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Abstract: Background: Thromboembolism is a common complication in elderly patients with non-Valvular Atrial
Fibrillation (NVAF). Noval oral anticoagulants (NOACs) remain the primary treatment strategy. This study focuses
on the optimal dosage and safety of new oral anticoagulants introduced in recent years. Objective: To investigate
the optimal dose and safety of NOACs in elderly patients with NVAF through meta-analysis. Methods: A systematic
literature search was conducted using both Chinese and international academic databases to identify studies on
NOAC therapy in elderly patients with NVAF. A total of 22 studies were included. Meta-analysis was performed using
RevMan 5.3 software. Results: The risk of systemic embolism (SSE) in patients receiving warfarin was significantly
higher compared to those on both standard-dose and low-dose NOACs. Patients who take conventional doses of
new anticoagulants orally have a higher risk of developing SSE (P < 0.05). The risk of severe bleeding in patients
receiving standard-dose warfarin was higher than those on conventional dose and low-dose NOACs. There was no
statistically significant difference in the risk of severe bleeding between patients with conventional and low-dose an-
ticoagulants (P > 0.05). Funnel plots for SSE and major bleeding outcomes were symmetrical and centered around
the mean, suggesting low publication bias and reliable results. Conclusion: Low-dose NOACs demonstrate favorable
efficacy and safety in elderly NVAF patients, appearing superior to warfarin and conventional dose NOACs. These
findings support the preferential use of NOACs over warfarin in this population.
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Introduction

Atrial Fibrillation (AF) is a tachyarrhythmic con-
dition, with a global incidence of about 2% to
3% [1]. It is a leading cause of heart failure,
ischemic stroke, and death. The risk of concur-
rent ischemic stroke in AF patients is four to
five times higher than in non-valvular atrial
fibrillation (NVAF) patients [2]. According to
global disease burden reports, the number of
AF patients has reached 33.5 million [3], with
NVAF being the predominant type in Central
Africa. The incidence of NVAF increases with
age, and individuals over 60 years old repre-
sent a high-incidence group [4], accounting
for more than 45% of all AF patients [5]. Due
to the significantly high risk of thromboembo-
lic events, NVAF patients are highly prone to
thrombotic detachment, death and other seri-

ous complications [6, 7]. Therefore, global AF
treatment guidelines emphasize the concurrent
use of anticoagulant therapy for AF patients
[8]. However, elderly patients, who often suffer
from multiple chronic conditions, face consider-
able challenges in managing their medications,
especially due to high stroke and bleeding risk
scores [9]. For example, elderly patients receiv-
ing classical anticoagulant therapy such as war-
farin often experience fatigue due to frequent
blood monitoring, increasing the medication
burden and leading to forgetfulness in monitor-
ing INR levels, which severely impacts adher-
ence to treatment.

Traditionally, oral anticoagulants in clinical pra-
ctice mainly include vitamin K antagonists, with
warfarin being the most widely used. As a
classic oral anticoagulant, it has been used for
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more than 70 years and remains stable in an-
ticoagulation therapy. A Time in Therapeutic
Range (TTR) = 65% is considered the standard
for high-quality anticoagulant therapy. Currently,
the TTR values of warfarin anticoagulation in
clinical settings is reported to be 57.1% in Ca-
nada [10] and 68.8% in Turkey [11]. However,
only about 12%-19% of patients in China achi-
eve a TTR > 65% [12], indicating a low rate of
high-quality anticoagulation. This low rate of is
contributed to factors such as insufficient use
of anticoagulant therapy and a low application
rate of warfarin. In addition, some researchers
have pointed out that race may influence war-
farin anticoagulant quality, with Caucasians
showing higher rates of high-quality anticoagu-
lation. In 2016, the European College of Car-
diology recommended novel oral anticoagu-
lants (NOACs) as the primary anticoagulants
for AF patients, and in 2020, the AF guidelines
clearly indicated that NOACs can directly re-
place warfarin [13]. Currently, in China, NOACs
such as dabigatrant and rivaroxaban are com-
monly recommended as alternatives to warfa-
rin for anticoagulation treatment in NVAF pa-
tients [14]. Rivaroxaban is a selective factor Xa
blocker [15] and is classified as a Class IA anti-
coagulant in relevant clinical guidelines [16].
Some studies have shown that rivaroxaban
is particularly effective in elderly patients [17].
Dabigatrant, a reversible, direct thrombin in-
hibitor, is characterized by hydrophilicity, poor
intestinal absorption, and a high volume of dis-
tribution, plasma clearance, and half-life elimi-
nation [18]. Both dabigatran and rivaroxaban
do not possess intrinsic pharmacological activ-
ity; instead, they are mainly absorbed and hy-
drolyzed in the intestine to form active metabo-
lites that block thrombin’s active site, thereby
inhibiting fibrin production and exerting an anti-
coagulant effect.

Current clinical studies on NOACs are indepen-
dent studies, and results may vary due to fac-
tors such as sample size, study design, and
patient age. To confirm the optimal dosage of
new anticoagulants, this study utilizes meta-
analysis to synthesize existing clinical data,
improving the effectiveness and reliability of
research findings.

Literature retrieval strategy

This study was registered with PROSPERO
(CRD42024581748). The following English se-
arch terms were used for literature retrieval:
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“Non-valvular atrial fibrillation”, “new oral an-
ticoagulant”, “Rivaroxaban”, “Dabigatran”, “dire-
ct oral anticoagulant”, “reduced dose”, “advan-
ced age”, “Warfarin”, “different dosage”, “Atrial
Fibrillation” and “Anticoagulants”. Searches we-
re performed across English-language databa-
ses, including PubMed, Embase, Web of Scien-
ce, Cochrane Library, and other. In addition,
literature searches were performed in Chine-
se databases such as China National Know-
ledge Infrastructure (CNKI) and WanFang Data,
using Chinese search terms such as “non-val-
vular atrial fibrillation”, “anticoagulant drugs”,
“new anticoagulants”, “rivaroxaban”, “dabiga-
tran”, “elderly patients”, “low dose”, “different
doses” and “low dose”. The database search
covered all published literature from the incep-
tion of each database up to May 2023. Two
clinical researchers performed the literature
retrieval, and the results were cross-checked

and summarized.

Literature screening was performed according
to the PICOS principle: Population (P): Patients
with a confirmed diagnosis of NVAF, including
elderly individuals (age > 60 years) according
to the age grouping criteria proposed by the
United Nations World Health Organization; In-
tervention (I): Oral administration of dabiga-
trant or rivaroxaban for thrombosis prevention;
Comparison (C): Studies involving different drug
doses in the intervention groups; Outcome me-
asures (0): Systemic embolism (SSE) as the effi-
cacy outcome, and severe bleeding complica-
tions, including massive gastrointestinal hem-
orrhage and intracranial hemorrhage, as safety
outcome indicators; Study design (S): Prospe-
ctive or retrospective cohort study.

Exclusion criteria: a. Animal studies; b. Non-
Chinese or non-English literature; c. Duplicate
publications; d. Review articles, meta-analysis,
conference abstracts, systematic reviews, pa-
thological studies, and other non-original res-
earch articles; e. Literature published earlier in
repeated publications; f. Unclear drug dosage
descriptions; g. Sample sizes < 30; h. Incom-
plete literature content unavailable for full re-
view.

Literature screening and data extraction

Two investigators independently screened the
included literature based on the inclusion and
exclusion criteria. Valid data were extracted
and cross-checked. In case of disagreements,
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852 or records identified through
database searching

688 of records after duplicates
removed

318 of records
[370 of records screened] excluded

2 and P values. The analytical
effect model was selected ac-
cording to the heterogeneity. If
?>50% or P > 0.1, indicating
no significant heterogeneity, a
fixed effect model was select-
ed; otherwise, if 7 > 50% or P
< 0.1, indicating significant
heterogeneity, a random eff-
ects model was selected. Pu-
blication bias was analyzed
using funnel plot and Eggerr’s

22 of full-text articles assessed

for eligibility animal test n=14

348 of full-text ariticies excluded,with reasons test.
Not meeting inclusion criteria n=114
No desired outcome n=187
Not obtaining full text n=33

Results

Literature search results

synthesis(meta-analysis)

22 of studies included in quantitative ’

the two investigators discussed and resolved
the issue through negotiation. A third-party
investigator should be consulted for a final
decision if the consensus cannot be reached.
The data extracted mainly include: (1) Literature
information: Author name (first author), publica-
tion dates, randomization method, blinding
method, etc.; (2) Study information: Number of
subjects included in the study, doses adminis-
tered, etc.; (3) Intervention methods: Oral anti-
coagulant regimens used in both the study and
control groups; (4) Outcome measures.

Literature quality assessment

The Cochrane risk of bias assessment tool was
used to evaluate the risk of bias in the included
literature. The bias risk in each dimension is
divided into three levels: low risk, unclear, and
high risk. Literature with a higher risk of bias
was excluded. The risk of bias included in the
literature was independently assessed by two
investigators and cross-checked. Any discrep-
ancies were resolved through discussion. If a
consensus could not be reached, a third-party
investigator was consulted for final judgment.

Statistical analysis

RevMan 5.3 software was used for metadata
analysis. The results were expressed as odds
ratios (OR) and 95% confidence interval (Cl).
Inter-study heterogeneity was evaluated using
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Figure 1. Flow chart of literature
screening and inclusion.

A total of 852 articles were
obtained after retrieval in ea-
ch database. After eliminating
duplicates and screening ba-
sed on titles, abstracts, and
full-text reviews, and comparing with the inclu-
sion and exclusion criteria, 22 articles were ulti-
mately included for meta-analysis (Figure 1).

Basic characteristics and quality evaluation of
included literature

Among the 22 studies included, 6 were pub-
lished in English and 16 in Chinese. Table 1
presents the basic characteristics of included
literature. Of these studies, 4 described ran-
dom sequence generation, while 2 did not pro-
vide details. No study showed a high risk of bias
across any domain. In the domain of random
sequence generation, 81.82% of the studies
were classified as low risk and 18.18% as
unclear risk. For the domain of allocation con-
cealment, 72.73% of the studies were at low
risk, while 27.27% had unclear risk. Blinding of
participants and personnel was assessed as
low risk in 81.82% of studies, with 18.18%
rated as unclear risk. Regarding blinding of out-
come assessment, 40.91% were assessed as
low risk and 59.09% as unclear risk. Data in-
completeness was rated as unclear risk in
54.55% of the studies, and 45.45% had no
assessment of bias. Selective reporting was
considered low risk in 81.82% of the studies
and unclear in 18.18%. All other risks were
assessed as low risk. The bias risk assessment
of included literature is shown in Figure 2.
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Table 1. Basic characteristics of included literature

. Experimental Interventions Sample Size Follow-up Outcome Age Gender
Included Studies Year . )
Design T C T C Time Measures T C T C

Blin [19] 2019 RCT T,: Dabigatran  C,: Dabigatran (150 mg)  T,:7639 C;:8290 24 months o, ® 60-80 60-80 4285:3354 4246:4044
(110 mg) T,:7639 C,:8290

Chen [20] 2023 RCT T,: Rivaroxaban C,: Rivaroxaban (20 mg) ~ T,:41 41 3 months @, ® T 77.49+£1.73 77.51+1.69 T,:21:20 23:18
(15 mg) T,:41 T,:77.81+1.96 T,:22:19

Eikelboom [21] 2011 RCT T,: Rivaroxaban Warfarin T,:6015 6022 12 months o, @ T,:65-85 65-85 3217:2798 3318:2704
(15 mg) T,:6076 T,:65-85

Gan [22] 2021 RCT T,: Rivaroxaban Warfarin 43 43 3 months @®,©® 71.02+6.51 71.35+6.84 23:20 24:19
(20 mg)

Gu [23] 2023 RCT T,: Dabigatran ~ Warfarin 102 98 12 months o, ® 86.41+6.13 84.51+6.13 54:48 54:44
(110 mg)

Lee [24] 2017 Cohort T,: Dabigatran  Rivaroxaban (15 mg) T,:550 990 12 months ,® 67.0-79 63.0-79.0 525:319 652:338
(150 mg) T,:294

Li [25] 2023 RCT Dabigatran Warfarin T,:100 100 12 months o, ® 74.72+7.85 74.83+8.10 44:56 54:46
(110 mg) T,:100

Liu [26] 2021 RCT Rivaroxaban Warfarin 199 92 3 months O,2  66.81+6.09  68.41+6.24 120:79 56:36
(10 mg)

Navarro-Almenzar [27] 2019 RCT T,: Dabigatran ~ Warfarin T,:176 C441 15 months @, @ T71+11 C,:7649 T,:71:106 C,:210:231
(110 mg) T,258 C,:582 T, 7312 C,72+14 T,:101:157 C,:277:305

Peng [28] 2022 RCT T,: Dabigatran ~ C,: Dabigatran (150 mg) 58 58 12 months ,® 66.9+9.7 72.0+£8.0 25:33 27:31
(150 mg)

San [29] 2023 RCT T,: Rivaroxaban C,: Rivaroxaban (20 mg)  T,:34 34 12 months O, @ T,:83.4+5.6 81.6+3.3 T,:14:20 13:21
(10 mg) T,:28 T,:81.4+2.9 T,:13:51

Shen [30] 2024 RCT T,: Rivaroxaban Rivaroxaban (20 mg) T,:20 20 6 months O, @ T,:82.25+3.41 81.61+2.45 T,;:812 7:13
(15 mg) T,:20 T,:82.31£3.44 T,:9:11

Song [31] 2021 RCT Rivaroxaban Warfarin T,:45 45 6 months @®, @ T,:68.7+2.3 69.5+2.5 T,:28:17 30:15
(10 mg) T,:45 T,:68.242.1 T,:27:18

Staerk [32] 2018 RCT T,: Dabigatran ~ C,: Dabigatran (150 mg) T;:2098 C:2957 24 months (O, @ T;:81(76,85) C,;:71(65,77) T,:793:1305 C:1130:1827
(110 mg) C,: Rivaroxaban (20 mg)  T,:4414 C,:4185 T,71(65,77) C,84(80,89) T,1766:2648 C,1723:2462

Wallentin [33] 2010 RCT T,: Rivaroxaban Warfarin T,:5957 5965 12months (@O, @ T,:70.0+9.5 72.148.3 T,:2567:3390 2618:3347
(15 mg) T,:6029 T,:71.348.8 T,:2882:3147

Wang [34] 2019 Cohort Rivaroxaban Rivaroxaban (20 mg) 85 16 12 months (@, @  85.76+4.72 84.56+3.37 32:53 5:13
(15 mg)

Wang [35] 2021 RCT T,: rivaroxaban  Rivaroxaban (15 mg) 73 67 12 months @, @ 84.3+3.8 86.814.0 60:13 51:16
(10 mg)

Yang [36] 2022 RCT T,: Rivaroxaban Rivaroxaban (15 mg) 30 30 6 months @, @ 79.444+3.19 79.13+4.22 18:12 21:9
(15 mg)

Yu [37] 2023 RCT T,: Rivaroxaban Warfarin T:72 24 3 months @»,® 81105 81-105 T,:42:30 15:9
(15 mg) mg) T,:24 T,:14:10

Zhang [38] 2023 RCT T,: Rivaroxaban Warfarin T:31 31 12 months @, @ T,:82.21+1.10 82.53+1.16 T,:18:13 17:14
(20 mg) T,:31 T,:82.36+1.12 T,:19:12

Zhao [39] 2023 RCT T,: Dabigatran  Rivaroxaban (15 mg) 43 43 3 months @, @ 82.62+4.66 83.01+5.13 26:17 25:18
(110 mg)

Zuo [40] 2022 RCT T,: Dabigatran ~ Warfarin T.:46 46 6 months @, ® T,:86.3+2.4 86.5+2.3 T.:33:13 34:12
(150 mg) T,:46 T,:87.0£2.1 T,:30:16

Note: T represents the study group (T, and T, represent Study Group 1 and Study Group 2, respectively); C represents the control group (C, and C, represent Control Group 1 and Control Group 2, respectively); (@ represents systemic embo-
lism; @) represents severe hemorrhage.
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Random sequence generation(selection bias) _:l

Allocation concealment(selection bias) _:|

Blinding of participants and personnel(performance bias) _:I
Blinding of outcome assessment(detection bias) [ |

the risk of severe bleeding
with new anticoagulants com-
pared to warfarin (Figure 6).

ncomplete outcome data(attrition bias) [N |

Selective reporting(reporting bias) [N |
Other bias [N

Thirteen studies compared
the risk of severe bleeding

0%

[ Low risk of bias [] unclear risk oof

Figure 2. Risk bias plot for included studies.

Meta-analysis of the incidence of SSES in
NVAF patients (Table 2)

Eleven studies reported the occurrence of SSE
after oral administration of conventional doses
of NOAC compared with warfarin in NVAF pa-
tients. The analysis revealed no heterogeneity
(= 0%, P =0.78), so a fixed-effects model was
used. The overall RR was 0.29 [0.26, 0.32],
with a Z-value of 20.71, P < 0.00001, indicating
a statistically significant reduction in the risk of
SSEs with NOAC compared to warfarin (Figure
3).

Thirteen studies reported SSEs after the ad-
ministration of low-dose new anticoagulants
compared with warfarin. Again, no heterogene-
ity was observed between the literature (I? =
0%, P = 0.87), so a fixed-effects model was
applied. The RR was 0.21 [0.19, 0.24], with a
Z-value of 23.56, P < 0.00001, suggesting a
significant reduction in the risk of SSE in low-
dose NOAC compared to warfarin (Figure 4).

Twenty-two studies compared SSEs between
low-dose and conventional doses of new anti-
coagulants. The analysis showed no heteroge-
neity (12 = 0%, P = 0.72), thus, a fixed-effect mo-
del was conducted. The RR was 0.72 [0.65,
0.80], with a Z-value of 6.27, P < 0.00001, sug-
gesting a significant reduction in the risk of
SSEs with low-dose new anticoagulants com-
pared to conventional doses (Figure 5).

Meta-analysis of the incidence of severe bleed-
ing in NVAF patients treated with oral low-dose
anticoagulants (Table 3)

Eleven studies reported the risk of severe
bleeding in NVAF patients after the admini-
stration of conventional doses of new antico-
agulants versus warfarin. There was no hete-
rogeneity (1> = 0%, P = 0.82), and a fixed-eff-
ects analysis was performed. The RR was
0.82 [0.75, 0.89], with a Zvalue of 4.59, P <
0.00001, indicating a significant reduction in
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with low-dose new anticoagu-
lants versus warfarin. No het-
erogeneity was found (12 = 0%,
P = 0.64), and a fixed-effects
model was used. The RR was
0.64 [0.59, 0.70], with a Zvalue of 9.73, P <
0.00001, suggesting a significant reduction in
the risk of severe bleeding in low-dose new
anticoagulants compared to warfarin (Figure
7).

Twenty-two studies compared severe bleeding
between low-dose and conventional doses of
new anticoagulants. Significant heterogeneity
was found (I? = 86%, P < 0.00001), so a ran-
dom-effects analysis was conducted. The RR
was 1.03 [0.96, 1.11], with a Z-value of 0.90, P
= 0.37, suggesting no statistically significant
difference in the risk of severe bleeding be-
tween low-dose and conventional new antico-
agulants (Figure 8).

Publication bias

To assess publication bias, funnel plots were
created for SSE and severe bleeding risk in
both low-dose and conventional anticoagulant
groups (Figures 9, 10). The plots are symmetri-
cal and mostly scattered near the mean value,
indicating low publication bias and high reliabil-
ity of the results. Egger's test confirmed no
publication bias, with intercepts of -0.153 and
-0.203, standard errors of 0.320 and 0.461,
t-values of 0.470 and 0.462, and P-values of
0.645 and 0.551, respectively. These results
suggest that there was no significant publica-
tion bias in the meta-analysis findings.

Discussion

Anticoagulation therapy is the main clinical
intervention for NVAF patients. Warfarin, as a
classic anticoagulant, has a long history of clini-
cal application, and its efficacy is well estab-
lished. However, the use of warfarin requires
careful monitoring due to its significant interac-
tions with food and other medications, along
with frequent coagulation tests to adjust the
dosage. This need for constant monitoring and
dose adjustment complicates its use, especial-
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Table 2. Meta-analysis results of SSE incidence

Heterogeneity )
Included Meta-analysis Results
Outcome Measures Subgroup Studies Test Results Effect Mode
P 2 (%) OR [95% ClI] P

Incidence of SSE Regular Dose vs. Warfarin 11 0.79 0 Fixed Effects Mode 0.29 [0.26, 0.32] 0.000

Low Dose vs. Warfarin 13 0.87 0 Fixed Effects Mode 0.21[0.19, 0.24] 0.000

Regular vs. Low Dose 20 0.95 0 Fixed Effects Mode 0.72 [0.65, 0.80] 0.000
Note: SSE represents Systemic embolism.

Experimental Contro Odds Ratio 0Odds Ratio

Study or Subgroup Events otal Events Tota Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chen 2023 2 41 6 41 0.5% 0.30[0.06,1.58]
Eikelboom2011 114 6076 421 6022 34.5% 0.25[0.21,0.31] -
Lee2017 13 294 96 990 3.5% 0.43[0.24,0.78 peiinme. Al
Li2023 4 100 10 100 0.8% 0.38[0.11,1.24] —_—
San2023 2 28 5 34 0.3% 0.45[0.08,2.50]
Shen 2024 2 20 4 20 0.3% 0.44[0.07,2.76]
Song2021 3 45 6 45 0.5% 0.46 [0.11,1.98]
Wallentin 2010 234 6029 728 5965 58.5% 0.29[0.25,0.34] =
Yu 2023 2 24 3 24 0.2% 0.64[0.10,4.20]
Zhang 2023 3 31 5 31 0.4% 0.56 [0.12,2.57]
Zu02022 4 46 7 46 0.5% 0.53[0.14,1.95] e
Total (95% ClI) 12734 13318 100.0% 0.29[0.26,0.32] *
Total events 383 1291
Heterogeneity: Ch? = 6.42, df =10 (P=0.78); I* =0 % + t + +
Testfor overall effect: Z = 20.71(P < 0.00001) 0.05 0.2 1 5 20

Favours [experimental] Favours [control]

Figure 3. Forest plot of the effect of oral conventional-dose anticoagulants and warfarin on SSE. SSE: systemic

embolism.
Experimenta  Contro Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed,95% CI M-H, Fixed,95% CI
Chen 2023 1 41 6 41 0.5% 0.15[0.02,1.27] S
Eikelboom2011 83 6015 421 6022 33.1% 0.19[0.15,0.24] Bl
Gan2021 2 43 6 43 0.5% 0.30 [0.06,1.58] _—
Lee2017 7 550 96 990 5.4% 0.12[0.06,0.26] ———
Li 2023 2 100 10 100 0.8% 0.18[0.04,0.86]
Liu2021 5 199 10 92 1.1% 0.21[0.07,0.64]
San2023 1 34 5 34 0.4% 0.18[0.02,1.59] ———
Shen 2024 0 20 4 20 0.4% 0.09[0.00,1.78]
Song 2021 1 45 6 45 0.5% 0.15[0.02,1.28] ———————
Wallentin 2010 188 5957 728 5965 56.2% 0.23[0.20,0.28] |
Yu 2023 5 72 3 24 0.3% 0.52[0.12,2.37] [
Zhang 2023 1 31 5 31 0.4% 0.17[0.02,1.58] ———————
Zu02022 2 46 7 46 0.5% 0.25[0.05,1.29] |
Total(95%Cl) 13153 13453 100.0% 0.21[0.19,0.24] )
Total events 298 1307
Heterogeneity: Chi* = 6.89, df =12 (P= 0.87); I = 0% } } + t
Testfor overall effect: Z = 23.56 (P < 0.00001) 0.005 0.1 1 10 200

Favours [experimental] Favours [control]

Figure 4. Forest plot of the effect of oral low-dose anticoagulants and warfarin on SSE. SSE: systemic embolism.

ly in elderly patients who often have multiple
chronic diseases.

Epidemiological data highlight that the inci-
dence of NVAF increases significantly with age,
with elderly individuals having a 10-fold higher
risk of developing the condition compared to
younger populations. Men are more prone to
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the condition, accounting for 79.3% of the over-
all affected population. NVAF is also a major
independent risk factor for ischemic stroke,
further complicating the management of these
patients. Although anticoagulant therapy is cli-
nically advocated in routine treatment for NVAF,
its use remains low, especially among elderly
patients, as highlighted in recent surveys [41].
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Experimenta Control Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Blin 2019 105 7639 156 8290 173% 0.73[0.57,0.93] -
Blin2019 110 7639 162 8290 179% 0.73 [0.57,0.94] -
Chen 2023 1 41 2 41 0.2% 0.49 [0.04,5.60] ——
Eikelboom 2011 83 6015 114 6076 131% 0.73[0.55,0.97] ey
Gu 2023 8 102 4 98 0.5% 0.71[0.16,3.27] T [ —
Lee2017 7 550 13 294 2.0% 0.28 [0.11,0.71] e
Li2023 2 100 4 100 0.5% 0.4910.09,2.74] =
Navarro-Almenzar 2019 4 176 20 441 1.3% 0.49[0.16,1.45] e
Navarro-Almenzar 2019 5 258 26 582 1.8% 0.4210.16,1.11] ——
Peng 2022 1 58 4 58 0.5% 0.24[0.03,2.19] T e P
San 2023 1 34 2 28 0.2% 0.39[0.03,4.59] ey e,
Shen 2024 0 20 2 20 0.3% 0.18 [0.01,4.01] ¢
Song 2021 1 45 3 45 0.3% 0.320.03,3.18] _—r
Staerk 2018 29 2098 55 2957 5.3% 0.74 [0.47,1.16] —_r
Staerk 2018 61 4414 19 4185 94% 0.73[0.52,1.02] |
Wallentin 2010 188 5957 234 6029 264% 0.81[0.66,0.98] *
Wang 2019 4 85 2 16 0.4% 0.35[0.06,2.07] —_—
Wang 2019 4 73 6 67 0.7% 0.59 [0.16,2.19] P————t
Yang 2022 1 30 4 30 0.5% 0.22[0.02,2.14] ey P
Yu 2023 5 72 2 24 0.3% 0.82[0.15,4.53] — |
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Figure 5. Forest plot of the effect of oral low-dose and conventional anticoagulants on SSE. SSE: systemic embolism.

Table 3. Meta-analysis results of incidence of severe bleeding

Heterogeneity .
Included Meta-analysis Results
Outcome Measures Subgroup Studies Test Results Effect Mode
P 2 (%) OR (95% ClI) P

Incidence of serious bleeding  Regular Dose vs. Warfarin 11 1.00 0 Fixed Effects Mode 0.8210.75,0.89]  0.000

Low Dose vs. Warfarin 13 0.96 0 Fixed Effects Mode 0.64 [0.59, 0.70] 0.000

Regular vs. Low Dose 20 0.000 86  Random Effects Mode 1.03[0.96, 1.11] 0.37

Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chen 2023 4 a1 5 a1 04% 0.78[0.19.313] ——
Eikelboom 2011 399 6076 471 6022 375% 0.83[0.72,0.95] |
Lee 2017 23 294 96 990 34% 0.79[0.49,1.27] —r
Li2023 10 100 12 100 0.9% 0.81[0.33,1.98] s
San 2023 3 28 4 34 0.3% 0.90[0.18,4.41] e
Shen 2024 2 20 3 20 02% 0.63[0.09,4.24] | p—
Song 2021 5 45 5 45 0.4% 1.00 [0.27,3.72] [
Wallentin 2010 614 6029 728 5965 558% 0.82[0.73,0.91] L
Yu2023 2 24 3 24 0.2% 0.64[0.104.20] T
Zhang2023 3 31 4 31 03% 0.72[0.15,3.54] | —
Zuo2022 5 46 6 46 05% 0.81[0.23,2.88] o
Total (95% Cl) 12734 13318 100.0% 0.82[0.75,0.89] '
Total events 1070 1337
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Figure 6. Forest plot of the effect of oral conventional dose anticoagulants and warfarin on severe hemorrhage.

The 2012 guidelines on NVAF management could be considered as alternatives to warfar-
suggested that rivaroxaban and dabigatran in for anticoagulation therapy in NVAF patients
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Experimenta Contro 0Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
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Heterogeneity: Chi? =5.08, df=12 (P =0.96); 1?=0%
Test for overall effect: Z=9.73 (P < 0.00001)
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Figure 7. Forest plot of the effect of oral low-dose anticoagulants and warfarin on severe hemorrhage.

Odds Ratio

Experimental Control Odds Ratio
Study or Subqroup Events  Total Events Total Weight M-H, Fixed,95% CI M-H, Fixed,95% CI
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Blin 2019 142 7639 63 8290 3.8% 247[1.84,3.33] —
Chen 2023 3 41 4 4 0.2% 0.73[0.15,3.49) —
Eikelboom 2011 342 6015 399 6076 24.1% 0.86 [0.74,1.00] -
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Total (95%Cl) 35526 37791 100.0% 1.03 [0.96,1.11]
Total events 1689 1728 L ) ) .

Heterogeneity: Chi*=154.15, df=22(P<0.00001); I* = 86%
Test for overall effect: Z =0.90 (P=0.37)

0.02 01 1 10
Favours [experimental] Favours [control]

50

Figure 8. Forest plot of the effect of oral low-dose and conventional anticoagulants on severe hemorrhage.

[42]. More recently, the 2020 ESC Atrial Fibri-
[lation Management Guidelines further empha-
sized that NOACs should be the preferred
choice for patients without contraindications,
with warfarin being reserved as a secondary
option [43]. Compared with warfarin, the use of
NOACs is simpler as they do not require routine
coagulation monitoring, and they are less sus-
ceptible to dietary or drug interactions. How-
ever, NOACs have been in clinical use for a
shorter period than warfarin, and there remains
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some uncertainty regarding the optimal dos-
age, partly due to limited research on dosing
regimens.

The results of this study support the superiority
of NOACs over warfarin in terms of both efficacy
and safety. Specifically, both conventional and
low-dose NOACs demonstrated a lower inci-
dence of SSE and severe bleeding compared to
warfarin. These findings are consistent with the
work of Zhang et al [38]. At present, low-dose
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a safer and more convenient
alternative to warfarin for el-
derly NVAF patients.

NOACs are metabolized pri-
marily by the kidneys, with
some also undergoing liver
metabolism. Adjusting the do-
sage of NOACs appropriately
in clinical practice can en-
hance medication safety, whi-
le also reducing the impact
of these drugs on liver and
kidney functions [28]. In this
2y study, a statistical difference

Figure 9. Publishing bias evaluation chart for incidence of SSEs in low-dose
and conventional oral anticoagulants. SSE: systemic embolism.
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s } in the risk of SSE was obser-
ved between low-dose and
conventional doses of NOACs,
which aligns with the above-
mentioned theory. However,
no statistically significant dif-
ference was found in the inci-
dence of severe bleeding be-
tween the two groups, whi-
ch is inconsistent with those
reported by Peng et al [28].
The discrepancy may be stem
from the large proportion of
international literature includ-
ed in this study, which may not

3 fully account for the specific

3% characteristics of the Asian
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Figure 10. Evaluation of publication bias for incidence of severe bleeding
with new oral anticoagulants at low and conventional doses.

dabigatran is commonly used for the treatment
of elderly NVAF patients in China, but there is
little comparison between conventional dose
and low-dose efficacy. Rivaroxaban, as a non-
vitamin K antagonist that blocks the coagula-
tion waterfall process by binding to coagulation
factor Xa and produces clotting, shows high
bioavailability, reaching the peak 2-4 h after
oral administration, and minimal individual vari-
ability in response. Studies have shown that
low-dose rivaroxaban (20 mg/day) offers supe-
rior safety compared to higher doses, especial-
ly in elderly patients [44]. In conclusion, the
use of NOACs, particularly at low doses, offers
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50 Europeans and Americans,
potentially leading to a higher
risk of gastrointestinal bleed-
ing [45]. As a result, differenc-
es between the results of our
meta-analysis and those of clinical studies in
China are likely. Thus, although the safety pro-
file of NOACs, particularly low-dose NOACs, is
higher than that of warfarin, there are certain
regional variations in clinical outcomes.

This study does have some limitations that
should be acknowledged: (1) The focus on
elderly patients with NVAF resulted in a small
number of eligible studies. This limitation res-
tricts the ability to conduct a more comprehen-
sive analysis and comparison; (2) The number
of included Chinese studies is small, limiting
the generalizability of the results to the Chinese
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population. Additional studies from China are
needed to validate and further refine the con-
clusions; (3) Although several types of NOACs
are currently used in clinical practice, this study
only focused on rivaroxaban and dabigatran,
thus the findings may not fully represent the
broader landscape of NOAC therapy.

Suggestions for improvement: (1) Appropriately
relaxing the inclusion criteria for literature to
increase the number and literature included;
(2) Increasing the focus on domestic Chines
literature would yield findings that are more
aligned with the unique clinical conditions in
China; (3) Expanding the search to include
other NOACs would improve the comprehen-
siveness of the study.

In conclusion, this study synthesized the results
of previous clinical trials and concluded that
low-dose NOACs for elderly NVAF patients was
superior to conventional warfarin and standard-
dose NOACs in terms of efficacy and safety. It
is recommended that low-dose NOACs be pre-
ferred for the treatment of elderly NVAF pa-
tients, with dosage adjusted based on individu-
al patient conditions.
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