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Abstract

Aims: To assess the effect of oral anticoagulant (OAC) administration on incidence of dementia in patients with atrial fibrillation

(AF) with Systematic review and meta-analysis in according with the Preferred Reporting Items for Systematic Review and

Meta-analysis Protocols. Methods: We systematically searched the electronic databases including Pubmed, Embase, Cochrane

library, and ClinicalTrails.gov for relevant articles. The primary outcome was the incidence of dementia. The adjusted risk

ratio (RR), odds ratio, or hazard ratio were extracted and pooled by the random-effects models. Subgroup analysis was

performed according to the setting observational window. Risk of bias was assessed using the Newcastle-Ottawa Scale, while

publication bias was assessed by the Begg’s and Egger’s tests. Results: Nine studies included in this review (2 prospective

and 7 retrospective observational studies, including 613,920 patients). The results presented the significant association between

OAC therapy and the reduced risk of dementia compared with no treatment (RR [95%CI] =0.72 [0.60, 0.86], I2=97.2%; P

=0.000). In the subgroup analysis, the pooled RR became statistically non-significant (including four studies, RR [95%CI]

=0.75 [0.51, 1.10], I2=98.8%; P =0.000). There is no significant risk of bias and publication bias. Conclusions: This study

indicated the protective effect of OAC therapy for dementia in patients with AF. However, the results are limited because of

high heterogeneity, inconsistent direction of effect in subgroup analysis. Further prospective well-designed study is needed with

longer follow-up duration in younger patients.
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Abstract

Aims:To assess the effect of oral anticoagulant (OAC) administration on incidence of dementia in patients
with atrial fibrillation (AF) with Systematic review and meta-analysis in according with the Preferred Re-
porting Items for Systematic Review and Meta-analysis Protocols.

Methods: We systematically searched the electronic databases including Pubmed, Embase, Cochrane li-
brary, and ClinicalTrails.gov for relevant articles. The primary outcome was the incidence of dementia. The
adjusted risk ratio (RR), odds ratio, or hazard ratio were extracted and pooled by the random-effects models.
Subgroup analysis was performed according to the setting observational window. Risk of bias was assessed
using the Newcastle-Ottawa Scale, while publication bias was assessed by the Begg’s and Egger’s tests.

Results: Nine studies included in this review (2 prospective and 7 retrospective observational studies,
including 613,920 patients). The results presented the significant association between OAC therapy and the
reduced risk of dementia compared with no treatment (RR [95%CI] =0.72 [0.60, 0.86], I2=97.2%;P =0.000).
In the subgroup analysis, the pooled RR became statistically non-significant (including four studies, RR
[95%CI] =0.75 [0.51, 1.10], I2=98.8%; P =0.000). There is no significant risk of bias and publication bias.

Conclusions: This study indicated the protective effect of OAC therapy for dementia in patients with
AF. However, the results are limited because of high heterogeneity, inconsistent direction of effect in sub-
group analysis. Further prospective well-designed study is needed with longer follow-up duration in younger
patients.

Keywords:atrial fibrillation; anticoagulant; dementia; cognitive impairment

Review criteria

The inclusion criteria were: i) patients with AF who were [?] 18 years; ii) investigating the effects of OACs
on the incidence of dementia; iii) reporting the outcomes as HR, RR, or OR, with 95%CIs; iv) RCTs or
observational studies.

The exclusion criteria were: i) patients with the history of dementia or moderate to severe cognitive dysfunc-
tion; ii) only crude or unadjusted HR, RR, or OR; iii) cross-sectional studies; iv) following types of articles:
conference abstracts, editorials, letters, expert opinions, case reports, case series, or reviews.

Messages for the clinic

The results add the further evidences of strict anticoagulation in patients with atrial fibrillation because of
its additional potential role on decease risk of incidence of dementia.

The results imply the importance of setting observational window for unveiling the role of anticoagulation
on chronic progressive endpoints.

Introduction

Atrial fibrillation (AF) is one of the most prevalent persistent arrhythmias.1 Dementia is defined as deficits
in [?]2 cognitive domains that are sufficiently severe to affect activities of daily living, being classified
into Alzheimer’s disease, vascular dementia, Lewy body dementia, frontotemporal dementia, and other

2
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. dementias.2 They both predominantly affect the elderly, and poses significant burden to patients, family,
and healthcare systems. Many prospective and retrospective studies have stressed a strong association be-
tween AF and dementia in patients without stroke (risk ratio (RR)[95% confidence interval (CI)]=1.34[1.13,
1.58]), in patients with first-ever or recurrent stroke (RR[95%CI]=2.7[1.82, 4.00]), and in a general popula-
tion including with or without a history of stroke (RR[95%CI]=1.36[1.23, 1.51]).3, 4 Proposed mechanisms
underlying this link involved overt or covert strokes, cerebral hypoperfusion due to reduced cardiac output
present in AF rhythm, inflammation, and presence of shared risk factors for AF and dementia.5, 6 Among
them, the clinical or subclinical embolic brain ischemia is considered to be the main cause of cognitive decline
associated with AF.5 Thus, it is assumed that anticoagulation may reduce the risk of cognitive decline and
dementia in patients with AF.

A number of observational studies investigated the effect of oral anticoagulant (OAC) therapy on inci-
dence of dementia, but the cause-effect relationship is varied. There are two systematic reviews, includ-
ing cross-sectional studies, investigating the effect of OAC use on the incidence of cognitive impairment
and dementia.7, 8 One systematic review including 19 studies suggested that, comparing OAC use to no
treatment, the pooled odds ratio (OR) had no statistical significance in reducing dementia occurrence (3
studies, OR[95%CI] =0.89[0.47, 1.69]);7 while another systematic review including 8 studies suggested that
the pooled hazard ratio (HR) had statistical significance in dementia occurrence (5 studies, HR[95%CI]
=0.71[0.69, 0.74]).8 The conflicting results likely resulted from the different number of including studies
and including cross-sectional studies which could limit confidence in a cause-effect relationship. In order to
overcome the main limitation of previous systematic reviews, Mongkhon et al.9conducted a new systematic
review which excluded the cross-sectional studies. The pooled adjusted risk ratio (RR) suggested a protective
role of OACs on reducing dementia occurrence (5 studies, RR[95%CI] =0.79[0.67, 0.93]). While in sensi-
tivity analyses using leave-one-out method, the result had no statistical significance after omitting studies
conducted by Friberg et al.10 and Madhavan et al.11 The unstable pooled RR was associated with the design
of studies and the limitation of small numbers of studies; two included studies 12, 13 had inclusion of patients
with moderate to severe cognitive impairment and dementia which may have small benefit from medication
interventions;14 and only one study had the observational window, i.e. a blank period after the start of
observation during which the patients diagnosed of dementia would be excluded to decrease the prescription
preference for physicians between OAC use and non-OAC use. Thus, the association between OAC therapy
and the incidence of dementia remained controversial . Although there is still a lack of a well-designed
randomized controlled trial (RCT) being published, more than 5 studies15-19 published since the retrieving
data of the latest meta-analysis, and majority of them set the observational window.15-17 Therefore, this
systematic review and meta-analysis aims to evaluate the effect of the use of OACs on incidence of dementia
in patients with AF based on up-to-date evidences; and to evaluate the influence of setting observational
window on the pooled RR in subgroup analysis.

Methods

The present study was performed in accordance with the referred outline in the Cochrane Handbook for
Systematic Reviews of Interventions20 and the Preferred Reporting Items for Systematic Review and Meta-
analysis Protocols (PRISMA-P).21, 22 The protocol was prospectively registered in the Prospero International
Prospective Register of Systematic Reviews (CRD42020189469).

Data sources and search strategy

The electronic databases of Pubmed, Embase, Cochrane library, and ClinicalTrails.gov were searched to
identify all eligible studies from inception to May 5th, 2020; the search strategy of terms mainly included
three parts: atrial fibrillation; anticoagulants or antithrombins or factor Xa inhibitors or dabigatran or
DOAC or NOAC or warfarin or vitamin K antagonist*; dementia or Alzheimer disease or cognition disorders
or cognitive dysfunction; and their entry terms in MeSH were also used. Reference lists of all included articles
and previous meta-analysis articles were manually scanned to supplement the potentially eligible studies.
There were no language restrictions. Two authors (Mingjie Lin and Wenqiang Han) independently searched
databases and the disagreements were checked by themselves. Full search strategies for all databases are
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. presented in Supplementary Table 1.

Study selection and outcome measurement

Two reviewers (Mingjie Lin and Wenqiang Han) independently screened the titles and abstracts according to
the designed criteria; and full articles were obtained for all titles potentially meeting inclusion and exclusion
criteria. Endnote Version x9.1 (Clarivate Analytics (US) LLC) was used to manage identified studies and
recode the decisions. Reviewers were blinded to each other’s decisions. Disagreements between individual
judgements were resolved by discussion between themselves and another senior reviewer (Jingquan Zhong).
The inclusion criteria were: i) patients with AF who were [?] 18 years; ii) investigating the effects of OACs
on the incidence of dementia; iii) reporting the outcomes as HR, RR, or OR, with 95%CIs; iv) RCTs or
observational studies. The exclusion criteria were: i) patients with the history of dementia or moderate
to severe cognitive dysfunction; ii) only crude or unadjusted HR, RR, or OR; iii) cross-sectional studies;
iv) following types of articles: conference abstracts, editorials, letters, expert opinions, case reports, case
series, or reviews. OACs included vitamin K antagonists (VKAs) and non-vitamin K OACs (NOACs);
the control, i.e. Non-OACs included antiplatelet agents or no antithrombotic therapy; dementia included
Alzheimer’s/Lewy-body/senile/vascular dementia; for overlapping participants, the studies with the longest
follow-up and the most detailed information were chosen. The PICOS criteria are presented in Supplementary
Table S2.

The primary outcome was the incidence of dementia during the follow-up in AF patients with and without
OAC use. The dementia was diagnosed based on patient narrative, collateral information from families, clin-
ical examination, the standardized cognitive tests,2 and diagnostic criteria for dementia including Diagnostic
and Statistical Manual of Mental Disorders (DSM)-III, DSM-IV, DSM-V, diagnosis based on international
classification of diseases codes (ICD), or United Kingdom (UK) Read codes.9, 23 The additional outcomes
were the incidence of dementia in AF patients with: VKAs vs. non-OACs, VKAs vs. NOACs, NOACs vs.
non-OACs, and in AF patients with and without OACs use whose CHA2DS2-VASc score was [?] 2.

Data extraction, strength of evidence assessment, and bias assessment

Two reviewers (Mingjie Lin and Wenqiang Han) independently extracted the designed variables and data,
including first author, year, country, study design, number of patients, age, sex, follow-up time, AF detection,
dementia or cognitive deficit definition, CHADS2 or CHA2DS2-VASc Score,history of stroke, observational
window, maximum adjusted covariates, defined OAC use, drugs of OACs, percentage of OACs use, compar-
ison group, adjusted OR/RR/HR with 95% CIs. The correspondent authors were contacted by e-mail when
overall adjusted OR/RR/HR were missing. The study was excluded if the authors did not reply. Another
reviewer (Jingquan Zhong) checked the extracted data. Disagreements regarding any extracted data were
resolved by discussion among the three reviewers.

Two reviewers (Mingjie Lin and Wenqiang Han) independently assessed the strength of evidence (SOE)
and risk of bias. Any disagreements were resolved through discussion. The SOE was evaluated based on
five domains: study limitations, directness, consistency, precision, and reporting bias; it was defined as four
levels: high, moderate, low, insufficient.24 Risk of bias assessment was evaluated with the Cochrane risk
of bias tool for RCTs20 and the Newcastle-Ottawa Scale (NOS) for observational studies.25 The RCT was
classified as low, high, or unclear risk. The observational study with NOS score [?] 8 was defined as high
quality.

Statistical analyses

The included studies with adjusted OR/RR/HR and 95% CIs were meta-analyses. The RRs were used as the
general effect estimates of studies; HRs were considered comparable to RRs;9 ORs were transferred to RRs
using the published method.26The RRs and corresponding 95% CIs were calculated using the DerSimonian-
Laird random-effects model. Statistical heterogeneity was tested using Cochran Q test (significance level:
0.1) and I2 Statistics (>50%: considerable heterogeneity).27 To explore possible sources of heterogeneity,
subgroup analyses were performed based on study designs (prospective vs. retrospective studies), a history
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. of stroke (patients with a prior stroke only vs. patients with and without prior stroke), observational window
(with vs. without); sensitivity analysis was carried out by the leave-one-out method. Publication bias was
explored with a funnel plot, and statistically evaluated by the Begg’s and Egger’s tests, and the trim-and-fill
method. All analyses were performed using the STATA 16.0 (StataCorp, College Station, TX, USA), and
ap -value of <0.05 indicated a statistically significant difference.

Results

Study selection and characteristics

As shown in Figure 1, of the 1788 records identified in the electronic database, 1435 records were screened
based on title and abstract after removing all duplicate records; 48 full-text articles were assessed for eli-
gibility, among which 39 full-text articles were excluded because of overlapping participants,28, 29 including
participants with history of dementia or moderate to severe cognitive dysfunction,12, 13 and other reasons .
Finally, 9 studies were included in the quantitative synthesis.10, 11, 15-19, 30, 31

As presented in Supplementary Table S3, of the 9 included studies, 6 were conducted in Europe, 2 in North
America, 1 in Asia; all studies were observational; 2 were prospective design, and 7 were retrospective design;
a total of 613,920 patients were included; the follow-up time were varied from about 2 to 10 years; 1 study
included patients with the history of first-ever ischaemic stroke only, and the others included mixed patients;
4 studies set the observational window varied from 6 months to 4 years. The quality of included studies was
high, reflected by a NOS score of 9 (Supplementary Table S4).

The effect of oral anticoagulant use on incidence of dementia

For OAC use versus non-OAC use, the results including all 9 studies, presented a significant association of the
OAC use and the reduction of incidence of dementia (RR [95%CI] =0.72 [0.60, 0.86], I2=97.2%; P =0.000)
(Figure 2A, Table 1); for studies including patients of CHA2DS2-VASc score [?] 2, the results including
18,076 patients of 2 studies, displayed the similar trend of the intended outcome(RR [95%CI] =0.83 [0.72,
0.97], I2=0.0%;P =0.021) (Table 1). For VKA use vs. non-OAC use, including 514,111 patients of 4 studies,
VKA use was significantly associated with reducing the incidence of dementia (RR [95%CI] =0.78 [0.65,
0.93], I2=93.4%;P =0.006) (Figure 2B, Table 1). For NOAC use vs. non-OAC use, the results including
274,723 patients of 2 studies, had no statistical difference (RR [95%CI] =0.61 [0.27, 1.42], I2=95.7%; P
=0.254) (Table 1). For VKA use vs. NOAC use, there was no statistically significant difference of pooled
RR synthesized from 2 studies (RR [95%CI] =0.91 [0.75, 1.12], I2=0.0%; P =0.384) (Table 1).

Subgroup analyses

As listed in Table 2, in subgroup analyses by study design, the results demonstrated the consistent protective
role of OAC use in reducing the incidence of dementia, with the low heterogeneity for prospective studies
(Supplementary Figure S1); by patients with the history of prior stroke, the direction of effects were similar;
by setting observational window, the pooled RR did not reach the statistically significant level for studies
with observational window (RR [95%CI] =0.75 [0.51, 1.10], I2=98.8%; P =0.000) (Supplementary Figure
S2).

Sensitivity analyses

In the sensitivity analyses using a leave-one-out method, the direction of effects was stable (Supplementary
Table S5).

Publication bias and strength of the body of evidence

The funnel plot presented a relative symmetry (Supplementary Figure S3). There was no obvious publication
bias evaluated by Begg’s test (P=0.348) and Egger’s test (P =0.770), and the pooled RR was unchanged
with the trim-and-fill method (RR [95%CI] =0.72 [0.60, 0.86], P =0.000).

As listed in Supplementary Table S6, with the GRADE system, we graded SOE for all investigated outcomes
as low to moderate, because the plausible confounding factors may exist for the observational design although
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. the effect was fully adjusted. The SOE for outcomes between OAC/VKA/NOAC use and no-OAC use was
graded as low due to the inconsistency and indirectness.

Discussion

The present systematic review and meta-analysis found that OAC use significantly decreased the risk of
developing dementia in patients with AF by 28% compared with no treatment. But in the subgroup analyses
with observational window, there is no statistical difference of the risk of dementia between OAC use and
no treatment. The high heterogeneity and low SOE may impact the confidence of the results.

The main finding of this study, i.e. the effect of OAC use on the incidence of dementia, is in accordance with
the previous two meta-analyses that demonstrated the protective effect of OACs on the incidence of dementia,
but high heterogeneity and low SOE were the common limitation.8, 9 The present meta-analysis improved
the quality of included studies by excluding the cross sectional studies and the dementia-included studies,
and updated four studies. The results of the comparison of VKA use and non-OAC use, and VKA use and
NOAC use on the risk of dementia, were consistent with the recent meta-analysis.9 However, in this study,
NOAC use was not associated with the reduced risk of dementia compared with non-OAC use, which was not
in line with the general perception. A recent meta-analysis, including 6 RCTs and 2 observational studies,
found that NOACs might decrease the risk of cognitive impairment in comparison to VKAs/acetylsalicylic
acid, with marginally significant level of synthetic effect for random-effects model (HR [95%CI] =0.77 [0.53,
1.01], I2=39.4%).32 The results ask for further RCTs for direct comparison of NOACs and VKAs on the
risk of dementia. In the latest clinical guideline,1 the high risk of stroke, i.e. CHA2DS2-VASc score [?] 2, is
still the strong indication to prescribe OACs. In the present study, we found the similar protective effect of
OACs on the incidence of dementia in AF patients with CHA2DS2-VASc score [?] 2.

It is known that advanced age, shared risk factors, clinical and silent cerebral infarcts may link AF and
dementia.2, 5 One of the leading potential mechanism is the silent cerebral infarcts, which are very common
in patients with AF and are associated with reduced cognitive functioning. The AF-related silent cerebral
infarcts are most prevalent in the frontal lobes which play an important role in executive functioning.
Therefore, cumulative silent infarcts of the frontal circuit components may contribute to the development
of dementia. Considering the antithrombotic role of OACs, it is a reasonable belief that the effective OAC
treatment for AF-related infarcts may prevent the occurrence of dementia. This study may support the
validity of this potential hypothesis. It is worth mentioning, the pooled RR is not stable in the subgroup
analysis with the observational window. In the non-RCT study, physicians prefer to prescribe OACs to
patients with good cognitive performance, which may cause the increased diagnosis of dementia within the
short time after inclusion. It was seen that dementia cases occurring in the first year during follow-up were
more prevalent in non-OAC users.10 The observational window may partly prevent the overestimation of the
protective effects of OACs. To this end, the pooled RR with the observational window may be closer to the
real effect of OACs on the risk of dementia. Therefore, although this meta-analysis indicated a significant
association between OAC use and reduced incidence of dementia, the following limitations of the included
studies need to be noted: i) the observational design for all included studies was the primary limitation,
which may lead to the different decision of OACs prescription and the different proportion of complications
between OAC use and no treatment patients. Although all included studies were adjusted for potential
baseline covariates, the maximum adjusted covariates were varied, and some confounding factors may still
remain; ii) it is a long progression from the normal cognitive performance to the mild cognitive impairment
and the more serious abnormality of dementia.2 The long period may result in the varied effects of studies
with different follow-up duration and different baseline age. In addition, the worse cognitive status prior to
the stage of dementia exactly associated with the no prescription of OACs, which overestimated the positive
effect of OACs on risk of dementia. The result of the subgroup analysis with the observational window
presented the lower and insignificant pooled RR. Our study excluded the studies included patients with
moderate to severe cognitive impairment, while much studies didn’t report the data of baseline cognitive
status. iii) the adjusted covariates were based on the baseline data, but several covariates like medication
management, complications, AF types, were time-varying, which result in the deviation from the true status
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. of patients during follow-up. iv) the AF burden was significantly associated with the progression of AF-
related complications, and a few study found that persistent/permanent rather than paroxysmal AF had a
high burden to cognitive impairment,33 but all included studies didn’t report the data of AF types, let alone
AF burden.

Strengths and limitations

The strengths of this systematic review and meta-analysis were: i) applying a comprehensive search strategy;
ii) taking the explicit criteria for inclusion of interested studies; iii) using strict statistical methods for anal-
yses; iv) employing the preferred methodology of systematic review and meta-analysis;21, 22 v) performing
the test of publication bias with multiple methods.

The limitations of this study were also impossible to ignore, including that: i) the pooled RR was synthe-
sized from the results of observational studies which presented plausible confounding factors decreasing the
strength of observed effect. Therefore, the findings should be interpreted with caution; ii) a high degree of
heterogeneity was presented, which can’t be interpreted from a single study because the sensitivity analyses
using a leave-one-out method didn’t change the direction of effect. In this study, the origin of heterogeneity
may mainly result from the study design, i.e. the low heterogeneity in the prospective studies. However,
other factors like races of patients, follow-up duration, the observational window, may importantly impact
the heterogenous effects of OAC use on risk of dementia.

Implications for clinical practice and future investigation

This study with the latest evidence underlined the important role of OACs on the prevention of clinical
stroke, but also of the silent cerebral infarcts in patients with AF. While this result was unable to support
the use of OACs solely to prevent dementia.

Given the shortages of previously published studies and the characteristic of long-term progression of de-
mentia, future investigation should include: i) well-designed RCTs with longer follow-up in younger patients
for direct comparison of OACs and no treatment,34 or well-designed study taking comprehensively cognitive
test at baseline, adjusting for baseline and time-varying confounding factors, and applying at least 1-year
observational window; ii) identifying the cause and effect relationship among AF burden, dementia, and
OAC use; iii) evaluating the effect of the percentage of time at risk with access to OACs, rather than the
baseline prescription on the risk of dementia; iv) reporting the studies performed in different races.

Conclusions

OAC therapy was associated with reduced incidence of dementia in patients with AF. However, on account
of the high heterogeneity, low SOE, and no statistical result in observational window subgroup analysis, the
results were limited. Further well-designed studies are needed to build the reliable link between OAC use
and the reduced risk of developing dementia.
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Table 1. Summary of findings of the effect of oral anticoagulant therapy on the risk of dementia

Outcome Number of studies Sample size Pooled RR(95%CI)

OACs vs. non-OAC 9 613920 0.717(0.596-0.862)
OACs vs. non-OAC in patients with CHA2DS2-VASc Score[?]2 2 18076 0.834(0716-0.973)
VKA vs. non-OAC 4 514111 0.776(0.647-0.930)
NOACs vs. non-OAC 2 274723 0.614(0.266-1.418)
VKA vs. NOACs 2 220483 0.914(0.746-1.120)

Table 1. Summary of findings of the effect of oral anticoagulant therapy on the risk of dementia (continued)

Z-value P-value Heterogeneity Heterogeneity Heterogeneity Heterogeneity

Q statistic P-value I2 τ2
3.54 0.000 287.71 0.000 97.2% 0.0649
2.31 0.021 0.29 0.593 0.0% 0.000
2.74 0.006 45.50 0.000 93.4% 0.0247
1.14 0.254 23.05 0.000 95.7% 0.3492
0.87 0.384 0.15 0.703 0.0% 0.000
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. Abbreviations: RR=relative risk, CI=confident interval, OACs=oral anticoagulants, VKA=vitamin K an-
tagonist, NOACs=non-VKA oral anticoagulants, NA=not applicable

Table 2. Subgroup analyses of the effect of oral anticoagulant therapy on the risk of dementia

Subgroup Characteristics Number of studies Pooled RR(95%CI) Z-value P-value

Study design
Prospective studies 2 0.531(0.348-0.812) 2.93 0.003
Retrospective studies 7 0.746(0.613-0.907) 2.94 0.003
A history of stroke
Patients with and without stroke 8 0.726(0.591-0.893) 3.04 0.000
Patients with stroke only 1 0.650(0.580-0.720) 7.81 0.002
Observational window
Yes 4 0.745(0.505-1.100) 1.48 0.138
No 5 0.720(0.612-0.848) 3.94 0.000

Table 2. Subgroup analyses of the effect of oral anticoagulant therapy on the risk of dementia (continued)

Heterogeneity

Q statistic P-value I2 τ
2

0.64 0.425 0.0% 0.000
285.55 0.000 97.9% 0.0653
286.27 0.000 97.6% 0.0715
NA NA NA NA
244.58 0.000 98.8% 0.1514
30.18 0.000 86.7% 0.0216

Abbreviations: RR=relative risk, CI=confident interval, NA=not applicable

Figure legends

Figure 1. Flow chart of search result

Figure 2. Risk of dementia of patients with atrial fibrillation receiving oral anticoagulant (OAC) and non-
OAC (A); risk of dementia of patients with atrial fibrillation receiving vitamin K antagonists and non-OAC
(B). RR: risk ration; CI: confidence interval; OAC: oral anticoagulant; VKA: vitamin K antagonists

Supplementary Figure S1. The subgroup analysis with prospective and retrospective study. RR: risk ration;
CI: confidence interval; OAC: oral anticoagulant

Supplementary Figure S2. The subgroup analysis with and without observational window. RR: risk ration;
CI: confidence interval; OAC: oral anticoagulant

Supplementary Figure S3. The funnel plot showing a relative symmetry of publication bias. rr: risk ration
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