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Abstract

Objectives: We examined the impact of liver cirrhosis on the risk of thromboembolic
events and bleeding complications in patients with atrial fibrillation or flutter (AFF).
Methods: This population-based cohort study used data from Danish health regis-
tries. We identified all patients with a first-time diagnosis of AFF during 1995 to 2015,
and followed them from their AFF diagnosis until the end of 2016. Patients were
categorized according to the presence or absence of liver cirrhosis. We computed
incidence rates per 1000 person-years and hazard ratios (HRs) with 95% confidence
intervals (Cls) based on Cox regression analyses, adjusting for age, CHA,DS,VASc
score, and Charlson Comorbidity Index score.

Results: We identified 273 225 patients with AFF. Of these, 1463 (0.54%) had liver
cirrhosis. During O to 5 years of follow-up, compared to patients without liver cir-
rhosis, patients with liver cirrhosis had higher incidence rates and hazards of ischemic
stroke (29.7 vs 21.6; HR, 1.3; 95% Cl, 1.1-1.6), venous thromboembolism (9.2 vs 5.5;
HR, 1.5; 95% Cl, 1.2-2.3), but not myocardial infarction (10.2 vs 11.2; HR, 0.9; 95% ClI,
0.7-1.2). Patients with liver cirrhosis also had higher rates of hemorrhagic stroke (5.8
vs 3.3; HR, 1.7; 95% Cl, 1.1-2.6), subdural hemorrhage (5.3 vs 1.6; HR, 3.2; 95% ClI, 2.1-
4.9), hemorrhage of the lung or urinary tract (24.6 vs 15.2; HR, 1.6; 95% Cl, 1.3-2.0),
and gastrointestinal hemorrhage (34.5 vs 10.4; HR, 3.3; 95% Cl, 2.7-3.9).

Conclusion: In patients with AFF, liver cirrhosis was associated with an elevated risk of

ischemic stroke, venous thromboembolism, and all evaluated bleeding complications.

KEYWORDS
atrial fibrillation, cohort study, hemorrhagic stroke, ischemic stroke, liver cirrhosis, venous
thromboembolism
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Essentials

e Research shows that liver cirrhosis is associated with bleeding and thromboembolism.

e We examined the risk of vascular events in patients with liver cirrhosis and atrial fibrillation.

e Liver cirrhosis was associated with an increased risk of stroke and venous thromboembolism.

e Liver cirrhosis was associated with an increased risk of bleeding.

1 | INTRODUCTION

Atrial fibrillation and atrial flutter (AFF) are the most common car-
diac arrhythmias, and the incidence and prevalence of AFF contin-
ues to increase.m AFF are important risk factors for ischemic stroke,
peripheral arterial embolism, heart failure, and premature death.®*
The CHA,DS,VASc score is used for risk stratification and as a tool
to determine whether patients should receive oral anticoagulants to
reduce their risk of ischemic stroke.>” Comorbidities such as dia-
betes and chronic kidney disease are known to increase the risk of
thromboembolic events in patients with AFF,%? but whether liver
cirrhosis affects the thromboembolic risk in patients with AFF is
sparsely investigated.

Patients with liver cirrhosis have been considered to be “auto’-
anticoagulated due to a clinical bleeding tendency, low levels of
procoagulant factors, and reduced platelet function.’®** However,
several studies have suggested that patients with liver cirrhosis have
a 1.5-fold increased risk of venous thromboembolic events com-
pared to patients without liver cirrhosis. 101215

Six studies have investigated the risk of thromboembolic and
bleeding complications in patients with AFF and a history of liver cir-
rhosis.*2* Only two of these studies investigated how liver cirrho-
sis affects the risk of thromboembolic and bleeding complications in
AFF, compared to patients with no liver disease.”'? However, these
two studies were based on Asian populations onIy.17’19 Although one
study included nearly 290 000 patients with AFF, only few potential
events such as systemic thromboembolism and bleeding complica-
tions were included.” Another study was limited by a small study
population of 3923 patients.'? Therefore, it is still unclear how liver
cirrhosis affects the risk of thromboembolic events and bleeding
complications in patients with AFF.

We therefore examined if liver cirrhosis was associated with an
elevated risk of thromboembolic events and bleeding complications
among patients with AFF in a large, Danish population-based cohort.

2 | METHODS

2.1 | Setting and design

We conducted a population-based cohort study from January 1,
1995, to December 31, 2015. The study was based on prospec-
tively collected routine health care data retrieved from the Danish
National Patient Registry (DNPR), which covers all Danish hospi-
tals; the Danish National Prescription Registry, including all Danish

pharmacies; and the Civil Registration System.22'24 The Danish na-
tional healthcare service is tax funded, which ensures equal access
to health services to the entire population.?®> All Danish inhabitants
are assigned a unique civil registration number at birth or upon immi-
gration.?* This civil registration number enables the linkage of valid,
anonymized, individual-level data between registries.?*

According to Danish legislation, registry-based studies do not re-
quire approval from an ethics committee or informed consent from

patients.

2.2 | Datasources

The DNPR holds records of all inpatient admissions to Danish hos-
pitals since 1977, and records of all outpatient clinics, emergency
rooms, and psychiatric admissions since 1995. The information
contained in the registry includes one primary discharge diagnosis
and up to 19 secondary diagnoses, the setting (ie, hospital, outpa-
tient clinic, or emergency room), and the admission and discharge
dates. The diagnoses in the DNPR were classified according to the
International Classification of Diseases (ICD), Eighth Revision, from
1977 to 1993, and according to the ICD, Tenth Revision (ICD-10)
thereafter.?2 The ICD, Ninth Revision (ICD-9) has never been imple-
mented and used in Denmark.

The Danish National Prescription Registry holds records on all
redeemed prescriptions filled from outpatient or municipality-based
pharmacies, starting from 1995.2% Information recorded in the regis-
try includes the drug dispensed, the dispensation date, and the de-
fined daily dosages. Dispensed drugs were classified according to the

Anatomical Therapeutic Chemical (ATC) classification system codes.

2.3 | Study cohort
We searched the DNPR to identify all patients with a first-time in-
patient or outpatient clinic diagnosis of AFF, recorded between
January 1, 1995, and December 31, 2015. The patients were iden-
tified with ICD-10 codes. Patients who were diagnosed with AFF
before January 1, 1995, were identified in the DNPR and excluded
from the study.?? We did not exclude patients with a prevalent di-
agnosis of thromboembolic or bleeding events. The positive predic-
tive value for AFF diagnosis in the DNPR is =95%, with the medical
record as the gold standard.?

We divided the cohort of patients with AFF into two groups ac-
cording to the presence or absence of a diagnosis of liver cirrhosis
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recorded any time before the diagnosis of AFF. The positive predic-
tive value of an ICD code of liver cirrhosis has been validated in a
subset of the DNPR in Jutland. The positive predictive value of liver
cirrhosis was =85%, using medical records and/or histopathological
findings as the gold standard.?”

The Danish National Prescription Registry was used to classify
patients as either users or nonusers of oral anticoagulant treatment,
based on ATC codes.?® Users of oral anticoagulant treatment were
defined as those who filled at least one redeemed prescription of
either vitamin K antagonists or a direct oral anticoagulant (DOAC)
within 90 days after a first-time AFF diagnosis. Nonusers of oral an-
ticoagulant treatment were defined as those who did not fill a pre-
scription of either vitamin K antagonists or DOAC within the first
90 days of a first-time AFF diagnosis. To avoid immortal time bias,
the index date was defined as 90 days after the AFF diagnosis for
all patients.28

2.4 | Outcomes

Thromboembolic outcomes included ischemic stroke, myocardial in-
farction, and venous thromboembolism. Ischemic stroke diagnoses
comprised both specified ischemic stroke and unspecified stroke,
because two-thirds of unspecified strokes in the DNPR are known
to be ischemic in origin.?’

Bleeding outcomes included hemorrhagic stroke, subdural
hemorrhage, bleeding in the lung or urinary tract, and gastroin-
testinal hemorrhage. Bleeding from the respiratory system or
urinary tract was considered one combined outcome. Outcomes
were identified in the DNPR and based on ICD-10 codes for pri-
mary and secondary diagnoses given at inpatient and outpatient
visits. If a bleeding or thromboembolic event occurred more than
once in a patient, only the first event (for each type) was included.
Recorded cardiovascular outcomes have high validity in the DNPR,
with validation studies reporting a positive predictive value of
97% for each of ischemic stroke and myocardial infarction, 88%
for first-time venous thromboembolism, and 74% for intracranial

hemorrhage.zz’z""29

2.5 | Covariates

The DNPR was accessed to retrieve the medical history of all pa-
tients before the index date. Based on all inpatient and outpatient
discharge diagnoses, we extracted information on the comorbidities
of the study population. We recorded diabetes, chronic pulmonary
diagnoses, and hypertension using a combination of ICD and ATC
codes. The comorbidities were used to calculate the CHA,DS,VASc
score for each patient.” We calculated a modified Charlson
Comorbidity Index score for each patient, which included only the
comorbidities that were not included in the CHA,DS,VASc score;
that is, we did not include a history of myocardial infarction, con-
gestive heart failure, peripheral vascular disease, cerebrovascular
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disease, or diabetes. Neither did we include liver disease in our modi-
fied Charlson Comorbidity Index score.*°

For the CHA,DS,VASc score, we grouped the scores into cate-
gories of O to 1, 2 to 3, and >3. For the Charlson Comorbidity Index
score, we grouped the scores into categories of O to 1 and >1.

We used the Prescription Registry to extract information on
medications. We defined medications as medications filled for at
least one redeemed prescription and recorded within 90 days be-
fore the index date. The ICD and ATC codes used in the study are

provided in Tables S1 through Sé.

2.6 | Statistical analysis

We followed patients from their index date until death, emigration,
end of study, or December 31, 2016 (to ensure at least 9 months of
follow-up), whichever came first. When patients experienced one
thromboembolic or bleeding outcome, they remained at risk for
other thromboembolic or bleeding outcomes. For example, any pa-
tient who experienced a venous thromboembolism remained at risk
of an ischemic stroke and vice versa.

In our main analysis, we compared patients with AFF without
liver cirrhosis to patients with AFF with liver cirrhosis. We calcu-
lated incidence rates per 1000 person-years during the first year
(0-1 year), the second and third year (1-3 years), the fourth and fifth
year (3-5 years), and during the first 5 years of follow-up (0-5 years).

As a measure of relative risks, we conducted a Cox regression
analysis to compute hazard ratios (HRs) with 95% confidence inter-
vals (Cls) to evaluate the risk of a thromboembolic or bleeding event
during the same time periods. We adjusted for age, CHA,DS,VASc
score, and the modified Charlson Comorbidity Index score. We
did not adjust for sex separately because it was included in the
CHA,DS,VASc score. With log-log plots, we assessed the assump-
tion of proportional hazards and found them valid in the follow-up
periods.

To further explore the effects of covariates on the risk of throm-
boembolic and bleeding complications, we performed a stratified
analysis during O to 1 year of follow-up. We stratified by oral an-
ticoagulation, the CHA,DS,VASc score, and the modified Charlson
Comorbidity Index score, and calculated the incidence rates per
1000 person-years and computed crude and adjusted HRs.

We used Stata version 15.1 for all data management and statis-
tical computations.3! The Danish Data Protection Agency approved
the study (record number: 707026).

3 | RESULTS

We identified 273 225 patients who received a hospital-based diag-
nosis of AFF during 1995 to 2015. A total of 1463 (0.5%) patients had
a concomitant diagnosis of liver cirrhosis (Table 1). Patients with liver
cirrhosis had a lower median age (68 vs 74 years), were more likely
to be men (63.8% vs 54.0%), and had a lower CHA,DS,VASc score
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TABLE 1 Characteristics of patients with atrial fibrillation or
flutter, with or without liver cirrhosis, in Denmark from 1995
through 2015

Patients with liver
cirrhosis, N (%)

Patients without liver

Characteristic cirrhosis, N (%)

271762 (99.5) 1463 (0.5)

Sex

Male 146 700 (54.0) 933(63.8)
Age,y

Median (IQR) 74 (65-82) 68 (61-75)
CHA,DS,VASc score

0-1 77 202 (28.4) 525(35.9)

2-3 13,558 (51.4) 658 (45.0)

>3 55,002 (20.2) 280 (19.1)
Modified Charlson Comorbidity Index score

0-1 238100 (87.6) 1140(77.9)

>1 33662 (12.4) 323(22.1)

Note: Values are the number (%), unless otherwise specified.
Abbreviation: IQR, interquartile range.

than patients without liver cirrhosis. A smaller proportion of patients
with liver cirrhosis had a Charlson Comorbidity Index score of <1
compared to patients without liver cirrhosis (77.9% vs 87.6%, re-
spectively). The prevalence of comorbidities and comedications are
shown in Table S7. The prevalence of previous ischemic stroke, hem-
orrhagic stroke, and ischemic heart diseases were similar between
patients with and without liver cirrhosis. However, patients with liver
cirrhosis had a higher prevalence of hypertension (41.6% vs 34.8%),
diabetes (20.5% vs 10.0%), and chronic pulmonary diseases (36.1%

vs 25.4%), compared to those without liver cirrhosis, respectively.

3.1 | Incidence of thromboembolic complications
During the O- to 1-year follow-up period, patients with and without a
history of liver cirrhosis, respectively, had somewhat similar incidence
rates of ischemic stroke (34.1 vs 28.5 per 1000 person-years), myocar-
dialinfarction (14.2 vs 14.3 per 1000 person-years), and venous throm-
boembolism (7.8 vs 7.1 per 1000 person-years) (Table 2). During the
1- to 3-year follow-up period, patients with a history of liver cirrhosis
had elevated incidence rates of venous thromboembolism compared
to patients without liver cirrhosis (10.3 vs 5.1 per 1000 person-years).
During 3 to 5 years of follow-up, patients with liver cirrhosis had in-
creased incidence rates of ischemic stroke (30.2 vs 18.3 per 1000
person-years) and venous thromboembolism (9.1 vs 4.5 per 1000
person-years), compared to those without liver cirrhosis, respectively.
During O to 5 years of follow-up, patients with liver cirrhosis
had higher incidence rates of ischemic stroke (29.7 vs 21.6 per 1000
person-years) and venous thromboembolism (9.2 vs 5.5 per 1000
person-years), compared to those without liver cirrhosis, respec-
tively. We found no difference in the rates of myocardial infarction

between patients with and without liver cirrhosis, during the 3- to

5-year and O- to 5-year follow-up periods.

3.2 | Relative risks of thromboembolic
complications

During the 0- to 1-year follow-up period, liver cirrhosis was associ-
ated with an increased risk of ischemic stroke (adjusted HR [aHR],
1.5; 95% Cl, 1.1-2.0) (Figure 1). No association was observed with
myocardial infarction (aHR, 1.1; 95% Cl, 0.7-1.8) or venous thrombo-
embolism (aHR, 1.2; 95% Cl, 0.6-2.2). During the 1- to 3-year follow-
up period, liver cirrhosis was associated with an increased risk of
ischemic stroke (aHR, 1.6; 95% Cl, 1.2-2.2) and venous thromboem-
bolism (aHR, 2.2; 95% Cl, 1.3-3.5). We found no association between
liver cirrhosis and myocardial infarction (aHR, 0.8; 95% Cl, 0.5-1.5).
Similar observations were found during 3 to5 years of follow-up.

During the 0- to5-year follow-up period, liver cirrhosis was as-
sociated with an increased risk of ischemic stroke (aHR, 1.6; 95% ClI,
1.4-2.0) and venous thromboembolism (aHR, 1.7; 95% ClI, 1.2-2.4).
No association was observed between liver cirrhosis and myocardial
infarction (aHR, 1.0; 95% ClI, 0.7-1.4).

3.3 | Incidence of bleeding complications
During the 0- to 1-year follow-up period, patients with liver cirrhosis
had higher incidence rates of hemorrhagic stroke (9.4 vs 4.1 per 1000
person-years), subdural hemorrhage (7.8 vs 1.9 per 1000 person-
years), and gastrointestinal hemorrhage (43.7 vs 12.2 per 1000
person-years). We found no differences in the rates of hemorrhage in
the lung or urinary tract (23.0 vs 17.6; Table 2). During the 1- to 3-year
follow-up period, patients with liver cirrhosis had higher incidence
rates of hemorrhagic stroke (6.0 vs 3.1 per 1000 person-years), sub-
dural hemorrhage (4.2 vs 1.6 per 1000 person-years), hemorrhage of
the lung or urinary tract (22.9 vs 14.4 per 1000 person-years), and gas-
trointestinal hemorrhage (34.3 vs 9.8 per 1000 person-years). During
the 3- to 5-year follow-up, we were not able to assess the incidence
rates of hemorrhagic stroke and subdural hemorrhage in patients with
liver cirrhosis due to a low number of cases. However, patients with
liver cirrhosis continued to have higher incidence rates of hemorrhage
of the lung or urinary tract and gastrointestinal hemorrhage.

Patients with liver cirrhosis had higher rates of hemorrhagic
stroke (5.8 vs 3.3), subdural hemorrhage (5.3 vs 1.6), hemorrhage of
the lung or urinary tract (24.6 vs 15.2), and gastrointestinal hemor-

rhage (34.5 vs 10.4) throughout the 0- to 5-year follow-up interval.

3.4 | Relative risks of bleeding complications

During the 0- to 1-year follow-up period, liver cirrhosis was as-
sociated with an increased risk of hemorrhagic stroke (aHR, 2.6;
95% Cl, 1.5-4.6), subdural hemorrhage (aHR, 4.9; 95% Cl, 2.6-9.2),
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TABLE 2 Incidence rates and number of events of thromboembolic and bleeding complications after the index date in patients with atrial

fibrillation or flutter, with and without liver cirrhosis, in Denmark from 1995 through 2016

Number of
events Incidence rate (95% Cl)
0-5 years 0-1 year 1-3 years
Ischemic stroke
Without liver cirrhosis 19 344 28.5(27.8-29.2) 19.6 (19.1-20.0)
With liver cirrhosis 111 34.1(25.2-46.1) 25.9 (19.1-35.2)
Myocardial infarction
Without liver cirrhosis 10 340 14.3 (13.8-14.8) 10.6 (10.2-10.9)
With liver cirrhosis 40 14.2 (8.9-22.5) 7.9 (4.6-13.6)
Venous thromboembolism
Without liver cirrhosis 5131 7.1(6.8-7.4) 5.1(4.9-5.3)
With liver cirrhosis 36 7.8 (4.2-14.6) 10.3 (6.4-16.6)
Hemorrhagic stroke
Without liver cirrhosis 3169 4.1(3.8-4.3) 3.1(2.9-3.2)
With liver cirrhosis >22° 9.4 (5.3-16.5) 6.0(3.2-11.1)
Subdural hemorrhage
Without liver cirrhosis 1568 1.9 (1.7-2.1) 1.6 (1.5-1.7)
With liver cirrhosis >17° 7.8 (4.2-14.4) 4.2(2.0-8.8)

Hemorrhage of the lung or urinary tract

Without liver cirrhosis 13,976 17.6 (17.1-18.2)

With liver cirrhosis 94 23.0(16.0-33.1)
Gastrointestinal hemorrhage

Without liver cirrhosis 9718 12.2(11.8-12.6)

With liver cirrhosis 129 43.7 (33.5-57.0)

14.4 (14.0-14.8)
22.9(16.6-31.7)

9.8 (9.5-10.1)
34.3(26.3-44.8)

3-5 years

18.3(17.8-18.8)
30.2(20.8-43.7)

9.4 (9.1-9.8)
9.1(4.7-17.4)

4.5(4.3-4.8)
9.1(4.7-17.4)

3.1(2.9-3.3)
NA

1.5(1.4-1.7)
NA

14.0 (13.6-14.5)
29.5(20.4-42.8)

9.6 (9.3-10.0)
22.6 (14.7-34.6)

0-5 years

21.6(21.3-21.9)
29.7 (24.6-35.7)

11.2 (11.0-11.4)
10.2(7.5-13.9)

5.5(5.3-5.6)
9.2 (6.6-12.7)

3.3(3.2-3.4)
5.8(3.8-8.7)

1.6 (1.6-1.7)
5.3(3.4-8.1)

15.2 (14.9-15.4)
24.6 (20.1-30.1)

10.4 (10.2-10.6)
34.5(29.0-41.0)

Note: Index date was defined as 90 days after the AFF diagnosis for all patients.

Abbreviations: AFF, atrial fibrillation or flutter; CI, confidence interval, NA, not applicable due to the number of events being <5.

?Due to Danish data regulations, we could not state the exact number.

hemorrhage of the lung or urinary tract (aHR, 1.4; 95% Cl, 1.0-
2.0), and gastrointestinal hemorrhage (aHR, 4.2; 95% Cl, 3.2-5.5)
(Figure 1). During the 1- to 3-year follow-up period, we found simi-
lar associations between liver cirrhosis and bleeding complications.
During 3 to 5 years of follow-up, we found no association between
liver cirrhosis and hemorrhagic stroke (aHR, 0.4; 95% Cl, 0.1-2.6).
However, patients with liver cirrhosis remained at an increased risk
of all other bleeding complications during 3 to 5 years of follow-up.

During O to 5 years of follow-up, liver cirrhosis was associated
with an increased risk of hemorrhagic stroke (aHR, 2.0; 95% Cl, 1.3-
3.0), subdural hemorrhage (aHR, 3.8; 95% Cl, 2.5-5.9), hemorrhage
of the lung or urinary tract (aHR, 1.7; 95% Cl, 1.4-2.1), and gastroin-
testinal hemorrhage (aHR, 3.9; 95% Cl, 3.3-4.6).

3.5 | Subgroup analyses
Stratifying by anticoagulation use, CHA,DS,VASc score, and

Charlson Comorbidity Index score showed no substantial varia-
tion in the HR estimates of ischemic stroke, myocardial infarction,

venous thromboembolism, hemorrhagic stroke, or hemorrhage of
the lung or urinary tract (Table 3).

In particular, stratification by anticoagulation use showed similar
HRs in both strata across all outcomes except for myocardial infarc-
tion, but the number of events was small.

However, in the stratum of patients with a CHA,DS,VASc score
of O to 1, patients with liver cirrhosis had a markedly increased crude
and adjusted HR of subdural hemorrhage (aHR, 19.1; 95% ClI, 9.1-
39.8) and gastrointestinal hemorrhage (aHR, 10.3; 95% Cl, 6.9-15.2),

compared to patients without liver cirrhosis (Table 3).

4 | DISCUSSION

4.1 | Main findings

In this large, population-based cohort study of patients with AFF,
we found that during O to 5 years of follow-up, patients with liver
cirrhosis had higher incidence rates of all thromboembolic outcomes
except myocardial infarction. Patients with liver cirrhosis also had
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Unadjusted HR (95% CI) Adjusted HR (95% Cl)
Ischemic stroke
0-1 year 1.2 (0.9-1.6) 1.5 (1.1-2.0) —
1-3 years 1.3 (1.0-1.8) 16(1.2-2.2) —
3.5 years 1.7 (1.1-2.4) 2.0 (1.4-2.9) _—
0-5 years 1.3 (1.1-1.6) 1.6 (1.4-2.0) —a—
Myocardial infarction
0-1 year 1.0 (0.6-1.6) 1.1(0.7-1.8) —
1-3 years 0.8 (0.4-1.3) 0.8 (0.5-1.5) —
3-5 years 1.0 (0.5-1.9) 1.1(0.6-2.1) —
0-5 years 0.9 (0.7-1.2) 1.0 (0.7-1.4) —
Venous thromboembolism
0-1 year 1.1 (0.6-2.1) 1.2(0.6-2.2) _—
1-3 years 2.0 (1.3-3.3) 2.2(1.3-3.5) ———
3-5 years 2.0 (1.0-3.9) 2.1 (1.1-4.1) B
0-5 years 1.6 (1.2-2.3) 1.7 (1.2-2.4) _—
Hemorrhagic stroke
0-1 year 2.3(1.3-41) 2.6 (1.5-4.6) —
1-3 years 2.0 (1.1-3.6) 2.3(1.2-4.2) —_—e
3-5 years 0.3(0.1-2.3) 0.4 (0.1-2.6) —
0-5 years 1.7 (1.1-2.6) 2.0 (1.3-3.0) —a—
Subdural hemorrhage
0-1 year 4.1(2.2-7.7) 4.9(2.6:9.2) -
1-3 years 2.6 (1.3-5.6) 3.2(1.5-6.8) —
3-5 years 2.7 (1.0-7.1) 3.2(1.2-8.4) =
0-5 years 3.2(2.1-4.9) 3.8(2.5-5.9) —
Hemorrhage of the lung or urinary tract
0-1 year 1.3(0.9-1.9) 1.4 (1.0-2.0) —e—
1-3 years 1.6 (1.2-2.2) 1.7 (1.2-2.3) —
3-5 years 2.1(1.5-3.1) 2.2 (1.6-3.3) —
0-5 years 1.6 (1.3-2.0) 1.7 (1.4-2.1) ——
Gastrointestinal hemorrhage
0-1 year 3.6 (2.7-4.7) 4.2 (3.2-5.5) —a—
1-3 years 3.5 (2.7-4.6) 4.1(3.2-5.4) —
3-5 years 2.4 (1.5-3.6) 2.8(1.8-4.3) e
0-5 years 3.3(2.7-3.9) 3.9 (3.3-4.6) —=—

r T T T T 1
30 40 50 100

10 20
Adjusted hazard ratio

FIGURE 1 Risk of thromboembolic and bleeding events. Cl, confidence interval; HR, hazard ratio

higher incidence rates of all bleeding complications during O to
5 years of follow-up.

4.2 | Implications

Our findings and those of Lee et al showed an association with an
increased risk of thromboembolic and bleeding complications.¢”
There is thus evidence that clinicians should be aware of the simul-
taneously increased risk of thromboembolic and bleeding complica-
tions in patients with AFF and liver cirrhosis, although lack of clinical
detail prevents us from suggesting specific guidelines. Of note, our
subgroup analysis among patients with CHA,DS,VASc score of O to
1 showed that liver cirrhosis was associated with ischemic stroke.
This could indicate that liver cirrhosis should be considered as an
independent risk factor for stroke in patients with AFF. However,
the same patients also had an increased risk of bleeding, making the

decision of anticoagulation difficult.

4.3 | Possible mechanisms

Liver cirrhosis has long been recognized as a condition associated
with an increased risk of bleeding.32 Bleeding associated with liver
cirrhosis is thought to be caused by reduced synthesis of proco-
agulant factors, thrombocytopenia, impaired platelet function, and

hemodynamic abnormalities, including portal hypertension‘m'lz’:gz*33

However, within the past decades, a number of studies have sug-
gested that liver cirrhosis is also a prothrombotic state.r®3* This
prothrombotic state is thought to be caused by the simultaneous
reduction in anticoagulant factor synthesis and the reduction in von
Willebrand factor clearance.'®?3> These considerations may ex-
plain why we observed an increase in the risks of both thrombotic
and bleeding complications in our study.

It is worth noting that we did not find an increased risk of venous
thromboembolism during the first year of follow-up, but we did find
it in all other follow-up intervals. A possible explanation could be
that liver cirrhosis may worsen after the initial diagnosis, and there-

fore these complications will not occur immediately after diagnosis.

4.4 | Contribution to the literature

Our findings of an increased risk of ischemic stroke and bleeding
complications in patients with liver cirrhosis and AFF are supported
by a small number of studies reported in the literature.”*’

In a Taiwanese setting, Kuo et al'” studied 289 559 patients
with AFF. Of those patients, 10 336 had a history of liver cirrhosis.
Patients with and without a history of liver cirrhosis were compared
and stratified by stroke prevention strategies (ie, no treatment, treat-
ment with antiplatelet agents, or treatment with warfarin). Similar to
our findings, Kuo et al reported an increased risk of ischemic stroke
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TABLE 3 Incidence rates, number of events, and adjusted hazard ratios of thromboembolic and bleeding complications, during 0-1 year of

follow-up, stratified by baseline values, in patients with atrial fibrillation or flutter

Without liver cirrhosis

With liver cirrhosis

Number of Number of HR of each event aHR of each
events IR (95% Cl) events IR (95% ClI) (95% ClI) event (95% Cl)
Ischemic stroke
Anticoagulation status
Users 2535 23.2(22.4-24.2) 10 28.5(15.3-53.0) 1.2(0.7-2.3) 1.3(0.7-2.5)
Nonusers 4383 32.8(31.8-33.8) 32 36.3(25.6-51.3) 1.1(0.8-1.6) 1.5(1.0-2.1)
CHA,DS,VASc score
0-1 989 13.5(12.7-14.4) 11 23.8(13.2-43.0) 1.7 (1.0-3.1) 1.8(1.0-3.2)
2-3 3864 31.3(30.3-32.3) 24 44.2(29.6-66.0) 1.4(0.9-2.1) 1.8(1.2-2.6)
>3 2065 44.7 (42.8-46.6) 7 30.6 (14.6-64.2) 0.7 (0.3-1.4) 0.8 (0.4-1.6)
CCl score
0-1 5910 27.5(26.8-28.2) 28 28.7 (19.8-41.5) 1.0(0.7-1.5) 1.3(0.9-1.9)
>1 1008 35.9(33.7-38.2) 14 54.5(32.3-92.0) 1.5(0.9-2.6) 1.7 (1.0-3.0)
Myocardial infarction
Anticoagulation status
Users 1289 11.5(10.9-12.1) 7 19.1 (9.1-40.1) 1.7 (0.8-3.5) 1.7 (0.8-3.5)
Nonusers 2254 16.7 (16.0-17.4) 11 12.2 (6.7-22.0) 0.7 (0.4-1.3) 0.9 (0.5-1.6)
CHA,DS,VASc score
0-1 521 7.0 (6.5-7.7) <5 NA 0.6 (0.2-2.4) 0.6 (0.1-2.3)
2-3 1794 14.2 (13.6-14.9) 11 19.6 (10.9-35.4) 1.4 (0.8-2.5) 1.5(0.8-2.8)
>3 1228 26.0(24.6-27.5) 5 21.4(8.9-51.5) 0.8 (0.3-2.0) 0.8 (0.3-2.0)
CCl score
0-1 2933 13.4(12.9-13.9) 8 7.9 (4.0-15.9) 0.6 (0.3-1.2) 0.7 (0.4-1.4)
>1 610 21.6(19.9-23.3) 10 38.1(20.5-70.8) 1.8 (0.9-3.3) 1.9 (1.0-3.6)
Venous thromboembolism
Anticoagulation status
Users 694 6.2 (5.7-6.6) <5 NA 1.3(0.4-4.1) 1.3(0.4-4.1)
Nonusers 1083 7.8(7.4-8.3) 7 7.7 (3.7-16.1) 1.0(0.5-2.1) 1.1(0.5-2.2)
CHA,DS,VASc score
0-1 367 4.9 (4.4-5.4) <5 NA 0.9 (0.2-3.4) 0.8(0.2-3.2)
2-3 907 7.1(6.7-7.6) 6 10.7 (4.8-23.8) 1.5(0.7-3.3) 1.6 (0.7-3.6)
>3 503 10.3(9.5-11.3) <5 NA 0.8(0.2-3.2) 0.8(0.2-3.1)
CCl score
0-1 1423 6.4 (6.1-6.7) 8 7.9 (4.0-15.9) 1.2(0.6-2.5) 1.4 (0.7-2.8)
>1 354 12.2 (11.0-13.6) <5 NA 0.6 (0.2-2.4) 0.6 (0.2-2.5)
Hemorrhagic stroke
Anticoagulation status
Users 507 4.4(4.1-4.8) 5 13.5(5.6-32.3) 3.0(1.3-7.3) 3.3(1.4-7.9)
Nonusers 521 3.7 (3.4-4.1) 7 7.7 (3.7-16.1) 2.1(1.0-4.3) 2.4(1.1-5.0)
CHA,DS,VASc score
0-1 187 2.5(2.2-2.9) <5 NA 3.4(1.3-9.1) 3.3(1.2-8.9)
2-3 590 4.6 (4.2-5.0) 7 12.2 (5.8-25.7) 2.7 (1.3-5.7) 3.0(1.4-6.4)
>3 251 5.1 (4.5-5.8) <5 NA 0.8 (0.1-5.9) 0.8 (0.1-5.7)

(Continues)
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TABLE 3 (Continued)
Without liver cirrhosis With liver cirrhosis
Number of Number of HR of each event aHR of each
events IR (95% Cl) events IR (95% ClI) (95% ClI) event (95% Cl)
CCl score
0-1 872 3.9 (3.6-4.2) 10 9.9 (5.3-18.3) 2.5(1.4-4.7) 3.0 (1.6-5.6)
>1 156 5.3(4.5-6.2) <5 NA 1.4 (0.4-5.7) 1.5(0.4-5.9)
Subdural hemorrhage
Anticoagulation status
Users 257 2.2(2.0-2.5) <5 NA 3.6(1.2-11.2) 4.1(1.3-12.9)
Nonusers 223 1.6(1.4-1.8) 7 7.6 (3.6-16.0) 4.8(2.2-10.1) 5.7 (2.7-12.2)
CHA,DS,VASc score
0-1 67 0.9 (0.7-1.1) 8 16.8(8.4-33.7) 19.0(9.2-39.6) 19.1 (9.1-39.8)
2-3 293 2.3(2.0-2.5) <5 NA 1.5(0.4-6.2) 1.9 (0.5-7.5)
>3 120 2.4(2.0-2.9) <5 NA NA NA
CCl score
0-1 404 1.8(1.6-2.0) 10 9.8 (5.3-18.2) 5.5(2.9-10.2) 6.7 (3.6-12.6)
>1 76 2.6(2.1-3.2) <5 NA NA NA
Hemorrhage of the lung or urinary tract
Anticoagulation status
Users 2380 21.2(20.3-22.0) 9 24.8 (12.9-47.7) 1.2(0.6-2.3) 1.3(0.7-2.4)
Nonusers 2026 14.7 (14.1-15.4) 20 22.3 (14.4-34.5) 1.5(1.0-2.3) 1.6 (1.0-2.5)
CHA,DS,VASc score
0-1 1010 13.6 (12.8-14.4) 11 23.6 (13.1-42.6) 1.7 (1.0-3.1) 1.7 (0.9-3.1)
2-3 2448 19.3 (18.5 -20.1) 15 26.9 (16.2-44.6) 1.4(0.8-2.3) 1.5(0.9-2.4)
>3 948 19.5 (18.3-20.8) <5 NA 0.7 (0.2-2.0) 0.6 (0.2-1.9)
CCl score
0-1 3695 16.7 (16.2-17.3) 23 23.1(15.3-34.8) 1.4(0.9-2.1) 1.5(1.0-2.3)
>1 711 24.8 (23.0-26.7) 6 22.7(10.2-50.4) 0.9 (0.4-2.0) 1.0(0.4-2.1)
Gastrointestinal hemorrhage
Anticoagulation status
Users 1289 11.4 (10.7-12.0) 17 47.1(29.3-75.8) 4.1(2.6-6.7) 4.2(2.6-6.8)
Nonusers 1768 12.9 (12.3-13.5) 37 42.3(30.6-58.3) 3.3(2.4-4.5) 4.1(3.0-5.7)
CHA,DS,VASc score
0-1 389 5.2(4.7-5.7) 25 55.7 (37.6-82.4) 10.7 (7.1-16.0) 10.3 (6.9-15.2)
2-3 1777 13.9 (13.3-14.6) 22 39.8(26.2-60.4) 2.9(1.9-4.3) 3.4(2.2-5.2)
>3 891 18.3 (17.2-19.6) 7 29.9 (14.3-62.8) 1.6 (0.8-3.4) 1.7 (0.8-3.5)
CCl score
0-1 2435 10.9 (10.5-11.4) 43 43.8 (32.5-59.1) 4.0(3.0-5.4) 5.0(3.7-6.8)
>1 622 21.7 (20.1-23.5) 11 43.1(23.9-77.9) 2.0(1.1-3.6) 2.2(1.2-4.0)

Note: In the adjusted analysis we adjusted for: age, CHA,DS,VASc score, and CCl score. When stratifying by a variable, we did not adjust for it.

Abbreviations: aHR, adjusted hazard ratio; CCl, Charlson Comorbidity Index; Cl, confidence interval; HR, hazard ratio; IR, incidence rate; NA, not
applicable due to the number of events being <5.

among untreated patients with AFF and liver cirrhosis (HR, 1.10;
95% Cl, 1.00-1.20).” However, Kuo et al reported that among pa-
tients treated with warfarin, those with liver cirrhosis were not at
increased risk of ischemic stroke (HR, 0.89; 95% Cl, 0.71-1.12) or
intracranial hemorrhage (HR, 1.17; 95% Cl, 0.81-1.68), compared to

patients without liver cirrhosis.

hemorrhage.

In another Taiwanese study, Lai et al'’ compared 3490 patients
without liver disease to 433 patients with chronic liver disease. They
reported an increased risk of ischemic stroke among patients with
chronic liver disease, compared to no history of chronic liver disease
(HR, 1.50; 95% Cl, 1.21-1.87)," but no increased risk of cerebral
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investigated the risk of arterial and venous throm-
boembolic events in patients with liver cirrhosis. They compared pa-
tients with liver cirrhosis to a general population cohort. They found
that patients with liver cirrhosis had an increased risk of ischemic
stroke (aHR, 1.7; 95% Cl, 1.3-2.3) and venous thromboembolism (aHR,
2.0; 95% Cl, 1.5-2.6), but not myocardial infarction (aHR, 0.7; 95% Cl,
0.5-0.9). Similar findings on the lack of association between liver cir-

rhosis and myocardial infarction are described by Deleuran et al.>’

Sggaard et al®

investigated the risk of venous thromboembolism
in patients with liver cirrhosis, compared to the general population.
They conducted a case-control study and found that liver cirrhosis
was associated with an elevated risk of venous thromboembolism
(odds ratio, 1.74; 95% Cl, 1.54-1.95).

Grgnbaek et al®®

investigated the risk of intracerebral hemor-
rhage in patients with liver cirrhosis compared to the general pop-
ulation control. They found that liver cirrhosis was associated with
intracerebral hemorrhage (adjusted odds ratio, 5.1; 95% Cl, 3.1-8.5).

Thus, there are a number of studies showing an association be-
tween liver cirrhosis and thromboembolic events. However, Kuo
et al.,”” who also focused on AFF and liver cirrhosis, did not find an

association between liver cirrhosis and intracranial hemorrhage.

4.5 | Strengths and limitations
The main strength of our study was the inclusion of all eligible pa-
tients via a national database that ensured virtually complete follow-
up. Thus, the risk of selection bias was minimal. Further, we had a
large cohort of >270 000 patients and the ability to follow the pa-
tients for >20 years. Our access to the complete medical history of
each patient and the ability to link each patient to the prescription
registry allowed us to account for a range of potential confounders.
Our study also had limitations. Although the entire AFF cohort was
large, only few patients had liver cirrhosis, which reduced the statis-
tical precision of our estimates. We did not assess our exposures as
time-varying variables. Indeed, patients without liver cirrhosis could
develop liver cirrhosis during the study period, and the inability to track
these changes could cause a misclassification bias. However, such dif-
ferential misclassification would likely cause an underestimation of
the results. Similarly, both users and nonusers of oral anticoagulants
could potentially terminate or initiate treatment with oral anticoagu-
lants during the study period. We had no detailed information on the
severity of liver cirrhosis and no clinical scores of disease severity, such
as the Child-Pugh score or the Model of End-Stage Liver Disease score.
There was also a risk of uncontrolled confounding. For example,
it was possible that only patients with the lowest clinical bleeding risk
were treated with oral anticoagulants. This selective treatment could
have led to an underestimation of the risk of bleeding complications
among users of oral anticoagulants.®? We could not control for smok-
ing. The increased risk of ischemic stroke in patients with liver cirrhosis
might partly have been mediated by lifestyle factors, such as smoking
and obesity, rather than by the history of liver cirrhosis. However, we
did not observe any association between a history of liver cirrhosis
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and myocardial infarction during the O- to 1-year and O- to 5-year fol-
low-up periods. Because ischemic stroke and myocardial infarction
share risk factors, we believe that a potential confounding of the asso-
ciation between liver cirrhosis and ischemic stroke would also impact
the association between liver cirrhosis and myocardial infarction. The

impact of these potential confounders was likely minor.*%#!

5 | CONCLUSION

We found that a history of liver cirrhosis in patients with AFF was
associated with an increased risk of ischemic stroke throughout all
follow-up periods, and was associated with venous thromboembo-
lism during O to 5 years of follow-up. Additionally, a history of liver
cirrhosis was also associated with all evaluated bleeding complica-

tions during O to 5 years of follow-up.
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