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ORIGINAL RESEARCH

Efficacy and Safety of Direct Oral 
Anticoagulants for Stroke Prevention in 
Older Patients With Atrial Fibrillation:  
A Network Meta-Analysis of Randomized 
Controlled Trials
Donna Shu-Han Lin , MD; Hao-Yun Lo, MD; Kuan-Chih Huang, PhD; Ting-Tse Lin, PhD;  
Jen-Kuang Lee , MD, PhD

BACKGROUND: Although older patients with atrial fibrillation are at heightened risk of thromboembolic and bleeding events, their 
optimal treatment choice remains uncertain.

METHODS AND RESULTS: This meta-analysis was conducted according to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses guidelines. We searched the PubMed, EMBASE, and Cochrane databases for randomized controlled tri-
als that compared thromboembolic or bleeding outcomes between a direct oral anticoagulant (DOAC) and a vitamin K antago-
nist (VKA) and reported outcomes for patients aged ≥75 years with atrial fibrillation. The efficacy outcome was the composite 
of stroke and systemic embolism. Safety outcomes included major bleeding, any clinically relevant bleeding, and intracranial 
hemorrhage. Each DOAC and VKA was compared pairwise in a network meta-analysis. High- and low-dose regimens and 
factor IIa and Xa inhibitors were also compared. Seven randomized controlled trials were included in the analysis. Stroke and 
systemic embolism risks did not differ significantly among DOACs. There were no significant differences in major bleeding 
between each DOAC and VKA. Intracranial hemorrhage risk was significantly lower with dabigatran, apixaban, and edoxaban 
than with VKA and rivaroxaban, which had similar risks. High-dose regimens led to lower risks of stroke or systemic embolism 
compared with VKA and low-dose regimens, with both doses having similar bleeding risks.

CONCLUSIONS: In patients aged ≥75 years with atrial fibrillation, DOACs were associated with fewer thromboembolic events 
compared with VKA, whereas dabigatran, apixaban, and edoxaban were associated with lower risks of intracranial hemor-
rhage compared with VKA and rivaroxaban.

REGISTRATION: URL: www. crd. york. ac. uk/ prosp ero/ . Unique identifier: CRD42022329557.
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Atrial fibrillation (AF) is the most common sus-
tained arrhythmia in adults worldwide, with a 
reported lifetime risk of up to 1 in every 3 indi-

viduals.1 AF risk increases with age, especially in those 

aged >65 years.2 As the global population continues 
to age, people living with AF have increased substan-
tially over the past 50 years, reaching almost 60 million 
globally by 2019, leading to 0.315 million deaths and 
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8.39 million disability-adjusted life years lost.3 An es-
timated 2.5 million deaths could be attributable to AF 
between 2030 and 2034.3 Therefore, AF is an increas-
ingly important global health issue.

One key element of AF management is preventing 
thromboembolic complications. However, anticoagula-
tion benefits are often offset by increased bleeding risk. 
Many validated scoring systems for risk stratification4–6 
indicate that specific clinical factors lead to increased 
thromboembolic and bleeding event risks. For example, 
advanced age is included in the CHA₂DS₂-VASc stroke 
score (congestive heart failure, hypertension, age ≥75 
[doubled], diabetes mellitus, prior stroke or transient 
ischemic attack [doubled], vascular disease, age 65–
74, and sex category [female])6 for AF stroke risk and 
the Hypertension, Abnormal renal/liver function, Stroke, 
Bleeding, Labile International Normalized Ratio (INR), 

Elderly, Drugs or alcohol use (HAS-BLED) score4 for 
major bleeding risk. Indeed, an age ≥75 years counts 
for 2 points in the CHA₂DS₂-VASc score. Older age is 
associated with elevated ischemic stroke and systemic 
embolism risks in patients with AF,7,8 and the proportion 
of strokes attributable to AF also increases with age.9 
Conversely, the incidence of intracranial hemorrhages 
(ICHs) during warfarin therapy for stroke prevention is 
substantially higher in the older population, particularly 
in those aged >85 years.10 Stroke prevention in older pa-
tients with AF remains a clinical dilemma and challenge.

Since the pivotal RE-LY (Randomized Evaluation of 
Long-Term Anticoagulation Therapy) trial11 in 2009, the 
introduction of direct oral anticoagulants (DOACs) has 
revolutionized stroke prevention in AF, with all DOACs 
showing superior or noninferior efficacy and safety com-
pared with vitamin K antagonists (VKAs). However, slight 
discrepancies remain between the results of each drug’s 
landmark trial. More important, patients aged ≥75 years 
represent only a limited proportion of the study population 
in each trial. As previously noted, although older patients 
are at heightened risk of thromboembolic and bleeding 
events, their optimal treatment choice remains uncertain. 
Several DOACs have published data on their efficacy and 
safety in the older population.12,13 However, direct com-
parisons between DOACs are lacking in these patients. 
This study aimed to compare the efficacy and safety of 
different DOACs in patients aged ≥75 years through a net-
work meta-analysis, with particular foci on various bleed-
ing outcomes and the subgroup of very old patients.

METHODS
This study’s protocol was registered with PROSPERO 
(proprietary) (registration number CRD42022329557) 
and followed throughout the entire study period. This 
meta-analysis was conducted and reported accord-
ing to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines. The data that 
support the findings of this study are available from the 
corresponding author on reasonable request. Because 
this study used public use data sets that involve dei-
dentified data, it was waived from Institutional Review 
Board approval in our institution and informed consent.

Data Sources and Search Strategies
We searched the PubMed, EMBASE, and Cochrane 
databases for studies published between the date of 
database inception and February 10, 2023, that met 
the following inclusion criteria: (1) articles published in 
English; (2) randomized controlled trials (RCTs) that com-
pared a DOAC with a VKA; (3) enrolled patients with AF; 
(4) event-driven studies that reported thromboembolic or 
bleeding outcomes; and (5) studies that reported out-
comes for patients aged ≥75 years. Secondary analyses 

CLINICAL PERSPECTIVE

What Is New?
• In this network meta-analysis comparing direct 

oral anticoagulants (DOACs) and vitamin K an-
tagonists (VKAs) in patients aged ≥75 years with 
atrial fibrillation, there were no statistically signif-
icant differences in stroke or systemic embolism 
and major bleeding between each DOAC and 
VKA.

• Rivaroxaban had a greater risk of any bleeding 
event than VKA, with borderline significance 
(risk ratio, 1.19 [95% CI, 0.99–1.43]), and a sig-
nificantly greater risk of intracranial hemorrhage 
compared with other DOACs.

• High-dose regimens (of dabigatran or edoxa-
ban) led to lower risks of stroke or systemic 
embolism compared with VKA and low-dose 
regimens without increasing major bleeding.

What Are the Clinical Implications?
• DOACs should be considered over VKA in 

stroke prevention for atrial fibrillation in patients 
aged ≥75 years.

• The choice between each DOAC should be 
made individually based on thrombotic and 
bleeding risks.

Nonstandard Abbreviations and Acronyms

DOAC direct oral anticoagulant
ICH intracranial hemorrhage
TTR time in therapeutic range
VKA vitamin K antagonist
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of RCTs were included. Abstracts, letters, reviews, meta-
analyses, and gray literature were excluded. Search key-
words included direct oral anticoagulants, DOACs, novel 
oral anticoagulants, NOACs, dabigatran, rivaroxaban, 
apixaban, edoxaban, warfarin, vitamin K antagonist, atrial 
fibrillation, randomized controlled trial, clinical trial, con-
trolled clinical trial, stroke, systolic embolism, bleeding, 
major bleeding, intracranial hemorrhage, and their syno-
nyms and related keywords. Search results, including all 
titles and abstracts, were independently assessed by 2 
authors (D.S.-H.L. and J.-K.L.) to identify eligible stud-
ies. The full texts of selected publications were further 
inspected to confirm eligibility. All disagreements on the 
qualification of studies were resolved through discussion 
and consensus. Details of the search strategy are pro-
vided in Table S1.

Outcomes
This study’s outcomes of interest included efficacy and 
safety outcomes. The efficacy outcome was the com-
posite of stroke and systemic embolism. The safety out-
comes were major bleeding, clinically relevant bleeding, 
and ICH. Major bleeding was defined in most trials ac-
cording to the International Society on Thrombosis and 
Hemostasis definition, which includes clinically overt 
bleeding with any 1 of the following: (1) a decrease in 
the hemoglobin level of ≥2 g/dL; (2) requiring transfu-
sion of ≥2 units of packed red cells; (3) occurring at a 
critical site (ie, intracranial, intraspinal, intraocular, peri-
cardial, intra-articular, intramuscular with compartment 
syndrome, or retroperitoneal); and (4) resulting in death. 
Clinically relevant nonmajor bleeding was defined as 
any clinically overt bleeding that does not meet the cri-
teria for major bleeding but resulted in hospital admis-
sion, physician-guided medical or surgical treatment, 
or a change in antithrombotic therapy (including study 
drug) for bleeding. ICH included hemorrhagic strokes 
and subdural or subarachnoid hemorrhages.

Data Extraction
Two authors (D.S.-H.L. and J.-K.L.) extracted data 
from all enrolled studies and independently assessed 
the bias risk for each study using the Cochrane Risk 
of Bias tool. Any discordances in the evaluation were 
resolved by discussion. Data were extracted using a 
standardized format and included the following: the 
trial name, the publication year, the DOAC type used 
in the intervention arm, the DOAC dose used in the 
intervention arm, the VKA type used in the control arm, 
the total number of patients, the major inclusion crite-
ria of study participants, the efficacy and safety out-
comes reported by the study, the follow-up length, the 
participants’ demographic and clinical characteristics 
(including age and sex), and the age strata adopted in 
the subgroup analyses (Table11,14–19). The sample size, 

the number of events, and the incidence of events (per 
1000 patient-years) in each age category in each treat-
ment arm were extracted. If the number of events was 
not provided in the study, the risk ratio (RR) estimates, 
including the hazard ratios or incidence rate ratios, and 
their corresponding 95% CIs were extracted.

Statistical Analysis
Most studies reported hazard or incidence rate ratios 
with 95% CIs. We calculated relative risk and its 95% 
CI using sample size and the numbers of events for 
the few studies without reported hazard or incidence 
rate ratios. The comparisons of outcomes among 
the different DOACs used a frequentist approach 
and restricted maximum likelihood multivariate meta-
analysis.20 Pooled RRs were summarized using the 
random-effect model in which between-study variance 
was allowed and estimated. Pairwise comparisons 
among treatment (dabigatran, rivaroxaban, apixaban, 
and edoxaban) and control groups used visual forest 
plots rather than tables. The variance of the pooled 
effect sizes was described using the tau (τ) statistics, 
which represent the SD of the true effect sizes.

For studies that reported the results of 2 DOAC 
doses, the high- and low-dose arms were compared. 
Furthermore, factor IIa and factor Xa inhibitors were 
compared. Finally, the above comparisons among 
treatment groups were repeated for the major bleed-
ing outcome in the subgroup of very old patients (aged 
≥80 years). Because no studies had directly compared 
any 2 DOACs (eg, apixaban versus edoxaban), this 
network meta-analysis did not evaluate inconsistency 
(incoherence) between direct and indirect effects. 
In addition, intransitivity was not assessed because 
potential modification factors were not obtainable in 
study-level meta-analyses. The network meta-analysis 
was performed using the statistical package netmeta 
(version 2.7-0; updated on December 22, 2022) in the 
R statistical software (version 4.2.1). A 2-sided P<0.05 
was considered statistically significant.

RESULTS
Search Results

The initial search identified 1217 citations. After a crit-
ical assessment of these articles according to the pre-
specified criteria, 13 studies published from 7 RCTs were 
included in the analysis (n=79 003 patients; Figure 1).

Study Characteristics
Details of the 7 included studies are listed in the 
Table. The main results of these RCTs were pub-
lished between 2009 and 2021. All 7 RCTs compared 
a DOAC with a VKA in patients with AF, consistent 
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with our inclusion criteria. One study evaluated the 
safety and efficacy of dabigatran (RE-LY),11 2 apixa-
ban (ARISTOTLE [Apixaban for Reduction in Stroke 
and Other Thromboembolic Events in Atrial Fibrillation] 
and AUGUSTUS [Antithrombotic Therapy after Acute 
Coronary Syndrome or PCI in Atrial Fibrillation]),14,18 
2 rivaroxaban (ROCKET-AF [Rivaroxaban Once 
Daily Oral Direct Factor Xa Inhibition Compared with 
Vitamin K Antagonism for Prevention of Stroke and 
Embolism Trial in Atrial Fibrillation] and J-ROCKET 
[Rivaroxaban versus warfarin in Japanese patients 
with atrial fibrillation]),15,16 and 2 edoxaban (ENGAGE 
AF-TIMI 48 [Effective Anticoagulation with Factor Xa 
Next Generation in Atrial Fibrillation-Thrombolysis 
in Myocardial Infarction 48] and ENVISAGE-TAVI AF 
[Edoxaban versus Standard of Care and Their Effects 
on Clinical Outcomes in Patients Having Undergone 
Transcatheter Aortic Valve Implantation-Atrial 
Fibrillation]).17,19 Only 3 RCTs on dabigatran11 or edoxa-
ban17,19 evaluated the safety and efficacy of 2 different 

doses. Most RCTs reported safety and efficacy out-
comes, except for ENVISAGE-TAVI AF,19 which re-
ported only safety outcomes. Five RCTs enrolled 
patients with AF at increased stroke risk,11,14–17 1 en-
rolled patients with AF and acute coronary syndrome 
or those who recently underwent percutaneous coro-
nary intervention,18 and 1 included patients with AF 
who received transcatheter aortic valve replacement.19

Bias Risk
A low bias risk was identified for all 7 included RCTs 
after assessment with the Cochrane Risk of Bias tool. 
The detailed results of the risk-of-bias assessments 
are provided in Table S2.

Efficacy Outcome: Stroke or Systemic 
Embolism

The network diagram is shown in Figure S1A. Across 
all DOACs investigated, there were no statistically 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart for 
study identification, inclusion, and exclusion.
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significant differences in stroke or systemic embolism 
risks (Figure  2A). Dabigatran, rivaroxaban, and apix-
aban had substantially but nonsignificantly lower risks 
than the control (VKA). However, there was a trend to-
ward lower efficacy with edoxaban, which performed 
similarly to VKA in the included trials (RR, 0.97 [95% CI, 
0.76–1.23]). The τ statistic was 0.133.

Safety Outcomes: Bleeding Events
All DOACs had reported outcomes for major bleed-
ing and ICH compared with VKA. Only rivaroxaban 
and apixaban had reported outcomes for all bleed-
ing events. There were no statistically significant dif-
ferences in major bleeding between each DOAC and 
VKA (Figure 2B). However, there was a trend toward 
lower major bleeding risk with apixaban (RR, 0.64 
[95% CI, 0.35–1.17]) and edoxaban (RR, 0.74 [95% CI, 
0.51–1.07]). The τ statistic was 0.288. Moreover, dabi-
gatran (RR, 0.41 [95% CI, 0.28–0.61]), apixaban (RR, 

0.34 [95% CI, 0.20–0.57]), and edoxaban (RR, 0.36 
[95% CI, 0.26–0.49]) had significantly lower ICH risks 
than VKA and rivaroxaban, which had similar ICH risks 
(RR, 0.80 [95% CI, 0.50–1.28]; Figure 2C). The τ sta-
tistic was 0. Apixaban had significantly lower risks for 
all bleeding events than VKA (RR, 0.73 [95% CI, 0.62–
0.88]; Figure 2D). Rivaroxaban had a greater risk of any 
bleeding event than VKA, with borderline significance 
(RR, 1.19 [95% CI, 0.99–1.43]). The overall I2 values of 
these comparisons were 83%, 0%, and 29%, respec-
tively. The τ statistic was 0.088.

Comparison of Efficacy and Safety 
Outcomes Between Low- and High-Dose 
Regimens

The network diagram is shown in Figure S1B. High-
dose regimens showed superior efficacy in stroke or 
systemic embolism prevention compared with VKA 
(RR, 0.77 [95% CI, 0.68–0.87]) and low-dose regimens 

Figure 2. Forest plot illustrating the pairwise comparison among treatment groups (direct 
oral anticoagulants and vitamin K antagonist [VKA]) on the risks of ischemic stroke or systemic 
embolism (A), major bleeding (B), intracranial hemorrhage (C), and all bleeding events (D).
RR indicates risk ratio.
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(RR, 0.76 [95% CI, 0.62–0.94]; Figure 3A). Both high- 
and low-dose regimens had similar major (Figure 3B) 
and any (Figure  3D) bleeding risks to VKA but were 
associated with significantly lower ICH risks (high-dose 
regimen versus VKA: RR, 0.47 [95% CI, 0.33–0.66]; 
low-dose regimen versus VKA: RR, 0.34 [95% CI, 0.21–
0.56]; Figure 3C). The τ statistics of the above compari-
sons were 0, 0.336, 0.234, and 0.306, respectively.

Comparison of Efficacy and Safety 
Outcomes Between Factor IIa and Xa 
Inhibitors
The network diagram is shown in Figure S1C. Both fac-
tor IIa and Xa inhibitors led to fewer stroke and sys-
temic embolic events than VKA, albeit only reaching 
borderline significance (factor IIa versus VKA: RR, 0.76 
[95% CI, 0.57–1.02]; factor Xa versus VKA: RR, 0.85 
[95% CI, 0.72–1.01]; Figure S2A). Major bleeding risks 
did not differ significantly between factor IIa inhibitors, 
factor Xa inhibitors, and VKA (Figure S2B). Similarly, the 
risks of any bleeding event did not differ significantly 
between factor Xa inhibitors and VKA (Figure  S2D). 
However, both factor IIa and Xa inhibitors led to fewer 
ICH events than VKA (factor IIa versus VKA: RR, 0.41 
[95% CI, 0.23–0.72]; factor Xa versus VKA: RR, 0.43 
[95% CI, 0.30–0.63]; Figure  S2C). The τ statistics of 
the above comparisons were 0.139, 0.305, 0.278, and 
0.315, respectively.

Major Bleeding Among Very Old Patients
RCTs on rivaroxaban did not report outcomes for 

patients aged ≥80 years. Dabigatran, apixaban, edox-
aban, and VKA had similar major bleeding risks in pa-
tients aged ≥80 years (Figure  4A). Similarly, high- or 
low-dose regimens had statistically similar incidences 
of major bleeding to VKA in very old patients (Figure 4B). 
However, factor Xa inhibitors showed superior safety in 
terms of major bleeding risk to VKA (RR, 0.72 [95% CI, 
0.54–0.97]) and factor IIa inhibitors (RR, 0.58 [95% CI, 
0.35–0.99]) in patients aged ≥80 years (Figure 4C). The 
risk did not significantly differ between factor IIa inhib-
itors and VKA (RR, 1.24 [95% CI, 0.80–1.91]). The τ 
statistics of the above comparisons were 0.303, 0.417, 
and 0.278, respectively.

DISCUSSION
In this network meta-analysis, we compared the effi-
cacy and safety of DOACs for preventing stroke or sys-
temic embolism in older patients with AF and reported 
several findings. First, in patients aged ≥75 years, all 
DOACs showed similar efficacies in preventing stroke 
and systemic embolic events, except for edoxaban, 
which showed nominally decreased efficacy com-
pared with other DOACs. Second, all DOACs had simi-
lar major bleeding risks to VKA. Third, rivaroxaban was 
the only DOAC with a similar ICH risk to VKA, whereas 

Figure 3. Forest plot illustrating the pairwise comparison among high-dose direct oral 
anticoagulant (DOACs), low-dose DOACs, and vitamin K antagonist (VKA) on the risks of ischemic 
stroke or systemic embolism (A), major bleeding (B), intracranial hemorrhage (C), and all bleeding 
events (D). Data comparing 2 different doses are available only for dabigatran and edoxaban.
RR indicates risk ratio.
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all other DOACs had reduced risks. Furthermore, the 
incidence of all bleeding events was nominally higher 
with rivaroxaban than with VKA. Fourth, high-dose 
regimens prevented more embolic events without in-
creased bleeding risk than low-dose regimens or VKA. 
Finally, factor Xa inhibitors (apixaban and edoxaban) 
were associated with lower risks of major bleeding in 

very old patients (aged ≥80 years) compared with fac-
tor IIa inhibitors and VKA.

The significance of both AF and stroke increases with 
age. The AF burden is greatest in the older population, 
with incidence peaking between 75 and 80 years, and 
prevalence continuing to increase beyond 90 years.3 In 
addition, ischemic stroke and ICH risks are elevated in 
older patients with AF,8,10 reflecting the dilemmas in AF 
management in the older population. Although studies 
on each DOAC reported varying efficacy and safety 
in the general population with AF, a prior meta-anal-
ysis showed superior efficacy and safety for DOACs 
compared with warfarin in patients aged ≥75 years.21 
The benefits of DOACs are likely accentuated in older 
patients, who are at high risk of thromboembolic and 
bleeding events. In this study, we observed a trend to-
ward lower efficacy with edoxaban, which performed 
similarly to VKA. On the basis of an RCT’s subgroup 
result, this observation may be underpowered and re-
quires further validation. Recently, an RCT compared 
reduced-dose edoxaban against a placebo in pa-
tients with AF aged ≥80 years and deemed ineligible 
for standard anticoagulation because of high bleeding 
risks.13 Low-dose edoxaban significantly reduced isch-
emic stroke or systemic embolism, albeit with a non-
significant increase in major bleeding. These results 
remained consistent across all age strata in a subse-
quent post hoc analysis.22 Similarly, the AVERROES 
(Apixaban Versus Acetylsalicylic Acid [ASA] to Prevent 
Stroke in Atrial Fibrillation Patients Who Have Failed or 
Are Unsuitable for Vitamin K Antagonist Treatment) trial 
assessed the effects of a DOAC in patients with AF 
ineligible for VKA.12 It compared apixaban with aspi-
rin, reporting greater efficacy for apixaban with similar 
safety. The benefits of apixaban persisted in this trial’s 
older subgroup.23 Our study’s results suggest superior 
efficacies for dabigatran, rivaroxaban, and apixaban in 
preventing ischemic stroke or systemic embolism in AF 
compared with edoxaban and VKA. However, there 
was a lack of data directly comparing each DOAC in 
the older population, and trials focused on vulnerable 
populations adopted variable controls. Further investi-
gation is needed to shed light on this subject.

Bleeding risk is 1 key aspect evaluated in any an-
ticoagulation therapy. In the landmark trials for each 
DOAC, although they had reduced or similar major 
bleeding risks to VKA, they all had significantly lower 
ICH risks.11,14,15,17 However, this phenomenon was in-
consistent in the older population. In this analysis, all 
DOACs had similar major bleeding risks to VKA in the 
older population. Dabigatran, apixaban, and edoxaban 
had significantly lower ICH risks than VKA, whereas 
rivaroxaban had a similar risk. We also found signifi-
cantly lower risks of all bleeding events with apixaban 
and a nominally increased risk with rivaroxaban com-
pared with VKA, just missing statistical significance. 

Figure 4. Forest plot illustrating the pairwise comparison 
on the risk of major bleeding between different treatment 
groups in the very old population (aged ≥80 years): each 
direct oral anticoagulant (DOAC) and vitamin K antagonist 
(VKA) (A), high-dose DOACs, low-dose DOACs, and VKA (B), 
and factor IIa inhibitors, factor Xa inhibitors, and VKA (C).
RR indicates risk ratio.
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These results suggest a propensity toward bleeding 
with rivaroxaban use in older patients that was not 
seen in the general population. Whether this increase 
in bleeding risk increases with age is unclear. Lower 
risk of bleeding with DOAC use compared with VKA 
seems less evident in the older population. An addi-
tional factor that should be considered is the time in 
therapeutic range (TTR) during VKA therapy. In both 
the RE-LY and ROCKET AF trials, mean patient age 
increased with center-level TTR.24,25 Similarly, in the 
ENGAGE AF-TIMI 48 study, individual TTR was higher 
in older age groups.26 Interestingly, meta-analyses 
have demonstrated that the lower risk of bleeding with 
DOAC use compared with warfarin is only present in 
patients from centers with lower center-level TTR.27 
In fact, in the RE-LY24 and ROCKET AF,25 there was 
a trend toward greater risks of major bleeding with 
DOAC use compared with warfarin among patients 
with higher individual TTR. As the older subgroup in 
these trials coincided with subgroups with higher TTR, 
both of these factors may have contributed to the at-
tenuation of safety benefits of DOACs seen in the cur-
rent study. VKA remains an available treatment option 
in cases where DOACs are less suitable or contrain-
dicated. Similar to all post hoc analyses, this study’s 
results should be interpreted cautiously. Our results 
suggest hypothesis-generating associations and pro-
vide the groundwork for future prospective studies.

Two dabigatran and edoxaban doses were evalu-
ated for efficacy and safety in the RE-LY and ENGAGE 
AF-TIMI 48 trials.11,17 Both trials reported reduced ef-
ficacy but similar safety with lower doses. These 
findings persisted in the older population, as demon-
strated by our analyses. High-dose regimens were 
associated with significantly lower ischemic stroke 
or systemic embolism risks than low-dose regimens 
and VKA. However, high- and low-dose regimens per-
formed similarly across all safety outcomes, even in the 
older patient. The bleeding risk is a primary concern 
during anticoagulation in older patients. A previous 
European survey of reasons for hesitation toward an-
ticoagulation for stroke prevention in AF showed that 
11.4% of interviewed physicians considered advanced 
age a major concern.28 It is intuitive to opt for lower 
dosages in patients at high risk of bleeding, such as 
those of advanced age. However, real-world studies 
have shown how inappropriate, off-label underdosing 
was associated with an increased risk of thrombo-
embolic events without a reduction in bleeding risk.29 
Our analysis shows that high-dose dabigatran and 
edoxaban regimens should be adopted to prevent AF-
related embolic events, even in the older population. 
Furthermore, dose reductions should be based on cri-
teria recommended by drug labels, which differ slightly 
for each DOAC, and not on the presence of advanced 
age only.

Limitations
This study had several limitations that should be noted. 
First, our study’s results are based on subgroup data 
from RCTs. Therefore, direct comparisons between 
each agent may be underpowered. We conducted a 
comprehensive literature review and included all stud-
ies that met our inclusion criteria to increase statisti-
cal power. Nevertheless, conclusions from our results 
should be treated cautiously. Second, the definition 
of bleeding events, particularly minor bleeding, dif-
fered slightly between trials. The RRs extracted from 
each RCT may reflect slightly different clinical mean-
ings. Similarly, in the subgroup analysis of very old pa-
tients, cutoffs for age strata varied in each trial, with 
some reporting data in patients aged ≥80 years and 
others in patients aged >85 years. The number of pa-
tients available for analysis was even more limited in 
this extreme population. Our goal was to provide clini-
cal recommendations in treating older patients and not 
report conclusions on causality. Finally, none of the 
comparisons of the 2 primary end points (stroke/sys-
temic embolism and major bleeding) were statistically 
significant in our analyses. Furthermore, no additional 
subgroup analysis or meta-regression analyses (eg, to 
sex or race) was conducted because this was a study-
level meta-analysis without individual data of the par-
ticipants. Further studies focused on older patients are 
needed to validate our findings.

CONCLUSIONS
In patients aged ≥75 years, using DOACs in AF was as-
sociated with lower stroke and systemic embolic event 
risks and similar bleeding risks to VKA, with a trend 
toward lower efficacy with edoxaban. The use of rivar-
oxaban was associated with greater risk of ICH com-
pared with other DOACs. In older patients, high-dose 
regimens showed superior efficacy in preventing em-
bolic events without increasing bleeding risk compared 
with low-dose regimens and VKA. Stroke prevention in 
AF is a clinical issue of increasing significance, and fur-
ther studies focused on older patients are needed to 
guide treatment in this high-risk population.

ARTICLE INFORMATION
Received March 29, 2023; accepted September 6, 2023.

Affiliations
Division of Cardiology, Department of Internal Medicine, Shin Kong Wu 
Ho-Su Memorial Hospital, Taipei, Taiwan (D.S.-H.L.); Division of Cardiology, 
Department of Internal Medicine, National Taiwan University Hospital, 
Taipei, Taiwan (D.S.-H.L. H.-Y.L., K.-C.H., T.-T.L., J.-K.L.); Division of 
Cardiology, Department of Internal Medicine, National Taiwan University 
Hospital, Hsin-Chu Branch, Hsinchu, Taiwan (H.-Y.L., K.-C.H.); Department 
of Internal Medicine (K.-C.H., T.-T.L., J.-K.L.) and Department of Laboratory 
Medicine (J.-K.L.), National Taiwan University College of Medicine, Taipei, 
TaiwanCardiovascular Center (J.-K.L.)and Telehealth Center (J.-K.L.), National 
Taiwan University Hospital, Taipei, Taiwan.



J Am Heart Assoc. 2023;12:e030380. DOI: 10.1161/JAHA.123.030380 10

Lin et al DOACs in the Older Patient With Atrial Fibrillation

Acknowledgments
We thank 3 biostatisticians, Alfred Hsing-Fen Lin, Ben Yu-Lin Chou, and Zoe 
Ya-Zhu Syu from Raising Statistics Consultants Inc, for their assistance with 
the statistical analysis during the completion of this article.

Sources of Funding
This research was supported by the Ministry of Science and Technology of 
Taiwan (MOST 108-2221-E-002-163- and MOST 109-2221-E-002-083-) and 
National Taiwan University Hospital (107-EDN11, 108-N4406, 108EDN02, 
109-O20, 109-S4579, and 109-EDN11).

Disclosures
None.

Supplemental Material
Tables S1–S2
Figures S1–S2

REFERENCES
 1. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomström-Lundqvist 

C, Boriani G, Castella M, Dan GA, Dilaveris PE, et al. 2020 ESC Guidelines 
for the diagnosis and management of atrial fibrillation developed in col-
laboration with the European Association for Cardio-Thoracic Surgery 
(EACTS): the Task Force for the diagnosis and management of atrial fibril-
lation of the European Society of Cardiology (ESC) developed with the 
special contribution of the European Heart Rhythm Association (EHRA) of 
the ESC. Eur Heart J. 2021;42:373–498. doi: 10.1093/eurheartj/ehaa612

 2. Kornej J, Börschel CS, Benjamin EJ, Schnabel RB. Epidemiology of 
atrial fibrillation in the 21st century: novel methods and new insights. 
Circ Res. 2020;127:4–20. doi: 10.1161/CIRCRESAHA.120.316340

 3. Li H, Song X, Liang Y, Bai X, Liu-Huo W-S, Tang C, Chen W, Zhao L. 
Global, regional, and national burden of disease study of atrial fibrillation/
flutter, 1990-2019: results from a Global Burden of Disease study, 2019. 
BMC Public Health. 2022;22:2015. doi: 10.1186/s12889-022-14403-2

 4. Pisters R, Lane DA, Nieuwlaat R, de Vos CB, Crijns HJGM, Lip GYH. 
A novel user-friendly score (HAS-BLED) to assess 1-year risk of major 
bleeding in patients with atrial fibrillation: the Euro Heart Survey. Chest. 
2010;138:1093–1100. doi: 10.1378/chest.10-0134

 5. Gage BF, Waterman AD, Shannon W, Boechler M, Rich MW, Radford 
MJ. Validation of clinical classification schemes for predicting 
stroke: results from the National Registry of Atrial Fibrillation. JAMA. 
2001;285:2864–2870. doi: 10.1001/jama.285.22.2864

 6. Lip GYH, Nieuwlaat R, Pisters R, Lane DA, Crijns HJGM. Refining clinical 
risk stratification for predicting stroke and thromboembolism in atrial fibril-
lation using a novel risk factor-based approach: the Euro Heart Survey on 
Atrial Fibrillation. Chest. 2010;137:263–272. doi: 10.1378/chest.09-1584

 7. Camm AJ, Lip GYH, De Caterina R, Savelieva I, Atar D, Hohnloser SH, 
Hindricks G, Kirchhof P; ESC Committee for Practice Guidelines-CPG; 
Document Reviewers. 2012 focused update of the ESC Guidelines 
for the management of atrial fibrillation: an update of the 2010 ESC 
Guidelines for the management of atrial fibrillation–developed with 
the special contribution of the European Heart Rhythm Association. 
Europace. 2012;14:1385–1413. doi: 10.1093/europace/eus305

 8. Friberg L, Rosenqvist M, Lip GYH. Evaluation of risk stratification 
schemes for ischaemic stroke and bleeding in 182 678 patients with 
atrial fibrillation: the Swedish Atrial Fibrillation cohort study. Eur Heart J. 
2012;33:1500–1510. doi: 10.1093/eurheartj/ehr488

 9. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk 
factor for stroke: the Framingham study. Stroke. 1991;22:983–988. doi: 
10.1161/01.STR.22.8.983

 10. Fang MC, Chang Y, Hylek EM, Rosand J, Greenberg SM, Go AS, Singer 
DE. Advanced age, anticoagulation intensity, and risk for intracranial hem-
orrhage among patients taking warfarin for atrial fibrillation. Ann Intern Med. 
2004;141:745–752. doi: 10.7326/0003-4819-141-10-200411160-00005

 11. Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh 
A, Pogue J, Reilly PA, Themeles E, Varrone J, et al. Dabigatran versus 
warfarin in patients with atrial fibrillation. N Engl J Med. 2009;361:1139–
1151. doi: 10.1056/NEJMoa0905561

 12. Connolly SJ, Eikelboom J, Joyner C, Diener H-C, Hart R, Golitsyn S, 
Flaker G, Avezum A, Hohnloser SH, Diaz R, et al. Apixaban in patients 
with atrial fibrillation. N Engl J Med. 2011;364:806–817. doi: 10.1056/
NEJMoa1007432

 13. Okumura K, Akao M, Yoshida T, Kawata M, Okazaki O, Akashi S, 
Eshima K, Tanizawa K, Fukuzawa M, Hayashi T, et  al. Low-dose 
edoxaban in very elderly patients with atrial fibrillation. N Engl J Med. 
2020;383:1735–1745. doi: 10.1056/NEJMoa2012883

 14. Granger CB, Alexander JH, McMurray JJV, Lopes RD, Hylek EM, Hanna 
M, Al-Khalidi HR, Ansell J, Atar D, Avezum A, et al. Apixaban versus 
warfarin in patients with atrial fibrillation. N Engl J Med. 2011;365:981–
992. doi: 10.1056/NEJMoa1107039

 15. Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, Breithardt 
G, Halperin JL, Hankey GJ, Piccini JP, et al. Rivaroxaban versus warfa-
rin in nonvalvular atrial fibrillation. N Engl J Med. 2011;365:883–891. doi: 
10.1056/NEJMoa1009638

 16. Hori M, Matsumoto M, Tanahashi N, Momomura S, Uchiyama S, Goto 
S, Izumi T, Koretsune Y, Kajikawa M, Kato M, et  al. Rivaroxaban vs. 
warfarin in Japanese patients with atrial fibrillation—the J-ROCKET AF 
study. Circ J. 2012;76:2104–2111. doi: 10.1253/circj.CJ-12-0454

 17. Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD, Halperin 
JL, Waldo AL, Ezekowitz MD, Weitz JI, Špinar J, et al. Edoxaban versus 
warfarin in patients with atrial fibrillation. N Engl J Med. 2013;369:2093–
2104. doi: 10.1056/NEJMoa1310907

 18. Lopes RD, Heizer G, Aronson R, Vora AN, Massaro T, Mehran R, 
Goodman SG, Windecker S, Darius H, Li J, et al. Antithrombotic therapy 
after acute coronary syndrome or PCI in atrial fibrillation. N Engl J Med. 
2019;380:1509–1524. doi: 10.1056/NEJMoa1817083

 19. Van Mieghem NM, Unverdorben M, Hengstenberg C, Möllmann H, 
Mehran R, López-Otero D, Nombela-Franco L, Moreno R, Nordbeck 
P, Thiele H, et al. Edoxaban versus vitamin K antagonist for atrial fibril-
lation after TAVR. N Engl J Med. 2021;385:2150–2160. doi: 10.1056/
NEJMoa2111016

 20. Rücker G. Network meta-analysis, electrical networks and graph the-
ory. Res Synth Methods. 2012;3:312–324. doi: 10.1002/jrsm.1058

 21. Malik AH, Yandrapalli S, Aronow WS, Panza JA, Cooper HA. Meta-
analysis of direct-acting oral anticoagulants compared with warfarin 
in patients >75 years of age. Am J Cardiol. 2019;123:2051–2057. doi: 
10.1016/j.amjcard.2019.02.060

 22. Kuroda M, Tamiya E, Nose T, Ogimoto A, Taura J, Imamura Y, Fukuzawa 
M, Hayashi T, Akao M, Yamashita T, et al. Effect of 15-mg edoxaban on 
clinical outcomes in 3 age strata in older patients with atrial fibrillation: a 
prespecified subanalysis of the ELDERCARE-AF randomized clinical trial. 
JAMA Cardiol. 2022;7:583–590. doi: 10.1001/jamacardio.2022.0480

 23. Ng KH, Shestakovska O, Connolly SJ, Eikelboom JW, Avezum A, Diaz 
R, Lanas F, Yusuf S, Hart RG. Efficacy and safety of apixaban compared 
with aspirin in the elderly: a subgroup analysis from the AVERROES trial. 
Age Ageing. 2016;45:77–83. doi: 10.1093/ageing/afv156

 24. Wallentin L, Yusuf S, Ezekowitz MD, Alings M, Flather M, Franzosi MG, 
Pais P, Dans A, Eikelboom J, Oldgren J, et al. Efficacy and safety of 
dabigatran compared with warfarin at different levels of international 
normalised ratio control for stroke prevention in atrial fibrillation: an 
analysis of the RE-LY trial. Lancet. 2010;376:975–983. doi: 10.1016/
S0140-6736(10)61194-4

 25. Piccini JP, Hellkamp AS, Lokhnygina Y, Patel MR, Harrell FE, Singer DE, 
Becker RC, Breithardt G, Halperin JL, Hankey GJ, et al. Relationship 
between time in therapeutic range and comparative treatment effect of 
rivaroxaban and warfarin: results from the ROCKET AF trial. J Am Heart 
Assoc. 2014;3:e000521. doi: 10.1161/JAHA.113.000521

 26. Kato ET, Giugliano RP, Ruff CT, Koretsune Y, Yamashita T, Kiss RG, 
Nordio F, Murphy SA, Kimura T, Jin J, et  al. Efficacy and safety of 
edoxaban in elderly patients with atrial fibrillation in the ENGAGE 
AF-TIMI 48 trial. J Am Heart Assoc. 2016;5:e003432. doi: 10.1161/
JAHA.116.003432

 27. Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N, 
Ezekowitz MD, Camm AJ, Weitz JI, Lewis BS, Parkhomenko A, et al. 
Comparison of the efficacy and safety of new oral anticoagulants with 
warfarin in patients with atrial fibrillation: a meta-analysis of randomised 
trials. Lancet. 2014;383:955–962. doi: 10.1016/S0140-6736(13)62343-0

 28. Fumagalli S, Potpara TS, Bjerregaard Larsen T, Haugaa KH, Dobreanu 
D, Proclemer A, Dagres N. Frailty syndrome: an emerging clinical 
problem in the everyday management of clinical arrhythmias. The re-
sults of the European Heart Rhythm Association survey. Europace. 
2017;19:1896–1902. doi: 10.1093/europace/eux288

 29. Chan Y-H, Chao T-F, Chen S-W, Lee H-F, Yeh Y-H, Huang Y-C, Chang 
S-H, Kuo C-T, Lip GYH, Chen S-A. Off-label dosing of non-vitamin K 
antagonist oral anticoagulants and clinical outcomes in Asian patients 
with atrial fibrillation. Heart Rhythm. 2020;17:2102–2110. doi: 10.1016/j.
hrthm.2020.07.022

https://doi.org//10.1093/eurheartj/ehaa612
https://doi.org//10.1161/CIRCRESAHA.120.316340
https://doi.org//10.1186/s12889-022-14403-2
https://doi.org//10.1378/chest.10-0134
https://doi.org//10.1001/jama.285.22.2864
https://doi.org//10.1378/chest.09-1584
https://doi.org//10.1093/europace/eus305
https://doi.org//10.1093/eurheartj/ehr488
https://doi.org//10.1161/01.STR.22.8.983
https://doi.org//10.7326/0003-4819-141-10-200411160-00005
https://doi.org//10.1056/NEJMoa0905561
https://doi.org//10.1056/NEJMoa1007432
https://doi.org//10.1056/NEJMoa1007432
https://doi.org//10.1056/NEJMoa2012883
https://doi.org//10.1056/NEJMoa1107039
https://doi.org//10.1056/NEJMoa1009638
https://doi.org//10.1253/circj.CJ-12-0454
https://doi.org//10.1056/NEJMoa1310907
https://doi.org//10.1056/NEJMoa1817083
https://doi.org//10.1056/NEJMoa2111016
https://doi.org//10.1056/NEJMoa2111016
https://doi.org//10.1002/jrsm.1058
https://doi.org//10.1016/j.amjcard.2019.02.060
https://doi.org//10.1001/jamacardio.2022.0480
https://doi.org//10.1093/ageing/afv156
https://doi.org//10.1016/S0140-6736(10)61194-4
https://doi.org//10.1016/S0140-6736(10)61194-4
https://doi.org//10.1161/JAHA.113.000521
https://doi.org//10.1161/JAHA.116.003432
https://doi.org//10.1161/JAHA.116.003432
https://doi.org//10.1016/S0140-6736(13)62343-0
https://doi.org//10.1093/europace/eux288
https://doi.org//10.1016/j.hrthm.2020.07.022
https://doi.org//10.1016/j.hrthm.2020.07.022

	Efficacy and Safety of Direct Oral Anticoagulants for Stroke Prevention in Older Patients With Atrial Fibrillation: A Network Meta-Analysis of Randomized Controlled Trials
	Methods
	Data Sources and Search Strategies
	Outcomes
	Data Extraction
	Statistical Analysis

	Results
	Search Results
	Study Characteristics
	Bias Risk
	Efficacy Outcome: Stroke or Systemic Embolism
	Safety Outcomes: Bleeding Events
	Comparison of Efficacy and Safety Outcomes Between Low- and High-Dose Regimens
	Comparison of Efficacy and Safety Outcomes Between Factor IIa and Xa Inhibitors
	Major Bleeding Among Very Old Patients

	Discussion
	Limitations

	Conclusions
	Acknowledgments
	Sources of Funding
	Disclosures
	References


