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Background: Balancing the risk of thromboembolism and bleeding in patients with liver disease
and atrial fibrillation/flutter is particularly challenging.
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Purpose: To examine the risks of thromboembolism and bleeding with use/non-use of oral anti-
coagulation (including vitamin K-antagonists and direct oral anticoagulants) in patients with
liver disease and AF.
Methods: Danish nationwide register-based cohort study of anticoagulant naive individuals with
liver disease, incident atrial fibrillation/flutter, and a CHA2DS2-VASc-score�1 (men) or �2
(women), alive 30 days after atrial fibrillation/flutter diagnosis. Thromboembolism was a com-
posite of ischaemic stroke, transient ischaemic attack, or venous thromboembolism. Bleeding
was a composite of gastrointestinal, intracerebral, or urogenital bleeding requiring hospitalisa-
tion, or epistaxis requiring emergency department visit or hospital admission. Cause-specific
Cox-regression was used to estimate absolute risks and average risk ratios standardised to covari-
ate distributions. Because of significant interactions with anticoagulants, results for thromboem-
bolism were stratified for CHA2DS2-VASc-score, and results for bleeding were stratified for
cirrhotic/non-cirrhotic liver disease.
Results: Four hundred and nine of 1,238 patients with liver disease and new atrial fibrillation/
flutter initiated anticoagulants. Amongst patients with a CHA2DS2-VASc-score of 1�2 (2�3 for
women), five-year thromboembolism incidence rates were low and similar in the anticoagulant
(6.5%) versus no anticoagulant (5.5%) groups (average risk ratio 1.19 [95%CI, 0.22�2.16]). In
patients with a CHA2DS2-VASc-score>2 (>3 for women), incidence rates were 16% versus 24%
(average risk ratio 0.66 [95%CI, 0.45�0.87]). Bleeding risks appeared higher amongst patients
with cirrhotic versus non-cirrhotic disease but were not significantly affected by anticoagulant
status.
Conclusion: Oral anticoagulant initiation in patients with liver disease, incident new atrial fibril-
lation/flutter, and a high CHA2DS2-VASc-score was associated with a reduced thromboembolism
risk. Bleeding risk was not increased with anticoagulation, irrespective of the type of liver dis-
ease.
© 2022 The Author(s). Published by Elsevier Masson SAS. This is an open access article under the
CC BY license (http://creativecommons.org/licenses/by/4.0/).
Oral anticoagulants;
Stroke;
Thromboembolism
Introduction

Atrial fibrillation and flutter (AF) and liver disease are
chronic conditions associated with significant morbidity and
mortality [1]. They are both highly prevalent and often co-
exist because of shared risk factors [2]. Patients with liver
disease have an increased risk of bleeding, but while they
were traditionally thought to be protected from thrombo-
embolic events (TE) without a need for therapeutic anticoa-
gulation, recent evidence appears to contradict this concept
[1,3,4]. Indeed, balancing TE and bleeding risk in these indi-
viduals is particularly challenging because of decreased con-
centrations of endogenous anticoagulants, increased levels
of procoagulants, and reduced platelet production [5].

TE risk in patients with non-valvular AF is assessed by
the CHA2DS2-VASc score [6]. Contemporary US and Euro-
pean guidelines for AF recommend initiation of oral anti-
coagulation (OAC) for TE prevention in men with a
CHA2DS2-VASc score �2 and women with a score �3 (class
I recommendation) [7�9]. They further suggest consider-
ation of OAC in men and women with CHA2DS2-VASc
scores of 1 and 2, respectively (class IIa recommenda-
tion) [7�9]. However, randomized evidence to guide
management in patients with these low CHA2DS2-VASc
scores is lacking [10]. Nevertheless, although patients
with AF generally benefit from therapeutic anticoagula-
tion, patients with liver disease have generally been
excluded from randomised controlled trials evaluating
the efficacy and safety of OAC [11�14].

Therefore, we aimed to compare the risks of TE and
bleeding in relation to OAC initiation (including both vitamin
K antagonists [VKA] and direct OAC [DOAC]) in patients with
2

liver disease, first diagnosed AF, and a CHA2DS2-VASc score
of �1 in men and �2 in women.
Methods

We conducted a register-based cohort study using Danish
nationwide administrative registries. The national health-
care system in Denmark is taxpayer funded and public,
ensuring free access to healthcare for all Danish residents.
At birth or upon immigration, each resident is issued a
unique 10-digit personal identifier by the Danish Civil Regis-
tration System. This identifier is used throughout every
regional and national register and ensures accurate cross-
linkage of healthcare information.

Patient selection

Consecutive patients with pre-existing liver disease and a
first episode of AF diagnosed January 1, 2010 through
December 31, 2017 who were alive after 30 days were
included. The latter cut-off was selected to allow time for
redemption of OAC prescriptions. Details on medications,
diseases and severity, and laboratory values are presented
below in separate paragraphs. Relevant International Classi-
fication of Diseases, Tenth Revision (ICD-10) codes for liver
disease are listed in Supplemental Table 1. Patients who had
been treated with OAC within the last 6 months prior to
study inclusion and patients who switched anticoagulant
agent within the first 30 days of follow-up were excluded.
Those without an indication for OAC in the setting of non-

http://creativecommons.org/licenses/by/4.0/
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valvular AF (CHA2DS2-VACs scores <1 in men and <2 in
women, respectively) were also excluded.

Patient exposure

Patients were compared according to whether OAC was initi-
ated and their CHA2DS2-VASc score, with 1 point assigned for
heart failure, hypertension, age 65�74 years, diabetes mel-
litus, vascular disease (prior myocardial infarction or periph-
eral artery disease), and female sex, and 2 points assigned
for age �75 years and prior stroke/transient ischaemic
attack (TIA)/venous thromboembolism. Furthermore, liver
cirrhosis was defined as 1) an ICD-10 diagnosis of liver cirrho-
sis (excluding primary biliary cholangitis) or 2) a diagnosis of
liver disease or primary biliary cholangitis plus at least one
of the following: oesophageal or gastric varices, ascites, or
hepatorenal syndrome.

Study variables and data sources

Data on age and sex were retrieved from the Danish Civil
Registration System [15]. Information on vital status was
obtained from the Danish Register of Causes of Death [16].
Clinically relevant comorbidities were acquired through the
Danish National Patient Register that contains information
on all hospital-based inpatient and outpatient diagnoses in
Denmark since 1977 [17]. We obtained information on previ-
ous ischaemic stroke, TIA, venous thromboembolism (pulmo-
nary embolism, superficial thrombophlebitis, deep vein
thrombosis, or portal vein thrombosis), peripheral artery
disease, myocardial infarction, other ischaemic heart dis-
ease, and heart failure. Information on hypertension, diabe-
tes mellitus, chronic obstructive pulmonary disease, and
chronic kidney disease was also acquired. Bleeding events
within the last 5 years prior to study inclusion included gas-
trointestinal, urogenital, and intracerebral bleedings requir-
ing hospitalisation, and epistaxis requiring emergency
department visit or hospital admission.

Medication data were obtained from the Danish National
Prescription Register that contains information on all phar-
macy-dispensed prescriptions since 1995 [18]. Data on anti-
platelet agents (aspirin and P2Y12 inhibitors), lipid lowering
agents (statins, fibrates, bile acid sequestrants, nicotinic
acid and derivates, and combined lipid lowering drugs), non-
steroidal anti-inflammatory drugs (NSAID), and OAC includ-
ing VKA (warfarin and phenprocoumon) and DOAC (rivaroxa-
ban, apixaban, dabigatran, and edoxaban) were collected.
Less than three patients were treated with edoxaban or
phenprocoumon which were combined into “other anticoag-
ulant therapy”.

Laboratory results were available from four of the five
national healthcare regions in Denmark and were acquired
from the clinical laboratory information system “LABKA”.
Laboratory results relevant for calculating HAS-BLED, the
Model for End-Stage Liver Disease (MELD), and MELD-Na
scores were included. The HAS-BLED score is used to predict
bleeding risk in patients with AF who initiate OAC [19]. A
modified version of this score was used: hypertension
defined as an ICD-10 diagnosis or treatment with �2 antihy-
pertensive agents, abnormal renal/liver function (defined as
at least twice weekly dialysis, kidney transplantation, creat-
inine >200 mmol/L, an ICD-10 diagnosis of chronic kidney
3

disease and/or liver cirrhosis, alkaline phosphatase >315 U/
L, alanine aminotransferase >210 U/L in men or >135 U/L
in women, aspartate aminotransferase >135 U/L in men or
>105 U/L in women), prior stroke, prior bleeding event
(within 5 years using the aforementioned definition), age
>65 years, and medications predisposing to bleeding (anti-
platelet agents and NSAID), and alcohol-associated diagno-
ses (Supplemental Table 2). MELD and MELD-Na predict
survival in patients with chronic liver disease [20,21]. Labo-
ratory variables relevant for these scores were international
normalised ratio (INR), total bilirubin, and creatinine, with
the addition of sodium in MELD-Na.
Clinical endpoints

Endpoints of interest were 1) 5-year composite TE, including
ischaemic stroke, TIA, or venous thromboembolism and 2) 5-
year composite bleeding, including gastrointestinal, intrace-
rebral, or urogenital bleeding requiring hospitalisation, or
epistaxis requiring emergency department visit or hospital
admission.
Statistical analysis

We estimated the risks of TE and bleeding in relation to initi-
ation of OAC therapy. Follow-up began 30 days after incident
AF and continued until the occurrence of an event, death,
emigration, a maximum follow-up time of 5 years, or end of
follow-up on December 31, 2018, whichever came first. We
performed cause-specific Cox regression to estimate abso-
lute risks and average risk ratios (ARR) standardised to the
covariate distribution of all patients. Average absolute risk
for TE risk for patients with versus without OAC initiation
was standardised for the CHA2DS2-VASc score distribution of
the entire study population by using g-formula methods
based on multivariable Cox regression [22,23]. Standardisa-
tion was used to ensure that exposure groups had compara-
ble characteristics, i.e., that they had similar age, sex,
selected comorbidity and pharmacotherapy distributions, to
properly examine the impact of the actual exposure on out-
comes. The average absolute risk for bleeding risk for
patients with versus without OAC initiation was standardised
for the HAS-BLED score and cirrhotic versus non-cirrhotic
liver disease status distributions of the entire study popula-
tion using the same methods. Prior to presentation of the
results, we performed planned interaction analyses between
OAC initiation and both CHA2DS2-VASc score and type of liver
disease. Patients were then stratified according to OAC and
CHA2DS2-VASc score (CHA2DS2-VASc score 1�2 (2�3 for
women) versus CHA2DS2-VASc score >2 (>3 for women))
because of an interaction between OAC initiation and
CHA2DS2-VASc score when determining TE risk (P<0.001).
Similarly, due to an interaction between OAC initiation and
type of liver disease (cirrhotic versus non-cirrhotic) in deter-
mining bleeding risk (P<0.001), we stratified patients by cir-
rhotic versus non-cirrhotic type liver disease for this
analysis. A two-sided P-value <0.05 was considered statisti-
cally significant. Data management and analyses were per-
formed using SAS, version 9.4 (Cary, NC, USA) and R, version
3.6.1 [24].
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Ethical considerations

This study complies with the Declaration of Helsinki and was
approved by the Data Responsible Institute in the Capital
Region of Denmark (Record no. P-2019�395) in accordance
with the General Data Protection Regulation (GDPR). In
agreement with the legislation of Statistics Denmark, data
cannot be shared but can be assessed through Statistics Den-
mark with proper permission.
Results

A total of 1238 OAC-naive patients with liver disease, first
diagnosed AF, and a CHA2DS2-VASc score �1 (men) and �2
(women), who were alive 30 days after incident AF were
included. Study inclusion is depicted in Fig. 1. Four hundred
and nine patients initiated OAC, i.e., 122/426 (28.0%) of
those with a CHA2DS2-VASc score 1�2 (men) or 2�3
(women), and 287/802 (25.8%) of those with a CHA2DS2-VASc
score >2 (men) or >3 (women).
Fig. 1 Patient flow chart. The flow chart illustrates the inclusio
CHA2DS2-VASc score �1 (�2 in women) between January 1, 2010 and
AF, atrial fibrillation or flutter; DOAC, direct oral anticoagulants; O
vitamin K antagonists.
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Baseline characteristics

Baseline characteristics stratified for OAC initiation are pre-
sented in Table 1, associated laboratory results in Supplemental
Table 3, and concomitant medications in Supplemental Table 4.
Patients who were prescribed OAC more often had a history of
heart failure, but less often cirrhotic liver disease, alcoholic
fatty liver disease, other alcohol-associated diagnoses, prior
bleeding events, ischaemic stroke, venous thromboembolism,
and chronic kidney disease. They also appeared to represent a
somewhat less sick liver disease population from a biochemical
perspective and were less often on antiplatelet therapy. Charac-
teristics of the study population according to OAC initiation and
type of liver disease are shown in Supplemental Table 5, while
Supplemental Table 6 displays these characteristics categorized
for guideline-recommended thresholds of the CHA2DS2-VASc
score and whether or not an OAC was initiated.

Risk of thromboembolism

Standardised absolute risks of TE are depicted in Fig. 2.
Amongst patients with CHA2DS2-VASc scores 1�2 (2�3 in
n of 1238 patients with liver disease, first diagnosed AF, and a
December 31, 2017.
AC, oral anticoagulant therapy (including VKA and DOAC); VKA,



Table 1 Baseline characteristics for 1238 patients with liver disease, first diagnosed AF, and a CHA2DS2-VASc score �1 (�2 in
women).

Variable Patients not treated
with OAC (n = 829)

Patients treated
with OAC (n = 409)

p-value

Age, median [IQR] 69 [62�75] 71 [65�78] <0.001
Male, n (%) 493 (59.5) 233 (57.0) 0.44
Comorbidities
Heart failure, n (%) 137 (16.5) 104 (25.4) <0.001
Hypertension, n (%) 636 (76.7) 301 (73.6) 0.26
Diabetes mellitus, n (%) 221 (26.7) 116 (28.4) 0.57
Ischaemic stroke, n (%) 139 (16.8) 52 (12.7) 0.08
Transient ischaemic attack, n (%) 19 (2.3) 16 (3.9) 0.15
Ischaemic stroke/transient ischaemic attack, n (%) 146 (17.6) 60 (14.7) 0.22
Peripheral artery disease, n (%) 96 (11.6) 52 (12.7) 0.63
Ischaemic heart disease, n (%) 181 (21.8) 93 (22.7) 0.77
Acute myocardial infarction, n (%) 69 (8.3) 29 (7.1) 0.52
Venous thromboembolism, n (%) 61 (7.4) 20 (4.9) 0.13
Pulmonary embolism, n (%) 20 (2.4) 11 (2.7) 0.92
Superficial and deep thrombophlebitis, n (%) 33 (4.0) 8 (2.0) 0.09
Portal vein thrombosis, n (%) 11 (1.3) 3 (0.7) 0.52
Chronic obstructive pulmonary disease, n (%) 200 (24.1) 98 (24.0) >0.99
Any malignancy, n (%) 166 (20.0) 52 (12.7) 0.002
Previous alcohol diagnosis*, n (%) 481 (58.0) 136 (33.3) <0.001
Liver cirrhosis, n (%) 355 (42.8) 98 (24.0) <0.001
Primary biliary cholangitis, n (%) 33 (4.0) 23 (5.6) 0.24
Non-cirrhotic alcoholic fatty liver disease, n (%) 217 (26.2) 60 (14.7) <0.001
Non-alcoholic fatty liver disease, n (%) 174 (21.0) 79 (19.3) 0.54
Hepatocellular carcinoma, n (%) 15 (1.8) 4 (1.0) 0.38
Oesophageal and gastric varices, n (%) 95 (11.5) 30 (7.3) 0.03
Ascites, n (%) 131 (15.8) 28 (6.8) <0.001
Hepatorenal syndrome, n (%) 13 (1.6) 0 (0.0) 0.02
Chronic kidney disease, n (%) 94 (11.3) 34 (8.3) 0.12
Previous bleeding within 5 yearsy, n (%) 132 (15.9) 31 (7.6) <0.001
Risk scores
CHA2DS2-VASc 1�2 (men) or 2�3 (women), n (%) 314 (37.9) 122 (29.8) 0.006
CHA2DS2-VASc>2 (men) or >3 (women), n (%) 515 (62.1) 287 (70.2)
HAS-BLED (median [IQR]) 3.0 [2.0�4.0] 3.0 [2.0�4.0] <0.001
MELD (median [IQR]) 9.0 [7.0�13.0] 10.0 [7.0�13.8] >0.99
Missing 513 (61.9) 315 (77.0)
MELD-Na (median [IQR]) 10.0 [8.0�16.0] 10.5 [8.0�15.0] 0.66
Missing 513 (61.9) 315 (77.0)
Medication
Lipid lowering treatment, n (%) 256 (30.9) 164 (40.1) 0.002
Aspirin, n (%) 220 (26.5) 127 (31.1) 0.11
P2Y12 inhibitor treatment, n (%) 80 (9.7) 56 (13.7) 0.04
NSAID, n (%) 147 (17.7) 65 (15.9) 0.47
Oral anticoagulants
Warfarin, n (%) 0 (0.0) 173 (42.3) <0.001
Rivaroxaban, n (%) 0 (0.0) 82 (20.0) <0.001
Apixaban, n (%) 0 (0.0) 102 (24.9) <0.001
Dabigatran, n (%) 0 (0.0) 50 (12.2) <0.001
Other anticoagulant therapy, n (%) 0 (0.0) N/Az �
AF, atrial fibrillation or flutter; IQR, interquartile range; NSAID, non-steroidal anti-inflammatory drugs; OAC, oral anticoagulants (including
vitamin K antagonists and direct oral anticoagulants).
*Previous alcohol diagnoses were used to identify patients with complications due to excessive alcohol consumption (Supplemental
Table 2).
yDefined as gastrointestinal, intracerebral, or urogenital bleeding requiring hospitalisation, or epistaxis requiring emergency department
visit or hospital admission.
zN/A, not available due to cell count <3.
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Fig. 2 Absolute risk of thromboembolism standardised to the
distribution of CHA2DS2-VASc score and OAC therapy in 1238
patients with liver disease, first diagnosed AF, and a CHA2DS2-
VASc score �1 (�2 in women).
Thromboembolic endpoints included ischaemic stroke, TIA, or
venous thromboembolism. Low CHA2DS2-VASc scores were
defined as a score of 1�2 in men and 2�3 in women. High
CHA2DS2-VASc scores were defined as CHA2DS2-VASc >2 in men
and >3 in women.
AF, atrial fibrillation or flutter; OAC, oral anticoagulant therapy
(including direct oral anticoagulants and vitamin K antagonists);
TIA, transient ischaemic attack.
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women), TE risks were low, irrespective of OAC initiation.
Conversely, the risks in patients with a CHA2DS2-VASc score
>2 (>3 in women) were overall substantially higher,
although significantly reduced amongst those taking any
OAC (Table 2). TE events according to type of OAC are pro-
vided in Table 4. Analyses of TE risk using guideline-recom-
mended CHA2DS2-VASc thresholds are presented in
Table 2 Risk of thromboembolism for 1238 patients with live
expressed as cumulative incidence at 5 years.

A) Standardised absolute risk of thromboembolic events

Treatment Ris

CHA2DS2-VASc 1�2 (men) or 2�3 (women)
No OAC 5.5
OAC 6.5
CHA2DS2-VASc >2 (men) or >3 (women)
No OAC 23
OAC 15

B) Average risk ratio for patients treated with versus without OAC

Treatment Risk r

CHA2DS2-VASc 1�2 (men) or 2�3 (women)
OAC versus no OAC 1.19
CHA2DS2-VASc >2 (men) or >3 (women)
OAC versus no OAC 0.66

AF, atrial fibrillation or flutter; CI, confidence interval; OAC, oral
anticoagulants).

6

Supplemental Table 7, and the cumulative incidences of TE
stratified for OAC initiation, type of liver disease, and
CHA2DS2-VASc score are listed in Supplemental Table 8. TE
risks adjusted for concomitant medications are shown in
Supplemental Table 9.

Risk of bleeding

Standardised absolute risks of bleeding are shown in Fig. 3.
These risks appeared higher amongst patients with cirrhotic
compared with non-cirrhotic liver disease but were not sig-
nificantly affected by OAC status (Table 3). Bleeding risks for
the different OAC are shown in Table 5, and cumulative inci-
dences of bleeding stratified by CHA2DS2-VASc score and OAC
use are listed in Supplemental Table 10. Bleeding risks
adjusted for use of concomitant medication are presented in
Supplemental Table 11.
Discussion

In this register-based cohort study of 1238 individuals with
liver disease and incident AF, use of OAC was associated with
a reduced TE risk in men with a CHA2DS2-VASc score >2 and
women with a CHA2DS2-VASc score >3, but not amongst
those with lower scores. The risk of bleeding was not
affected.

Patients with liver disease who have an indication for
anticoagulation have traditionally been treated with warfa-
rin despite their often-elevated baseline INR and lack of a
well-defined target INR [1]. For example, in a register-based
retrospective cohort study of Taiwanese patients with liver
cirrhosis, AF, and a CHA2DS2-VASc score �2, warfarin signifi-
cantly reduced the risk of ischaemic stroke without affecting
the risk of intracranial haemorrhage when compared with no
treatment or antiplatelet therapy [25]. A newer study using
the same database showed comparable risks of TE and intra-
cranial haemorrhage in cirrhotic individuals with AF taking
r disease, AF, and a CHA2DS2-VASc score �1 (�2 in women)

k 95% CI

% (2.9%�8.0%)
% (2.2%�10.8%)

.6% (20.0%�27.3%)

.6% (11.4%�19.9%)

atio 95% CI p-value

(0.22�2.16) 0.70

(0.45�0.87) 0.001

anticoagulants (including vitamin K antagonists and direct oral



Fig. 3 Absolute risk of bleeding events standardised to the
distribution of cirrhotic versus non-cirrhotic liver disease, HAS-
BLED score, and OAC therapy in 1238 patients with liver disease,
first diagnosed AF and a CHA2DS2-VASc score �1 (�2 in women).
Bleeding events included gastrointestinal, intracerebral or uro-
genital bleeding requiring hospitalisation, or epistaxis requiring
emergency department visit or hospital admission.
AF, atrial fibrillation or flutter; OAC, oral anticoagulant therapy
(including direct oral anticoagulants and vitamin K antagonists).
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DOAC (>90% on low-dose DOAC) or warfarin, but overall
rates of major bleeding were lower with DOAC [26]. A
Korean study using a similar methodology found superior
efficacy and safety of DOAC (»50% on low-dose DOAC) versus
warfarin in patients with active liver disease [27]. Finally, a
large Italian population-based cohort study reported that AF
patients with concomitant liver disease had a favourable
benefit/risk ratio when treated with OAC, even in high risk
Table 3 Risk of bleeding events in 1238 patients with liver disease
cumulative incidence at 5 years.

A) Standardised absolute risk of bleeding events

Treatment Risk

Cirrhotic patients
No OAC 15.8%
OAC 11.3%
Non-cirrhotic patients
No OAC 7.4%
OAC 9.5%

B) Average risk ratio for patients treated with versus without OAC

Treatment Risk ratio

Cirrhotic patients
OAC versus no OAC 0.72
Non-cirrhotic patients
OAC versus no OAC 1.28

AF, atrial fibrillation or flutter; CI, confidence interval; OAC, oral
anticoagulants).
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subgroups; however, information on OAC type was not avail-
able [28]. Recent meta-analyses corroborate the overall
conclusions that can be drawn from both our and prior expe-
riences, i.e., a reduction of stroke risk without an increase
in bleeding risk with OAC versus no OAC, and a reduction in
bleeding risk, but not a reduction in stroke with DOAC versus
warfarin, in patients with advanced liver disease and AF
[29,30].

While it is well-known that the degree of hepatic elimina-
tion varies substantially between OAC types, anticoagulant
potencies of these agents may also differ between cirrhotic
and non-cirrhotic patients. Dabigatran seems to act more
potently in plasma from patients with cirrhosis while rivar-
oxaban may have decreased anticoagulant activity in this
setting [31]. Furthermore, apixaban appears to have sub-
stantially reduced potency in patients with moderate and
advanced liver cirrhosis [32]. These results are compatible
with our findings of a relatively lower bleeding risk with
rivaroxaban compared with warfarin, and a relatively higher
risk with dabigatran compared with warfarin.

Differences in use and non-use of OAC in our cohort may
reflect medical decisions, but it is also possible that patients
not on OAC may have had lower compliance and not
redeemed their prescription. Overall, our results suggest
that the benefits on TE risk may outweigh the risk of bleed-
ing in patients with liver disease and AF, in particular
amongst cirrhotic patients with high CHA2DS2-VASc scores.
Interestingly, Proietti et al. suggested a lower CHA2DS2-VASc
threshold than ours as the point for when the net clinical
benefit of OAC becomes favourable in patients with liver dis-
ease [28]. On the other hand, a recent consensus document
from the European Society of Cardiology regarding OAC ther-
apy in AF patients with a CHA2DS2-VASc score of 1 in men (2
in women) highlighted that TE risk in this group might be
lower than anticipated and that additional prognostic infor-
mation should be considered for risk refinement [10].
, AF, and a CHA2DS2-VASc score �1 (�2 in women) expressed as

95% CI

(12.0%�19.6%)
(5.0%�17.6%)

(5.1%�9.7%)
(6.1%�13.0%)

95% CI p-value

(0.28�1.15) 0.20

(0.67�1.90) 0.36

anticoagulants (including vitamin K antagonists and direct oral



Table 4 Comparisons of OAC treatment and risk of thromboembolic events in 1238 patients with liver disease, first diagnosed AF,
and a CHA2DS2-VASc score �1 (�2 in women). A) Standardised absolute risk of thromboembolic events for different OAC at five
years. B) Risk ratios between different OAC.

A) Standardised absolute risk of thromboembolic events

Treatment Risk 95% CI

No OAC (n = 829) 17.2% (14.6%�19.8%)
Warfarin (n = 173) 11.9% (7.3%�16.5%)
Any DOAC (n = 234) 12.6% (8.4%�16.9%)
Rivaroxaban (n = 82) 8.6% (2.6%�14.6%)
Apixaban (n = 102) 14.6% (8.1%�21.1%)
Dabigatran (n = 50) 15.2% (4.8%�25.6%)

B) Risk ratios between patients treated with DOAC, warfarin, and no OAC

Treatment Risk ratio 95% CI

Warfarin versus no OAC 0.69 (0.41�0.98)
DOAC versus no OAC 0.74 (0.47�1.00)
Rivaroxaban versus no OAC 0.50 (0.14�0.86)
Apixaban versus no OAC 0.85 (0.45�1.25)
Dabigatran versus no OAC 0.88 (0.27�1.50)
DOAC versus warfarin 1.06 (0.52�1.60)
Rivaroxaban versus warfarin 0.72 (0.15�1.30)
Apixaban versus warfarin 1.23 (0.51�1.95)
Dabigatran versus warfarin 1.28 (0.28�2.28)
Apixaban versus rivaroxaban 1.70 (0.29�3.11)
Dabigatran versus rivaroxaban 1.77 (0.04�3.50)
Dabigatran versus apixaban 1.04 (0.20�1.89)

AF, atrial fibrillation or flutter; DOAC, direct oral anticoagulants; OAC, oral anticoagulants (including vitamin K-antagonists and direct oral
anticoagulants).

Table 5 Comparisons of OAC treatment and risk of bleeding events in 1238 patients with liver disease, first diagnosed AF and a
CHA2DS2-VASc score �1 (�2 in women). A) Standardised absolute risk of bleeding events for different OAC at five years. B) Risk
ratios between different OAC.

A) Standardised absolute risk of bleeding events

Treatment Risk 95% CI

No OAC (n = 829) 10.7% (8.7%�12.8%)
Warfarin (n = 173) 11.6% (6.7%�16.5%)
Any DOAC (n = 234) 9.4% (5.4%�13.4%)
Rivaroxaban (n = 82) 4.6% (0.0%�9.7%)
Apixaban (n = 102) 9.5% (3.6%�15.4%)
Dabigatran (n = 50) 16.7% (5.9%�27.6%)

B) Risk ratios between patients treated with DOAC, warfarin, and no OAC

Treatment Risk ratio 95% CI

Warfarin versus no OAC 1.08 (0.58�1.58)
DOAC versus no OAC 0.88 (0.47�1.29)
Rivaroxaban versus no OAC 0.43 (0.00�0.91)
Apixaban versus no OAC 0.87 (0.31�1.47)
Dabigatran versus no OAC 1.56 (0.51�2.61)
DOAC versus warfarin 0.81 (0.33�1.29)
Rivaroxaban versus warfarin 0.40 (0.00�0.87)
Apixaban versus warfarin 0.82 (0.20�1.44)
Dabigatran versus warfarin 1.44 (0.34�2.54)
Apixaban versus rivaroxaban 2.06 (0.00�4.66)
Dabigatran versus rivaroxaban 3.62 (0.00�8.22)
Dabigatran versus apixaban 1.76 (0.17�3.35)

AF, atrial fibrillation or flutter; DOAC, direct oral anticoagulants; OAC, oral anticoagulants (including vitamin K-antagonists and direct oral
anticoagulants).
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Ongoing studies are evaluating OAC as part of antifi-
brotic treatment, since development of portal vein
thrombosis and thrombotic occlusions in small hepatic
veins may contribute to fibrosis development [4]. Prophy-
lactic anticoagulant therapy with enoxaparin in cirrhotic
patients may prevent portal vein thrombosis, delay
hepatic decompensation, and improve survival [33]. A
mortality benefit with warfarin or DOAC versus no antico-
agulation was also observed in a retrospective longitudi-
nal study of US veterans [34].

Notably, only about one-third of patients (»20% amongst
those with cirrhotic liver disease and »40% of those with
non-cirrhotic liver disease) were treated with OAC. While
this may reflect accurate patient selection, we cannot rule
out that a larger group could have derived benefit from anti-
coagulation. We suggest that OAC therapy should be consid-
ered in patients with liver disease and incident AF,
particularly in those with a CHA2DS2-VASc score >2 (>3 for
women). Further investigation of factors related to TE and
bleeding risks as well as studies on efficacy and safety of
OAC, preferably randomised controlled trials, in patients
with liver disease, including cirrhosis are warranted.
Limitations

The observational nature of this study prevents us from mak-
ing finite inferences about causality. Although the suggested
benefits of OAC may in part reflect confounding by indica-
tion, particularly since not prescribed OAC appeared to rep-
resent an overall sicker population, standardised regression
analysis is a robust method for obtaining adjusted estimates
in such settings. Nevertheless, we were unable to explore
specific reasons for not prescribing OAC. Patient characteris-
tics, including risk scores, were only assessed at baseline and
may have changed over time [35,36]. However, since most
included conditions are chronic, these scores are much more
likely to increase rather than decrease over time. We used a
modified version of the HAS-BLED score because of lack of
information on uncontrolled hypertension, and our defini-
tion may potentially have overestimated bleeding risk. Simi-
larly, we were unable to incorporate data on labile INR. It is
also not possible to differentiate between mild and end-
stage liver disease when using our registries. Hepatic
encephalopathy was not included in the definition of cir-
rhotic liver disease due to lack of a specific diagnostic code,
but patients with hepatic encephalopathy usually have
advanced chronic liver disease and associated stigmata like
ascites. Still, the absence of this information hindered cal-
culation of the Child-Pugh score, the score suggested by reg-
ulatory agencies to guide the choice of OAC agent in
patients with liver disease despite lack of high-quality evi-
dence to support such categorization [1,37,38]. Finally,
although we relied on administrative registries, most of the
diagnostic codes have been previously validated [17].
Conclusions

OAC initiation in patients with liver disease and incident AF
was associated with reduced TE risk in men with a CHA2DS2-
VASc score >2 and in women with a CHA2DS2-VASc score >3.
9

Bleeding risk was not increased with OAC, irrespective of
type of liver disease. Only a minority of AF patients with cir-
rhotic liver disease were treated with OAC, indicating a
potential for reducing TE burden in this population.
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