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Background: Direct oral anticoagulants (DOACs) and warfarin are usually used for
people with atrial fibrillation (AF). However, for the AF patients at risk of falling, the
effectiveness and safety outcomes of DOACs compared with warfarin remain unclear.
Therefore, we performed a meta-analysis regarding the effectiveness and safety of
DOACSs vs. warfarin in AF patients at risk of falling.

Methods: A search of the PubMed and Embase databases until November 2021 was
performed. We included studies if they satisfied the following criteria: (1) study type:
randomized clinical trials or observational cohort studies. (2) Comparisons: effectiveness
and/or safety of DOACs (dabigatran, rivaroxaban, apixaban, or edoxaban) compared
with warfarin. (3) Study data: the sample size, the number of events in the VKAs or
DOACs groups, adjusted risk ratios (RRs), and 95% confidence intervals (Cls). (4) Study
outcomes: stroke or systemic embolism (SSE), ischemic stroke, myocardial infarction
(M), all-cause death, and cardiovascular death; major bleeding, major or clinically relevant
non-major (CRNM) bleeding, intracranial bleeding, gastrointestinal bleeding, and any
bleeding. (5) Study population: patients at risk of falling. According to the Morse Fall
Scale, the risk of falling relates to the history of falling, secondary diagnosis, ambulatory
aids, intravenous therapy, type of gait, and mental status. In this meta-analysis, if the
patient’s MFS score is >25 points, he will be thought of as having the risk of falling.
The adjusted risk ratios (RRs) and 95% confidence intervals (Cls) were pooled by a
random-effects model with an inverse variance method.

Results: Three cohort studies were included in our study. For the effectiveness
outcomes, the use of DOACs was only associated with a significantly reduced risk
of hemorrhagic stroke (RR = 0.28, 95%CI:0.10-0.75) compared with warfarin, but
there were no significant differences in stroke or systemic embolism (SSE) (RR = 0.87,
95%CI:0.70-1.08), cardiovascular death (RR = 0.97, 95%CI:0.73-1.29) and all-cause
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death (RR = 0.90, 95%CI:0.72-1.11). For the safety outcomes, the use of DOACs
was significantly associated with reduced risks of major or clinically relevant non-
major bleeding (RR = 0.77, 95%CI:0.61-0.98) and intracranial bleeding (RR = 0.26,
95%Cl:0.11-0.66) but not major bleeding (RR = 0.78, 95%CI:0.58-1.06).

Conclusions: Compared with warfarin, the use of DOACs in AF patients at risk of falling
is significantly associated with reduced risks of hemorrhagic stroke, major or clinically
relevant non-major bleeding, and intracranial bleeding.

Keywords: atrial fibrillation, fall, direct oral anticoagulants, warfarin, meta-analysis

INTRODUCTION

As the most common arrhythmia, the incidence, and prevalence
of atrial fibrillation have increased for the last 20 years and might
keep this growing tendency in the next 30 years (1). And AF
as an accompanying state is associated with a 1.5- to 1.9-fold
mortality risk after adjustment for the former cardiovascular
disease (2). Patients with AF have increased risks of death, stroke,
heart failure (HF), and cognitive dysfunction (3), thus they have
significantly poorer life quality compared with other patients
with only coronary heart disease or healthy people (4). With the
advancement of medical management and ablation procedures,
AF hospitalization-related mortality has decreased from 7.5%
in 2006 to 4.3% in 2015 (approximately by 42%), but hospital
costs per year have increased exponentially by 468% during this
10 years period (5), which means AF has become one of the
largest epidemic and public health problems in the world. Atrial
fibrillation (AF) affects 60 million people worldwide (6), resulting
in embolism events, deterioration of cardiac function, and a
significant increase in overall mortality (7).

The incidence of AF rises as the age increases from 60-years-
old, so does the risk of falling (8, 9). DOACs and warfarin are
generally used in AF patients to prevent stroke. The advantage of
DOACs over warfarin in reducing SSEs, hemorrhagic stroke, all-
cause mortality, and intracranial hemorrhage has been studied
by several previous studies (10). The risk of falling should
not be a decisive factor for withholding anticoagulation as
nowadays’ anticoagulation guidelines seem to pay more attention
to bleeding complications than the risk of stroke (11, 12).
In addition, the evidence certifying the deleterious effects of
warfarin and DOACs on bone health is insufficient (13).
However, the effectiveness and safety outcomes comparing
warfarin and DOACs use in AF patients at risk of falling are
still unclear. Therefore, this meta-analysis aimed to compare the
effectiveness and safety of DOACs with warfarin in AF patients
at risk of falling.

METHODS

We performed this meta-analysis based on the protocol and
reporting of the results from the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) statement. We
put the PRISMA 2020 ChecKklist in Supplementary Table 1.

Literature Retrieval

PubMed and Embase were systematically searched until
November 2021 for relevant studies through the following search
terms: (atrial fibrillation) AND (non-vitamin K antagonist oral
anticoagulants OR direct oral anticoagulants OR dabigatran
OR rivaroxaban OR apixaban OR edoxaban) AND (vitamin
K antagonists OR warfarin) AND (fall or falling). We applied
no linguistic restrictions to the literature. The literature search
strategy is shown in Supplementary Table 2.

Inclusion and Exclusion Criteria

We included studies if they satisfied the following criteria: (1)
study type: randomized clinical trials or observational cohort
studies. (2) Comparisons: effectiveness and/or safety of DOACs
(dabigatran, rivaroxaban, apixaban, or edoxaban) compared with
warfarin. (3) Study data: the sample size, the number of events in
the VKAs or DOACs groups, adjusted risk ratios (RRs), and 95%
confidence intervals (Cls). (4) Study outcomes: stroke or systemic
embolism (SSE), ischemic stroke, myocardial infarction (MI), all-
cause death, and cardiovascular death; major bleeding, major
or clinically relevant non-major (CRNM) bleeding, intracranial
bleeding, gastrointestinal bleeding, and any bleeding. (5) Study
population: patients at risk of falling. According to the Morse Fall
Scale, the risk of falling relates to the history of falling, secondary
diagnosis, ambulatory aids, intravenous therapy, type of gait, and
mental status. In this meta-analysis, if the patient's MFS score is
>25 points, he will be thought of as having the risk of falling (14).
Studies were excluded if: (1) certain publication types such as
reviews, case reports, case series, editorials, letters, and meeting
abstract meta-analyses. (2) Studies with no sufficient data. (3)
Studies with duplicate data.

Study Selection and Data Extraction

Two authors (Hu Y.T. and Chen Y.Y.) screened all the retrieved
studies by titles and abstracts firstly to find eligible studies.
Then we read the full texts in more detail according to the
inclusion and exclusion criteria. We solved the disagreements
through discussion or consultation with another author. The
data extraction is according to the standardized form. The
following data of each study will be collected: the first author
and publication year, study design, country, data source, follow-
up time, patient age and sex, sample size, types of DOACs,
effectiveness and safety outcomes used in the study, and adjusted
risk ratios (RRs) and 95% confidence intervals (CIs).
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TABLE 1 | Baseline characteristics of included studies.

Included Study Country Data Follow-up Antiplatelet Sample Age, Female Definition of DOACs Safety Effectiveness Confounder Warfarin-
study design source time (y) agents size median sex, No. the risk of outcomes outcomes naive or
use (25th, (%) falling warfarin-
rate 75th), users
years
Rao et al. Cohort USA Duke 1.8 0% 753 75 (67, 357 Patients with Apixaban Major SSE, Comorbidities  Unclear
(25) study Clinical 79) (47.4) a history of bleeding, cardiovascular (e.g.,
Research falling major or death, cerebrovascular
Institute CRNM all-cause disease,
bleeding death and peripheral
and hemorrhagic  vascular
intracranial  stroke disease,
bleeding congestive
heart
failure,
prior M),
medication
at
randomization
(ACE
inhibitors/ARBS,
Beta-
blockers)
Steffel et Cohort USA ENGAGE 2.8 0% 900 77 (72, 445 Having any of Edoxaban  Major SSE, History of Warfarin-
al. (27) study AF-TIMI 48 82) (49.4) the following bleeding, cardiovascular stroke or naive and
eight criteria major or death, TIA, history warfarin-
at CRNM all-cause of users
randomization: bleeding death and hypertension,
1) prior and hemorrhagic  history of
history of falls; intracranial  stroke coronary
2) lower bleeding artery
extremity disease,
weakness; 3) history of
poor balance; coronary
4) cognitive heart
impairment; failure,
5) orthostatic aspirin use
hypotension; at
6) use of randomization,
psychotropic dose
drugs; 7) reduced at
severe randomization
arthritis; or 8)
dizziness.
(Continued)
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TABLE 1 | Continued

Included Study Country Data Follow-up Antiplatelet Sample Age, Female Definition of
study design source time (y) agents size median sex, No. the risk of
use (25th, (%) falling
rate 75th),
years

DOACs

Safety
outcomes

Effectiveness Confounder Warfarin-

outcomes

naive or
warfarin-
users

Miao et Cohort USA United States 1.4 18.0% 25,144 83(47.87) 10,297(41.0) A predicted
al. (26) study (US) Truven 2-year fall-risk
MarketScan > 15% per
the algorithm
developed and
validated by
Homer et al.

Apixaban,
edoxaban
and
rivaroxaban

Intracranial
bleeding

SSE

Comorbidities  Warfarin-
(e.g., acute naive
decompensated
heart

failure,

genital

urinary
bleeding,
ischemic
stroke,
cognitive

artery

bypass

grafting,

heart

failure,
coagulopathy)
smoker,
medication

use like
antiplatelet
drugs

DOAC:s, direct oral anticoagulants; CRNM, clinically relevant nonmajor bleeding; SSE, stroke or systemic embolism; NOS, Newcastle-Ottawa Scale.
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DOACs Warfarin

r
1.1.1 SSE
Miao, B-2019 217 13027 256 12117 82.0%
Rao, M. P-2018 12 386 13 367 4.3%
Steffel, J-2016[high does] 22 310 22 307 7.3%
Steffel, J-2016[low does] 17 283 22 307 6.4%
Subtotal (95% CI) 14006 13098 100.0%
Total events 268 313

Heterogeneity: Tau? = 0.00; Chi? = 0.56, df =3 (P = 0.91); I? = 0%
Test for overall effect: Z = 2.58 (P = 0.010)

1.1.2 Hemorrhagic stroke

Rao, M. P-2018 1 386 3 367 19.8%
Steffel, J-2016[high does] 3 310 8 307 56.9%
Steffel, J-2016[low does] 1 283 8 307 23.4%
Subtotal (95% Cl) 979 981 100.0%

Total events 5 19
Heterogeneity: Tau? = 0.00; Chi? = 0.67, df =2 (P = 0.71); I? = 0%
Test for overall effect: Z =2.48 (P = 0.01)

1.1.3 Cardiovascular death

Rao, M. P-2018 24 386 16 367 22.8%
Steffel, J-2016[high does] 34 310 41 307 38.7%
Steffel, J-2016[low does] 34 283 41 307 38.5%
Subtotal (95% Cl) 979 981 100.0%
Total events 92 98

Heterogeneity: Tau? = 0.01; Chi? = 2.22, df =2 (P = 0.33); I? = 10%
Test for overall effect: Z =0.29 (P = 0.77)

1.1.4 All-cause death

Rao, M. P-2018 45 386 45 367 29.8%
Steffel, J-2016[high does] 58 310 64 307 36.7%
Steffel, J-2016[low does] 48 283 64 307 33.5%
Subtotal (95% Cl) 979 981 100.0%
Total events 151 173

Heterogeneity: Tau? = 0.00; Chi? = 0.42,df =2 (P = 0.81); = 0%
Test for overall effect: Z = 1.24 (P = 0.22)

anticoagulants; SSE, stroke or systemic embolism.

FIGURE 1 | Crude effectiveness event rates of direct oral anticoagulants compared with warfarin among atrial fibrillation patients at risk of faling. DOACs, direct oral
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Study Quality Assessment

Because each included study belonged to a cohort study, we
use the Newcastle-Ottawa Scale (NOS) tool to evaluate the
quality. This scoring scale involved three domains: the selection
of cohorts (0-4 points), the comparability of cohorts (0-2
points), and the assessment of the outcomes (0-3 points).
A study with a NOS score of <6 was defined as low
quality (15, 16).

Statistical Analysis

We used the Manager Version 5.4 (The Nordic Cochrane Center,
The Cochrane Collaboration, 2014, Copenhagen, Denmark;
https://community.cochrane.org/) to conduct the statistical
analysis. If a P-value is < 0.05, we admit it’s statistically
significant. The Cochrane Q-test and I* statistic were chosen
by us to evaluate consistency, in this way, a P < 0.1 for
Q-test and I*> > 50% indicated a substantial heterogeneity.

We calculated and pooled the natural logarithms of RRs and
standard errors of the studies by a random-effects model using
an inverse variance method. Firstly, the number of patients and
events of two groups were collected to calculate corresponding
crude effectiveness and safety outcomes rates. The results of
DOAC:s or group warfarin groups were shown by odds ratios
(ORs) and 95% ClIs. Secondly, we used the adjusted RRs to
further eliminate the influence of confounders and to evaluate
the outcomes.

RESULTS
Study Selection

The process of literature retrieval is shown in
Supplementary Figure 2. A total of 111 studies were found
through electronic searches. Removing the duplicate studies,
81 studies were used for the title/abstract screening. Then
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DOACs Warfarin
1.2.1 Major bleeding
Rao, M. P-2018 26 386 31 367 34.4%
Steffel, J-2016[high does] 31 310 34 307 38.1%
Steffel, J-2016[low does] 17 283 34 307 27.5%
Subtotal (95% CI) 979 981 100.0%
Total events 74 99

Heterogeneity: Tau? = 0.00; Chi? = 1.95, df =2 (P = 0.38); I? = 0%
Test for overall effect: Z = 1.92 (P = 0.06)

1.2.2 Major or CRNM bleeding

Rao, M. P-2018 50 386 51 367 28.9%
Steffel, J-2016[high does] 103 310 127 307 36.4%
Steffel, J-2016[low does] 76 283 127 307 34.7%
Subtotal (95% CI) 979 981 100.0%
Total events 229 305

Heterogeneity: Tau? = 0.04; Chi? = 4.35, df =2 (P = 0.11); I? = 54%
Test for overall effect: Z = 2.39 (P = 0.02)

1.2.3 Intracranial bleeding

Miao, B-2019 2 386 10 367 21.9%
Rao, M. P-2018 2 310 13 307 22.3%
Steffel, J-2016[high does] 1 283 13 307 16.0%
Steffel, J-2016[low does] 51 13027 81 12117 39.8%
Subtotal (95% CI) 14006 13098 100.0%

Total events 56 117
Heterogeneity: Tau? = 0.67; Chi? = 8.30, df = 3 (P = 0.04); I = 64%
Test for overall effect: Z = 2.67 (P = 0.008)

anticoagulants; CRNM, clinically relevant nonmajor bleeding.

FIGURE 2 | Crude safety event rates of direct oral anticoagulants compared with warfarin among atrial fibrillation patients at risk of faling. DOACs, direct oral
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0.78 [0.46, 1.35]
0.89 [0.53, 1.49]

0.51 [0.28, 0.94] —m—
0.73 [0.53, 1.01] L
0.92[0.61, 1.40] -
0.71[0.51, 0.98] i
0.52[0.37, 0.74] -
0.69 [0.50, 0.93] L 2
0.19 [0.04, 0.85] —_—
0.15 [0.03, 0.66] —_—
0.08[0.01,062] — "
0.58 [0.41, 0.83] el
0.24 [0.09, 0.69] .
0.01 0.1 1 10 100

DOACs Warfarin

13 remaining studies need to be assessed in more detail.
Ten studies (11, 12, 17-24) were excluded because (1)
mathematical model (n = 3); (2) case-control study (n =
1); (3) participants without AF (n = 1); (4) intervention
is only warfarin (n =1); (5) studies without available data
(n = 1); (6) studies’ outcomes are the risk of falling (n =
2); (7) studies’ outcomes are prescriptions (n = 1). Finally,
a total of three cohort studies (25-27) were included in
our meta-analysis.

Baseline Characteristics of the Included
Studies

The baseline characteristics of included studies are shown in
Table 1. All of them are cohort studies and meet our inclusion
criteria. For quality assessment, these three included studies had
a moderate-to-high quality with a Newcastle-Ottawa Scale score
of >6 points. The study by Rao et al. (25) included 753 patients
with a mean age of 75 years old using apixaban in the DOACs
therapy. The study by Steffel et al. (27) included 900 patients with
the use of edoxaban at the mean age of 77. And the last study
by Miao et al. (26) included a total of 25,144 patients receiving
three kinds of DOACs (apixaban, edoxaban, and rivaroxaban)
at the mean age of 83. More details of these included studies’
characteristics are shown in Supplementary Table 4. Although

the three cohort studies were performed in the US, it did not
mean all the patients were Americans. In the study by Rao et al,,
the patients come from America, Europe and Asia. The study by
Steftel et al. included multinational patients. Therefore, we didn’t
discuss the limitations or generalizability of the patient ethnicity.
Therefore, we didn’t discuss the limitations or generalizability of
the patient ethnicity.

Crude Event Rates Between DOACs and
Warfarin

We put the effectiveness outcomes of three included studies
in Figure 1. The use of DOACs is associated with lower event
rates of SSE (1.91 vs. 2.39%, OR = 0.80, 95%CI:0.68-0.95), and
hemorrhagic stroke (0.51 vs. 1.94%, OR = 0.28, 95%CI:0.10-
0.77). But there were comparable rates of cardiovascular death
(9.40 vs. 9.99%, OR = 0.95, 95%CI:0.69-1.31), and all-cause
death (15.42 vs. 17.64%, OR = 0.86,95%CI:0.68-1.09). The
safety outcomes of DOACs vs. warfarin are shown in Figure 2.
Compared with warfarin-users, DOACs users had significantly
lower event rates of major or CRNM bleeding (23.39 vs. 31.09%,
OR = 0.69, 95%CI:0.50-0.93), and intracranial bleeding (0.40 vs.
0.89%, OR = 0.24, 95%CI:0.09-0.69). However, there were no
significant differences in major bleeding (7.56 vs. 10.09%, OR =
0.73, 95%CI:0.53-1.01).
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1.1.1 SSE

Miao, B-2019 -0.151 0.133 67.9%
Rao, M. P-2018 -0.128 0.401 7.5%
Steffel, J-2016[high does] -0.041 0.305 12.9%
Steffel, J-2016[low does] -0.174 032 11.7%
Subtotal (95% Cl) 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 0.12, df = 3 (P = 0.99); I>= 0%
Test for overall effect: Z=1.26 (P = 0.21)

1.1.2 Hemorrhagic stroke
Rao, M. P-2018

Steffel, J-2016[high does]
Steffel, J-2016[low does] -2.04 1.013 25.1%
Subtotal (95% ClI) 100.0%
Heterogeneity: Tau? = 0.00; Chiz = 0.76, df =2 (P = 0.69); I? = 0%
Test for overall effect: Z =2.53 (P = 0.01)

-1.139 1.182 18.4%
-0.994 0.675 56.5%

1.1.3 Cardiovascular death
Rao, M. P-2018

Steffel, J-2016[high does]
Steffel, J-2016[low does] -0.083 0.234 38.9%
Subtotal (95% CI) 100.0%
Heterogeneity: Tau? = 0.00; Chi? = 1.96, df =2 (P = 0.38); I? = 0%
Test for overall effect: Z = 0.24 (P = 0.81)

0.358 0.323 20.4%
-0.186 0.229 40.6%

1.1.4 All-cause death
Rao, M. P-2018

Steffel, J-2016[high does]
Steffel, J-2016[low does] -0.186 0.19 34.0%
Subtotal (95% Cl) 100.0%
Heterogeneity: Tau? = 0.00; Chi? = 0.27, df = 2 (P = 0.87); I?= 0%
Test for overall effect: Z=1.00 (P = 0.32)

-0.041 0211 27.6%
-0.094 0.179 38.4%

anticoagulants; SSE, stroke or systemic embolism.

Rate Ratio Rate Ratio
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FIGURE 3 | Adjusted effectiveness data of direct oral anticoagulants compared with warfarin among atrial fibrillation patients at risk of falling. DOACs, direct oral

Adjusted Data of Outcomes Between
DOACSs vs. Warfarin

The adjusted data of effectiveness and safety outcomes among
the three included studies are put in Figures 3, 4, respectively.
For effectiveness outcomes, the use of DOACs was significantly
associated with reduced risks of hemorrhagic stroke (RR =
0.28, 95%CI:0.10-0.75, I = 0%) compared with warfarin. But
there were no significant differences in SSE (RR = 0.87,
95%CI:0.70-1.08, I = 0%), cardiovascular death (RR = 0.97,
95%CI:0.73-1.29, I = 0%), and all-cause death (RR = 0.90,
95%CI:0.72-1.11, I = 0%). For safety outcomes, users of DOACs
had a significant association with decreased risks of major or
CRNM bleeding (RR =0.77, 95%CI:0.61-0.98, I = 46%) and
intracranial bleeding (RR = 0.26, 95%CI:0.11-0.66, I = 52%)
but not major bleeding (RR = 0.78, 95%CI:0.58-1.06, I = 0%)
compared with warfarin-users.

Given the huge heterogeneity in sample size between the study
by Miao et al. and the other two studies, we deleted the study and

then assessed the effectiveness and safety of DOACs vs. VKAs
in AF patients at risk of falling by using the adjusted RRs. The
adjusted data of effectiveness and safety outcomes about the two
included studies were presented in Supplementary Figures 3, 4.
According to the Supplementary Figures 3, 4, if we deleted the
Miao study, the outcomes turned to be stable.

Publication Bias

Publication bias assessment should not be performed by the
funnel plot approach when the number of studies is < 10 because
such meta-analyses are underpowered to detect such bias.

Grade

The overall evidence for the observational studies was qualified
using GRADE (grading of recommendations assessment,
development, and evaluation) system categories. GRADE ratings
of the quality of evidence in the three cohort studies are provided
in Supplementary Table 5. According to GRADE system
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r I log[Rate Rati
1.2.1 Major bleeding
Steffel, J-2016[low does]
Rao, M. P-2018

E Weigh

-0.58 0.299 26.9%
-0.211 0.266 34.0%
Steffel, J-2016[high does] -0.041 0.248 39.1%
Subtotal (95% CI) 100.0%
Heterogeneity: Tau? = 0.00; Chi? = 1.95, df =2 (P = 0.38); I? = 0%
Test for overall effect: Z=1.57 (P = 0.12)

1.2.2 Major or CRNM bleeding
Steffel, J-2016[low does]
Steffel, J-2016[high does]

Rao, M. P-2018 -0.051 0.198 25.0%
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Heterogeneity: Tau? = 0.02; Chi? = 3.68, df = 2 (P = 0.16); I> = 46%
Test for overall effect: Z=2.11 (P = 0.03)

-0.478 0.145 35.9%
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1.2.3 Intracranial bleeding

Steffel, J-2016[low does] -2.408 1.065 13.9%
Steffel, J-2016[high does] -1.833 0.734 22.3%
Rao, M. P-2018 -1.661 0.789 20.6%
Miao, B-2019 -0.562 0.255 43.2%
Subtotal (95% ClI) 100.0%

Heterogeneity: Tau? = 0.44; Chi? = 6.27, df = 3 (P = 0.10); I> = 52%
Test for overall effect: Z =2.84 (P = 0.005)

anticoagulants; CRNM, clinically relevant nonmajor bleeding.

1V, Random, 95% CI

FIGURE 4 | Adjusted safety data of direct oral anticoagulants compared with warfarin among atrial fibrillation patients at risk of falling. DOACs, direct oral
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0.01 0.1 1 10 100

DOACs Warfarin

categories, the quality of evidence for outcomes we included
was moderate.

DISCUSSION

The main findings of our meta-analysis are listed as follows: (1)
The use of DOACs was significantly associated with reduced risk
of hemorrhagic stroke compared with warfarin; (2) The use of
DOAG:S resulted in significantly lower rates of major or CRNM
bleeding and intracranial bleeding; (3) Compared with warfarin,
DOACs showed comparable rates of SSE, cardiovascular death,
all-cause death, intracranial bleeding, and major bleeding.

Due to the unique clinical features of AF patients at risk
of falling, anticoagulation for these patients is contentious. For
example, patients at high risk for falls with atrial fibrillation
are at substantially increased risk of intracranial hemorrhage,
especially traumatic intracranial hemorrhage (28). There was
apparent underuse of anticoagulant therapy in AF patients at risk
of falling, especially in the elderly, as there was inconsistency in
opinion among clinicians on who should receive anticoagulation
(29). Previous data suggested that physicians’ decisions were
guided more by their concerns over bleeding than an evaluation
of the patient’s risk of stroke (30). Global Anticoagulant Registry
in the FIELD (GARFIELD) registry has demonstrated that falling
risk and fear of bleeding are frequent reasons why clinicians

chose to restrict anticoagulant therapy in AF patients despite
guideline recommends anticoagulant therapy (31). In addition,
some findings suggest that the risk of falling is not a valid
reason to avoid oral anticoagulants in AF patients (32). Of note,
European Society of Cardiology guidelines (33) did not suggest
falling risk was an absolute contraindication to anticoagulation,
but rather recommend withholding anticoagulation only in
patients who experience “severe uncontrolled falls” such as those
related to epilepsy and advanced multisystemic atrophic related-
backward falls. Several studies have indicated an overall benefit
from anticoagulation in AF patients at increased risk of falling,
indicating that the risk of severe bleeding is counterbalanced by
a similar reduction in the risk of stroke (27). Furthermore, the
study by Acanfora et al. has been calculated that elderly patient
should fall more than 300 times a year before overcoming the
clinical benefit of oral anticoagulation (34).

Compared with warfarin, DOACs have more benefits. In
terms of pharmacodynamics, DOACs might have natural
advantages over warfarin since their mode of action does not
affect factor VII and initiation of the coagulation cascade, with
a potential reduction in the risk of bleeding in case of trauma,
particularly intracranial bleeding. In addition, the shorter half-
life time of DOACs might help to limit traumatic bleeding
(35). Based on their ability to reduce the risk of intracranial
hemorrhage compared with warfarin, oral factor Xa inhibitors
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like apixaban should be considered as strong alternatives to
warfarin in AF patients deemed at higher risk of falling (26).
Therefore, DOACs appear to have a better overall benefit-
risk profile compared with warfarin (36). However, there are
arguments regarding regular follow-up assessment in patients on
DOAC:s, particularly the monitoring of relevant comorbidities
such as renal failure, older age, or frailty (37) as DOACs exhibit
predictable pharmacokinetic characteristics with fewer drug-
drug interactions, which might reduce the need for routine
coagulation monitoring and dose adjustment. Therefore, a part
of physicians supported that extra attention and regular reviews
are only required in elderly and frail patients to ensure safe and
effective anticoagulation (38). Recent data displays that there has
been an increase in the amount of newly diagnosed patients
with AF at risk of stroke receiving guideline-recommended
therapy since DOACs were introduced, predominantly driven by
increased use of DOACs and reduced use of vitamin K antagonist
(VKA) = antiplatelet (AP) or AP alone (39). DOACs represented
more than 60% of newly introduced anticoagulants in 2018.
One study by Jurin et al. (40) anticipated that this trend of
administrating DOACs would continue as the prices of these
agents decline and as they become available for all patients’
groups with indications for their use. Among the DOACs,
apixaban is the preferred strategy from a public payer perspective
for stroke prevention in older patients with atrial fibrillation and
increased fall risk according to the health state transition model
by Wong et al. (23).

The effectiveness and safety of DOACs compared with
warfarin in AF patients at risk of falling have been explored in
several recent studies. One systematic review by Grymonprez et
al. (41) supported that the preserved efficacy and safety outcomes
of apixaban and edoxaban in geriatric AF patients may warrant
their use in this population prone to fall, especially because of
the significantly lower intracranial bleeding risk. Unfortunately,
it concluded only through two secondary analyses of phase III
RCT studies. Besides this systematic review, no other systematic
review or meta-analysis has been performed so far specifically
comparing the effectiveness and safety of DOACs vs. warfarin in
AF patients at risk of falling. Our meta-analysis was the largest
and latest study comparing the effectiveness and safety outcomes
of DOAC:s vs. warfarin in AF patients at risk of falling, potentially
suggesting that DOACs might be considered more suitable for
this special population.

LIMITATIONS

First of all, only three cohort studies included in our meta-
analysis, in the future, more studies will be added to confirm
our findings. Secondly, the clinical characteristics of patients
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