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Background: It is unclear whether the therapeutic effect of warfarin in patients with atrial fibrillation (AF)
and normal liver function differs between those with and without nonalcoholic fatty liver disease (NAFLD).
With this in mind, we aimed to evaluate the impact of NAFLD on the international normalized ratio (INR)
control in warfarin-treated AF patients with normal liver function.

Methods: We enrolled 600 AF patients aged 28-94 (median 68) with normal liver function who were
receiving daily warfarin therapy, 172 with NAFLD and 428 without. The INR and INR/warfarin dosage rate
were measured. Four nested multivariable linear regression models adjusted for potential confounders were
used to assess whether there were differences in INR and INR/warfarin dose rate between patients with and
without NAFLD.

Results: The INR, the percentage of patients with INR within the target range of 2.0-3.0, and the INR/
warfarin dose rate were lower in patients with NAFLD than those without. In the maximally adjusted
multivariable linear regression models, the INR in NAFLD patients (0.22+0.07, P=0.003) was lower than in
non-NAFLD patients, and the INR/warfarin dose rate was slightly lower (0.09+0.06, P=0.10) in NAFLD
than in non-NAFLD patients.

Conclusions: Our findings suggest that among AF patients, the therapeutic effect of warfarin is impaired
in patients who have NAFLD. Therefore, a slightly higher or personally optimized dosage of warfarin might
be necessary among AF patients with NAFLD in order to achieve the INR target range.
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Introduction

Anticoagulant therapy is an effective method of preventing
ischemic stroke in patients with atrial fibrillation (AF) (1).
Although a number of novel direct acting oral
anticoagulants (OACs) have been approved, warfarin has
been the worldwide primary OAC for the past 50 years, and
is currently prescribed to nearly 35% of patients with AF (2).
Based on recent data from a cross-national survey in
China, among patients with ischemic stroke and a history
of AF who had taken OACs, 98.2% had taken warfarin,
and there was large underuse of OACs (3). Therapeutic
anticoagulation is defined as an international normalized
ratio (INR) of 2.0-3.0; the warfarin dose required to
achieve this for patients can vary more than 40-fold,
ranging from 0.5-20 mg/day (4). This dose variability is
associated with clinical factors such as ethnicity, age, body-
mass index (BMI), body surface area, smoking, drug-drug/
dietary interactions, genetic variants, and also concomitant
conditions, including impaired nutrition, congestive heart
failure, pharmacogenetic-guided dosing of coumarin
anticoagulants, and liver diseases (5). Some of these clinical
factors may also affect INR. For example, a study include
4202 patients found that the risk of hemorrhage increased
sharply and INR was influenced with advanced age;
Polymorphisms in cytochrome P450 2C9 (CYP2C9) and
VKORCI influence patients’ INR; Interactions between
warfarin and certain commonly used drugs and drug
families (mainly anti-infective agents, lipid-lowering drugs,
NSAIDs including COX-2 selective NSAIDs, selective
serotonin reuptake inhibitors, amiodarone, omeprazole,
fluorouracil, and cimetidine) are also cause for concern of
the influence on INR (6-8) .

Nonalcoholic fatty liver disease (NAFLD) is one of the
most widespread liver diseases in the world, with prevalence
estimates ranging from 6-35%. Recently, increasing
evidence has indicated that NAFLD is linked with multiple
types of cardiovascular disease (9). Also, NAFLD appears to
be increasing in frequency and is related with higher adverse
cardiovascular outcomes in AF patients (10,11). It has
been reported that AF patients who develop NAFLD have
relatively lower levels of INR, compared with those who do
not (12). Evidence of mechanism suggested that impaired
liver function influenced the metabolism of warfarin (13).

It is unclear whether the therapeutic effect of warfarin in
AF patients with NAFLD, but normal liver function, differs
from the effect in AF patients without NAFLD. So far, only
a few studies have focused on the complication of NAFLD
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affecting warfarin dosage requirements. As they have
reported, patients with NAFLD are often accompanied
by a decline in liver function, and an increased activity of
some circulating coagulation factors (FVIII, FIX, FXI and
FXII) has been found in patients of NAFLD, while the
increase of FIX may attenuate the function of warfarin.
Besides, a procoagulant imbalance has been observed
across the spectrum of NAFLD histological severity
progressing from simple steatosis to NASH-cirrhosis and
resulting from reduced protein C, which may influence
the effect of warfarin (14). Furthermore, impaired liver
may influence the metabolism of warfarin thus affecting
warfarin dosage requirements. Therefore, in this study, we
aimed to compare the INR control in warfarin-treated AF
and NAFLD patients with normal liver function to that of
patients without NAFLD.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-5387).

Methods

We performed a cross-sectional study including all AF
patients who visited the Xinhua Hospital from Jan 2016
to Dec 2018 and received warfarin therapy. The data were
extracted from electronic medical records in the Xinhua
Hospital. In this way, we identified 600 AF patients aged 28-
94 years with normal liver function who were taking warfarin
regularly; of these, 172 had NAFLD, and 428 did not.

All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
Xinhua Hospital affiliated to Shanghai Jiao Tong University
School of Medicine Chongming Branch (No. CMEC-
2020-K'T-31) and informed consent was taken from all the
patients.

Diagnosis of AF

AF was diagnosed according to a standard 12-lead resting
electrocardiograph or 24-hour Holter, during the outpatient
or inpatient period of the enrolled participants. All
procedures and operations were performed by experienced
cardiologists.

Determination of NAFLD

In this study, NAFLD was diagnosed according to the
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current guidelines from the American Association for the
Study of Liver Diseases (AASLD) (15), National Institute
for Health and Care Excellence (NICE) (16), and the
European associations for the study of the liver, diabetes,
and obesity (EASL-EASD-EASO) (17).

A Hewlett-Packard ultrasound color system, Sonos
500 (HP, Andover, Mass, USA), was used for the
echocardiographic examinations. M-mode measurements
were taken under 2-D guidance in accordance with
the recommendations of the American Society of
Echocardiography (18), if all following criteria were met:
(I) ultrasound identification of hepatic steatosis, assessed by
professional radiologists with at least 10 years’ experience
of abdominal ultrasound examination; and (II) exclusion of
secondary known causes of chronic liver disease, including
excessive alcohol intake (30 g/day in men and 20 g/day
in women), viral infection, drugs that can injure the liver,
autoimmunity, and hemochromatosis (17).

Warfarin treatment

AF patients with NAFLD were treated with warfarin in
accordance with the current American Heart Association/
American College of Cardiology/Heart Rhythm Society
(AHA/ACC/HRS) guideline recommendations (19). Thus,
warfarin was prescribed as an oral anticoagulant (OAC) for
patients with nonvalvular AF who had a CHA2DS2-VASc

score >2.

Covariates

From the electronic medical records, we extracted the data
on demographic information, physical examination, history
and comorbidity, concomitants, and laboratory tests. All
data were checked and validated, if there were any outliers,
we manually checked the original dataset.

All patient blood samples used for laboratory tests were
drawn after an overnight fast. Concentrations of glutamate-
transpeptidase (GPT) and glutamic-oxalacetic transaminase
(GOT), along with INR and platelet count in blood were
measured as part of routine clinical practice for patients

with AF.

Statistical analyses

Mean and standard deviation, or median and range,
were used to describe baseline characteristics, whenever
appropriate. The differences in continuous and categorical
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variables between the patients with and without NAFLD
were assessed using the student’s #-test and chi-square
test, respectively. Nested multivariable linear regression
models of INR, INR/warfarin dose rate, and NAFLD, with
increasing numbers of covariates included, were developed.
The covariates included were: Model 1: age, gender, and
for INR only, warfarin dose; Model 2: as Model 1, adding
current smoking status and alcohol consumption; Model
3: as Model 2, adding history of hypertension, cardiac
insufficiency, coronary artery disease (CAD), myocardial
infarction (MI), vascular diseases, cerebral infarction,
cerebral hemorrhage, stroke, diabetes mellitus (DM), and
cancer; Model 4: as Model 3, adding history of drug use.

All data analyses were conducted using SAS Version 9.4
(SAS Institute, Cary, NC, USA). A two-tailed P value of

<0.05 was considered to be statistically significant.

Results

Among a total of 600 AF patients aged 28-94 years,
54% were men, and 172 patients aged 29-91 years were
diagnosed with NAFLD. AF patients with NAFLD tended
to have a higher proportion of left ventricular ejection
fraction (LVEF), hypertension, cardiac insufficiency,
cerebral infarction, stroke and DM (Tuble I). Consistent
with these differences, higher proportions of AF patients
with NAFLD were recorded as having been prescribed
beta-blockers, statins, angiotensin-receptor blockers (ARB)
or angiotensin converting enzyme inhibitors (ACEI),
aspirin, or traditional medicines. In addition, higher
proportions of AF patients with NAFLD were recorded as
active smokers or consumers of alcohol.

The warfarin dose was very similar between patients with
NAFLD [median 2.5 mg/day, interquartile range (IQR)
1.25-9.0], and without NAFLD (median 2.5, IQR 0.625-
12.05). The median INR of patients with NAFLD [1.31
(Pys, P52 1.06, 1.85)] was lower than the median INR of
1.45 (P,5, Py5: 1.08, 2.14) for non-NAFLD patients (P=0.06).
Consistent with this, the proportion of patients whose INR
was within the target range of 2.0-3.0 was somewhat lower
in NAFLD patients (16.9 percent) than in non-NAFLD
patients (21.5 percent; P=0.20). The INR/warfarin dose rate
was also slightly (0.05) lower among patients with NAFLD
than in those without NAFLD (P=0.06) (Figure I).

In our multivariable analyses, we found that NAFLD
patients were more likely to have a lower INR than patients
without NAFLD. The estimated least square means of INR
were 1.54 [standard error (SE): 0.06], and 1.71 (SE: 0.04)
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Table 1 Characteristics of 428 patients with non-NAFLD and 172 patients with NAFLD

Characteristics Total (n=600) Non-NAFLD (n=428) NAFLD (n=172) P value
Sex, n (%) 0.27
Women 276 (46.0) 203 (47.4) 73 (42.4)
Men 324 (54.0) 225 (52.6) 99 (57.6)
Age, yrs 68 [62, 76] 68 [62, 76] 68 [62, 76]
<60 97 (16.2) 69 (16.1) 28 (16.3) 0.9900
=60 503 (82.8) 359 (83.9) 144 (83.7) 0.9622
Current smoking, n (%) 148 (24.7) 101 (23.6) 47 (27.3) 0.05
Alcohol consumption, n (%) 75 (12.5) 46 (10.8) 29 (16.9) 0.04
Clinical factors assessed at index visit
Weight, kg 62.3+12.8 62.6+13.2 61.7+11.9 0.45
SBP, mmHg 131+16.5 130+17.1 132+14.8 0.24
DBP, mmHg 79.16+9.82 79.2+10.1 79.09+9.05 0.91
Pulse rate 77.0£12.9 77.2+13.1 76.5+12.6 0.55
Respiration rate 16 [16, 18] 16 [16, 19] 16 [16, 18] 0.81
LVEF 65 [61, 68] 65 [61, 68] 66 [62, 68.7] 0.04
History of medication use recorded in EMR, n (%)
Using beta-blocker drugs 456 (76.0) 309 (72.2) 147 (85.5) 0.0006
Statin use 227 (37.8) 115 (26.9) 112 (65.1) <0.0001
ARB/ACEI use 131 (21.9) 75 (17.5) 56 (32.6) <0.0001
Aspirin use 235 (39.2) 153 (35.8) 82 (47.7) 0.007
Antibiotic use 353 (58.8) 252 (58.9) 101 (58.7) 0.97
Vitamin K use 35 (5.83) 23 (56.37) 12 (6.98) 0.45
Traditional medicines use 551 (91.8) 386 (90.2) 165 (95.9) 0.02
Spironolactone use 225 (37.5) 168 (39.3) 57 (33.1) 0.16
Routine clinical determinations at time of index visit
GPT 22 [15, 30] 21 [15, 30] 23 [16, 31] 0.10
GOT 22 [17, 29] 22 [17, 30] 21[17,27.5] 0.21
Platelet count 187+63.6 187+64.1 188+62.8 0.94
Other conditions, n (%)
Hypertension 417 (69.5) 280 (65.4) 137 (79.7) 0.0006
Cardiac insufficiency 129 (21.5) 56 (13.1) 73 (42.4) <0.0001
CAD 155 (25.8) 105 (24.5) 50 (29.1) 0.25
Ml 9(1.5) 5(1.17) 4(2.33) 0.29
Vascular diseases 4 (0.67) 4 (0.93) 0 0.58
Cerebral infarction 130 (21.7) 79 (18.5) 51 (29.7) 0.003
Cerebral hemorrhage 7(1.17) 3(0.70) 4 (2.33) 0.11
Stroke 12 (2.0) 5(1.17) 7 (4.07) 0.05
DM 150 (25.0) 90 (21.0) 60 (34.9) 0.0004
Cancer 32 (5.33) 20 (4.67) 12 (6.98) 0.26

Table 1 (continued)
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Table 1 (continued)
Characteristics Total (n=600) Non-NAFLD (n=428) NAFLD (n=172) P value
Treatment information
Dose of Warfarin per day 2.5(0.625, 12.5) 2.5(0.625, 12.5) 2.5(1.25,9.0) 0.89
INR 1.40 (1.06, 2.03) 1.45(1.08, 2.14) 1.31(1.06, 1.85) 0.06
INR within 2.0-3.0 121 (20.2) 92 (21.5) 29 (16.9) 0.20
INR/Warfarin dose rate 0.63 (0.43, 0.89) 0.65 (0.44, 0.93) 0.60 (0.42, 0.81) 0.06

NAFLD, nonalcoholic fatty liver disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; ARB/ACEI, angiotensin receptor
blocker/angiotensin-converting enzyme inhibitors; GPT, glutamic-pyruvic transaminase; GOT, glutamic oxalacetic transaminase; LVEF, left
ventricular ejection fraction; CAD, coronary artery disease; M|, myocardial infarction; DM, diabetes mellitus.

14 —L

non-NAFLD NAFLD
[==9 INR_ [ INR/warfarin dose rate |

Figure 1 INR, INR/Warfarin dose rate in non-NAFLD and
NAFLD patients. INR, international normalized ratio; NAFLD,

nonalcoholic fatty liver disease.

for non-NAFLD and non-NAFLD, respectively (P=0.01)
after adjustment for age, gender, and warfarin dose. After
being further adjusted for current smoking status, alcohol
consumption, history of cardiovascular and cerebrovascular
diseases, DM, cancer, and history of drug use, the difference
was not attenuated and remained statistically significant
(1able 2). The INR/warfarin dose rate was slightly lower
in NAFLD patients than in non-NAFLD patients, but
the difference was not statistically significant in any of the
models (Table 2).

Discussion

In this study, we firstly reported that the therapeutic effect

Table 2 Differences of INR, INR/Warfarin dose rate in non-NAFLD and NAFLD patients

Models Non-NAFLD (n=428) NAFLD (n=172) Beta (NAFLD vs. non-NAFLD) P value
Model 1
INR 1.71 (+0.04) 1.54 (+0.086) 0.17 (+0.07) 0.01
INR/Warfarin dose rate 0.81 (+0.03) 0.73 (+0.04) 0.09 (+0.05) 0.09
Model 2
INR 1.66 (+0.05) 1.50 (+0.07) 0.16 (+0.07) 0.02
INR/Warfarin dose rate 0.78 (+0.05) 0.70 (+0.05) 0.08 (+0.05) 0.11
Model 3
INR 1.68 (+0.28) 1.46 (+0.28) 0.22 (+0.07) 0.003
INR/Warfarin dose rate 0.80 (+0.21) 0.65 (+0.21) 0.15 (+0.05) 0.007
Model 4
INR 1.79 (£0.09) 1.57 (x0.10) 0.22 (+0.07) 0.003
INR/Warfarin dose rate 0.83 (+0.07) 0.74 (+0.08) 0.09 (+0.06) 0.10

Model 1: adjusted for age, sex, and dose of warfarin use (only for INR). Model 2: adjusted for age, sex, current smoking status, and alcohol
consumption. Model 3: additionally, adjusted for history of cardiovascular and cerebrovascular diseases, DM, and cancer. Model 4: additionally,
adjusted for history of drug use. INR, international normalized ratio; NAFLD, nonalcoholic fatty liver disease; DM, diabetes mellitus.
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of warfarin in AF patients with NAFLD is impaired despite
them having normal liver function. Our findings suggested
that a slightly higher or personally optimized dosage of
warfarin was warranted among AF patients with NAFLD to
achieve the target level INR.

The prevalence of AF in Asians is about 1%, and
the burden of this disease is considerable. In China,
it is estimated that there will be 5.2 million men and
3.1 million women over 60 with AF by 2050. NAFLD
is another common chronic medical condition, and is
defined as the accumulation of fat in >5% of hepatocytes,
without competing liver disease such as viral hepatitis or
autoimmune hepatitis. Meta-analysis indicated that 25.24%
of the global population have NAFLD, similar to the 20%
prevalence rate in China. Broadly, NAFLD is present in
approximately 30-40% of men and 15-20% of women in
the adult population (20,21). Recent epidemiological studies
noticed that NAFLD is clinically common in AF patients.
NAFLD has been observed to be significantly associated
with AF, especially in patients with type 2 diabetes; AF was
found to be more prevalent in hospitalized NAFLD patients
with type 2 diabetes (22,23). A cohort study showed that
NAFLD was associated with an increased risk of prevalent
AF in a middle-aged population (24). Furthermore, a cross-
sectional study showed that NAFLD is associated with an
increased risk of AF in an elderly Chinese population (25).
The increasing prevalence of chronic cardiometabolic
diseases such as obesity, DM, metabolic syndrome, and
chronic alcoholism is expected to compound the burden
of NAFLD. Stroke and venous thromboembolism (VTE)
are risks associated with AF, and are potential causes of
morbidity in patients with NAFLD. Therefore, clinical
prevention and treatment measures for the large section
of society that have both AF and NAFLD, particularly
the majority with normal liver function, may become a
distinct strategic approach. AF patients with NAFLD have
commonly been excluded from randomized clinical trials
of OAC:s for the prevention of stroke and VTE for an
extended time. Thus, the optimal anticoagulation strategy
for patients with AF accompanied by NAFLD is complex
and lacking definition.

Anticoagulant therapy is a key issue for the prevention
of stroke in patients with AF. The oral vitamin K antagonist
(VKA) warfarin is widely used to prevent stroke in patients
with AF and for secondary prevention of VTE. Despite
newer treatment options, such as the direct OACs, warfarin
is a mainstay in anticoagulation therapy, and is still the
most frequently prescribed anticoagulant. So far, the

© Annals of Translational Medicine. All rights reserved.

Zhang et al. How does NAFLD impact the control of INR in patients with AF

treatment persistence of non-vitamin K antagonist oral
anticoagulants (NOACs) has been significantly lower than
that of warfarin among Chinese patients with AF (26).
Therefore, warfarin is economically applicable and
efficacious for stroke prevention in AF.

Warfarin is predominantly eliminated by the liver,
where it is converted to an inactive metabolite through a
cytochrome P450-dependent metabolism, and does not
rely on the kidney for its clearance. As a traditional VKA,
warfarin indirectly inactivates clotting factors. Vitamin K
is a fat-soluble vitamin discovered through its role in blood
coagulation. It acts as a cofactor for the enzyme that allows
the activation of vitamin K-dependent factors (II, VII, IX,
X, protein C, and protein S) (27). It is noteworthy that
NAFLD may disturb the metabolism of fat-soluble vitamins
(A, D, and K) (28,29). Basic studies have shown that liver
produces bile supporting efficient intestinal absorption of
fat-soluble nutrients like vitamin A, D and K. Thus NAFLD
is associated with impaired vitamin homeostasis and may
lead to deficiency of these vitamins. Besides, in NAFLD
patients, the function of producing retinol binding protein
4 (RBP4) and distributes vitamin A to peripheral tissue
appears to be damaged and the increased body fat mass
resulted in a greater volume of distribution of vitamin D in
the adipose tissue compartment, and thereafter, a relatively
lower plasma concentration (30). And from different angles,
anti-NAFLD drugs may interfere with the absorption of
many drugs (such as warfarin, amiodarone, ciclosporin and
thyroxine as well as fat-soluble vitamins), affecting their
bioavailability and effectiveness (31). From the perspective
of potential mechanisms of drug metabolism, the influence
of NAFLD on the expression and activity of CYP3A [a gene
that is part of a cluster of cytochrome P450 (CYP) genes]
has been studied by using animal and cell culture models,
human hepatic tissues, and human subjects. NAFLD
exerts an effect on phase I and phase II drug metabolizing
enzymes (DMEs) (32). In addition, studies have revealed
that the CYP2C9, CYP4F2, and gamma-glutamyl
carboxylase (GGCX) genes have all been associated with
the warfarin dose needed to achieve a common degree of
anticoagulation response (33). This shows that NAFLD has
a potential influence on the metabolism of warfarin via the
P450 (CYP) system. There was also evidence that implied
that NAFLD causes systemic inflammation that may impact
warfarin metabolism. Pathogenic mediators, which release
several pro-inflammatory factors into the bloodstream,
including C-reactive protein, interleukin-6, tumor necrosis
factor-alpha, plasminogen activator inhibitor-1, and other
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inflammatory cytokines, may play an important role in the
metabolism of warfarin (34). All of this information led us to
focus on the use of warfarin for the prevention or treatment
of thromboembolic conditions in NAFLD patients with AF.

In this study, we sought to build the base of evidence
for warfarin requirements in AF patients with NAFLD, by
investigating factors that may affect the metabolism and
required therapeutic dose of warfarin. Warfarin therapy
characteristically has a narrow therapeutic index and wide
interindividual response, due to clinical, demographic,
and environmental factors (35). By using statistical model
analysis, we adjusted for influencing factors including
gender, age, body weight, cardiac function, history of
cardiovascular and cerebrovascular diseases, DM, cancer,
lifestyle risk factors, and history of related drug therapy;
very interestingly, the results indicated an independent
negative association between NAFLD and INR level
after warfarin treatment. We found that AF patients with
NAFLD have a tendency to lower INR levels compared
to AF patients with non-NAFLD. The results in our study
indicated that a higher warfarin dosage for AF patients with
NAFLD, compared with non-NAFLD patients, would
achieve the desirable INR target range. The current clinical
guidelines do not offer specific recommendations for the
use of OAC:s in this particular population. Therefore, an
optimal anticoagulation strategy for patients with NAFLD,
using warfarin, needs to be better defined, drawing on
evidence from studies with larger sample sizes.

Conclusions

Among AF patients with NAFLD, but normal liver
function, the therapeutic effect of warfarin might be
impaired. To achieve the desirable INR target range for
these patients, a stronger or personally tailored dosage of
warfarin might be necessary.
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