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Abstract

Introduction: Although previous meta-analyses have explored the efficacy
and safety of direct oral anticoagulants (DOAC) compared to warfarin in
patients with atrial fibrillation (AFib) and liver disease, recent studies and
emerging data necessitate a re-evaluation of the topic. Therefore, we con-
ducted an updated meta-analysis to incorporate the latest evidence and
provide a more comprehensive understanding of the literature. This me-
ta-analysis aimed to assess the safety and efficacy of DOAC in patients di-
agnosed with AFib and liver disease.

Methods: Following PRISMA guidelines, this meta-analysis is registered with
PROSPERO (2024 CRD42024584964). A detailed search up to August 2024
was conducted for the studies comparing DOAC with warfarin. The quality
of the included observational studies was evaluated using the Risk of Bias
in Non-randomized Studies — of Interventions (ROBINS-1) tool.

Results: This meta-analysis included 53,224 participants with AFib and liv-
er disease. The use of DOAC, in comparison to warfarin, was significantly
linked to a lower risk of all-cause mortality (HR = 0.77; 95% Cl: 0.60-0.98;
p = 0.04) and a decreased occurrence of intracranial haemorrhage (HR = 0.49;
95% Cl: 0.40-0.59; p < 0.00001). However, other outcomes did not demon-
strate statistically significant differences.

Conclusions: Recent studies indicate that DOAC are at least non-inferior
to warfarin concerning efficacy and safety of patients with AFib and liver
disease.

Key words: direct oral anticoagulants, atrial fibrillation, liver disease,
warfarin, safety and efficacy.
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Efficacy and safety of direct oral anticoagulants versus warfarin in patients with atrial fibrillation and liver disease:

Introduction

Millions of individuals worldwide suffer from
atrial fibrillation (AFib), a common arrhythmia
that is usually associated with increased morbid-
ity and mortality from thromboembolic events,
e.g., stroke [1]. This disease is a supraventricular
tachyarrhythmia characterized by uncoordinated
atrial activation with ineffective atrial contraction,
increasing the risk of stroke and thromboembo-
lism due to thrombus formation, typically in the
left atrial appendage (LAA) [2]. Thus, a critical
component of addressing AFib is adequate treat-
ment with anticoagulation, which reduces the risk
of stroke and systemic embolism [3].

For multiple years, the cornerstone of antico-
agulant therapy for patients with AFib has been
the vitamin K antagonist (warfarin). However, the
introduction of direct oral anticoagulants (DOAC)
has completely changed the landscape, providing
a warfarin alternative with several advantages, in-
cluding lower drug-drug interactions and no need
for regular monitoring plus far more predictable
pharmacokinetics [4].

Chronic liver disease (CLD) places a significant
burden on global health. Coagulopathy is a com-
mon symptom in CLD patients, which makes
managing anticoagulation requiring disorders like
AFib, more difficult [5]. Patients with CLD often
have a malfunctioning hepatic synthetic frame-
work, which naturally prolongs prothrombin time
(PT) and may increase the bleeding risk. This leads
to lower levels of clotting factors [6].

Although warfarin is a widely prescribed antico-
agulant, patients with chronic liver disease (CLD)
face significant challenges when using it. Warfa-
rin is primarily metabolized by hepatic cytochrome
P450 enzymes, meaning liver function greatly in-
fluences its metabolism. This variability leads to
fluctuations in the international normalized ratio
(INR), necessitating frequent monitoring and dose
adjustments [7]. Warfarin’s narrow therapeutic
window and numerous drug-food interactions
complicate treatment for CLD patients, who often
take multiple medications. Additionally, warfarin’s
antagonistic effect on vitamin K may exacerbate
underlying coagulopathy, increasing the risk of se-
vere bleeding events [8].

For patients with non-valvular AFib, DOAC such
as dabigatran, rivaroxaban, apixaban, and edox-
aban have emerged as effective alternatives to
warfarin. These medications offer more predict-
able pharmacokinetics and specifically target clot-
ting factors — thrombin for dabigatran and factor
Xa for the others — allowing for fixed dosing with-
out the need for frequent monitoring [9]. However,
concerns remain regarding their safety and effica-
cy in patients with hepatic impairment as the liver
only metabolizes a part of DOAC [10].

an updated systematic review and meta-analysis

Consequently, current guidelines provide lim-
ited recommendations for their use in CLD pa-
tients, forcing physicians to navigate treatment
decisions with minimal information. Clinicians
must weigh the risks of thrombosis against the
potential for severe bleeding, requiring a thor-
ough assessment of the patient’s liver disease
severity, bleeding risk, and possible drug interac-
tions. Patients with both AF and CLD face difficult
choices between warfarin and DOAC, highlight-
ing the need for careful consideration in their
management [11].

Given the significant risk of both severe bleed-
ing and thrombosis, a full analysis of the avail-
able evidence on the comparative safety of DOAC
vs. warfarin in patients with AFib and CLD is of
paramount importance. The main goal of this
systematic review is to provide a thorough analy-
sis of the body of research that has already been
done, with a focus on the incidence of serious
bleeding.

Analytical techniques and materials
Research retrieval strategy

Cochrane methodological criteria were fol-
lowed while writing this meta-analysis, and the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines served as
the basis for reporting the findings [12].

A comprehensive review of the literature was
conducted in the PubMed, Medline, and the Co-
chrane Library databases, covering the period
from 1980 to August 2024, to identify trials com-
paring warfarin with DOAC in individuals with
CLD and AFib, as well as previously published me-
ta-analyses on the same topic.

We used the following keywords:

(“direct oral anticoagulants” OR “Oral Factor
Xa Inhibitors/administration and dosage” OR
“non-vitamin K antagonist oral anticoagulant”)

AND (warfarin OR “Warfarin” OR “vitamin K
antagonist oral anticoagulant”) AND (“atrial fibril-
lation” OR “Atrial Fibrillation” OR “AF”) AND (“liv-
er disease” OR “chronic liver disease” OR “Liver
Cirrhosis” OR “End Stage Liver Disease” OR “liver
dysfunction”). Detailed search strategy is shown
in Supplementary Table SI.

Zotero was utilized to manage the screening
process, including the organization of references,
removal of duplicates, and tracking of the selec-
tion criteria. Additionally, a manual search of ref-
erence lists from relevant studies, reviews, and
meta-analyses was conducted.

Inclusion and exclusion criteria

The inclusion criteria for this study required
adult patients diagnosed with atrial fibrillation
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(AFib) and chronic liver disease (CLD). Eligible stud-
ies included randomized clinical trials, case-con-
trol studies, and cohort studies that reported risk
estimates with 95% confidence intervals (Cls) and
provided sufficient data for these calculations.
Additionally, studies had to involve patients with
AFib and liver disease, with outcomes measured
over a minimum follow-up of 1 month. Only stud-
ies involving patients receiving DOAC, with war-
farin as a comparator, were included. Exclusions
comprised meeting abstracts, reviews, editorials,
letters, commentaries, animal studies, studies on
valvular AFib, those with duplicate data to ensure
the analysis’s integrity, and studies with vitamin K
antagonists other than warfarin.

Outcomes

The primary outcomes of this meta-analysis
were all-cause death, ischemic stroke/systemic
embolism and major bleeding. The secondary out-
comes were major Gl bleeding, all-cause bleeding,
intracranial haemorrhage, and ischemic stroke.

Data extraction

To ensure data accuracy and minimize bias,
standardized procedures guided the data ex-
traction process. A pilot-tested data extraction
form was developed to collect relevant informa-
tion from included studies. Two independent re-
viewers screened titles and abstracts, followed
by full-text assessments of potentially eligible
studies. Disagreements were resolved by a third
reviewer.

The data extraction form captured the follow-
ing key information: Study characteristics, Inter-
vention and comparator details, Outcome data
and Other relevant data.

Bias assessment and outcome validity

The methodological quality of included ob-
servational studies was assessed using the
ROBINS-I (Risk Of Bias In Non-randomized Stud-
ies — of Interventions) tool. The overall risk of bias
for each study was determined by the highest risk
level identified in any of the seven domains. For
instance, if a study was rated as having a ‘serious’
risk of bias in one domain but ‘low’ or ‘moderate’
in others, it was classified as having an overall ‘se-
rious’ risk of bias. To visually summarize the risk
of bias assessments, we used the ROBINS-I tool to
generate traffic light plots.

Consideration of intention-to-treat analysis

We noted that five of the included studies
employed an intention-to-treat (ITT) approach.
These studies are: Lawal [13], Lee [14], Wang

[15], Qamar [16], and Serper M 2021. The use
of ITT was considered when assessing the risk
of bias, particularly in the domains related to
deviations from intended interventions and
missing data. The identified studies were as-
sessed for bias using the Cochrane Collabora-
tion’s criteria [17].

Statistical analysis

Review Manager version 5.4 was used for
statistical analysis. For each study included, the
chosen impact measurement estimates were
hazard ratios (HRs) along with their correspond-
ing 95% Cls. The effect estimates were computed
using the total number of patients and events, if
available. Statistical software was used to deter-
mine the natural logarithm of the HR (log [HR])
and its standard error (SElog [HR]), which were
then pooled. The heterogeneity for treatment ef-
fects was evaluated using /? values, with 25-50%,
50-75%, and > 75% representing moderate, in-
termediate, and severe heterogeneity, respective-
ly. Using a random-effects model, we arrive at
a rather conservative conclusion. The difference
in population (Asian vs. non-Asian) was the basis
for the subgroup analysis. A total of nine studies
were included for systemic review but only seven
studies were included in the analysis excluding
Pastori et al. [18] and Yoo et al. The study by Pas-
tori et al. [18] was included in the review but ex-
cluded from the analysis due to its different data
format. While other studies report hazard ratios
(HRs) and confidence intervals, the Pastori et al.
study utilizes the FIB-4 score to classify liver fi-
brosis and links these scores to bleeding events
without providing directly comparable HRs. It dis-
cusses bleeding risks through event rates in var-
ious patient groups instead of using HRs needed
for meta-analysis. Similarly, the study by Yoo et al.
was excluded because it does not present HRs
comparing bleeding events between DOAC and
warfarin, despite using a Cox model and reporting
cumulative bleeding rates.

Results
Search results

The search identified a total of 74 articles. Af-
ter removing 5 duplicates with Zotero, 45 articles
were excluded based on the title and abstract re-
view. Of the remaining 23 articles, 3 were found
to meet the inclusion criteria. Studies were ex-
cluded if they were reviews, comments, did not
meet the population criteria, or had missing data
or irrelevant outcomes. By adding 6 studies from
a previously published systematic review on the
same topic [19], a total of 9 studies were included
in this updated review. A manual search of ref-
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Figure 1. PRISMA flow diagram

erence lists from relevant studies, reviews, and
meta-analyses did not uncover any additional
eligible studies. The PRISMA diagram in Figure
1 illustrates the comprehensive search strategy
employed.

Baseline characteristics

This comprehensive analysis involved 53,224
participants, divided into two groups: DOAC and
Warfarin. With 62.59% of individuals in the DOAC
group and 37.40% of individuals in the warfarin
group. Detailed information about the study char-
acteristics and the baseline characteristics of the
participants can be found in Table I.
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(n=19) No outcome of (n=28) inclusion (n = 5)
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Missing data appropriately
v (=1 (=1
- Population with Reviews (n =2
New studies ropUe ¢ )
. . . liver disease and
included in review [
not atrial fibrillation
(n=3)
(n=6)
Reports of new
. . Comment (n = 2)
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° (n=3) <
=
2
= v *Consider, if feasible to do so, reporting the number of records identified
- from each database or register searched (rather than the total number
) Total s_tud|e§ across all databases/registers). ***If automation tools were used, indicate
included in review how many records were excluded by a human and how many were excluded
(n=9) by automation tools.
Reports of total Source: Page M), et al. BMJ 2021: 372: n71. DOI: 10.1136/bmi.n71.
included studies This work is licensed under CC BY 4.0. To view a copy of this license, visit
(n=9) https://creativecommons.org/licenses/by/4.0/

Risk of bias assessment

Our assessments indicated variability among
the studies. Notably, two studies (Goriacko [20]
and Serper 2021) were identified as having a se-
rious overall risk of bias, primarily due to con-
founding issues and missing data. The other
studies exhibited a moderate overall risk of bias,
with common problems related to confounding,
participant selection, and missing data. The risk
of bias across seven domains is illustrated in
traffic light plots and a weighted bar plot (see
Supplementary Figures S1 and S2). Sensitivity
analyses for primary outcomes examined the im-
pact of studies with serious bias on overall find-
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Table 1. Baseline characteristics

Study

Locality Study design  Total Males Partic-

partici- ipants
pants on
DOAC

Partic-
ipants
on War-
farin

HAS-BLED CHA2DS2-

Mean (SD)

VASc
Mean
(SD)

Definition of
liver disease

Goriacko
2018

USA

Retrospective 233 137 75
cohort

158

N/A

N/A

Chronic liver
disease (CLD),
characterized
by cirrhosis
and scarring
of the liver
secondary
to hepatic
injury, fibrosis,
and nodular
regeneration

Wang Cl
2018

Taiwan

Retrospective 736 646 342
cohort

394

N/A

N/A

The definition
of impaired
liver function
(ILF) in this
study is serum
AST or ALT
> 2-fold the
upper limit
of normal or
total bilirubin
> 1.5-fold the
upper limit of
normal

Lee HF
2019

Taiwan

Retrospective 2,428 1,546 1,438
cohort

990

3.76
(1.04)

3.88

Patients were
recognized
as having

liver cirrhosis
according

to diagnosis
using ICD
codes
indicating
liver cirrhosis
(ICD-9-CM

codes 571.2,
571.5, and

571.6 or ICD-

10-CM codes
K72, K74,

K70.2, K70.3,

and
K70.4)

Lee SR
2019

Korea

Retrospective 37,353 22,287 24,575
cohort

12,778

N/A

3.6

Significant
active liver
disease was
defined as
having liver
cirrhosis, viral
hepatitis, or
abnormal
liver enzymes
(ALT or AST)
more than
2 times the
upper limit of
normal
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Table I. Cont.
Study

Locality Study design
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Total

Males Partic-
partici-

Partic-

Qamar

N/A
A 2019

HAS-BLED CHA2DS2-
Mean (SD) VASc

Mean
(SD)

ipants
on
DOAC

ipants
on War-
farin

Definition of
pants

liver disease

RCT 1,083 698 718

Serper M

USA
2021

365 N/A 4.3 History of
liver disease
was defined

as either
investiga-
tor-reported
liver disease
or > 2-fold
transaminase
elevation at
randomization

Retrospective 815 803 201 614 N/A
longitudinal

OD Lawal

USA
2023

Ret

N/A At least one

inpatient
or two
outpatient
ICD-9-CM
(571.2,571.5,
571.6) or
ICD-10-CM
(K74.*, K70.3%)
diagnostic
codes for
cirrhosis

rospective 10,209 5,828 5,788
cohort

Pastori

N/A
2018

Post-hoc
analysis of a

4,421 4.0 (1.3) 3.9 Chronic liver

disease was
defined as the

presence of

at least one

inpatient or
two outpatient

claims for
any condition
associated

with
prolonged
or complete
deterioration
of liver
function,
including
nonalcoholic
liver disease,
cirrhosis, and
alcoholic liver
disease

129 78 52 77

prospecti

multicent
study

observational

2.1(0.8)

3.4(1.2)
ve,

The paper
defines liver
disease as

chronic liver

disease (CLD),
which includes

a range of

conditions

from simple
fatty liver to
viral hepatitis

and liver

re
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Table I. Cont.

Study Locality Study design  Total Males Partic- Partic- HAS-BLED CHA2DS2- Definition of
partici- ipants ipants Mean (SD) VASc liver disease

pants on on War- Mean

DOAC farin (SD)
Yoo SY Asian  Retrospective 238 186 128 110 2.2 (0.9) 2.6 (1.3) Liver cirrhosis

2022 Medical cohort was de-

Center fined as the

presence of
a coarse liver
echotexture
and nodular
liver surface
on ultraso-
nography, or
clinical fea-
tures of portal
hypertension

Study log SE Weight Hazard ratio Hazard ratio

or subgroup [hazard ratio] (%) IV, random, 95% ClI IV, random, 95% Cl Year
2.2.1 Asian population

Wang CL 2018 -0.4463 0.1363 19.0 0.64[0.49,0.84] ——=«—

Lee SR 2019 -0.3595 0.0475 23.6 0.70[0.64, 0.77] —a—

Subtotal (95% Cl) 42.6 0.69 [0.63, 0.76] <@

Heterogeneity: 12 = 0.00; y? = 0.36,df = 1 (p = 0.55); > = 0%
Test for overall effect: Z = 8.22 (p < 0.00001)

2.2.2 Non Asian population

Qamar A 2019 02776 02429  12.7 1.32[0.82, 2.12]

Serper M 2021 0045 0094 215 1.05[0.87, 1.26] —
Lawal OD 2023 -0.5978 0.0589 232 0.55[0.49,0.62] —u—

Subtotal (95% Cl) 57.4 0.89[0.51.1.53] =t u—

Heterogeneity: 1> = 0.21; 2 = 41.42, df = 2 (p < 0.00001); /> = 95%
Test for overall effect: Z= 0.44 (p = 0.66)

Total (95% Cl) 100.0 0.77 [0.60, 0.98] i

Heterogeneity: 1> = 0.06; x> = 41.86, df = 4 (p < 0.00001); /> = 90%

Test for overall effect: Z=2.11 (p = 0.04) 0.5 0.7 1.0 1.5 2.0
Test for subgroup differences: 2 = 0.78,df = 1 (p = 0.38), > = 0% Favours DOAC Favours Warfarin

Figure 2. Subgroup Analysis for primary outcome All Cause Death

Study log SE Weight Hazard ratio Hazard ratio

or subgroup [hazard ratio] (%) IV, random, 95% CI IV, random, 95% CI Year
3.2.1 Asian population

Wang CL 2018 -0.2614 0.2306 24.6 0.77 [0.49, 1.21] —_—

Lee HF 2019 -0.1625 0.195 27.7 0.85[0.58, 1.25] —_—
Subtotal (95% Cl) 52.3 0.82[0.61. 1.09] ’»

Heterogeneity: t? = 0.00; x> = 0.11,df = 1 (p = 0.74); I> = 0%
Test for overall effect: Z= 137 (p = 0.17)

3.2.2 Non Asian population

Qamar A 2019 0.1044 03676 153 1.11[0.54, 2.28] .
Lawal OD 2023 -07133 0.1433 325 049[037,0.65 —g—
Subtotal (95% Cl) 47.7 0.69[0.31,1.51] ——ecsssuuRRRRRSNS———

Heterogeneity: 12 = 0.26; x> = 4.30, df = 1 (p = 0.04); P =77%
Test for overall effect: Z=0.93 (p = 0.35)

Total (95% Cl) 100.0 0.72[0.51, 1.03] el

Heterogeneity: 1 = 0.08; y? = 8.44, df = 3 (p = 0.04); I> = 64%

Test for overall effect: Z=1.79 (p = 0.07) 0.5 07 10 15 20
Test for subgroup differences: y? = 0.16, df = 1 (p = 0.69), > = 0% Favours DOAC  Favours Warfarin

Figure 3. Subgroup analysis for primary outcome ischemic stroke or systemic embolism (ISSE)
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Study log SE Weight Hazard ratio Hazard ratio

or subgroup [hazard ratio] (%) IV, random, 95% ClI IV, random, 95% Cl Year
4.2.1 Asian population

Wang CL 2018 0.27 0.3198 16.7 1.31[0.70, 2.45] =

Lee HF 2019 -0.6733 0.2378 21.4 0.51[0.32,0.81]] ———a—

Subtotal (95% Cl) 38.1 0.80[0.32,2.01] ——eeosestEiNR——

Heterogeneity: 12 = 0.37; x> = 5.60, df = 1 (p = 0.02); > = 82%
Test for overall effect: Z= 0.48 (p = 0.63)

4.2.2 Non Asian population

Goraicko P 2018 -0.2231 05004 9.7

Qamar A 2019 -0.0943 02477 208
Lawal OD 2023 -0.6539 0.0738 315
Subtotal (95% Cl) 61.9%

Heterogeneity: 1> = 0.09; y?> = 5.27,df = 2 (p = 0.07); > = 62%
Test for overall effect: Z = 1.84 (p = 0.07)

Total (95% Cl) 100.0
Heterogeneity: 1> = 0.10; 2 = 12.55,df = 4 (p = 0.01); * = 68%
Test for overall effect: Z = 1.87 (p = 0.06)

0.80[0.30, 2.13]
0.91[0.56, 1.48]
0.52 [0.45, 0.60]

—a

—a—
0.67 [0.43. 1.03] ’
‘

0.71[0.49.1.02]

0.5 0.7 1.0 1.5 20

Test for subgroup differences: 2 = 0.12, df = 1 (p = 0.73), * = 0% Favours DOAC Favours Warfarin
Figure 4. Subgroup analysis for primary outcome major bleeding
Table Il. Secondary outcomes
Outcomes Effect size (HR) 95% ClI P-value ?
Major Gl bleeding HR = 0.87 0.49, 1.53 0.62 82%
All cause bleeding HR = 0.78 0.46, 1.32 0.35 70%
Intracranial Hemorrhage HR = 0.49 0.40, 0.59 < 0.00001 0%
Ischemic Stroke HR = 0.63 0.32,1.22 0.17 68%

HR - hazard ratio, Cl — confidence interval, I? — heterogeneity.

ings. We concluded there is a moderate overall
risk of bias.

All-cause death

Five studies reported on all-cause mortality.
The combined analysis indicated a statistically
significant difference between the two groups,
with the DOAC arm showing a 23% reduced risk
of all-cause death compared to the warfarin
group (HR = 0.77; 95% Cl = 0.60-0.98; 2 = 90%;
p = 0.04), as illustrated in Supplementary Figure
S3. Subgroup analysis revealed a significant re-
duction in all-cause death risk in the Asian pop-
ulation (HR = 0.69; 95% Cl = 0.63-0.76; 12 = 0%;
p < 0.00001) using DOAC, while no significant re-
duction was observed in non-Asians (HR = 0.89;
95% Cl =0.51-1.53; 12 = 95%; p = 0.66), as shown
in Figure 2. A leave-one-out sensitivity analysis
was performed due to high heterogeneity, but no
significant differences were noted after removing
individual studies, as shown in Supplementary Ta-
ble SII.

Ischemic stroke or systemic embolism (ISSE)

Four studies included in the analysis report-
ed cases of ISSE. The combined data indicated
a reduced ISSE risk with DOAC compared to war-

farin (HR = 0.72; 95% Cl = 0.51-1.03; 2 = 64%;
p = 0.07), though this was not statistically signif-
icant (Supplementary Figure S4). Subgroup anal-
yses showed no significant reduction in ISSE risk
for Asians (HR = 0.82; 95% Cl = 0.61-1.09; > =
0%; p = 0.17) or non-Asians (HR = 0.69; 95% Cl
= 0.311.51; 2 = 77%; p = 0.35), as shown in Fig-
ure 3. A leave-one-out sensitivity analysis revealed
that excluding Qamar 2019 [16] resulted in sig-
nificant findings (HR = 0.67; 95% Cl = 0.46-0.97;
2 = 68%; p = 0.03), while removing Lawal 2023
[13] decreased heterogeneity (HR = 0.85; 95% Cl
= 0.65-1.12; I2 = 0%; p = 0.25), as shown in Sup-
plementary Table SlII.

Major bleeding

Five studies reported major bleeding events.
The analysis indicated that there was reduced
bleeding with DOAC compared to warfarin, but it
was not statistically significant (HR = 0.71; 95% Cl
= 0.49-1.02; 2 = 68%; p = 0.06), as illustrated in
Supplementary Figure S5. Subgroup analysis found
no significant reduction for Asians (HR = 0.80) or
non-Asians (HR = 0.67), as illustrated in Figure 4.
A leave-one-out sensitivity analysis showed signif-
icant results when removing Wang 2018 [15] (HR
=0.60; 95% Cl = 0.45-0.79; > = 44%; p = 0.0003),
as shown in Supplementary Table SIV.
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Major Gl bleeding

Four included studies reported major gastroin-
testinal (GI) bleeding. Combined analysis of the
data revealed a statistically significant difference
between the two groups. There was a slight re-
duction in major Gl bleeding with DOAC compared
to the warfarin group (HR = 0.87; 95% Cl = 0.49-
1.53; 2= 82%; p = 0.62) as shown in Table II.

All-cause bleeding

Out of the seven studies, three specifically re-
ported on all-cause bleeding. The combined analy-
sis of the data revealed a statistically insignificant
difference between the two groups. The pooled
analysis indicated a trend towards a reduction in
all-cause bleeding with DOAC compared to the
warfarin group (HR = 0.78; 95% Cl = 0.46-1.32,
2=70%; p = 0.35), as shown in Table II.

Intracranial haemorrhage

Out of the seven studies, three reported on the
risk of intracranial haemorrhage. The combined
analysis of the data revealed a statistically sig-
nificant difference between the two groups. The
DOAC arm was associated with a significantly low-
er risk of intracranial haemorrhage compared to
the warfarin group (HR = 0.49; 95% Cl = 0.40-0.59,
2= 0%; p < 0.00001), as shown in Table II.

Ischemic stroke

Three studies out of the included seven com-
pared the risk of ischemic stroke between DOAC
and warfarin. The pooled hazard ratio (HR = 0.63;
95%Cl = 0.32-1.22, > = 68%; p = 0.17) suggests
a trend toward a reduction in ischemic stroke risk
with DOAC compared to warfarin. The overall ef-
fect is not statistically significant as shown in Ta-
ble II.

Discussion

The results of the updated meta-analysis com-
paring the efficacy of DOAC with that of warfarin
in patients with CLD indicated that DOAC were as-
sociated with significantly decreased risks of all-
cause death and intracranial haemorrhage. These
results are in line with the findings of the previous
meta-analyses that reported similar effect sizes.

In AFib patients with liver disease, the imbal-
ance in pro- and anti-coagulation factors (due to
the liver dysfunction) acts as a risk factor in an-
ticoagulation therapy and can precipitate either
excessive bleeding (leading to ICH) [21] or throm-
boembolism (leading to stroke and death) [22].
Anticoagulation therapy is essential in preventing
both embolization and haemorrhage in patients
with liver dysfunction. Vitamin K antagonists

(VKASs) prevent the activation of clotting factors by
inhibiting gamma-carboxylation of glutamic acid
residues, while direct oral anticoagulants (DOAC)
inhibit clotting factors lla and Xa after their pro-
duction [23].

One likely reason for the reduced risk of all-
cause death and intracranial haemorrhage (ICH)
with DOAC is that they directly inhibit two specific
clotting factors (Il and Xa), while warfarin indirect-
ly targets multiple vitamin K-dependent factors,
resulting in variability in its anticoagulant effect.
Additionally, warfarin’s longer half-life means it
can take days to restore normal clotting levels
after discontinuation, increasing ICH risk. In con-
trast, DOAC have a shorter half-life, allowing their
effects to dissipate more quickly in the event of
bleeding.

Furthermore, warfarin’s numerous food and
drug interactions make maintaining stable ther-
apeutic levels challenging. Therefore, DOAC may
offer a more effective and reliable anticoagulant
therapy with fewer interactions and monitoring
requirements. Several studies supported this ev-
idence [13-16, 18, 20, 22, 23]. Another significant
issue with anticoagulants in liver disease is that
several of them are metabolized via hepatic CYP
enzymes, including warfarin, apixaban, and ri-
varoxaban. With warfarin, impaired metabolism
would become evident through monitoring the
INR. However, apixaban and rivaroxaban are not
routinely monitored via coagulation testing or as-
say, meaning the effect of impaired metabolism
may not be quantified or even recognized [24].

As seen in the forest plots generated by the
random-effects model, the two statistically signif-
icant outcomes whose risks are decreased by the
usage of DOAC were all-cause death and intracra-
nial haemorrhage. There was no heterogeneity ob-
served in the results of intracranial haemorrhage
(0%), whereas the heterogeneity observed for all-
cause death was significantly high (90%) and may
be due to differences in study populations.

We performed the subgroup analysis for all-
cause death based on the study populations, i.e.
Asian and non-Asian patients. The pooled analysis
showed that treatment with DOAC was significant-
ly associated with a decreased risk of all-cause
death, while on subgroup analysis, it was shown
that in Asian populations, the risk of all-cause
death was significantly reduced (p = 0.00001) as
compared to non-Asian populations (p = 0.66). In
terms of heterogeneity, it was 0% across all (Asian
and non-Asian) studies for the ICH outcome, but
in case of the all-cause death outcome, it was 0%
for Asian patients (indicating consistencies across
all studies) and 95% for non-Asian patients (in-
dicating significant variability across all studies).

Outcomes such as all-cause bleeding, ischemic
stroke, systemic embolism and gastrointestinal

e86

Arch Med Sci Atheroscler Dis 2025



Efficacy and safety of direct oral anticoagulants versus warfarin in patients with atrial fibrillation and liver disease:

bleeding had heterogeneities ranging from 64% to
82% and all were statistically insignificant. It must
be noted that the risk for gastrointestinal bleed-
ing in cirrhotic patients may significantly reduce
through the usage of proton pump inhibitors and
lead to further heterogeneity. However, there was
only limited evidence on this as there were only
two studies that reported specific data on PPIs
[13, 22].

The validity of our meta-analysis is subject to
several limitations. First, the definitions of liver
disease varied among the included studies, and
quantitative measures such as Child-Pugh scores
were provided in only a few, contributing to po-
tential heterogeneity. Second, all studies analysed
were either observational or post hoc analyses of
randomized controlled trials (RCTs), increasing the
likelihood of bias. Although sensitivity and sub-
group analyses were performed to mitigate these
issues, some limitations remain inherent to these
methodological designs. Third, genetic polymor-
phisms affecting warfarin metabolism can lead
to differences in efficacy and INR data among pa-
tients, which may explain the superior outcomes
associated with DOAC. Fourth, the findings of this
study are based on observational data and should
be interpreted with caution until they are validat-
ed through randomized controlled trials. Another
significant limitation is the inconsistent definition
of major bleeding events across studies. While
three studies adhered to the International Society
on Thrombosis and Haemostasis (ISTH) criteria,
Wang et al. [15] defined major bleeding as hospi-
talization for bleeding and blood transfusion with-
in 14 days of drug use, potentially skewing major
bleeding event rates. Generalizing our findings to
patients with multiple comorbidities or limited
healthcare access may also be challenging.

In conclusion, this was an updated meta-anal-
ysis that compared the effect of DOAC against
warfarin for anticoagulation therapy in patients
of atrial fibrillation with concomitant liver dis-
ease. The analysis found that, compared to war-
farin, DOAC were associated with lower risk of ICH
among patients with atrial fibrillation and liver
disease. A lower risk of all-cause mortality was
also observed within Asian populations treated
with DOAC vs. warfarin.
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