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Background-—Patients with impaired liver function (ILF) were excluded from clinical trials that investigated non–vitamin K
antagonist oral anticoagulants (NOACs) for stroke prevention in patients with atrial fibrillation. The aim of this study was to
evaluate the efficacy and safety of NOACs in atrial fibrillation patients with ILF.

Methods and Results-—A cohort study based on electronic medical records was conducted from 2009 to 2016 at a multicenter
healthcare provider in Taiwan and included 6451 anticoagulated atrial fibrillation patients (aged 76.7�7.0 years, 52.5% male). Patients
were classified into 2 subgroups: patients with normal liver function (n=5818) and patients with ILF (n=633, 9.8%). Cox regression
analysis was performed to investigate the risks of thromboembolism, bleeding, and death associated with use of NOACs and warfarin in
patients with normal liver function and ILF, respectively. In patients with normal liver function, comparedwithwarfarin therapy (n=2928),
NOAC therapy (n=4048) was associated with significantly lower risks of stroke or systemic embolism (adjusted hazard ratio: 0.75; 95%
confidence interval, 0.65–0.88; P<0.001) and death (adjusted hazard ratio: 0.69; 95% confidence interval, 0.60–0.80; P<0.001) with no
difference in major bleeding or gastrointestinal bleeding. In patients with ILF, compared with warfarin therapy (n=394), NOAC therapy
(n=342)was associatedwith significantly lower risk of death (adjusted hazard ratio: 0.64; 95% confidence interval, 0.49–0.83; P<0.001),
but no difference in stroke or systemic embolism, major bleeding, or gastrointestinal bleeding.

Conclusions-—In atrial fibrillation patients with ILF, NOAC therapy and warfarin therapy were associated with similar risks of stroke
or systemic embolism, major bleeding, and gastrointestinal bleeding. ( J Am Heart Assoc. 2018;7:e009263. DOI: 10.1161/
JAHA.118.009263.)
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D ata on the safety and efficacy of anticoagulation therapy
in atrial fibrillation (AF) patients with impaired liver

function (ILF) are currently limited.1 ILF is associated with
increased bleeding risk and has been included in a bleeding
risk scoring system for assessing the 1-year risk of major
bleeding associated with warfarin therapy in patients with
AF.2–4 In addition, hepatitis-related chronic liver disease and
cirrhosis are prevalent in Asia and are associated with higher
risks of ischemic stroke, portal vein thrombosis, intracranial

hemorrhage, and variceal bleeding.5–8 Non–vitamin K antag-
onist oral anticoagulant (NOAC) represents a major advance
in stroke prevention for AF patients, offering at least
equivalent efficacy and less bleeding compared with war-
farin.9–12 Patients with ILF, however, were mostly excluded
from major clinical trials of NOACs for stroke prevention in
patients with nonvalvular AF.9–12 Consequently, there is no
recommended treatment strategy for patients with ILF
according to current AF management guidelines.13,14
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At present, it is unclear whether the efficacy and safety of
NOAC therapy is comparable to warfarin therapy in patients
with ILF. In particular, these patients are also affected by
coagulopathy, with which high bleeding and thrombotic risks
are anticipated.3 A few recent studies reported comparable
bleeding rates between NOAC and conventional anticoagulant
therapies in patients with chronic liver disease or cirrhosis.15–18

However, given the small sample sizes of these studies and the
few studies evaluating efficacy and safety concurrently, more
data are needed to establish the efficacy and safety of NOAC
therapy in patients with ILF. The objective of this study was to
compare the efficacy and safety of NOAC and warfarin
therapies for stroke prevention in AF patients with ILF.

Methods
The data that support the findings of this study are available
from the corresponding author on reasonable request.

In this retrospective cohort study, patient data were
obtained from the Chang Gung Hospital System, which is
currently the largest healthcare provider in Taiwan, compris-
ing 3 major teaching hospitals and 4 tertiary care medical
centers. The healthcare provider has >10 000 beds and
admits 280 000 patients every year.19 The hospital identifi-
cation number of each patient was encrypted and deidentified
to protect privacy; therefore, informed consent was waived for
this study. The diagnoses and laboratory data could be linked
and continuously monitored using consistent data encryption.
The institutional review board of Chang Gung Memorial
Hospital approved the study protocol.

Study Cohort
From 2009 to 2016, 45 986 patients diagnosed with AF
(International Classification of Diseases, 9th Revision [ICD-9]
code 427.31 or 10th Revision [ICD-10] codes I48.0, I48.1, and

I48.2) were identified. Among these patients, 20 673 had at
least 1 prescription filled for oral anticoagulation therapy after
AF diagnosis. Anticoagulation therapy was defined as using
warfarin or NOACs (dabigatran, rivaroxaban, apixaban, or
edoxaban).The index date was defined as the first date of
prescribing NOAC or warfarin. Patients were allowed to use
warfarin before initiating treatment with NOACs. We enrolled
patients with AF aged ≥65 years because Taiwan’s National
Health Institute only reimburses payments for NOAC prescrip-
tions for these patients. Patients were excluded if they had
experienced a stroke within 2 weeks before the index date
(n=3943); had deep vein thrombosis or pulmonary embolism
within 6 months before the index date (n=760); received joint
or heart valve replacement within 6 months before the index
date (n=579); had end-stage renal disease before the index
date (n=1803); had in-hospital bleeding, stroke, systemic
embolism, or death within 7 days after the index date (n=568);
were aged <65 years (n=4356), or did not have a serum AST
(aspartate aminotransferase), ALT (alanine aminotransferase),
or total bilirubin test within the year before the index date
(n=2213). Finally, 6451 patients were eligible for this study
and were divided into 2 subgroups: patients with normal liver
function (n=5818) and those with ILF (n=633). ILF was defined
as serum AST or ALT >2-fold the upper limit of normal or total
bilirubin >1.5-fold the upper limit of normal.10,11 The study
design flowchart and patient enrollment are shown in Figure.
The risks of stroke or systemic embolism (S/SE), major
bleeding, gastrointestinal bleeding, and death were compared
in patients receiving NOAC and warfarin therapies with normal
liver function and ILF, respectively.

Assessment of Other Covariates
Baseline comorbidities of the study cohort include hyperten-
sion, diabetes mellitus, chronic kidney disease, and past
history of heart failure, myocardial infarction, transient
ischemic attack, S/SE, and bleeding. Laboratory data include
serum hemoglobin, estimated glomerular filtration rate, and
lipid profiles. Baseline medications were defined from medical
records within 180 days of initiating oral anticoagulants,
including antiplatelets, NSAIDs, statins, amiodarone, and
anticonvulsants.

Outcome Measures
The efficacy end point was the occurrence of S/SE. The safety
end point was the occurrence of major bleeding or gastroin-
testinal bleeding. Major bleeding was defined as hospitaliza-
tion with a primary diagnosis of bleeding and blood
transfusion during the period of drug use or within 14 days
after the last day of drug use. Gastrointestinal bleeding was
defined as hospitalization with a primary diagnosis of bleeding

Clinical Perspective

What Is New?

• Non–vitamin K antagonist oral anticoagulants, compared
with warfarin, are associated with significantly lower risk of
death but no difference in stroke or systemic embolism,
major bleeding, or gastrointestinal bleeding in patients with
atrial fibrillation and impaired liver function.

What Are the Clinical Implications?

• Non–vitamin K antagonist oral anticoagulant use is a
reasonable alternative to warfarin in atrial fibrillation
patients aged ≥65 years with impaired liver function.
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in any segment of the gastrointestinal tract, from the
esophagus to the rectum during the drug-use period or within
14 days after the last day of drug use. The follow-up period

was defined as being from the index date until the first
occurrence of any study outcome or the end date of the study
period (December 31, 2016), whichever came first. Patients

Figure. Enrollment of patients aged ≥65 years with nonvalvular atrial fibrillation (AF). From January 1,
2009, to December 31, 2016, this study evaluated 5818 patients with normal liver function vs 633
patients with impaired liver function. The index date was defined as the first date of prescribing non–
vitamin K antagonist oral anticoagulant (NOAC) or warfarin. ALT indicates alanine aminotransferase; AST,
aspartate aminotransferase; ESRD, end-stage renal disease.
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who changed oral anticoagulants were censored 14 days
following their switch in treatment. If an event or death
occurred within 14 days following a switch, that event and
time were ascribed to the initial therapy. The diagnostic codes
used to identify the study outcomes and the baseline
covariates are summarized in Table 1.

Statistical Analysis
Data were presented as mean and standard deviation or
median and interquartile range for continuous variables and
as proportions for categorical variables. Differences between
continuous values were assessed using an unpaired 2-tailed
t test. Differences between nominal variables were com-
pared by the v2 test. We calculated crude incidence as the
number of events divided by 100 person-years. Cox propor-
tional hazards regression with time-dependent covariates
was used to compare event rates between NOAC and
warfarin therapies in patients with normal liver function and
ILF, respectively. For comparing risks of S/SE, major
bleeding, gastrointestinal bleeding, and death between
NOAC and warfarin therapies, the analyses were adjusted
for age, sex, hypertension, diabetes mellitus, chronic kidney
disease, history of myocardial infarction, history of ischemic
heart disease, history of systemic embolism, history of
peripheral vascular disease, history of transient ischemic

attack, history of stroke, history of heart failure, statins,
amiodarone, anticonvulsants, NSAIDs, aspirin, clopidogrel,
and ticagrelor. Because of the high mortality rate for AF
patients with ILF, we reanalyzed the data using death as a
competing risk factor for S/SE, major bleeding, and
gastrointestinal bleeding. All analyses were conducted using
SAS v9.4 (SAS Institute).

Results

Baseline Characteristics
Baseline characteristics of patients with or without ILF are
shown in Table 2. A total of 5818 patients had normal liver
function, with a mean age of 76.6�7.0 years, a mean
CHA2DS2-VASc score of 4.1�1.6, and a mean HAS-BLED
score was 2.7�0.9. In addition, 633 patients (9.8%) had
ILF, with a mean age of 77.3�6.9 years, a mean CHA2DS2-
VASc score of 4.2�1.7, and a mean HAS-BLED score of
3.2�1.1. Patients with ILF were significantly older
(P=0.014), had higher HAS-BLED scores (P<0.001), had a
higher proportion of comorbidities, and had a higher
proportion of amiodarone or antiplatelet use than patients
with normal liver function; however, there was no signifi-
cant difference in CHA2DS2-VASc score between the 2
groups (P=0.456).

Table 1. ICD-9 and ICD-10 Codes Used to Define Comorbidities and Outcomes

ICD-9 Codes ICD-10 Codes Diagnosis Definition

Heart failure 428 I50 Discharge

Hypertension 401, 402 I10–I16 Outpatient department ≥2

Diabetes mellitus 250 E10 Outpatient department ≥2

Myocardial infarction 410 I21 Discharge

Ischemic heart disease 410, 411, 412, 413, 414 I21, I22, I23, I24, I25 Discharge

Peripheral vascular disease 440 I700, I702, I703, I704, I705, I706,
I707, I708, I709

Discharge

Transient ischemic attack 435 G45 Discharge

S/SE 433, 434, 435, 436, 437, 444 I65, I66, I74, G458, G459 Discharge

All bleeding 430, 431, 531, 532, 533, 534, 578, 432.0, 432.1, 432.9,
852.0, 852.2, 852.4, 853.0, 530.7, 53.12, 531.4, 531.6,
532.2, 532.4, 532.6, 533.2, 533.4, 533.6, 534.2, 534.4,
534.6, 569.3, 336.1, 363.6, 719.1, 423.0, 772.5, 535.01,
535.11, 535.21, 353.1, 535.41, 535.51, 535.61, 535.71,
537.83, 537.84, 562.02, 562.03, 562.12, 562.13,
569.85, 372.72, 376.32, 377.42, 379.23, 593.81,
866.01, 866.02, 866.11, 866.12, 729.92

I60, I62, N02, R04, R31, I690, I691,
I692, J942, K250, K254, K260,
K264, K270, K280, K920, K921,
K922, S064, S065, S066

Discharge

Gastrointestinal bleeding 535.11, 535.21, 535.31, 535.41, 535.51, 535.61, 535.71,
537.83, 537.84, 562.12, 562.13, 569.85, 53.10, 53.20,
53.30, 53.40, 57.80, 530.7, 531.2, 531.4, 531.6, 532.2,
532.4, 532.6, 533.2, 533.4, 534.2, 534.4, 534.6, 569.3,
535.1, 562.2, 562.3

K250, K254, K260, K264, K270,
K280, K920, K921, K922

ICD-9 indicates International Classification of Diseases, Ninth Revision; ICD-10, International Classification of Diseases, Tenth Revision; S/SE, stroke or systemic embolism.
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Table 2. Baseline Characteristics of Anticoagulated AF Patients with Normal Liver Function and ILF

All patients (n=6451)

Liver Function

P ValueNormal (n=5818) ILF (n=633)

Age, y 76.7�7.0 76.6�7.0 77.3�6.9 0.014

Male, n (%) 3389 (52.5) 3066 (52.7) 323 (51.0) 0.424

Past history

Heart failure, n (%) 2708 (42.0) 2386 (41.0) 322 (50.9) <0.001

Hypertension, n (%) 4801 (74.4) 4363 (75.0) 438 (69.2) 0.002

Diabetes mellitus, n (%) 2146 (33.3) 1953 (33.4) 193 (30.5) 0.119

Myocardial infarction, n (%) 426 (6.6) 357 (6.1) 69 (10.9) <0.001

Ischemic heart disease, n (%) 2820 (43.7) 2546 (43.8) 274 (43.3) 0.819

Systemic embolism, n (%) 159 (2.5) 144 (2.5) 15 (2.4) 0.871

Peripheral vascular disease, n (%) 65 (1.0) 61 (1.1) 4 (0.6) 0.319

Transient ischemic attack, n (%) 215 (3.3) 193 (3.3) 22 (3.5) 0.833

Stroke, n (%) 1607 (24.9) 1455 (25.0) 152 (24.0) 0.582

Bleeding, n (%) 2698 (41.8) 2443 (42.0) 255 (40.3) 0.409

CHA2DS2-VASc score 4.1�1.6 4.1�1.6 4.2�1.7 0.456

HAS-BLED score 2.7�0.9 2.7�0.9 3.2�1.1 <0.001

Laboratory data

AST, U/L 27 (22–37) 26 (21–33) 71 (36–110) <0.001

ALT, U/L 20 (15–29) 19 (14–27) 64 (21–102) <0.001

Total bilirubin, mg/dL 0.9 (0.6–1.2) 0.8 (0.6–1.1) 1.5 (0.9–2.5) <0.001

eGFR, mL/min/1.73 m2 64.9 (51.1–79.7) 65.3 (51.8–79.8) 59.9 (44.3–78.7) <0.001

Hemoglobin, g/dL 12.6 (11.1–14.0) 12.7 (11.2–14.1) 11.7 (10.4–13.3) <0.001

Platelet, 91000/lL 187 (152–228) 189 (155–229) 171 (129–218) <0.001

LDL-C, mg/dL 94 (76–113) 95 (77–114) 86 (69–105) <0.001

HDL-C, mg/dL 46 (38–55) 46 (38–55) 41 (33–51) <0.001

Cholesterol, mg/dL 163 (141–187) 165 (142–188) 152 (126–176) <0.001

Triglyceride, mg/dL 95 (69–130) 96 (70–131) 87 (63–122) <0.001

Medication

Statin, n (%) 1868 (29.0) 1714 (27.5) 154 (24.3) 0.007

Amiodarone, n (%) 780 (12.1) 599 (10.3) 181 (28.6) <0.001

Antiplatelet, n (%) 3696 (57.3) 3326 (57.2) 370 (58.5) 0.535

Anticonvulsant, n (%) 85 (1.3) 70 (1.2) 15 (2.4) 0.015

NSAID, n (%) 1347 (20.9) 1200 (20.6) 147 (23.2) 0.127

Warfarin, n (%) 3332 (51.7) 2928 (50.3) 394 (62.2) <0.001

NOAC, n (%) 4390 (68.1) 4048 (69.6) 342 (54.0) <0.001

Dabigatran, n (%) 1483 (23.0) 1387 (23.8) 96 (17.3)

Rivaroxaban, n (%) 2219 (34.4) 2044 (35.1) 175 (27.6)

Apixaban, n (%) 598 (9.3) 534 (9.2) 64 (10.1)

Edoxaban, n (%) 90 (1.4) 83 (1.4) 7 (1.1)

Values are mean�SD or median (interquartile range) except as noted. CHA2DS2-VASc score awards 1 point each for congestive heart failure, hypertension, diabetes mellitus, vascular
disease, age 65–74 y, and female sex (sex category) and 2 points each for age ≥75 y and previous stroke or transient ischemic attack. HAS-BLED score awards 1 point each for
hypertension, abnormal renal or liver function, stroke, bleeding history, labile international normalized ratio, age ≥65 y, and antiplatelet drug or alcohol use. AF indicates atrial fibrillation;
ALT, alanine aminotransferase; AST, aspartate aminotransferase; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein; ILF, impaired liver function; LDL-C, low-density
lipoprotein; NOAC, non–vitamin K antagonist oral anticoagulant.
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Patients With Normal Liver Function
Table 3 (upper panel) shows the event rate per 100 per-
son-years with 95% confidence intervals (CIs) for adverse
outcomes associated with types of oral anticoagulants in
patients with AF and normal liver function. In these
patients, the respective event rates in the NOAC and
warfarin groups were 5.52 and 8.08 per 100 person-years
for S/SE, 1.23 and 2.16 per 100 person-years for major
bleeding, 1.27 and 1.23 per 100 patient-years for gas-
trointestinal bleeding, and 2.80 and 3.65 per 100 person-
years for death. In addition, adjusted hazard ratios (aHRs),
95% CIs, and P values were given for prescription of NOAC
versus warfarin in these patients. As shown in the Table 3,
compared with warfarin therapy (n=2928), NOAC therapy
(n=4048) was associated with significantly lower risks of
S/SE (aHR: 0.75; 95% CI, 0.65–0.88; P<0.001) and death
(aHR: 0.69; 95% CI, 0.60–0.80; P<0.001) with no signif-
icant difference in major bleeding or gastrointestinal
bleeding.

Patients With ILF
Table 3 (lower panel) shows the event rate per 100 person-
years with 95% CI for adverse outcomes associated with types
of oral anticoagulants in patients with AF and ILF. In these
patients, the respective event rates in the NOAC and warfarin
groups were 8.80 and 6.92 per 100 person-years for S/SE,
3.86 and 3.83 per 100 person-years for major bleeding, 3.64
and 2.17 per 100 person-years for gastrointestinal bleeding,
and 9.80 and 12.07 per 100 person-years for death. In
addition, aHRs, 95% CIs, and P values were also given for

prescription of NOAC versus warfarin. As shown in the
Table 3, compared with warfarin therapy (n=394), NOAC
therapy (n=342) was associated with significantly lower risk
of death (aHR: 0.64; 95% CI, 0.49–0.83; P<0.001), but no
difference was noted in S/SE, major bleeding, or gastroin-
testinal bleeding. The results were similar when death was
treated as a competing risk in the Cox model (Table 3). We
reanalyzed the data using 7 days as a censoring window for
drug switches. The results were similar to the findings with
14 days as a censoring window for drug switches (Table S1).

Discussion
The main findings of this study are as follows: First, in patients
with AF and normal liver function, use of NOAC has the
distinct advantage of significantly reduced S/SE and death
without a difference in major bleeding and gastrointestinal
bleeding compared with warfarin use. Second, in patients with
AF and ILF, use of NOAC has the distinct advantage of only
significantly reduced death without a difference in S/SE,
major bleeding, and gastrointestinal bleeding compared with
warfarin use.

ILF is considered a potentially modifiable bleeding risk
factor in the 2016 European Society of Cardiology guidelines
for the management of AF and is an important predictor of
bleeding risk in HAS-BLED and HEMORR2HAGES scores.4,13,20

The coagulation system in patients with ILF is perceived to be
unstable compared with healthy individuals, who have both
sufficient and properly functioning procoagulants and antico-
agulants. Studies of coagulation factors in patients with
cirrhosis have revealed decreased amounts and disturbed

Table 3. Event Rate and Risk of S/SE, Bleeding, and Death in Anticoagulated AF Patients

Event Rate/100 Person-Years (95% CI) Crude Adjusted* Competing Risk

NOAC Warfarin HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value

Normal liver function (n=5818)

S/SE 5.52 (4.99–6.11) 8.08 (7.45–8.77) 0.78 (0.68–0.91) <0.001 0.75 (0.65–0.88) <0.001 0.75 (0.64–0.88) <0.001

MB 1.23 (1.01–1.50) 2.16 (1.87–2.50) 0.86 (0.65–1.14) 0.292 0.83 (0.62–1.11) 0.201 0.81 (0.61–1.09) 0.162

GIB 1.27 (1.04–1.54) 1.23 (1.02–1.49) 1.39 (1.02–1.90) 0.039 1.36 (0.99–1.88) 0.059 1.33 (0.95–1.85) 0.094

Death 2.80 (2.45–3.20) 3.65 (3.26–4.08) 0.70 (0.61–0.80) <0.001 0.69 (0.60–0.80) <0.001

ILF (n=633)

S/SE 8.80 (6.50–11.90) 6.92 (5.46–8.78) 0.99 (0.65–1.52) 0.976 0.77 (0.49–1.22) 0.271 0.72 (0.46–1.15) 0.169

MB 3.86 (2.52–5.92) 3.83 (2.83–5.19) 1.14 (063–2.08) 0.658 1.31 (0.70–2.48) 0.399 1.19 (0.60–2.35) 0.622

GIB 3.64 (2.35–5.65) 2.17 (1.47–3.22) 1.49 (0.79–2.81) 0.218 1.68 (0.86–3.29) 0.132 1.44 (0.75–2.75) 0.272

Death 9.80 (7.43–12.93) 12.07 (10.02–14.53) 0.68 (0.53–0.87) 0.002 0.64 (0.49–0.83) <0.001

AF indicates atrial fibrillation; CI, confidence interval; GIB, gastrointestinal bleeding; HR, hazard ratio; ILF, impaired liver function; MB, major bleeding; NOAC, non–vitamin K antagonist oral
anticoagulant; S/SE, stroke or systemic embolism.
*Adjusted for age, sex, hypertension, diabetes mellitus, chronic kidney disease, history of myocardial infarction, history of ischemic heart disease, history of systemic embolism, history of
peripheral vascular disease, history of transient ischemic attack, history of stroke, history of heart failure, statins, amiodarone, anticonvulsants, NSAIDs, aspirin, clopidogrel, and ticagrelor.
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procoagulant and anticoagulant activity.21,22 The relative
deficiency of both procoagulants and anticoagulants may
cause increased thrombosis or bleeding depending on the
prevailing circumstantial conditions.23

Significant differences in NOAC efficacy and safety were
observed between AF patients with normal liver function and
those with ILF. Unlike renal impairment, there is no dose
adjustment rule for NOACs in patients with ILF.13,14 The usual
coagulation laboratory tests do not allow for measuring
anticoagulant intensity for NOAC dose adjustment. Despite
NOACs having major pharmacologic properties with advan-
tages over warfarin, physicians often are still conservative
when considering a NOAC as an appropriate replacement for
warfarin in patients with ILF.

Clinical data of NOACs in patients with ILF are scarce.
Patients were largely excluded from randomized controlled trials
of NOACs if baseline liver function was abnormal.9–12,24–27

ROCKET AF (Rivaroxaban Once-daily oral direct factor Xa
inhibition Compared with vitamin K antagonism for prevention
of stroke and Embolism Trial in Atrial Fibrillation) and
EINSTEIN (Oral Direct Factor Xa Inhibitor Rivaroxaban in
Patients With Acute Symptomatic Deep-Vein Thrombosis or
Pulmonary Embolism) trials excluded patients with ALT levels
>3 times the upper limit of normal.9,25 RE-LY (Randomized
Evaluation of Long Term Anticoagulant Therapy) and RE-
COVER (Efficacy and Safety of Dabigatran Compared to
Warfarin for 6 Month Treatment of Acute Symptomatic
Venous Thromboembolism) trials excluded patients with AST
or ALT levels more than twice the upper limit of normal.12,27

ARISTOTLE (Apixaban for Reduction in Stroke and Other
Thromboembolic Events in Atrial Fibrillation), AMPLIFY
(Apixaban for the Initial Management of Pulmonary Embolism
and Deep-Vein Thrombosis as First-Line Therapy), ENGAGE AF
(Effective Anticoagulation with Factor Xa Next Generation in
Atrial Fibrillation), and Hokusai-VTE (Comparative Investiga-
tion of Low Molecular Weight Heparin/Edoxaban Tosylate
Versus Low Molecular Weight Heparin/Warfarin in the
Treatment of Symptomatic Deep-Vein Blood Clots and/or
Lung Blood Clots) trials excluded patients with AST or ALT
levels greater than twice the upper limit of normal or total
bilirubin levels >1.5-fold the upper limit of normal,10,11,24,26

which was used as the criteria for ILF in the present study.
Because major trials of NOAC excluded patients with ILF, data
comparing NOAC and warfarin therapies in patients with ILF
are restricted to small cohort studies.16–18 Three retrospec-
tive cohort studies compared the bleeding risk between NOAC
and traditional anticoagulant therapies for thrombosis and
stroke prevention in AF patients with cirrhosis or chronic liver
disease.16–18 No significant difference in all-cause bleeding
was observed between traditional anticoagulants and NOACs
during 3-year follow-up.16–18 Decreased risk of major bleeding

was found in the NOAC group in one of the studies.16 The
reason for the discrepancy between this study and ours may
be that the enrollment of our study consisted of much older
patients (mean age of 77 years versus 57–60 years in the
previous study). In addition, the numbers of patients in the
previous studies were small (N=37, N=49, and N=233).16–18

In contrast, we reported the outcomes of oral anticoagulant
therapy in a much larger cohort of patients with ILF (n=633).
Our results supported the notion that patients at high risk of
bleeding with traditional anticoagulants also have an
increased risk of bleeding with NOACs.

Liver function tests are often neglected in NOAC users. In
the present cohort, 25.5% of patients in whom oral antico-
agulant treatment was initiated did not have liver function
examined before therapy. This may cause patients to be in
danger due to incomplete assessment of bleeding risk. To
estimate the bleeding risk associated with anticoagulant
therapy, it is necessary to evaluate serum hemoglobin, renal
function, and liver function before initiation of anticoagulant
therapy.13,14 For patients with high bleeding risk, such as
elderly patients or patients with impaired liver or renal
function, modifiable bleeding risk factors should be identified
and causes corrected. Medications predisposing patients to
bleeding such as antiplatelet drugs or NSAIDs should be
avoided or balanced with the benefits of anticoagulant
therapy. Patients consuming excess alcohol (≥8 drinks/wk)
should receive alcohol cessation treatment.13

In the present study, we confined our analysis to patients
aged ≥65 years. Elderly patients often have more comorbidi-
ties and polypharmacy, which are associated with higher
bleeding risk than those without.28–31 Our study agreed with a
meta-analysis of 4 major clinical trials of NOAC with improved
efficacy in S/SE (relative risk: 0.81; 95% CI, 0.73–0.91;
P<0.0001) and all-cause mortality (relative risk: 0.90; 95% CI,
0.85–0.95; P<0.0001) and increased gastrointestinal bleeding
(relative risk: 1.25; 95% CI, 1.01–1.55; P=0.04) when NOAC
prescription was compared with warfarin.32 Our studies
showed similar findings in patients with AF and normal liver
function with significantly reduced S/SE (aHR: 0.75; 95% CI,
0.65–0.88; P<0.001) and death (aHR: 0.69; 95% CI, 0.60–
0.80; P<0.001), with no difference in major bleeding (aHR:
0.83; 95% CI, 0.62–1.11; P=0.201) or gastrointestinal bleed-
ing (aHR: 1.36; 95% CI, 0.99–1.88; P=0.059). In our study of
patients with ILF, the results showed no difference in S/SE
(aHR: 0.77; 95% CI, 0.49–1.22; P=0.271), major bleeding
(aHR: 1.31; 95% CI, 0.70–2.48; P=0.399), and gastrointestinal
bleeding (aHR: 1.68; 95% CI, 0.86–3.29; P=0.132) but
significantly lower risk of death (aHR: 0.64; 95% CI, 0.49–
0.83; P<0.001). In summary, the results of our study
suggested NOACs still had efficacy and safety profiles similar
to warfarin but had the distinct advantage of reduced all-
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cause mortality compared with warfarin in patients with AF
and ILF.

Study Strengths
The strengths of our study include a well-defined source for a
large study population; available data on baseline hemoglobin,
liver function, and renal function before the initiation of
anticoagulant therapy; and direct comparison of NOAC and
warfarin therapies between patients with normal and ILF. To
our knowledge, this study is the largest to date to evaluate the
use of NOACs versus warfarin in patients with ILF.

Study Limitations
This study had several limitations. First, miscoding and
misclassification are potential biases in an established
database that relies on physician-reported diagnoses. However,
such miscoding and misclassification are highly unlikely to be
different between patients with normal liver function and those
with ILF. The favorable efficacy and safety profiles of NOACs
versus warfarin in patients with normal liver function were
comparable to the results of meta-analyses and real-world
data.32–34 Second, we did not analyze the quality of anticoag-
ulation control as reflected by time in therapeutic range in the
warfarin group, given the close relationship between the time in
therapeutic range and thromboembolism or bleeding. Third, we
did not evaluate the influence from degree of live function
abnormality or prognostic scores for cirrhosis, such as the
Child–Pugh score or the model for end-stage liver disease
score. Fourth, although we adjusted the baseline differences
between groups in multivariate regression analysis, other
unmeasured confounders may still exist that could confound
the results and conclusion. Finally, this study enrolled only
Taiwanese patients; therefore, whether the results can be
extrapolated to other populations remains unknown.

Conclusions
In AF patients with ILF, NOAC therapy was associated with
lower risk of death compared with warfarin therapy, but no
difference was observed in S/SE, major bleeding, or gas-
trointestinal bleeding.
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Table S1. Using 7 days as a censoring window for drug switches. 

7 days Crude  Adjusted* 

 HR (95% CI) P value  HR (95% CI) P value 

Normal Liver function (n=5818) 

 S/SE 0.78 (0.68-0.90) <0.001  0.75 (0.66-0.87) <0.001 

 Major 

bleeding 

0.87 (0.66-1.15) 0.328  0.83 (0.63-1.11) 0.210 

 GI bleeding 1.36 (1.00-1.84) 0.049  1.32 (0.97-1.81) 0.082 

 Death 0.70 (0.61-0.80) <0.001  0.69 (0.60-0.80) <0.001 

Impaired liver function (n=633) 

 S/SE 0.87 (0.58-1.30) 0.497  0.68 (0.44-1.05) 0.085 

 Major 

bleeding 

1.15 (0.63-2.08) 0.655  1.32 (0.70-2.49) 0.395 

 GI bleeding 1.49 (0.79-2.82) 0.217  1.68 (0.86-3.29) 0.132 

 Death 0.68 (0.53-0.87) 0.002  0.63 (0.49-0.82) <0.001 

CI, confidence interval; GI, gastrointestinal; HR, hazard ratio; S/SE, stroke or systemic 

embolism.  

*Adjusted for age, sex, hypertension, diabetes mellitus, chronic kidney disease, 

history of myocardial infarction, history of ischemic heart disease, history of systemic 

embolism, history of peripheral vascular disease, history of transient ischemic attack, 

history of stroke, history of heart failure, statins, amiodarone, anticonvulsants, 

nonsteroidal anti-inflammatory drug, aspirin, clopidogrel, and ticagrelor.  


