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Abstract

Background: Various oral anticoagulants have been used for stroke prevention in older patients with atrial fibrillation (AF).

However, the optimal anticoagulants for stroke prevention has not yet been developed. We performed a systematic review and
network meta-analysis to determine the optimal instructions.

Methods: We searched for randomized controlled trials (RCTs) from PubMed, Embase, and the Cochrane Library without
restriction for publication date or language at January 2024. Any RCTs that compared the effectiveness of a direct oral anticoagulant
and a vitamin K antagonist (VKA) for stroke prevention in older patients with AF were included in this network meta-analysis. The
Bayesian network meta-analysis used a random effects model and surface under the cumulative ranking curve analysis to rank
results. All analyses were done using R software with gemtc package, with statistical significance set at P < .05.

Results: We included 7 RCTs (79,003 patients) comparing 8 different instructions including Apixaban 5 mg, Dabigatran 110 mg,
Dabigatran 150 mg, Edoxaban 30 mg, Edoxaban 60 mg, Rivaroxaban 15 mg, Rivaroxaban 20 mg, and VKA. Apixaban 5 mg,
Dabigatran 110 mg, and Dabigatran 150 mg was more effective than the VKA for reducing stroke or systemic embolism risks, and
the difference was statistically significant (P < .05). Apixaban 5 mg, Dabigatran 110 mg, Dabigatran 150 mg, Edoxaban 30 mg,
and Edoxaban 60 mg was associated with a reduction of the intracranial hemorrhage rate than the VKA (P < .05). The surface
under the cumulative ranking curve shows that Dabigatran 110 mg ranked first for reducing stroke or systemic embolism risks.
Edoxaban 60 mg ranked first for major bleeding. Dabigatran 110 mg ranked first for intracranial hemorrhage. Apixaban 5 mg
ranked first for all bleeding events.

Conclusions: Direct oral anticoagulants were found to have lower rates of thromboembolic events compared to VKAs in older
patients with AF. Apixaban 5 mg, Dabigatran 110 mg, Dabigatran 150 mg, Edoxaban 30 mg, and Edoxaban 60 mg were also
associated with a reduction of intracranial hemorrhage than VKA.

Abbreviations: AF = atrial fibrillation, DOAC = direct oral anticoagulant, RCT = randomized controlled trial, SUCRA = surface

under the cumulative ranking curve, TTR = time in therapeutic range, VKA = vitamin K antagonist.
Keywords: atrial fibrillation, direct oral anticoagulant, network meta-analysis

1. Introduction

Atrial fibrillation (AF) is the most common long-lasting irreg-
ular heartbeat in adults globally, with a lifetime risk of up to 1
in 3 people.!"?! The risk of AF escalates notably with advancing
age, particularly in those surpassing 65 years.?! Over the past
5 decades, the global population aging trend has propelled a
substantial surge in individuals living with AF, reaching nearly
60 million globally by 2019.1 The rise in AF has caused 0.315
million deaths and 8.39 million years of lost life.’! Projections
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show that AF could be responsible for 2.5 million deaths by
2034, highlighting its growing importance as a global health
issue.l)” A recent Global Burden Disease report indicates that
the age-standardized mortality rate for cardiovascular diseases
globally in 2022 ranged from 73.6 per 100,000 in high-income
Asia-Pacific to 432.3 per 100,000 in Eastern Europe. From
1990 to 2022, the global mortality rate for cardiovascular dis-
eases decreased by 34.9%. Ischemic heart disease has the high-
est global age-standardized DALYs (Disability-Adjusted Life
Years) among all diseases, at 2275.9 per 100,000.!"!
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One pivotal aspect of AF management revolves around avert-
ing thromboembolic complications.®! Nonetheless, the benefits
of anticoagulation are frequently tempered by an augmented
risk of bleeding.™'”! Various validated scoring systems for risk
stratification underscore specific clinical factors that contribute
to heightened risks of thromboembolic events and bleeding.!!
For instance, advanced age constitutes a component of scor-
ing systems such as the congestive heart failure, hypertension,
age > 75 years (doubled), diabetes, stroke (doubled)-vascular
disease, age 65 to 74 years, sex category (female) stroke score
and the hypertension, abnormal renal/liver function, stroke,
bleeding history or predisposition, labile INR, elderly (age = 65
years), drug/alcohol concomitant score, where age > 75 years
carries particular weight. Older age is linked to higher risks of
stroke and systemic embolism in AF patients, with the likelihood
of strokes from AF increasing with age.”’ In older individuals,
particularly those over 85, the risk of intracranial hemorrhages
during warfarin therapy for stroke prevention increases, compli-
cating stroke prevention in older AF patients.'!

Direct oral anticoagulant (DOACs) have transformed stroke
prevention in AF since the RE-LY trial, showing comparable effi-
cacy and safety to vitamin K antagonists (VKAs).["2l However,
older patients, who are at higher risk of events, are underrep-
resented in trials, making the best treatment choice for them
uncertain.['31

This study aimed to compare the effectiveness and safety
of different DOAC:s in patients aged 75 and older, particularly
focusing on bleeding outcomes and very old patients, as there is
limited direct comparison data available.

2. Methods

2.1. Search strategy

Two authors (H.Z. and EL.) conducted independent searches of
electronic literature databases including PubMed, Embase, and
the Cochrane Library, with no restrictions on publication date
or language up to January 2024. The search strategy encom-
passed terms such as “direct oral anticoagulants,” “DOACs,”
“novel oral anticoagulants,” “NOACs,” “dabigatran,” “rivarox-
aban,” “apixaban,” and “edoxaban,” along with terms related to
warfarin, atrial fibrillation, and study types such as randomized
controlled trials or clinical trials, and outcomes such as stroke
or systemic embolism risks, major bleeding, intracranial hemor-
rhage, and all bleeding events. Related articles and reference lists
were scrutinized to ensure no pertinent studies were overlooked,
including a manual search of reference studies from previous
systematic reviews, meta-analyses, and randomized controlled
trials. In case of any discrepancies between the 2 authors’ assess-
ments of potentially eligible studies, a discussion ensued, and
disagreements were resolved with input from a third indepen-
dent author. The search was limited to studies involving human
participants. As this systematic review and meta-analysis did not
involve direct patient contact, ethics approval was not deemed
necessary. The study adhered to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) exten-
sion statement for systematic reviews that incorporate network
meta-analyses in healthcare.

2.2. Inclusion criteria

The inclusion criteria were as follows: (1) patients were diag-
nosed with AF; (2) studies comparing DOAC with a VKA; (3)
randomized controlled trial (RCTs); (4) studies reporting stroke
or systemic embolism risks, major bleeding, intracranial hemor-
rhage, and all bleeding events in patients.

The following studies were excluded: secondary analyses,
study protocols, incomplete texts, and animal or basic science
experiments.
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2.3. Data extraction

Two researchers (H.Z. and EL.) collected data from trials using
a standardized form, including author name, publication year,
intervention and control arms, number of participants, inclusion
criteria, follow-up duration, patient age and gender, and out-
comes. Clinical outcomes included stroke or systemic embolism
risks, major bleeding, intracranial hemorrhage, and all bleeding
events. Any discrepancies were resolved through discussion.

2.4. Quality assessment and publication bias assessment

Two evaluators (H.Z. and EL.) independently assessed the
quality of individual trials using guidelines from the Cochrane
Handbook, evaluating parameters such as random sequence gen-
eration, allocation concealment, blinding, incomplete outcome
data, selective reporting, and other bias. Trials were classified as
“low risk,” “high risk,” or “unclear” based on these assessments.

2.5. Statistical analysis

A network meta-analysis was conducted using a random-effect
model in a Bayesian framework with the “gemtc” and “rjags”
packages in R software. Four iteration chains with 20,000 iter-
ations each were used in the Markov chain Monte Carlo anal-
ysis, resulting in a total of 150,000 sample iterations with 10
thinning intervals and 100,000 burn-ins to ensure convergence.
Results were calculated using posterior distribution medians
and 95% credible intervals. Statistical significance was deter-
mined when the intervals did not include 1 for odds ratios and
0 for mean differences, with a significance threshold of P <.05.
Top interventions were identified using surface under the cumu-
lative ranking curve (SUCRA) values, with higher values indi-
cating better efficacy on a scale of 0 to 1. A cluster-ranking plot
was used to determine the best outcome indicator from multiple
outcomes. Heterogeneity was measured with the I test, with
thresholds of 25%, 50%, and 75% indicating levels of hetero-
geneity. Global inconsistency was assessed using inconsistency
models and a dDIC > 10 indicated significant global inconsis-
tency. Local inconsistency was evaluated using node-splitting
analysis, with a P-value > .05 indicating no significant inconsis-
tency between direct and indirect results. Funnel plots were used
to detect publication bias in each network.

3. Results
3.1. Included studies

The search retrieved a total of 986 articles which were identi-
fied from PubMed (356), Embase (330), and Cochrane Library
(300). Of these, 129 were removed as duplicates. Based on
our review of the title and abstract, 859 full-text papers were
reviewed and 852 were excluded. Then, full-text articles were
assessed for eligibility and 0 study were excluded for reasons.
Finally, a total of 7 studies!">'>2% met the inclusion criteria and
included for analysis (Fig. 1). General characteristics of the
included studies can be seen in Table 1.

3.2. Risk of bias

Risk of bias summary and risk of bias graph can be seen in
Figures 2 and 3, respectively. Of the 7 RCTs, all studies report
the random sequence generation and thus should be listed as
low risk of bias. All studies report the allocation concealment
and should be listed as low risk of bias. All studies report the
blinding of participants and personnel and should be listed as
low risk of bias.

3.2.1. Stroke or systemic embolism risks. A total of 6 studies
(77,577 patients), including 8 treatments (Apixaban 5 mg,
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Figure 1. Flow diagram of the literature selection process.

Dabigatran 110 mg, Dabigatran 150 mg, Edoxaban 30 mg,
Edoxaban 60 mg, Rivaroxaban 15 mg, Rivaroxaban 20 mg, and
VKA) contributed to the clinical outcome of stroke or systemic
embolism risks.

Figure 4A illustrates the network structure diagrams com-
paring treatments for stroke or systemic embolism risks. The
network meta-analysis revealed significant heterogeneity with
a global I =0%. In head-to-head comparison, Apixaban
S5mg (OR 0.69, 95% Crl 0.51-0.94), Dabigatran 110 mg
(OR 0.62, 95% Crl 0.39-0.95), and Dabigatran 150 mg (OR
0.65, 95% Crl 0.42-1.00) was more effective than the VKA,
and the difference was statistically significant. However, there
was no statistically significant between other treatments ver-
sus VKA in terms of the stroke or systemic embolism risks
(P > .05, Fig. 4B).

The SUCRA shows that Dabigatran 110 mg ranked
first (SUCRA, 77.2%), Dabigatran 150 mg ranked second
(SUCRA, 69.8%), Rivaroxaban15 mg ranked third (SUCRA,
66.9%), and VKA ranked the last (SUCRA, 9.1%, Fig. 4C).
Figure 4D shows a symmetrical inverted funnel plot, indicat-
ing a possible small sample effect or publication bias in the
study.

3.2.2. Major bleeding. A total of 7 studies (79,003 patients),
including 8 treatments (Apixaban 5 mg, Dabigatran 110 mg,
Dabigatran 150 mg, Edoxaban 30 mg, Edoxaban 60 mg,
Rivaroxaban 15 mg, Rivaroxaban 20 mg, and VKA) contributed
to the clinical outcome of major bleeding.

Figure SA shows network structure diagrams comparing dif-
ferent treatments for major bleeding. The network meta-analysis
revealed significant heterogeneity with an I?> of 5%. In head-to-
head comparison, there was no statistically significant between
any other treatments versus VKA in terms of the major bleeding
(P> .05, Fig. 5B).

The SUCRA analysis indicates that Edoxaban 60 mg achieved
the highest ranking (SUCRA, 84.3%), followed by Apixaban
5 mg in second place (SUCRA, 83.9%), Edoxaban 30 mg in
third place (SUCRA, 80.0%), and Dabigatran 150 mg in last
place (SUCRA, 19.9%, Fig. 5C). Figure 5D shows a symmetri-
cal inverted funnel plot, indicating a possible small sample effect
or publication bias in the study.

3.2.3. Intracranial hemorrhage. A total of 7 studies (79,003
patients), including 8 treatments (Apixaban § mg, Dabigatran
110 mg, Dabigatran 150 mg, Edoxaban 30 mg, Edoxaban
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Figure 2. Risk of bias graph of the included studies.

60 mg, Rivaroxaban 15 mg, Rivaroxaban 20 mg, and VKA)
contributed to the clinical outcome of intracranial hemorrhage.

The network structure diagrams in Figure 6A compared differ-
ent treatments for intracranial hemorrhage, revealing significant
heterogeneity with a global I> = 0%. In head-to-head compari-
son, Apixaban 5 mg (OR 0.35, 95% Crl 0.18-0.65), Dabigatran
110 mg (OR 0.42, 95% CrI 0.18-0.97), Dabigatran 150 mg

(OR 0.36, 95% Crl 0.15-0.86), Edoxaban 30 mg (OR 0.45,
95% Crl 0.24-0.82), and Edoxaban 60 mg (OR 0.41, 95% Crl
0.22-0.76) was associated with a reduction of the intracranial
hemorrhage rate than the VKA, and the difference was statisti-
cally significant. However, there was no statistically significant
between Rivaroxaban 15 mg and Rivaroxaban 20 mg versus
VKA in terms of the intracranial hemorrhage (P > .03, Fig. 6B).
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Figure 3. Risk of bias summary of the included studies. stroke or systemic embolism risks, major bleeding, intracranial hemorrhage and all bleeding events.
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Figure 4. (A) Network structure diagrams of stroke or systemic embolism risks. (B) Forest plot of the stroke or systemic embolism risks as compared with VKA.
(C) Surface under the cumulative ranking curve (SUCRA) probabilities of different treatments for stroke or systemic embolism risks. (D) Funnel plot of the different
treatments for stroke or systemic embolism risks.

The SUCRA shows that Dabigatran 110 mg ranked first
(SUCRA, 77.2%), Dabigatran 150 mg ranked second (SUCRA,
69.8%), Rivaroxaban 15 mg ranked third (SUCRA, 66.9%),

and VKA ranked the last (SUCRA, 9.1%, Fig. 6C). Figure 6D
shows a symmetrical inverted funnel plot, indicating a possible
small sample effect or publication bias in the study.
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Figure 5. (A) Network structure diagrams of major bleeding. (B) Forest plot of the major bleeding as compared with VKA. (C) Surface under the cumulative
ranking curve (SUCRA) probabilities of different treatments for major bleeding. (D) Funnel plot of the different treatments for major bleeding.

3.2.4. All bleeding events. A total of 4 studies (51,858
patients), including 4 treatments (Apixaban 5 mg, Rivaroxaban
15 mg, Rivaroxaban 20 mg, and VKA) contributed to the
clinical outcome of all bleeding events.

As illustrated in Figure 7A, the network structure diagrams
provide a comprehensive overview of the direct comparisons
among various treatments for all bleeding events. The network
meta-analysis revealed significant heterogeneity, with a global I?
statistic of 0%. In head-to-head comparison, there was no sta-
tistically significant between any other treatments versus VKA
in terms of the major bleeding (P > .05, Fig. 7B).

According to the SUCRA analysis, Apixaban 5 mg demon-
strated the highest ranking with a SUCRA value of 92.7%, fol-
lowed by VKA in second place with a SUCRA value of 47.5%.
Rivaroxaban 20 mg ranked third with a SUCRA value of 30.7%,
and Rivaroxaban 15 mg ranked last with a SUCRA value of
29.1% (Fig. 7C). Figure 7D shows a symmetrical inverted fun-
nel plot, indicating a possible small sample effect or publication
bias in the study.

4. Discussion

A thorough analysis compared the effectiveness and safety of
DOAGC: in preventing stroke in elderly AF patients. All DOACs

were equally effective in patients aged 75 and older, except for
Apixaban 5 mg, Dabigatran 110 mg, and Dabigatran 150 mg
which showed slightly higher efficacy. All DOACs have similar
risks of major bleeding compared to VKA. Rivaroxaban has a
higher risk of hemorrhagic stroke compared to other DOACs
and VKA. Apixaban and Edoxaban were found to lower the risk
of major bleeding in elderly patients aged 80 and older com-
pared to Factor Ila inhibitors and VKA.

AF and stroke become more important as people get older.?!
AF is most common in those aged 75 to 80 and continues to
increase in prevalence after 90.2% Older AF patients are at higher
risk for ischemic stroke and intracerebral hemorrhage, mak-
ing it challenging to manage AF in this age group.?’! A meta-
analysis found that DOACs are more effective and safer than
warfarin in patients aged 75 and older, especially in preventing
thromboembolic and bleeding events.*!! Edoxaban showed sim-
ilar efficacy to VKAs. This observation needs more validation
through subgroup analyses from RCTs. Recent research found
that reduced-dose Edoxaban was effective in older AF patients at
high bleeding risk, reducing the risk of stroke or embolism with-
out significantly increasing major bleeding.'¥ These results were
consistent across all age groups. The AVERROES trial showed
that Apixaban was more effective and had a similar safety profile



Zhang et al. ® Medicine (2024) 103:42

Medicine

A

Edoxaban30mg

Dabigatranl 50mg

Dabigatran110mg

Risk Ratio (95% Crl}

Compared with VKA
Apixaban 5mg —_—— 0.35(0.18, 0.65)
Dabigatran 110mg e 0.42 (0.18, 0.97)
] Dabigatran 150mg e 0.36 (0.15, 0.86)
Edoxaban60mg ApixabanSmg Edoxaban somg & 0.45 (0 24.0. 82)
Edoxaban 60mg —— 0.41(0.22, 0.76)
Rivaroxaban 15mg —oe1+—— 0.83(0.37,1.9)
Rivaroxaban 20mg —e—— 0.86 (0.39, 1.9)
I
0.1 1 2
Rivaroxaban15mg
Rivaroxaban20mg
C D
1.00 o
8
o7 g
5 G
8 5
. <]
%O 0 g / ': -,. \\
o o~ ’
025 n / \
/ \
/ \
’ \
/ Ay
0.00 -11 A
5 T = 7 "f - Effect size centred at comparison-specific pooled effect (yxA. xv)
Rank e AvsE ® AvsC e AvsD o AvsE o AvsG e AvsH
-~ ApixabanSmg -8~ Dabigalian 150mg & Edoxaban80mg -8 Riaroxaban 20mg ® AvsF BvsC @®BvsD e®BvsH e CvsE

~#= Dabigatran 110mg ~#= Edoxaban 30mg =%~ Rivaroxaban 15mg ~8= VKA

Figure 6. (A) Network structure diagrams of intracranial hemorrhage. (B) Forest plot of the intracranial hemorrhage as compared with VKA. (C) Surface under
the cumulative ranking curve (SUCRA) probabilities of different treatments for intracranial hemorrhage. (D) Funnel plot of the different treatments for intracranial

hemorrhage.

compared to aspirin in AF patients who could not take VKA."3!
More research is needed to compare DOAC:s in elderly patients
and vulnerable populations with consistent control measures.
Bleeding risk is a key factor in evaluating the effectiveness of
anticoagulants.!’’! In trials, DOACs showed lower risks of intra-
cerebral hemorrhage compared to VKA, but in older patients, all
anticoagulants had similar major bleeding risks. Apixaban has
reduced bleeding risks compared to VKA, while rivaroxaban has
a slightly higher risk.?* This suggests older patients may have a
higher risk of bleeding with Rivaroxaban compared to the gen-
eral population.®! It is unclear if the increased risk of bleeding
worsens with age, and the difference in bleeding risk between
DOACs and VKA may not be as significant in older patients. The
level of time spent in the therapeutic range during VKA therapy
is also important, with older patients typically having higher time
in therapeutic range (TTR). Meta-analyses show that DOACs
have a lower risk of bleeding compared to warfarin, especially in
patients from centers with lower TTR.? However, in trials like
RE-LY and ROCKET AF, there was a trend of increased major
bleeding risk with DOACs in patients with higher TTR.2+%!
Older subgroups, which often have higher TTR, likely con-
tributed to the reduced safety benefits of DOACs in our study.
Although VKA is still a valid treatment option when DOACs are

not suitable, caution should be taken when interpreting the results
of this study, as with all post hoc analyses. Our findings provide
insights for future research and potential associations to explore
further. In the context of treating AF and preventing stroke, the
introduction of left atrial appendage closure devices, such as the
Watchman device, represents a significant advancement in ther-
apeutic options.?”! Left atrial appendage closure devices offer a
non-pharmacological approach to stroke prevention in patients
with non-valvular AF who are at increased risk for thromboem-
bolic events.”s! The primary advantage of these devices is their
ability to obviate the need for long-term anticoagulation therapy,
which is particularly beneficial for patients who are contraindi-
cated for or have a high bleeding risk with oral anticoagulants.
The Watchman device, for instance, has been shown to be effec-
tive in reducing the risk of stroke in these patients, comparable to
warfarin in certain studies.

The RE-LY and ENGAGE AF-TIMI 48 trials found that lower
doses of Dabigatran and Edoxaban were more effective with
similar safety profiles compared to higher doses.!">!" High doses
were associated with lower risks of stroke or embolism, but
both high and low doses had similar safety outcomes, especially
in older patients. Worries about bleeding risk are a major issue
in anticoagulation therapy for older patients. Some physicians
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Figure 7. (A) Network structure diagrams of all bleeding events. (B) Forest plot of the all bleeding events as compared with VKA. (C) Surface under the cumu-
lative ranking curve (SUCRA) probabilities of different treatments for all bleeding events. (D) Funnel plot of the different treatments for all bleeding events.

are hesitant to prescribe anticoagulants for stroke prevention
in AF due to concerns about advanced age.””’ Lower dosages
in older patients may seem like a safe choice, but studies show
that underdosing could increase the risk of blood clots with-
out reducing bleeding risk.*% Our study highlights the need for
higher doses of Dabigatran and Edoxaban to prevent AF-related
strokes in older individuals. Dose adjustments should follow
drug label guidelines, rather than just considering age. In this
study, we considered that the dosage of DOACs might need to
be adjusted based on patients’ renal function, body weight, age,
and other clinical factors. According to the drug product labels
and the latest clinical guidelines, we did implement a strategy of
dose reduction for patients meeting specific criteria. Specifically,
for patients with an estimated glomerular filtration rate of 15 to
30 mL/min/1.73 m2, and/or a body weight <60 kg, we reduced
the dosage of DOACs as recommended by the guidelines.

This study has limitations due to subgroup analyses within
RCTs, potentially leading to underpowered comparisons among
individual agents. We conducted a thorough literature review
to strengthen statistical robustness, but caution is needed in
interpreting the results. Differences in how bleeding events
were defined and age groups were categorized in the trials led
to varying clinical implications in the results. Our goal was

to provide clinical guidance for treating older patients, not to
definitively determine causes. We did not conduct further sub-
group or meta-regression analyses due to the lack of individ-
ual participant data in this study-level meta-analysis. Further
research focusing on older patients is necessary to confirm and
build upon our results.

5. Conclusions

DOACs were found to have lower rates of thromboembolic
events compared to VKAs in older patients with AF. Apixaban
5 mg, Dabigatran 110 mg, Dabigatran 150 mg, Edoxaban
30 mg, and Edoxaban 60 mg were also associated with a reduc-
tion of intracranial hemorrhage than VKA. Further analysis and
validation from additional high-quality RCTs is needed to con-
firm the above conclusions.
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