount, shedding light 
on the effectiveness of anticoagulant therapy in 

guarding against thromboembolic events in in-
dividuals with NVAF, the landscape of preven-
tion strategies becomes increasingly complex43. 
Among the contenders, DOACs have risen to 
prominence, offering a range of advantages: pre-
dictable pharmacokinetics, heightened efficacy, 
quick cessation of effect upon discontinuation 
due to their short half-lives, fewer restrictions on 
diet and drug interactions, and a reduced risk of 
intracranial hemorrhage, reducing the demand for 
frequent monitoring44. This collection of options 
holds the potential to improve patient adherence 
to the requirements of long-term anticoagulant 
therapy, thus enhancing the overall effectiveness 
of AF treatment45. Consequently, it is essential to 
explore whether the distinction between warfarin 
and DOACs results in a significant impact on the 
occurrence rate of stroke in NVAF patients.

In the context of empirical investigation, our 
analysis has unveiled a landscape of insights dis-
tinguished by methodological integrity and scien-
tific precision. This study comprised 17 studies 
and a total of 1,224,932 patients. The meta-anal-
ysis assessed the effectiveness and safety of DO-
ACs in anticoagulant therapy for NVAF patients 
and compared it with warfarin treatment. The re-
sults of this meta-analysis demonstrate that DO-
ACs are associated with a lower risk of bleeding 
complications (both major and minor) compared 
to warfarin. Furthermore, DOACs appear to be 
superior to warfarin in preventing strokes and sys-
temic embolism. Bleeding is a significant concern 
in anticoagulant therapy, as it is closely associated 
with morbidity and mortality. While warfarin can 

Figure 7. Forest plot of stroke.
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reduce the risk of stroke and thromboembolism, it 
may increase the risk of bleeding. In a meta-anal-
ysis46 examining hemorrhagic stroke and major 
bleeding rates, the incidence in the Asian popu-
lation was twice that of non-Asian patients. This 
disparity might involve ethnic or genetic factors, 
but other considerations should also be consid-
ered. Cardoso et al47 conducted a meta-analysis 
of nearly 5,000 patients from different countries, 
showing a bleeding event incidence of 0.9% for 
DOACs and 2.0% for warfarin. The incidence of 
thromboembolic events was 0.08% for the NOAC 
group and 0.16% for the warfarin group. Our me-
ta-analysis results align with those of Cardoso 
et al47, indicating a similar occurrence of major 
bleeding events. Overall, our findings suggest a 
lower incidence of bleeding events in the DOAC 
group compared to the warfarin group, with DO-
ACs also performing better than warfarin in pre-
venting thromboembolic complications.

Warfarin presents several drawbacks in these 
regards: it is susceptible to interactions with 
different foods and drugs, its optimal dosage 

varies between individuals, and regular mon-
itoring of clotting function along with dose 
modifications guided by INR measurements is 
necessary. Therefore, actively seeking alterna-
tives to warfarin for anticoagulation is essen-
tial. With the emergence of DOACs, warfarin is 
no longer the sole choice for oral anticoagulant 
therapy in treating NVAF. DOACs offer several 
advantages, including short half-lives, ease of 
management, fewer interactions, and no need for 
laboratory monitoring. Our results also corrob-
orate this notion. It is worth noting that there is 
heterogeneity in the anticoagulation treatment 
regimens used in different observational studies. 
It is reasonable to speculate that differing pro-
portions of continuous/interrupted warfarin reg-
imens selected may induce different outcomes. 
DOACs, with their dose-response liberated from 
the need for frequent dose adjustments and he-
mostatic parameter evaluations, hold promise as 
a more patient-friendly alternative treatment ap-
proach. Our findings align with the results of a 
previous meta-analysis by Kumar et al48.

Figure 8. Funnel plot of publication bias.
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Differing case sample sizes, evolving research 
contexts, regional disparities, and observational 
study designs can all have repercussions on the 
outcomes. Despite these variations, the core re-
sults remain unaffected, providing a foundation 
for our result analysis. This study not only compre-
hensively updates the existing knowledge about 
the risk of stroke in NVAF patients with DOACs 
but also represents an improvement in presenting 
previously unknown comprehensive evidence. In 
this analysis review, a promising prospect emerg-
es - DOACs could potentially be demonstrated as 
a potent stroke prevention medication. However, 
our study is not without limitations. Firstly, criti-
cal data gaps impact the analysis of these results. 
Secondly, there is a notable lack of comprehen-
sive reporting on DOACs for stroke prevention. 
Thirdly, the inherent nuances between prospec-
tive and retrospective studies must be acknowl-
edged. In this study, heterogeneity arises from 
many aspects, stemming from variability in out-
come measurements and differences in method-
ological rigor, particularly in RCTs, which could 
be a potential source of these differences. In up-
coming research, researchers should aim for pre-
cision and substantial sample sizes. This steadfast 
and continual exploratory process, along with the 
culmination of experience, undoubtedly enhances 
researchers’ understanding of the field, allowing 
more scholars to embark on future explorations 
in this intriguing domain with greater confidence.

 

Conclusions

This study is conducted through systematic 
review and meta-analysis, establishing that DO-
ACs can significantly improve the risk of stroke 
in patients with NVAF. By comparing relevant 
literature and analyzing statistically significant 
results, this research identifies the potential ef-
fectiveness of DOACs as a fundamental com-
ponent. However, the safety and occurrence of 
complications related to DOACs currently remain 
elusive, warranting further high-quality, multi-
center, large-sample, randomized controlled trials 
to more accurately and comprehensively verify 
the effectiveness and safety of DOACs in the pre-
vention of stroke in patients with NVAF.

Data Availability
The datasets generated and/or analyzed during the current 
study are available in the manuscript.

Ethics Approval and Informed Consent
Ethics approval and consent to participation are not applica-
ble due to the design of the study.

Conflict of Interest
The authors declare that they have no conflict of interest.

Funding
None.

Authors’ Contributions 
Zhi-Qiang Xu conceived the structure of the manuscript. 
Zhi-Hong Xu did the experiments and made the figures. 
Zhang Na reviewed and edited the manuscript. All authors 
read and approved the final manuscript.

ORCID ID
Zhi-Qiang Xu: 0009-0006-5546-8761.

References

  1)	 Zaidel EJ, Leng X, Adeoye AM, Hakim F, Kar-
macharya B, Katbeh A, Neubeck L, Partridge 
S, Perel P, Huffman MD, Cesare MD. Inclusion 
in the World Health Organization Model List of 
Essential Medicines of Non-Vitamin K Anticoag-
ulants for Treatment of Non-Valvular Atrial Fibril-
lation: A Step Towards Reducing the Burden of 
Cardiovascular Morbidity and Mortality. Glob 
Heart 2020; 15: 52.

  2)	 Kundnani NR, Rosca CI, Sharma A, Tudor A, 
Rosca MS, Nisulescu DD, Branea HS, Mocanu V, 
Crisan DC, Buzas DR, Morariu S, Lighezan DF. 
Selecting the right anticoagulant for stroke preven-
tion in atrial fibrillation. Eur Rev Med Pharmacol 
Sci 2021; 25: 4499-4505.

  3)	 Sun Z, Liu Y, Zhang Y, Guo X, Xu Y. Differences 
in safety and efficacy of oral anticoagulants in pa-
tients with non-valvular atrial fibrillation: A Bayes-
ian analysis. Int J Clin Pract 2019; 73: e13308.

  4)	 Da SR. Novel oral anticoagulants in non-valvular 
atrial fibrillation. Cardiovasc Hematol Agents Med 
Chem 2014; 12: 3-8.

  5)	 Kalra PA, Burlacu A, Ferro CJ, Covic A. Which an-
ticoagulants should be used for stroke prevention 
in non-valvular atrial fibrillation and severe chron-
ic kidney disease? Curr Opin Nephrol Hypertens 
2018; 27: 420-425.

  6)	 Shanah L, Kabashneh S, Alkassis S, Ali H, Mir T. 
Use of Anticoagulants in Patients with Non-Valvu-
lar Atrial Fibrillation Who Are at Risk of Falls. Cu-
reus 2020; 12: e10336.

  7)	 Potpara TS, Lip GY. Novel oral anticoagulants in 
non-valvular atrial fibrillation. Best Pract Res Clin 
Haematol 2013; 26: 115-129.



Comprehensive systematic review and meta-analysis on anticoagulants and aspirin

11011

  8)	 Cavillon DM, Ferret L, Decaestecker K, Gautier S, 
Verdun S, Tsogli ES. Direct Oral Anticoagulants 
and Non-valvular Atrial Fibrillation: Compliance 
with Dose Level Guidelines in Patients Aged 80 
Years and Over. Drugs Aging 2021; 38: 939-950.

  9)	 Hwang KW, Choi JH, Lee SY, Lee SH, Chon MK, 
Lee J, Kim H, Kim YG, Choi HO, Kim JS, Park YH, 
Kim JH, Chun KJ, Nam GB, Choi KJ. Oral antico-
agulants and concurrent rifampin administration in 
tuberculosis patients with non-valvular atrial fibril-
lation. BMC Cardiovasc Disord 2023; 23: 182.

10)	 Kuo LT, Lin SJ, Wu VC, Chang JJ, Chu PH, Lin 
YS. Direct oral anticoagulants and the risk of os-
teoporotic fractures in patients with non-valvular 
atrial fibrillation. Ther Adv Musculoskelet Dis 2021; 
13: 1759720X-211011374X.

11)	 Esteve-Pastor MA, Rivera-Caravaca JM, Ruiz-Or-
tiz M, Muniz J, Roldan-Rabadan I, Otero D, Lo-
pez-Galvez R, Cequier A, Bertomeu-Martinez V, 
Badimon L, Anguita M, Lip GYH, Marín F; FANTA-
SIIA investigators. A comparison of front-line oral 
anticoagulants for the treatment of non-valvular 
atrial fibrillation: effectiveness and safety of direct 
oral anticoagulants in the FANTASIIA registry. Ex-
pert Opin Pharmacother 2022; 23: 1457-1465.

12)	 Sandhu RK, Islam S, Dover DC, Andrade JG, Eze-
kowitz J, McAlister FA, Hawkins NM, Kaul P. Con-
current use of P-glycoprotein or Cytochrome 3A4 
drugs and non-vitamin K antagonist oral anticoag-
ulants in non-valvular atrial fibrillation. Eur Heart J 
Qual Care Clin Outcomes 2022; 8: 195-201.

13)	 Cases A, Gomez P, Broseta JJ, Perez BE, Arjo-
na BJ, Portoles JM, Gorriz JL. Non-valvular Atrial 
Fibrillation in CKD: Role of Vitamin K Antagonists 
and Direct Oral Anticoagulants. A Narrative Re-
view. Front Med (Lausanne) 2021; 8: 654620.

14)	 Tayaa S, Berrut G, de Decker L, Chevalet P. Direct 
oral anticoagulants in non-valvular atrial fibrillation in 
elderly: for a treatment adapted to patient profile. Geri-
atr Psychol Neuropsychiatr Vieil 2018; 16: 229-240.

15)	 Bang OY, On YK, Lee MY, Jang SW, Han S, Han S, 
Won MM, Park YJ, Lee JM, Choi HY, Kang S, Suh 
HS, Kim YH. The risk of stroke/systemic embolism 
and major bleeding in Asian patients with non-valvular 
atrial fibrillation treated with non-vitamin K oral anti-
coagulants compared to warfarin: Results from a re-
al-world data analysis. Plos One 2020; 15: e242922.

16)	 Deitelzweig S, Bergrath E, di Fusco M, Kang A, 
Savone M, Cappelleri JC, Russ C, Betts M, Cichewicz 
A, Schaible K, Tarpey J, Fahrbach K. Real-world ev-
idence comparing oral anticoagulants in non-valvular 
atrial fibrillation: a systematic review and network me-
ta-analysis. Future Cardiol 2022; 18: 393-405.

17)	 O UF, Chong TK, Wei Y, Paudel B, Giudici MC, Wong 
CW, Lei WK, Chen J, Wu W, Liu K. Clinical features 
and outcomes of patients in different age groups with 
non-valvular atrial fibrillation receiving oral anticoag-
ulants. Int J Cardiol Heart Vasc 2022; 40: 101009.

18)	 Xu B, Whitbourn R. Novel anticoagulants for 
non-valvular atrial fibrillation. Heart Lung Circ 
2012; 21: 463-467.

19)	 Welander F, Renlund H, Dimeny E, Holmberg H, 
Sjalander A. Direct oral anticoagulants versus war-
farin in patients with non-valvular atrial fibrillation and 
CKD G3-G5D. Clin Kidney J 2023; 16: 835-844.

20)	 Derosa G, Rizzo M, Brunetti ND, Raddino R, Ga-
vazzoni M, Pasini G, Gaudio G, Maggi A, D’Angelo 
A, De Gennaro L, Maffioli P. ORal anticoaGulants 
in diAbetic and Nondiabetic patients with nOn-val-
vular atrial fibrillatioN (ORGANON). J Diabetes 
Complications 2023; 37: 108512.

21)	 Lip G, Keshishian A, Kang A, Luo X, Atreja N, Zhang 
Y, Schuler P, Jiang J, Yuce H, Deitelzweig S. Effective-
ness and safety of oral anticoagulants in non-valvular 
atrial fibrillation patients with prior bleeding events: a 
retrospective analysis of administrative claims data-
bases. J Thromb Thrombolysis 2022; 54: 33-46.

22)	 Waranugraha Y, Lin LY, Tsai CT. Head-to-head 
comparison between left atrial appendage oc-
clusion and non-vitamin K oral anticoagulants in 
non-valvular atrial fibrillation patients: A systemat-
ic review and meta-analysis study. Trends Cardio-
vasc Med 2023; S1050-1738(23)00020-8.

23)	 Tinkham TT, Vazquez SR, Jones AE, Witt DM. Di-
rect oral anticoagulant plus antiplatelet therapy: 
prescribing practices and bleeding outcomes. J 
Thromb Thrombolysis 2020; 49: 492-496.

24)	 Elvira RG, Caro MC, Flores BP, Cerezo MJ, Alben-
din IH, Lova NA, Arregui MF, Garcia AA, Pascual 
FD, Bailen LJ, Manzano-Fernández S. Effect of 
concomitant antiplatelet therapy in patients with 
nonvalvular atrial fibrillation initiating non-vitamin 
K antagonists. Eur J Clin Invest 2019; 49: e13161.

25)	 Alberts M, Chen YW, Lin JH, Kogan E, Twyman K, 
Milentijevic D. Risks of Stroke and Mortality in Atri-
al Fibrillation Patients Treated with Rivaroxaban 
and Warfarin. Stroke 2020; 51: 549-555.

26)	 Amin A, Keshishian A, Dina O, Dhamane A, Nadkar-
ni A, Carda E, Russ C, Rosenblatt L, Mardekian J, 
Yuce H, Baker CL. Correction to: Comparative clin-
ical outcomes between direct oral anticoagulants 
and warfarin among elderly patients with non-valvu-
lar atrial fibrillation in the CMS Medicare population. 
J Thromb Thrombolysis 2021; 51: 552-558.

27)	 Coleman CI, Baker WL, Meinecke AK, Eriksson D, 
Martinez BK, Bunz TJ, Alberts MJ. Effectiveness 
and safety of rivaroxaban vs. warfarin in patients 
with non-valvular atrial fibrillation and coronary or 
peripheral artery disease. Eur Heart J Cardiovasc 
Pharmacother 2020; 6: 159-166.

28)	 Coleman CI, Kreutz R, Sood NA, Bunz TJ, Eriksson 
D, Meinecke AK, Baker WL. Rivaroxaban Versus 
Warfarin in Patients with Nonvalvular Atrial Fibril-
lation and Severe Kidney Disease or Undergoing 
Hemodialysis. Am J Med 2019; 132: 1078-1083.

29)	 Deitelzweig S, Keshishian A, Li X, Kang A, Dha-
mane AD, Luo X, Balachander N, Rosenblatt L, 
Mardekian J, Pan X, Nadkarni A, Di Fusco M, Gar-
cia Reeves AB, Yuce H, Lip GYH. Comparisons 
between Oral Anticoagulants among Older Non-
valvular Atrial Fibrillation Patients. J Am Geriatr 
Soc 2019; 67: 1662-1671.



Z.-Q. Xu, Z.-H. Xu, N. Zhang

11012

30)	 Graham DJ, Baro E, Zhang R, Liao J, Wernecke 
M, Reichman ME, Hu M, Illoh O, Wei Y, Goulding 
MR, Chillarige Y, Southworth MR, MaCurdy TE, 
Kelman JA. Comparative Stroke, Bleeding, and 
Mortality Risks in Older Medicare Patients Treat-
ed with Oral Anticoagulants for Nonvalvular Atrial 
Fibrillation. Am J Med 2019; 132: 596-604.

31)	 Gupta K, Trocio J, Keshishian A, Zhang Q, Dina 
O, Mardekian J, Nadkarni A, Shank TC. Effec-
tiveness and safety of direct oral anticoagulants 
compared to warfarin in treatment naive non-val-
vular atrial fibrillation patients in the US Depart-
ment of defense population. BMC Cardiovasc 
Disord 2019; 19: 142.

32)	 Jung H, Yang PS, Jang E, Yu HT, Kim TH, 
Uhm JS, Kim JY, Pak HN, Lee MH, Joung B, 
Lip GYH. Effectiveness and Safety of Non-Vi-
tamin K Antagonist Oral Anticoagulants in Pa-
tients with Atrial Fibrillation With Hypertrophic 
Cardiomyopathy: A Nationwide Cohort Study. 
Chest 2019; 155: 354-363.

33)	 Kido K, Ngorsuraches S. Comparing the Efficacy 
and Safety of Direct Oral Anticoagulants with War-
farin in the Morbidly Obese Population With Atrial 
Fibrillation. Ann Pharmacother 2019; 53: 165-170.

34)	 Kjerpeseth LJ, Selmer R, Ariansen I, Karlstad O, 
Ellekjaer H, Skovlund E. Comparative effective-
ness of warfarin, dabigatran, rivaroxaban and 
apixaban in non-valvular atrial fibrillation: A nation-
wide pharmacoepidemiological study. PloS One 
2019; 14: e221500.

35)	 Lee SR, Choi EK, Kwon S, Han KD, Jung JH, 
Cha MJ, Oh S, Lip G. Effectiveness and Safe-
ty of Contemporary Oral Anticoagulants Among 
Asians with Nonvalvular Atrial Fibrillation. Stroke 
2019; 50: 2245-2249.

36)	 Lin HD, Lai CL, Dong YH, Tu YK, Chan KA, Suissa 
S. Re-evaluating Safety and Effectiveness of Dab-
igatran Versus Warfarin in a Nationwide Data En-
vironment: A Prevalent New-User Design Study. 
Drugs Real World Outcomes 2019; 6: 93-104.

37)	 Martinez BK, Baker WL, Sood NA, Bunz TJ, 
Meinecke AK, Eriksson D, Coleman CI. Influence 
of Polypharmacy on the Effectiveness and Safety 
of Rivaroxaban Versus Warfarin in Patients with 
Nonvalvular Atrial Fibrillation. Pharmacotherapy 
2019; 39: 196-203.

38)	 Peterson ED, Ashton V, Chen YW, Wu B, Spyro-
poulos AC. Comparative effectiveness, safety, and 
costs of rivaroxaban and warfarin among morbidly 
obese patients with atrial fibrillation. Am Heart J 
2019; 212: 113-119.

39)	 Wanat MA, Wang X, Paranjpe R, Chen H, John-
son ML, Fleming ML, Abughosh SM. Warfarin 
vs. apixaban in nonvalvular atrial fibrillation, and 
analysis by concomitant antiarrhythmic medica-
tion use: A national retrospective study. Res Pract 
Thromb Haemost 2019; 3: 674-683.

40)	 Çakmak T, Çakmak E, Balgetir F, Yaşar E, Kara-
kuş Y. Do novel oral anticoagulant drugs used in 
patients with nonvalvular atrial fibrillation act only 
as anticoagulants? Eur Rev Med Pharmacol Sci 
2023; 27: 2946-2952.

41)	 Lin Y, Xiong H, Su J, Lin J, Zhou Q, Lin M, Zhao W, 
Peng F. Effectiveness and safety of non-vitamin K 
antagonist oral anticoagulants in patients with hy-
pertrophic cardiomyopathy with non-valvular atrial 
fibrillation. Heart Vessels 2022; 37: 1224-1231.

42)	 Liberato NL, Marchetti M. Cost-effectiveness of 
non-vitamin K antagonist oral anticoagulants for 
stroke prevention in non-valvular atrial fibrillation: 
a systematic and qualitative review. Expert Rev 
Pharmacoecon Outcomes Res 2016; 16: 221-235.

43)	 Deguchi I, Osada T, Takahashi S. Association Be-
tween Oral Anticoagulants and Stroke Severity 
at Onset in Elderly Patients with Cardioembolic 
Stroke Due to Non-Valvular Atrial Fibrillation. J 
Stroke Cerebrovasc Dis 2022; 31: 106264.

44)	 Mocini D, Di Fusco SA, De Luca L, Caldarola P, 
Cipriani M, Corda M, Di Lenarda A, De Nardo A, 
Francese GM, Napoletano C, Navazio A, Riccio C, 
Roncon L, Tizzani E, Nardi F, Urbinati S, Valente 
S, Gulizia MM, Gabrielli D, Oliva F, Colivicchi F. 
ANMCO position paper ‘Appropriateness of pre-
scribing direct oral anticoagulants in stroke and 
systemic thromboembolism prevention in adult pa-
tients with non-valvular atrial fibrillation’. Eur Heart 
J Suppl 2022; 24: C278-C288.

45)	 Chiang CE, Wang KL, Lip GY. Stroke prevention 
in atrial fibrillation: an Asian perspective. Thromb 
Haemost 2014; 111: 789-797.

46)	 Cardoso R, Knijnik L, Bhonsale A, Miller J, Nasi 
G, Rivera M, Blumer V, Calkins H. An updated 
meta-analysis of novel oral anticoagulants versus 
vitamin K antagonists for uninterrupted anticoag-
ulation in atrial fibrillation catheter ablation. Heart 
Rhythm 2018; 15: 107-115.

47)	 Kumar S, Danik SB, Altman RK, Barrett CD, 
Lip GY, Chatterjee S, Roubin GS, Natale A, 
Danik JS. Non-Vitamin K Antagonist Oral Anti-
coagulants and Antiplatelet Therapy for Stroke 
Prevention in Patients with Atrial Fibrillation: A 
Meta-Analysis of Randomized Controlled Trials. 
Cardiol Rev 2016; 24: 218-223.


