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Abstract

Aim Non-alcoholic fatty liver disease (NAFLD)-related advanced liver fibrosis (Stage 3 or 4) was reported to be linked to
worse prognosis in patients with heart failure with preserved ejection fraction (HFpEF). This study aims to assess the relation-
ship between liver fibrosis scores and new-onset atrial fibrillation (AF) incidence in patients with HFpEF in the Treatment of
Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist (TOPCAT) trial.
Methods and results Baseline liver fibrosis levels, assessed by NAFLD fibrosis score (NFS) or Fibrosis-4 index (FIB-4), with AF
incidence were expressed as hazard ratios (HRs) using the Cox proportional hazard model. The risk for advanced fibrosis was
estimated to be 21.5% (447/2072) as assessed by FIB-4 (>3.25) and 4.2% (88/2072) as assessed by NFS (>0.676) in HFpEF
patients without baseline AF. After a median follow-up of 3.11 years, 106 new-onset AF cases occurred. In multivariate anal-
ysis, elevated NFS [NFS = �1.455–0.676: HR 2.44, 95% confidence interval (CI) 1.27–4.68; NFS > 0.676: HR 3.36, 95% CI 1.27–
6.80; per 1 unit increase: HR 1.15, 95% CI 1.01–1.32], not FIB-4 (FIB-4 = 1.45–3.25: HR 1.02, 95% CI 0.67–1.55; FIB-4 > 3.25: HR
1.69, 95% CI 0.76–3.79; per 1 unit increase: HR 1.13, 95% CI 0.93–1.37), was associated with increased AF incidence. The NFS
(C-index 0.662), not FIB-4 (C-index 0.531), had a moderate predictive ability in predicting incident AF.
Conclusions Among patients with HFpEF, the risk of advanced liver fibrosis is associated with an increased incidence of
new-onset AF and may be a novel predictor for new-onset AF. Additional studies are needed to confirm our results.
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Introduction

Chronic liver diseases, such as non-alcoholic fatty liver dis-
ease (NAFLD), are common in patients with heart failure with
preserved ejection fraction (HFpEF) due to shared risk factors
(alcohol abuse, drugs, inflammation, autoimmunity, infec-
tions), as well as complex cardiohepatic interactions.1 Ad-
vanced liver fibrosis (Stage 3 or 4) is the primary pathology
of many chronic liver diseases and was detected in 32% of pa-
tients with chronic heart failure via the gold standard of
biopsies.2 Regarding HFpEF, the prevalence of advanced liver

fibrosis is in the range 37.5–53% based on several cohorts3–6

assessed by the NAFLD fibrosis score (NFS) or Fibrosis-4 index
(FIB-4) score, simple non-invasive tools developed to
distinguish the severity of liver fibrosis in liver diseases.7–9

Furthermore, accumulating evidence suggests that liver
fibrosis is independent of other established risk factors for
heart failure10,11 and significantly contributes to heart failure
progression, cardiovascular events, and all-cause death in
patients with HFpEF.1,4

Atrial fibrillation (AF) is one of the most common comor-
bidities in HFpEF, presenting in approximately one-third of

OR IG INAL ART ICLE

© 2022 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any me-
dium, provided the original work is properly cited and is not used for commercial purposes.

ESC HEART FAILURE
ESC Heart Failure 2022; 9: 3985–3994
Published online 22 August 2022 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/ehf2.14087

https://orcid.org/0000-0001-8805-5249
mailto:zzhangyuling@126.com
mailto:wjingf@mail.sysu.edu.cn
http://creativecommons.org/licenses/by-nc/4.0/


patients. There is a close link between HFpEF and AF, and
each condition independently contributes to poor outcomes
—the so-called vicious twins. Therefore, identifying the po-
tential risk factors for AF in HFpEF is clinically important for
preventing AF and thus improving prognosis, especially in
stroke. Evidence from epidemiological studies has shown a
positive association between advanced liver fibrosis and the
risk of AF in patients with NAFLD or Type 2 diabetes.12,13

Additionally, advanced liver fibrosis is not uncommon in
patients with HFpEF. Given this background, we are curious
as to whether liver fibrosis contributes to the increased inci-
dence of new-onset AF in patients with HFpEF. Based on
the Treatment of Preserved Cardiac Function Heart Failure
with an Aldosterone Antagonist (TOPCAT) trial, we conducted
a second analysis to investigate the relationship between
liver fibrosis assessed by NFS and FIB-4 scores and incident
AF in patients with HFpEF.

Methods

The study population was from TOPCAT, an international,
multicentre randomized, double-blinded, placebo-controlled
trial that assessed the effect of spironolactone on clinical out-
comes in patients with HFpEF compared with placebo.14

TOPCAT complied with the Declaration of Helsinki and re-
ceived ethical approval. All patients signed informed consent
before randomization. All relevant data were obtained from
the National Heart, Lung, and Blood Institute.

Liver fibrosis was assessed by NFS and FIB-4 scores. NFS and
FIB-4 scores were computed using the following formulas:

FIB � 4 ¼ age years½ � � AST aspartate aminotransferaseð Þ U=L½ �Þ
platelet � 109=L½ � � ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ALT alanine aminotransferaseð Þ U=L½ �p Þ�

NFS ¼ �1:675þ 0:037� age years½ � þ 0:094

� bodymassindex kg=m2
� �þ 1:13

� diabetes yes ¼ 1; ; no ¼ 0ð Þ þ 0:99� AST U=L½ �
ALT U=L½ �

� 0:013� platelet 109=L
� � � 0:66� albumin g=dL½ �

AF post-randomization was determined by a follow-up electro-
cardiogram (ECG), event questionnaire, and review of relevant
medical records every 4 months during the first year of the
study and every 6 months thereafter. AF occurrence was adju-
dicated by the clinical endpoint committee. The Cox propor-
tional hazard model with and without multivariable adjust-
ment was used to examine the associations [expressed as
hazard ratios (HRs) and 95% confidence intervals (CIs)] of
NFS or FIB-4 scores with the incidence of AF. The selected var-
iables were from a backward stepwise method and additional
clinically relevant factors. We evaluated the discriminatory
ability of the NFS or FIB-4 for predicting AF using the C-indices.
For internal model and score validation, we used the k-fold in

10-fold cross-validation with 200 repetitions. Subgroup analy-
sis stratified by prespecified variables in the main TOPCAT: sex
(male vs. female), region (the Americas vs. non-Americas), and
treatment arm (spironolactone vs. placebo).

Sensitivity analysis was conducted by (i) recalculating the
estimated effect by a competing risk model (death was de-
fined as a competent event) and (ii) excluding patients with
concomitant use of angiotensin-converting enzyme inhibitors
(ACEIs) or angiotensin receptor blockers (ARBs) and use of
any beta-blocker. All statistical analyses were performed with
Stata software (version 16.0) and R software (version 4.1.2).
A two-sided P-value <0.05 was considered statistically signif-
icant. Full details of the methods are presented in the
Supporting Information.

Results

Baseline characteristics and prevalence of liver
fibrosis score in heart failure with preserved
ejection fraction

As shown in Figure 1, after exclusion of 1217 HFpEF patients
with baseline AF or missing AF status and missing individuals
for calculating FIB-4 or NFS scores [n = 6 for body mass index
(BMI), n = 23 for platelet (PLT), n = 21 for alanine aminotrans-
ferase (ALT), n = 4 for aspartate aminotransferase (AST),
n = 99 for albumin (ALB)], abnormal AST or ALT values were
observed (n = 3). Finally, we included a studied population
of 2072 without baseline AF, with 930 (44.9%) men and
1814 White participants (89.2%). The median ± interquartile
range (IQR) values in all patients were 67 (60.0, 74.0) years
for age, 30.6 (27.1, 35.4) kg/m2 for BMI, and 68 (61–
75) bpm for heart rate. The median BNP (n = 744) and N-ter-
minal pro BNP (NT-proBNP; n = 564) concentrations were 248
(IQR 144, 438) and 828 (IQR 456, 1668) pg/mL, respectively.

The characteristics of participants across the NFS and FIB-4
groups are shown in Table 1. The median liver fibrosis scores
in the overall cohort were �0.50 (IQR �1.48, 0.51) and 1.42
(IQR 1.07, 1.93) as assessed by NFS and FIB-4, respectively.
Overall, the prevalence of a high risk for advanced liver fibro-
sis was estimated to be higher by NFS than by FIB-4. The low,
moderate, and high risk rates for liver fibrosis scores were
25.7, 52.8, and 21.6%, respectively, as assessed by NFS and
51.5, 44.3, and 4.2%, respectively, as assessed by FIB-4. There
was a significant difference in the baseline characteristics
across risk for liver fibrosis groups, such as age, heart func-
tion, BMI, smoking history, and ALT and ALB levels. Only a
small proportion of patients provided echocardiographic data
at baseline. The echocardiographic data at baseline across
the NFS and FIB-4 groups are presented in Supporting Infor-
mation, Tables S1 and S2.
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New-onset atrial fibrillation during follow-up

During a median follow-up of 3.11 years among 6893 person-
years, 106 new-onset AF cases were detected. The baseline
characteristics with and without AF incidence
post-randomization are shown in Table 2. The patients with
AF incidence had a larger mitral regurgitation (MR) jet area,
higher left atrial area, higher MR jet area-to-left atrial area ra-
tio, lower Peak A wave velocity, and lower left atrial volume
index. There were no significant differences in the remaining
echocardiographic parameters across the two studied groups
(see Supporting Information, Table S3).

The risk of AF incidence gradually increased across the risk
of liver fibrosis score strata. According to NFS, AF incidence
per 100 person-years ranged from 0.58 at scores <�1.455

to 2.25 at scores >0.676. The rate of person-years across
the FIB-4 group was higher, ranging from 1.33 per 100
person-years at a FIB-4 of <1.45 points to 2.55 per 100
person-years at a score of >3.25.

Association between NFS and FIB-4 levels and
new-onset atrial fibrillation in heart failure with
preserved ejection fraction

Crude associations of the individual components of the NFS
and FIB-4 with new-onset AF incidence are presented in Table
3. Diabetes, age, ALT, and AST were positively associated with
AF incidence, and platelets were inversely related to AF inci-
dence, whereas no significant association was observed for
ALB and BMI.

Figure 1 Flow chart of study selection of liver fibrosis scores from the TOPCAT trial. AF, atrial fibrillation; ALB, albumin; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; BMI, body mass index; PLT, platelet; TOPCAT, Treatment of Preserved Cardiac Function Heart Failure with an Aldo-
sterone Antagonist trial.
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The K-M curve showed that AF incidence significantly in-
creased with increasing NFS scores (P < 0.001); however, it
was not significant according to FIB-4 scores (P = 0.26)
(Figure 2). In the Cox regression, the AF incidence was ele-

vated with NFS groups (NFS = �1.455–0.676: HR 2.44, 95%
CI 1.27–4.68; NFS > 0.676: HR 3.36, 95% CI 1.27–6.80) in all
adjusted models, whereas it was not significant according to
FIB-4 (FIB-4 = 1.45–3.25: HR 1.02, 95% CI 0.67–1.55;
FIB-4 > 3.25: HR 1.69, 95% CI 0.76–3.79) (Table 4).

When NFS and FIB-4 were analysed as continuous
variables, each point increase in the NFS was associated with
a 15% increase in AF incidence (HR 1.15, 95% CI 1.01–1.32)
after full adjustments; nevertheless, the association was
not significant according to FIB-4 (HR 1.13, 95% CI 0.93–
1.37) (Table 4).

Discriminatory capacity of non-alcoholic fatty
liver disease fibrosis score and Fibrosis-4 index

The discriminatory performances of the liver fibrosis scores
for predicting incident AF in patients with HFpEF were
expressed as the C-indices. As shown in Figure 3, NFS (C-index

Table 2 Baseline characteristics of heart failure with preserved ejection fraction patients with and without incident atrial fibrillation
during follow-up

Without incident AF With incident AF
p(n = 1951) (n = 121)

Demographic
Age (years) 66.0 (59.0, 74.0) 74.0 (65.5, 79.5) <0.001*
Sex, male 866 (44.4) 64 (52.9) 0.068
Race, White 1714 (87.9) 100 (82.6) 0.092
Current smoking 254 (13.0) 7 (5.8) 0.020*
Ever smoking 637 (32.6) 58 (47.9) 0.001*
Never smoking 1060 (54.3) 56 (46.3) 0.085
BMI (kg/m2) 30.5 (27.0, 35.3) 32.7 (27.9, 37.8) 0.027*
Heart rate (bpm) 68 (62, 75) 64 (60, 74) 0.005*
SBP (mmHg) 130 (120, 140) 131 (120, 140) 0.748
DBP (mmHg) 80 (70, 85) 73 (63, 80) <0.001*
NYHA class (III or IV) 561 (28.8) 43 (35.5) 0.113

Chronic health conditions
Peripheral vascular disease 171 (8.8) 22 (18.2) 0.001*
COPD 202 (10.4) 17 (14.0) 0.199
Hypertension 1794 (92.0) 111 (91.7) 0.932
Diabetes mellitus 643 (33.0) 55 (45.5) 0.005*
Congestive heart failure 1451 (74.4) 75 (62.0) 0.003*
Previous MI 542 (27.8) 3 7(30.6) 0.506
Previous stroke 122 (6.3) 11 (9.1) 0.217
CABG 236 (12.1) 23 (19.0) 0.026*
PCI 285 (14.6) 28 (23.1) 0.011*
Thyroid disease 242 (12.4) 18 (14.9) 0.426
Dyslipidaemia 1122 (57.5) 84 (69.4) 0.010*
C2HEST score 2.0 (1.0, 2.0) 3.0 (1.0,3.0) <0.001*

Measurements
eGFR (mL/min × 1.73 m2) 67.3 (55.7, 80.9) 62.5 (51.4, 75.7) 0.013*
White blood cell count (k/μL) 6.7 (5.6, 7.9) 6.9 (5.9, 8.5) 0.053
Haemoglobin (g/dL) 13.2 (12.2, 14.3) 13.1 (12.1, 14.1) 0.601
Platelet (k/μL) 228.0 (197.0,265.0) 215.0 (178.5,263.0) 0.053
AST (U/L) 23.0 (18.0, 29.0) 22.0 (17.0, 27.0) 0.141
ALT (U/L) 22.0 (15.8, 31.0) 20.0 (16.0, 27.0) 0.263
ALP (U/L) 90.0 (67.0, 126.0) 92.0 (71.0, 139.5) 0.323
ALB (g/dL) 4.1 (3.8, 4.5) 4.0 (3.7, 4.3) 0.053

M (IQR) for non-normally distributed data, M ± SD for normally distributed data, and n (%) for categoric variables.
AF, atrial fibrillation; ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body
mass index; CABG, coronary artery bypass graft surgery; COPD, chronic obstructive pulmonary disease; DBP, diastolic blood pressure;
eGFR, estimated glomerular filtration rate; MI, myocardial infarction; PCI, percutaneous coronary intervention; NYHA, New York Heart As-
sociation; SBP, systolic blood pressure.
*P < 0.05.

Table 3 The univariate Cox regression analyses between the
components of Fibrosis-4 index and non-alcoholic fatty liver
disease fibrosis score and atrial fibrillation incidence

HR (95% CI)

Diabetes 1.91 (1.28, 2.85)*
BMI, kg/m2 1.024 (0.997, 1.051)
Age, 10 years 1.31 (1.26, 1.37)*
ALT, 10 U/L 0.95 (0.92, 0.98)*
AST, 10 U/L 0.90 (0.87, 0.93)*
ALB, g/dL 1.05 (0.98, 1.11)
Platelet, 10/mm3 0.987 (0.981, 0.993)*

ALB, albumin; ALT, alanine aminotransferase; AST, aspartate ami-
notransferase; BMI, body mass index; CI, confidence interval; HR,
hazard ratio.
*P < 0.05.
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0.662, 95% CI 0.608–0.716, sensitivity 81.8%, specificity
48.1%), not FIB-4 (C-index 0.531, 95% CI 0.471–0.593, sensi-
tivity 27.1%, specificity 78.2%), had moderate performance
in predicting incident AF. The performance of NFS and FIB-4
after internal validation showed a mean C-index of 0.660
(IQR 0.604, 0.721) or 0.528 (IQR 0.429, 0.590).

Sensitivity and subgroup analyses

As presented in the Supporting Information, Tables S4 and S5,
the sensitivity analyses confirmed the results by using a com-
peting risk regression model, excluding the Russian/Georgian
population and patients who were treated with ACEIs/ARBs
and beta-blockers.

The subgroup analyses for incident AF are described in
Supporting Information, Tables S6–S8. There were no signifi-
cant interactions between NFS and subgroups based on

gender (females vs. males) and region (Americas vs. Russia/
Georgia), but an expected interaction for the treatment arm
(spironolactone vs. placebo) was found (P = 0.01). According
to FIB-4, there were no interactions in all subgroups (all
P > 0.05).

Discussion

Major findings

This post hoc analysis from TOPCAT demonstrated that in pa-
tients with HFpEF, an elevated NFS score rather than FIB-4
was significantly associated with incident AF. The subgroup
and sensitivity analyses confirmed results. Moreover, NFS
has a moderate predictive ability for predicting AF occur-
rence. Overall, these findings suggested that among patients

Figure 2 Kaplan–Meier curves for AF incidence across NFS and FIB-4 groups in patients with heart failure with preserved ejection fraction. NFS,
non-alcoholic fatty liver disease fibrosis score; FIB-4, Fibrosis-4 index; AF, atrial fibrillation. Calculations of FIB-4 and NFS are described in the Methods
section.

Table 4 Unadjusted and adjusted hazard ratio/95% confidence interval of association between liver fibrosis scores and atrial fibrillation
incidence

Fibrosis scores
Cases
(%)

Person-
years

Incidence rate,
per 100 person-years

Crude Model 1 Model 2
HR (95% CI) HR (95% CI) HR (95% CI)

NFSb

Per 1 unit increase 97 (4.7) 6893 1.41 1.20 (1.05, 1.36)* 1.19 (1.04, 1.36) 1.15 (1.01, 1.32)*
NFS < �1.455 11 (2.1) 1892 0.58 Ref Ref Ref
NFS = �1.455–0.676 56 (5.1) 3665 1.53 2.62 (1.37, 5.01)* 2.61 (1.37, 4.99)* 2.44 (1.27, 4.68)*
NFS > 0.676 30 (6.7) 1336 2.25 3.80 (1.90, 7.59)* 3.75 (1.88, 7.49)* 3.36 (1.27, 6.80)*
P for trend <0.001* <0.001* 0.001*

FIB-4a

Per 1 unit increase 97 (4.7) 6893 1.41 1.13 (0.94, 1.36) 1.12 (0.94, 1.35) 1.13 (0.93, 1.37)
FIB-4 < 1.45 48 (4.5) 3596 1.33 Ref Ref Ref
FIB-4 = 1.45–3.25 42 (4.6) 3023 1.39 1.04 (0.69, 1.57) 1.03 (0.68, 1.56) 1.02 (0.67, 1.55)
FIB-4 > 3.25 7 (8.0) 274 2.55 1.91 (0.86, 4.21) 1.86 (0.84, 4.12) 1.69 (0.76, 3.79)
P for trend 0.314 0.344 0.433

Model 1 was adjusted for sex.
aModel 2 was adjusted for Model 1 + treatment arm, diabetes mellitus, smoking or ever smoking, body mass index, heart rate, estimated
glomerular filtration rate, hypertension, thyroid, coronary artery bypass graft surgery, and percutaneous coronary intervention.

bModel 2 was adjusted for Model 1 + treatment arm, smoking or ever smoking, heart rate, estimated glomerular filtration rate, hyperten-
sion, thyroid, coronary artery bypass graft surgery, and percutaneous coronary intervention.
*P < 0.05.
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with HFpEF, advanced liver fibrosis was associated with in-
creased new-onset AF incidence and may be a novel predic-
tor of new-onset AF. To the best of our knowledge, this is
the first study to assess the relationship between FIB-4 or
NFS and the incidence of AF in patients with HFpEF.

Heart failure and liver diseases often coexist and indepen-
dently contribute to poor outcomes.16 Advanced liver fibrosis
is the primary determinant of progression to cirrhosis and
liver failure. In a small-cohort (N = 183) study by Miller et
al.5 including baseline AF, the prevalence of advanced liver fi-
brosis reached 48.6% as assessed by NFS (>0.676). As previ-
ously reported, the prevalence of advanced liver fibrosis was
37.65% in TOPCAT Americans, including baseline AF. In our
study, advanced liver fibrosis was 21.5% in the overall popu-
lation and increased to 29.3% in Americans. The results from
Peters et al.4 also showed that patients with higher NFS or
FIB-4 scores were more likely to have AF at baseline. These
results suggest that HFpEF patients with AF probably have a
greater incidence of hepatic fibrosis.

Recent evidence showed that liver fibrosis scores were sig-
nificant predictors of cardiovascular events in HFpEF.17–19

However, in the context of FIB-4, our results seemed inconsis-
tent with previous studies. Our results showed that the asso-
ciation between FIB-4 and incident AF among patients with
HFpEF was not significant. Notably, the diagnostic perfor-
mance of NFS and FIB-4 for liver fibrosis was comparable in
patients with NAFLD.20,21 However, the presence of advanced
liver fibrosis assessed by FIB-4 (4.2%) was much lower than
that assessed by NFS (21.5%) in the present study. This incon-
sistency was interesting. To date, neither NFS nor FIB-4 has
been validated in HFpEF patients. However, a recent study
by Miller et al.5 suggested that compared with FIB-4, NFS
might be a more sensitive indicator in liver fibrosis in HFpEF,
which might explain this inconsistency. Another important
point to discuss here is the ability of liver fibrosis scores to ex-
clude advanced fibrosis rather than detect significant/ad-
vanced fibrosis.22,23 That is, FIB-4 or NFS scores have a higher
negative predictive value but lower positive predictive value.
In light of this evidence, the presence of advanced fibrosis in

many patients might be underestimated, including HFpEF.
More data with other measures of imaging or biopsy are
needed to assess the prevalence and prognosis of liver fibro-
sis in HFpEF.

NFS or FIB-4 has been shown to predict death in the gen-
eral population and clinical outcomes in patients without
liver-related diseases, including heart failure.4,19,24,25 We
showed that NFS has a moderate predictive ability for AF in-
cidence in HFpEF. However, it should be emphasized that the
aim of this study was not to elaborate a predictive model for
new-onset AF but to point out the role of advanced liver fi-
brosis on AF in HFpEF.

Our results supported the emerging concept of
phenogroups of patients with HFpEF with distinct clinical
characteristics and long-term outcomes. A phenomapping
analysis of the TOPCAT study identified a phenogroup that
demonstrated a high prevalence of obesity, diabetes, chronic
kidney disease, elevated renin levels, high pro-inflammatory
biomarkers, concentric left ventricular (LV) hypertrophy, and
liver fibrosis.26 Consistently, Salah et al. also proposed the
novel term ‘advanced liver disease/cirrhosis HFpEF’,16 repre-
senting the disease trajectory among HFpEF. Heart failure
and AF commonly coexist, and patients with AF have worse
outcomes.27 Based on our results, we also supposed an in-
creased incidence of AF with advanced liver fibrosis, which
reinforced the concept of ‘advanced liver disease/cirrhosis
HFpEF’.16 The expected interaction of NFS for the response
to spironolactone randomized therapy can also be mirrored
by the heterogeneity in the clinical profiles among HFpEF
patients.

Potential mechanisms

The mechanisms underlying the relationship between ad-
vanced liver fibrosis and incident AF in patients with HFpEF
remain incompletely elucidated. Cardiac autonomic dysfunc-
tion has been suggested as a possible mechanism. Several
studies have demonstrated that a dysfunctional autonomic

Figure 3 The receiver operating characteristic curves for predicting atrial fibrillation incidence in patients with heart failure with preserved ejection
fraction, assessed by NFS and FIB-4 scores. NFS, non-alcoholic fatty liver disease fibrosis score; FIB-4, Fibrosis-4 index. The C-statistic of the NFS
and FIB-4 score was calculated as category variables using a crude Cox regression model.
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nervous system could play a significant role in the initiation
and perpetuation of AF.28,29 NAFLD and advanced liver dis-
ease have proven to be independent risk factors for auto-
nomic dysfunction.30 In addition, advanced liver fibrosis can
also lead to increased levels of neuropeptides that have been
shown to be associated with the development of AF.31

Moreover, vagal-mediated AF is thought to be caused by va-
soactive intestinal peptide.32,33 Another potential mechanism
behind the elevated risk of AF in the setting of advanced liver
fibrosis is the abnormal pathway of fibrosis. Systemic fibrosis,
fibrogenesis, and collagen conversion may be a possible link
between HFpEF and NAFLD.34–36 Elevated levels of
galectin-3 were observed in patients with liver disease.37,38

Galectin-3 is implicated in fibrosis of both the liver and heart
and is associated with an increased incidence of AF.39,40

Transforming growth factor beta41 and connective tissue
growth factor42 may also be potential mediators that share
the common pathway of fibrosis. Therefore, we assumed that
in HFpEF patients, higher liver fibrosis scores may be indica-
tors of higher central venous pressure with resultant liver fi-
brosis and impaired liver functional reserve and partly
reflected by cardiac fibrosis, resulting in a higher incidence
of AF.

Comparison with previous studies

Several studies showed that liver fibrosis scores were associ-
ated with worse outcomes in HFpEF.17–19 In addition, a pro-
spective study of 492 patients with HFpEF reported that
NFS was associated with atrial pressure and left atrial volume
and the risk of all-cause mortality.3 Our study reinforced
these results, further showing that elevated NFS was signifi-
cantly associated with incident AF and had a moderate pre-
dictive ability in predicting incident AF among patients with
HFpEF.

Clinical implications

HFpEF is a heterogeneous disease that contains considerable
phenotypic diversity and has no obvious effective
treatment.43,44 Considering that AF is very common in HFpEF
and contributes to a poor prognosis, it is crucial for clinicians
to develop strategies to reduce the incidence of AF in HFpEF.
Several risk scoring models for predicting incident AF have
been established15,45; however, they lack excellent predictive
performance in HFpEF.15 Our findings provide important in-
formation, and liver fibrosis might be a new component in
risk scores for AF in HFpEF.

Our findings suggest that advanced liver fibrosis was asso-
ciated with increased new-onset AF incidence and may be a
predictor for new-onset AF in patients with HFpEF. However,
our study should not be interpreted as emphasizing the im-

portance of liver biopsy in predicting the outcomes in HFpEF.
Clinicians could incorporate liver fibrosis score assessment
into their AF risk scoring models to prevent incident AF and
predict the progression of HFpEF. On the other hand, physi-
cians should be vigilant of the changes in transaminase and
platelets, which might indicate changes in liver fibrosis, espe-
cially when using medications that affect liver function, such
as statins, amiodarone, and warfarin.

Strength and limitations

Previous reports demonstrated that advanced liver fibrosis
was associated with poor prognosis in patients with heart
failure.3,18,19,46 Our analysis extended these studies and has
several important strengths. This is the first study to explore
the association between liver fibrosis scores and incident AF
in patients with HFpEF.

The present study has several limitations. First, it should be
emphasized that the liver fibrosis level assessed in the pres-
ent study is based on scoring systems. Although the diagnos-
tic accuracy of FIB-4 and NFS has been tested in patients with
certain liver diseases, such as NAFLD or hepatitis B virus in-
fection, our results might be explained as exploratory before
the diagnostic performance of NFS or FIB-4 in liver fibrosis in
heart failure is well validated. Second, this is a retrospective
study, and we cannot infer direct causality. Measured and un-
measured confounding may influence our results. Third, our
population was based on a clinical trial, and most patients
were White, which may not be completely representative of
real-world patients; thus, it may limit the generalizability of
our findings. Fourth, we evaluated the NFS and FIB-4 at base-
line; changes in the NFS and FIB-4 during hospitalization or
after discharge remain unclear. Lastly, the current evidence
suggests that FIB-4 and NFS do not perform accurately in
some populations (e.g. age<35 years, morbidly obese
adults), and further studies are needed to clarify the role of
these scores in HFpEF.

Conclusion

Among patients with HFpEF, advanced liver fibrosis is associ-
ated with increased new-onset AF incidence and may be a
novel predictor of new-onset AF. Additional studies are
needed to confirm our results.
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