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Liver Fibrosis Scoring Systems as Novel 
Tools for Predicting Cardiovascular 
Outcomes in Patients Following Elective 
Percutaneous Coronary Intervention
Hui-Hui Liu, MD; Ye-Xuan Cao, MD; Jing-Lu Jin, MD; Qi Hua, MD; Yan-Fang Li, MD; Yuan-Lin Guo, MD;  
Cheng-Gang Zhu, MD; Na-Qiong Wu, MD; Run-Lin Gao , MD, PhD; Jian-Jun Li , MD, PhD

BACKGROUND: Previous studies have suggested a strong association of liver fibrosis scores (LFSs) with cardiovascular out-
comes in patients with different cardiovascular diseases. Nonetheless, it is basically blank regarding the prognostic signifi-
cance of LFSs in patients following percutaneous coronary intervention (PCI). This study sought to examine the potential role 
of LFSs in predicting long-term outcomes in a large cohort of patients with stable coronary artery disease after elective PCI.

METHODS AND RESULTS: In this multicenter, prospective study, we consecutively enrolled 4003 patients with stable coronary 
artery disease undergoing PCI. Eight currently available noninvasive LFSs were assessed for each subject. All patients were 
followed up for the occurrence of cardiovascular events including cardiovascular death, nonfatal myocardial infarction, and 
stroke. During an average follow-up of 5.0±1.6 years, 315 (7.87%) major cardiovascular events were recorded. Subjects who 
developed cardiovascular events were more likely to have intermediate or high LFSs, including nonalcoholic fatty liver disease 
fibrosis score; fibrosis-4 score; body mass index, aspartate aminotransferase/alanine aminotransferase ratio, diabetes mellitus 
score (BARD); and aspartate aminotransferase/alanine aminotransferase ratio. Furthermore, compared with subjects with low 
scores, those with intermediate plus high score levels had significantly increased risk of cardiovascular events (adjusted haz-
ard ratios ranging 1.57–1.92). Moreover, the addition of non-alcoholic fatty liver disease fibrosis score; fibrosis-4 score; or body 
mass index, aspartate aminotransferase/alanine aminotransferase ratio, diabetes mellitus score into a model with established 
cardiovascular risk factors significantly improved the prediction ability.

CONCLUSIONS: High LFSs levels might be useful for predicting adverse prognosis in patients with stable coronary artery disease 
following PCI, suggesting the possibility of the application of LFSs in the risk stratification before elective PCI.
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A lthough the management of coronary artery 
disease (CAD) has developed and improved 
dramatically over the past 2 decades, CAD 

remains a leading cause of morbidity and mortal-
ity worldwide.1 Percutaneous coronary intervention 
(PCI) has significantly reduced the rate of major ad-
verse cardiovascular events (CVEs) in patients with 

CAD.2–5 However, patients who are post-PCI still 
constitute a high-risk group for recurrent events and 
cardiovascular mortality.6–8 Some screening markers 
and scoring systems have been demonstrated use-
ful for patients who are post-PCI, but they are usu-
ally expensive or difficult to evaluate in daily clinical 
practice. Hereby, the finding of novel economic and 
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simple tools for further enhancement of risk stratifi-
cation and identification of high-risk patients to im-
prove long-term prognosis in patients after PCI is 
necessary. Identifying patients at high risk for CVEs 
may then serve as a guide to apply or sustain more 
aggressive therapies.

Nowadays, there is growing evidence that the de-
gree of liver fibrosis represents the strongest predictor 
for cardiovascular disease,9 composite CVEs,10 cardio-
vascular and all-cause mortality11,12,13 in patients with 
nonalcoholic fatty liver disease (NAFLD), and even in the 
general population.14 Liver biopsy is the golden standard 
for diagnosis of liver fibrosis. However, liver biopsy can-
not be performed on all patients to screen for fibrosis. 
Noninvasive scoring systems calculated with routinely 
available clinical and laboratory parameters might be a 
safe and easily assessable alternative for initial evaluation 

of fibrosis, especially in subjects without symptoms or 
history of liver diseases.15 The commonly used scoring 
systems are the NAFLD fibrosis score (NFS)16; fibro-
sis-4 (FIB-4) index17; body mass index, aspartate ami-
notransferase (AST)/alanine aminotransferase (ALT) 
ratio, diabetes mellitus score (BARD)18; AST/ALT ratio19; 
Forns score20; gamma-glutamyltransferase platelet ratio 
(GPR)21; AST to platelet ratio index (APRI)22; and HUI.23 
In addition to the satisfactory accuracy of liver fibrosis 
scores (LFSs) in detecting advanced fibrosis, recent 
studies have suggested an association between LFSs 
and adverse outcomes in various populations, not only 
in patients with NAFLD24–26 but also in the general pop-
ulation.15,27–29 However, no data are available regarding 
the association between LFSs and cardiovascular out-
comes in patients with CAD following PCI.

Given the previous evidence, we hypothesized 
that LFSs might also be useful markers for worse 
outcomes in patients undergoing elective PCI. To 
test this hypothesis, we conducted the present study 
to comprehensively evaluate the clinical impact of 
LFSs on long-term outcomes in a large cohort of pa-
tients with stable CAD following PCI and to deter-
mine whether all LFSs have similar predictive ability 
for CVEs in this population.

METHODS
We will make the data, methods used in the analysis, 
and materials used to conduct the research available 
to any researcher for purposes of reproducing the re-
sults or replicating the procedure.

Study Design and Population
This study complied with the Declaration of Helsinki and 
was approved by the hospital’s ethical review board 
(FuWai Hospital & National Center for Cardiovascular 
Diseases). Each patient provided written, informed 
consent before enrollment.

From March 2011 to March 2016, a total of 6979 
subjects scheduled for coronary angiography because 
of angina-like chest pain and/or significant stenosis indi-
cated by coronary computed tomography angiography 
and/or positive treadmill exercise test were recruited 
consecutively from 3 medical centers (FuWai hospi-
tal, XuanWu hospital, and AnZhen hospital) according 
to the same protocol. On admission, 32 patients re-
fused to join in. Subsequently, based on typical elec-
trocardiogram changes, elevated myocardial enzyme 
levels, positive findings by coronary angiography and 
received treatment during hospitalization, 2687 patients 
with acute coronary syndrome, without PCI indication, 
with failed PCI, or undergoing coronary artery bypass 
grafting were rejected. Furthermore, 238 patients were 
excluded according to the exclusion criteria, including 

CLINICAL PERSPECTIVE

What Is New?
•	 Currently, no data are available regarding the prog-

nostic significance of liver fibrosis scores in patients 
following percutaneous coronary intervention.

•	 The present study first indicated the clinical im-
pact of liver fibrosis scores on long-term out-
comes in a large cohort of patients with stable 
coronary artery disease following percutaneous 
coronary intervention.

What Are the Clinical Implications?
•	 In patients with coronary artery disease follow-

ing elective percutaneous coronary interven-
tion, liver fibrosis scores might be novel tools for 
risk stratification and clinical strategy-making.

•	 Further studies regarding the role of liver fibrosis 
scores in diverse cardiovascular diseases may 
be of clinical interest.

Nonstandard Abbreviations and Acronyms

APRI	 �aspartate aminotransferase to platelet 
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BARD	 �body mass index, aspartate 
aminotransferase/alanine aminotransferase 
ratio, diabetes mellitus score
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FIB-4	 fibrosis-4 score
LFS	 liver fibrosis score
NAFLD	 nonalcoholic fatty liver disease
NFS	 �nonalcoholic fatty liver disease fibrosis 

score
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missing detailed data, hepatitis B/C virus infection, au-
toimmune hepatitis, hereditary liver disease, excessive 
alcohol consumption (>21  drinks/week in men and 
>14 drinks/week in women), secondary causes of fatty 
liver, drug-induced liver disease, active infections, se-
vere liver and/or renal insufficiency, or malignant dis-
ease. There were 19 patients lost to follow-up during the 
study. Finally, 4003 patients with stable CAD undergoing 
PCI were enrolled (Figure 1). They were prescribed dual 
antiplatelet therapy before PCI and at least 12 months 
after PCI unless contraindicated and continued to take 
aspirin without ischemic or bleeding events.

Clinical and Laboratory Measurements
Baseline demographic data, lifestyle characteris-
tics, and medical history were acquired by trained 

cardiologists. The traditional risk factors were defined 
according to our previous studies.30,31 Hypertension 
was diagnosed through a self-reported hypertension, 
currently taking antihypertensive drugs, or consecu-
tively measured systolic blood pressure ≥140 mm Hg 
and/or diastolic blood pressure ≥90  mm  Hg for 3 
or more times. Diabetes mellitus was defined by 
fasting plasma glucose ≥7.0  mmol/L or the 2-hour 
plasma glucose of the oral glucose tolerance test 
≥11.1 mmol/L or current use of hypoglycemic drugs 
or insulin. Current smoking/drinking was defined 
as regular smoking/drinking within the previous 
12 months. Baseline medication use indicated con-
tinuous drug use for at least 3 months before enroll-
ment, and medications at follow-up referred to taking 
drugs continuously for at least 3 months before the 
end of follow-up.

Figure 1.  Flowchart Illustrating the Study Population.
ACS indicates acute coronary syndrome; CABG, coronary artery bypass grafting; and PCI, percutaneous 
coronary intervention.
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Venous blood samples were collected after at 
least 12-hours fasting in the morning. Plasma con-
centrations of ALT, AST, gamma-glutamyltransferase, 
albumin, total bilirubin, lipid profiles (total cholesterol, 
triglyceride, low-density lipoprotein cholesterol, and 
high-density lipoprotein cholesterol), creatinine, 
platelet, fasting plasma glucose, glycosylated he-
moglobin, and hs-CRP (high-sensitivity C-reactive 
protein) were measured with the same standard lab-
oratory methods in each hospital, as stated in our 
previous studies.30,31

Liver Fibrosis Scores
Eight kinds of LFSs, including NFS, FIB-4, BARD, AST/
ALT ratio, Forns score, GPR, APRI, and HUI, were cal-
culated as previously described (Table S1).16–23 The 
originally described cut-points for each score were 
used to categorize liver fibrosis probability as low, in-
termediate, and high (Table S1).16–23

Follow-Up
All patients were actively followed up at 6-month in-
tervals through direct interviews or telephone calls 
until February 2019 by well-trained cardiologists or 
nurses, who were blinded to the study aims. The 
primary end point was a composite of cardiovas-
cular death, nonfatal myocardial infarction (MI), and 
ischemic stroke. The secondary end point incor-
porated the primary end point, unplanned revas-
cularization, and hospitalized unstable angina. All 
available relevant data from any reported possible 
event were collected. Cardiovascular death indicated 
a death primarily caused by acute MI, congestive 
heart failure, malignant arrhythmia, and other struc-
tural or functional cardiac diseases. Nonfatal MI was 
diagnosed as positive cardiac troponins along with 
typical chest pain or typical electrocardiogram serial 
changes. Ischemic stroke referred to persistent neu-
rological dysfunction with documentation of acute 
cerebral infarction on computed tomography and/or 
magnetic resonance imaging. Unplanned revascular-
ization was defined as PCI or coronary artery bypass 
grafting >90 days later than initial revascularization. 
Unstable angina included resting, initial, and progres-
sive exertional angina. The CVEs were independently 
adjudicated by 3 experienced cardiologists.

Statistical Analysis
Continuous variables are presented as mean±SD or 
median (interquartile range) as appropriate. Categorical 
variables are expressed as number (percentage). The 
differences between groups were determined with 
Student’s t test, analysis of variance, Mann-Whitney 
U test, Kruskal-Wallis H test, χ2 test, or Fisher’s exact 
test where appropriate. The event-free survival rates 

among groups were calculated by the Kaplan-Meier 
method and compared by the log-rank test. Cox pro-
portional hazard models were used to calculate the 
hazard ratios (HRs) and 95% CIs. In the multivariate 
Cox model, age, sex, current smoking, alcohol con-
sumption, diabetes mellitus, hypertension, systolic 
blood pressure, low-density lipoprotein cholesterol, 
glycosylated hemoglobin, hs-CRP, number of lesion 
vessels, and baseline statin use, except for the vari-
ables included in the score formula, were adjusted. 
Additionally, we performed sensitivity analysis of the 
association between LFSs and the CVE risk by sepa-
rately adjusting for each of the other significant vari-
ables in the univariate analysis. Restricted cubic spline 
was created to assess linearity assumptions of the 
association of continuous LFSs with CVEs. To assess 
whether adding LFSs to established cardiovascular 
risk factors is associated with an improvement in pre-
diction of future CVEs, the C-statistic was calculated 
in the present study. The consistency of the associa-
tion between LFSs and CVEs was examined across 7 
subgroups. For all analyses, 2-tailed P values <0.05 
were considered statistically significant. The statisti-
cal analyses were performed with SPSS version 24.0 
software (SPSS Inc.) and R language version 3.5.2 
(Feather Spray).

RESULTS
Baseline Characteristics
The baseline and procedural characteristics of 4003 
study participants are detailed in Table 1 and Table S2. 
The mean age of overall patients was 56.8±10.5 years 
old, and 76.5% were male. Compared with subjects 
without events, those with primary end point had signifi-
cantly higher levels of LFSs including NFS, FIB-4, BARD, 
AST/ALT ratio, Forns score, and HUI and were slightly 
older and more likely to be female and current smokers. 
Meanwhile, they had higher prevalence of hyperten-
sion and prior stroke and were less likely to be drinkers 
and statin users at baseline. Additionally, the levels of 
systolic blood pressure, glycosylated hemoglobin, and 
hs-CRP were higher, whereas the concentrations of al-
bumin, ALT, gamma-glutamyltransferase, and PLT were 
lower in the primary end point group compared with the 
nonevents group. However, there was no significant dif-
ference between the 2 groups regarding the procedural 
characteristics except for the relatively more multivessel 
lesions in subjects with primary end point.

LFSs and CVEs
During an average of 5.0±1.6 years of follow-up, a total 
of 315 primary end point events were observed (16.0 
events per 1000 person-years), including 83 cardio-
vascular deaths (4.2 events per 1000 person-years), 
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Table 1.  Clinical Characteristics of Patients With and Without Primary End Points

Variables Overall (n=4003) Events (n=315) Nonevents (n=3688)

Age, y 56.8±10.5 61.6±9.4 56.6±10.5

Male, n (%) 3059 (76.4) 216 (69.5) 2843 (77.1)

BMI, kg/m2 26.02±3.18 25.90±3.24 26.03±3.18

Hypertension, n (%) 2525 (63.1) 242 (76.8) 2283 (61.9)

Diabetes mellitus, n (%) 1141 (28.5) 105 (33.5) 1036 (28.1)

Current smokers, n (%) 2160 (54.0) 195 (61.9) 1965 (53.3)

Alcohol consumption, n (%) 976 (24.4) 51 (16.3) 925 (25.1)

Prior myocardial infarction, n (%) 1281 (32.0) 101 (32.0) 1180 (32.0)

Prior percutaneous coronary intervention, n (%) 957 (23.9) 90 (28.6) 867 (23.6)

Prior Coronary artery bypass grafting, n (%) 85 (2.0) 11 (3.4) 74 (2.0)

Prior stroke, n (%) 134 (3.3) 27 (8.6) 107 (2.9)

Family history of coronary artery disease, n (%) 568 (14.2) 33 (10.6) 535 (14.5)

Systolic blood pressure, mm Hg 127±17 129±18 127±17

Diastolic blood pressure, mm Hg 78±11 78±11 78±11

Left ventricular ejection fraction, % 63.8±7.2 63.3±7.0 63.9±7.2

Total bilirubin, umol/L 14.72±5.80 14.63±5.00 14.72±5.84

Albumin, g/dL 4.37±0.47 4.19±0.39 4.38±0.48

ALT, IU/L 25 (18–38) 22 (16–30) 25 (18–38)

AST, IU/L 19 (16–24) 19 (15–25) 19 (16–24)

Gamma-glutamyltransferase, IU/L 30 (21–46) 28 (20–42) 30 (21-46)

Fasting plasma glucose, mmol/L 5.90±1.77 5.99±1.73 5.90±1.77

Glycosylated hemoglobin, % 6.35±1.13 6.58±1.13 6.34±1.14

Total cholesterol, mmol/L 4.10±1.09 4.08±1.12 4.10±1.11

High-density lipoprotein cholesterol, mmol/L 1.04±0.29 1.05±0.30 1.04±0.29

Low-density lipoprotein cholesterol, mmol/L 2.48±0.94 2.43±0.88 2.49±0.96

Triglycerides, mmol/L 1.51 (1.14–2.13) 1.56 (1.05–2.29) 1.51 (1.14–2.12)

Creatinine, umol/L 78.56±17.36 80.89±19.45 78.45±17.25

Platelet, 109/L 212±59 204±52 213±59

High-sensitivity C-reactive protein, mg/L 1.46 (0.79–2.97) 1.81 (0.97–3.90) 1.44 (0.78–2.96)

Nonalcoholic fatty liver disease fibrosis score −1.53(−2.43–[−0.72]) −0.91(−1.63–[−0.07]) −1.57(−2.44–[−0.75])

Fibrosis-4 1.06 (0.78–1.44) 1.28 (0.93–1.66) 1.05 (0.77–1.43)

BMI, AST/ALT ratio, diabetes mellitus score 1 (0–2) 2 (0–2) 1 (0–2)

AST/ALT ratio 0.75 (0.57–1.00) 0.86 (0.63–1.05) 0.74 (0.57–0.96)

Forns score 5.63 (5.09–6.14) 5.80 (5.26–6.31) 5.62 (5.08–6.13)

Gamma-glutamyltransferase platelet ratio 0.15 (0.10–0.23) 0.14 (0.10–0.21) 0.15 (0.10–0.23)

AST to platelet ratio index 0.27 (0.20–0.36) 0.86 (0.63–1.05) 0.27 (0.20–0.36)

HUI 0.14 (0.06–0.31) 0.20 (0.10–0.38) 0.14 (0.06–0.31)

Baseline medications

Aspirin, n (%) 3442 (86.0) 267 (84.9) 3175 (86.1)

ACEI/ARB, n (%) 852 (21.3) 48 (15.2) 804 (21.8)

β-blockers, n (%) 2011 (50.2) 167 (53.0) 1844 (50.0)

CCB, n (%) 785 (19.6) 62 (19.7) 723 (19.6)

Statins, n (%) 2718 (67.9) 184 (58.5) 2534 (68.7)

Medications at follow-up

Aspirin, n (%) 3986 (99.6) 313 (99.4) 3673 (99.6)

ACEI/ARB, n (%) 1966 (49.1) 178 (56.6) 1788 (48.5)

β-blockers, n (%) 3244 (81.0) 246 (78.1) 2998 (81.3)

CCB, n (%) 1489 (37.2) 121 (38.4) 1368 (37.1)

Statins, n (%) 3760 (93.9) 293 (93.2) 3467 (94.0)

Continuous values are summarized as mean±SD, median (interquartile range) and categorical variables as number (percentage).
ALT indicates alanine aminotransferase; AST, aspartate aminotransferase; ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor 

blockers; BMI, body mass index; and CCB, calcium channel blockers.
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71 nonfatal MIs (3.6 events per 1000 person-years), 
and 161 ischemic strokes (8.2 events per 1000 per-
son-years). Meanwhile, there were 697 secondary end 
point events (315 had primary end point, 279 under-
went unplanned revascularization, 103 suffered hospi-
talized unstable angina) were recorded.

As shown in Figure S1A, compared with the low 
score groups of NFS, FIB-4, BARD, AST/ALT ratio, 
and HUI, the intermediate and high score groups had 
significantly higher incidence of primary end point 
(all P<0.05). Meanwhile, patients with intermediate or 
high levels of NFS and HUI, intermediate levels of FIB-
4, and high levels of AST/ALT ratio also had higher 
incidence of secondary end point than those with 
low score levels (all P<0.05; Figure S1B). The Kaplan-
Meier analysis of primary end point showed that pa-
tients with intermediate or high levels of NFS, FIB-4, 
BARD, and AST/ALT scores had significantly lower 
event-free survival rates compared with those with 
low score levels (all P<0.05; Figure 2). Additionally, 
as shown in Figure S2, subjects with intermediate 
or high levels of NFS, FIB-4, BARD, and AST/ALT 
ratio were also at increased risk of secondary end 
point compared with those with low score levels (all 
P<0.05). However, there was no significant difference 
regarding the risk of both primary and secondary 
end points among the 3 groups categorized accord-
ing to the Forns score, GPR, APRI, and HUI scores 
(all P>0.05; Figure 2 and Figure S2).

In the univariate Cox analysis, the risk of primary 
end point was significantly increased in patients 
with intermediate plus high score levels of NFS (HR, 
2.27; 95% CI, 1.62–3.18), FIB-4 (HR, 2.03; 95% CI, 

1.59–2.59), BARD (HR, 1.92; 95% CI, 1.50–2.39), and 
AST/ALT ratio (HR, 1.91; 95% CI, 1.49–2.44), com-
pared with those in the low score group. In addition, 
age, current smoking, hypertension, systolic blood 
pressure, glycosylated hemoglobin, hs-CRP, and 
number of lesion vessels were all positively associ-
ated with the occurrence of primary CVEs, whereas 
male gender, alcohol consumption, and baseline 
statin use had a negative relationship with the inci-
dence of primary end point (Table 2). In the multi-
variate Cox analysis, additional adjustment for other 
potential covariates did not change the association of 
the preceding 4 significant LFSs with primary CVEs 
(NFS: HR, 1.92; 95% CI, 1.28–2.87; FIB-4: HR, 1.77; 
95% CI, 1.34–2.35; BARD: HR, 1.57; 95% CI, 1.17–
2.12; AST/ALT ratio: HR, 1.62, 95% CI, 1.20–2.19). 
Meanwhile, 1-SD increment of NFS, FIB-4, and AST/
ALT ratio was associated with increased risk of pri-
mary end point by 59%, 7%, and 15% respectively, 
whereas 1-point increase of BARD was related to a 
28% increase of the risk (P<0.05, respectively). In 
addition, age, hypertension, hs-CRP, number of le-
sion vessels, and baseline statin use were also in-
dependently related to the risk of primary end point 
(taking AST/ALT ratio as an example because it does 
not include other variables; Table S3). As shown in 
Figure S3, the further restricted cubic spline showed 
a strong trend toward nonlinear positive association 
of continuous NFS, FIB-4, and AST/ALT ratio with 
primary outcomes. Moreover, the association be-
tween the preceding 4 LFSs and primary end point 
remained essentially unchanged in a sensitivity anal-
ysis, in which each of the other significant variables 

Figure 2.  The Cumulative Event-Free Survival Analysis for Primary End Point According to Baseline LFSs.
(A) NFS; (B) FIB-4; (C) BARD; (D) AST/ALT ratio; (E) Forns score; (F) GPR; (G) APRI; (H) HUI. ALT indicates alanine aminotransferase; 
APRI, AST to platelet ratio index; AST, aspartate aminotransferase; BARD, body mass index, AST/ALT ratio, diabetes mellitus score; 
FIB-4, fibrosis-4; GPR, gamma-glutamyltransferase platelet ratio; and NFS, nonalcoholic fatty liver disease fibrosis score.
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associated with CVEs was forced into the model with 
continuous LFSs (per 1-SD or per 1-point increment; 
Table S4). When the primary CVEs were analyzed 
separately, we observed that the association of NFS, 
FIB-4, BARD, and AST/ALT ratio with cardiovascular 
death and nonfatal MI were obviously stronger than 
their relationship with ischemic stroke (Table S5). 
Additionally, all the preceding 4 LFSs were found to 
have significant associations with all-cause death 
(n=157; Table S5). As to the secondary end point, 
we observed significant associations of intermediate 
plus high levels of NFS, FIB-4, BARD, and AST/ALT 
ratio with the risk of events in the univariate analysis 
as well. However, after adjustment for potential co-
variates, only NFS remained significantly related to 

the risk of secondary end point events (for interme-
diate plus high NFS: HR, 1.50; 95% CI, 1.07–2.09; 
for per 1-SD increment of NFS: HR, 1.34; 95% CI, 
1.13–1.59; Table 3).

Taking FIB-4 as an example (Figure S4), results of 
analyses of subgroups that were defined according to 
sex, age (<65 versus ≥65 years), hypertension status 
(yes versus no), diabetes mellitus status (yes versus 
no), previous MI (yes versus no), left ventricular ejec-
tion fraction(≤60% versus >60%), and the number of 
lesion vessels (single/double-vessel disease versus 
triple-vessel disease) reflected a relatively consis-
tent association between this score and the risk of 
primary end point. There were no significant inter-
actions between these clinical variables and FIB-4. 
Finally, we assessed whether the evaluation of LFSs 
levels in addition to established coronary risk factors 
could improve risk stratification for primary CVEs in 
patients with stable CAD under statin treatment fol-
lowing PCI. The C-statistics showed that the addition 
of NFS (∆C-statistic: 0.040 [0.009–0.080], P=0.026), 
FIB-4 (∆C-statistic: 0.037 [0.004–0.067], P=0.022), or 

Table 2.  Univariate Cox Regression Analysis for the 
Primary End Points Among Patients Following Elective 
Percutaneous Coronary Intervention

Variables
Hazard Ratio  

(95% CI) P Value

Age 1.05 (1.03–1.06) <0.001

Male 0.65 (0.48–0.87) 0.004

Current smoking 1.45 (1.09–1.93) 0.010

Alcohol consumption 0.66 (0.45–0.96) 0.028

Diabetes mellitus 1.28 (0.96–1.72) 0.094

Hypertension 1.99 (1.43–2.75) <0.001

Systolic blood pressure 1.01 (1.01–1.02) 0.006

Low-density lipoprotein 
cholesterol

0.95 (0.82–1.11) 0.545

Glycosylated hemoglobin 1.17 (1.05–1.30) 0.004

High-sensitivity C-reactive 
protein

1.06 (1.02–1.10) 0.003

Number of lesion vessels 1.25 (1.04–1.50) 0.015

Baseline statin use 0.72 (0.53–0.97) 0.030

NFS

<−1.455 1.00 <0.001

≥−1.455 2.27 (1.62–3.18)

NFS (per 1-SD) 1.57 (1.38–1.80)‡ <0.001

FIB-4

<1.3 1.00 <0.001

≥1.3 2.03 (1.59–2.59)

FIB-4 (per 1-SD) 1.10 (1.05–1.15) <0.001

BARD

0–1 1.00 <0.001

2–4 1.92 (1.50–2.39)

BARD (per 1-point) 1.39 (1.24–1.55) <0.001

AST/ALT ratio

<0.8 1.00 <0.001

≥0.8 1.91 (1.49–2.44)

AST/ALT ratio (per 1-SD) 1.18 (1.11–1.25) 0.001

AST indicates aspartate aminotransferase; ALT, alanine aminotransferase; 
BARD, body mass index, AST/ALT ratio, diabetes mellitus score; FIB-4, 
fibrosis-4; and NFS, nonalcoholic fatty liver disease fibrosis score.

Table 3.  Adjusted Hazard Ratios of Cardiovascular Events 
According to Different Levels of Liver Fibrosis Scores 
Among Patients Following Elective Percutaneous Coronary 
Intervention

Score

Adjusted Hazard Ratio (95% CI)

Primary End point Secondary End point

Nonalcoholic fatty liver disease fibrosis score

<−1.455 1.00 1.00

≥−1.455 1.92 (1.28–2.87)† 1.50 (1.07–2.09)*

Per 1-SD 1.59 (1.30–1.94)‡ 1.34 (1.13–1.59)†

Fibrosis-4

<1.3 1.00 1.00

≥1.3 1.77 (1.34–2.35)‡ 1.17 (0.94–1.47)

Per 1-SD 1.07 (1.01–1.13)* 1.01 (0.94–1.09)

Body mass index, AST/ALT ratio, diabetes mellitus score

0–1 1.00 1.00

2–4 1.57 (1.17–2.12)† 1.09 (0.87–1.36)

Per 1-point 1.28 (1.12–1.47)‡ 1.03 (0.93–1.15)

AST/ALT ratio

<0.8 1.00 1.00

≥0.8 1.62 (1.20–2.19)† 1.07 (0.85–1.34)

Per 1-SD 1.15 (1.04–1.27)† 1.01 (0.90–1.13)

The adjusted model included age, sex, current smoking, current drinking, 
diabetes mellitus, hypertension, systolic blood pressure, low-density 
lipoprotein cholesterol, glycosylated hemoglobin, high-sensitivity C-reactive 
protein, number of lesion vessels, and baseline statin use, other than the 
variables included in the score formula.

ALT indicates alanine aminotransferase; and AST, aspartate 
aminotransferase.

*P<0.05.
†P<0.01.
‡P<0.001.



J Am Heart Assoc. 2021;10:e018869. DOI: 10.1161/JAHA.120.018869� 8

Liu et al� LFSs, Outcomes, and PCI

BARD (∆C-statistic: 0.018 [0.007–0.034], P=0.008) to 
the original model consisting traditional risk factors 
showed significant improvements in the predictive 
ability of primary CVEs, whereas the incorporation of 
AST/ALT ratio into the original model brought a slight 
but not significant increase of C- statistic (∆C-statistic: 
0.013 [−0.002–0.029], P=0.094; Table S6).

DISCUSSION
Application of a noncardiovascular scoring system 
to predict cardiovascular risk may present a novel 
strategy in cardiovascular medicine.32,33 With a large 
cohort of patients with stable CAD treated by statins 
after PCI, this study first demonstrated that higher 
baseline LFSs, including NFS, FIB-4, BARD, and AST/
ALT ratio were significantly associated with the risk of 
primary end points including cardiovascular death, 
nonfatal MI, and ischemic stroke. Moreover, after ad-
justing for potential confounding variables, patients 
with intermediate plus high levels of the preceding 4 
LFSs had a ranging from 1.57 to 1.92 fold increased 
risk of primary end point compared with those with 
low score levels, whereas 1-SD (per 1-point) in-
crement of them was associated with a 7%–59% 
increase of CVEs risk. The positive association re-
mained consistent in subgroup analyses according 
to sex, age, hypertension status, diabetes mellitus 
status, previous MI, left ventricular ejection fraction, 
and the number of lesion vessels. In addition, adding 
NFS, FIB-4, and BARD to the model of established 
risk factors significantly improved the risk prediction 
of primary end point. Clinically, the present study 
exhibited the prognostic significance of neotactics, 
liver fibrosis scoring systems, in patients treated with 
statins with stable CAD following PCI.

The treatment of significant coronary stenosis with 
invasive PCI in patients with CAD has been associ-
ated with a great decrease in the rate of major ad-
verse CVEs.2,5 Meanwhile, large randomized clinical 
trials have already confirmed the efficacy and safety 
of statins for both primary and secondary prevention 
of cardiovascular disease.34 However, cardiovascular 
risk persists despite PCI treatment and intensive lip-
id-lowering therapy with statins.6–8 It is reported that 
in the era of statin, patients receiving PCI remain at 
high risk of adverse outcomes over longer-term fol-
low-up, with about 20% risk of death, MI, and repeat 
revascularization within the first year after PCI.35,36 
Thus, further enhancement of risk stratification and 
tailoring more effective risk reduction strategies are 
essential in this population. As is well known, on 
the basis of traditional cardiovascular risk factors, 
numerous novel biomarkers, including genetic vari-
ation, RNA, and LncRNA, have emerged in recent 

years.37 Nonetheless, their predictive ability on the 
prognosis of patients with CAD following PCI is sub-
optimal because of methodological limitations, such 
as increased costs and complexity.37 Hereby, the ex-
ploration of economic and simple tools for predicting 
long-term outcomes in patients after PCI has become 
one of the focus area of cardiovascular medicine.

In spite of the prognostic importance in patients 
with diagnosed NAFLD,24,26 noninvasive LFSs have re-
cently been also suggested to have a predictive role of 
adverse outcomes in the general population and pa-
tients with cardiovascular diseases.15,27–29,38 For exam-
ple, Unalp-Arida et al27 demonstrated that NFS, FIB-4, 
APRI, and Forns score were significantly associated 
with increased all-cause and liver disease mortality in 
a US population without confirmed NAFLD. With data 
from the InChianti (Invecchiare in Chianti) study, an 
analysis of 962 older (>65 years) participants showed 
that NFS and FIB-4 were related to higher all-cause 
and cardiovascular mortality, whereas BARD and AST/
ALT ratio were associated only with overall mortality.38 
In addition, in a study with 516 patients with chronic 
heart failure and 1-year follow-up, elevated NFS was 
independently associated with CVEs after adjustment 
for confounding factors.28 The prognostic value of 
FIB-4 index for the risk of CVEs and all-cause mortality 
was also demonstrated in patients with atrial fibrillation 
by a multicenter Japanese registry study with about 
3 years of follow-up.29 Recently, an analysis based on 
a prospective, hospital-based GCADC (Guangdong 
Coronary Artery Disease Cohort) study indicated that 
elevated levels of NFS, FIB-4, Forns score, GPR, and 
APRI were independently associated with increased 
risk of all-cause and cardiovascular mortality among 
3263 patients with CAD.15 However, it is still lack of sys-
tematical investigation of the prognostic importance of 
LFSs in patients following elective PCI that will be of 
great interest and clinical relevance.

Indeed, in the present study, we observed that 
among the commonly used LFSs, intermediate and 
high levels of NFS, FIB-4, BARD, and AST/ALT ratio 
were significantly associated with increased risk of car-
diovascular death, nonfatal MI, and ischemic stroke. 
Because patients at intermediate risk for fibrosis also 
showed increased risk for CVEs and the high-risk 
groups had small numbers of patients, we combined 
them in the Cox regression analysis to ensure the ac-
curacy of the results. After adjustment for the potential 
covariates, the relationship between intermediate plus 
high levels of the preceding 4 LFSs and primary end 
point remained unchanged. Moreover, this associa-
tion was further confirmed by subgroup and sensitiv-
ity analyses. Furthermore, we calculated C-statistic to 
investigate the value of adding the significant LFSs to 
the original model including established cardiovascular 
disease risk factors and found that NFS, FIB-4, and 
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BARD could significantly improve risk prediction for 
primary end point, strongly suggesting the prognostic 
importance of LFSs in patients with stable CAD under-
going PCI. When the primary CVEs were considered 
separately, the 4 significant LFSs were more strongly 
tied to the risk of cardiovascular death and nonfa-
tal MI compared with ischemic stroke. Although the 
exact reason for this disparity is unknown, the differ-
ent pathophysiological mechanism of them may be an 
explanation (ischemic stroke can be induced by both 
atherosclerosis and atrial fibrillation). As to the second-
ary end point, only NFS was independently associated 
with the risk of events. This phenomenon suggested 
that LFSs might have a better prediction for hard end 
point. With respect to Forns score, GPR, APRI, and 
HUI, no significant association with CVEs was detected 
in this study. Future studies may be needed to further 
clarify their impact on the risk of CVEs in patients after 
elective PCI.

In line with previous studies,13,38 NFS, FIB-4 index, 
BARD, and AST/ALT ratio, especially the former two, 
performed better than the other included scoring sys-
tems in the prediction of primary CVEs. All these 4 
scores made up of purely liver-specific variables, AST 
and ALT, or together with other shared risk factors, 
suggesting the perspective that liver enzymes AST and 
ALT may play a significant and independent role in the 
pathophysiological mechanism mediating the occur-
rence of the studied primary outcomes.

However, several limitations must be considered in 
our study. First, only baseline LFSs were calculated and 
the related follow-up data were not available. Some 
may develop increased fibrosis during the follow-up, 
leading to misclassification. Nevertheless, assuming 
this misclassification was nondifferential among all 
participants, our results may be skewed toward null 
and underestimate the strength of the associations be-
tween LFSs and the risk of CVEs. Second, elevated 
LFSs were most likely caused by NAFLD in the study 
because we excluded subjects with excessive alcohol 
consumption and any other diagnosed liver diseases. 
However, the specific mechanisms causing elevated 
LFSs were uncertain because liver biopsies were not 
performed to evaluate liver pathology. Additionally, we 
cannot completely rule out the existence of unrecog-
nized liver diseases in the study participants. Third, 
given the nature of observational studies, the causality 
of the association between baseline LFSs and primary 
CVEs, as well as the underlying mechanisms, could 
not be clearly determined in the present study and 
needs further deep investigation. Four, many of the 
scores include relatively nonspecific metrics, such as 
age, body mass index, platelet count, albumin, total 
cholesterol, and diabetes mellitus. Therefore, it is not 
particularly surprising to see an association of LFSs 
with cardiovascular outcomes.

In summary, with a real-world large cohort of pa-
tients with stable CAD after elective PCI and long-term 
follow-up, this study fully evaluated the association 
between multiple LFSs and the risk of cardiovascular 
outcomes. Our data first indicated that LFSs including 
NFS, FIB-4 index, BARD, and AST/ALT ratio might be 
novel tools to identify patients at high risk for primary 
CVEs and guide clinical strategy-marking in patients 
with CAD following elective PCI.
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Table S1. Definition of liver fibrosis scores and relative cutoffs.

Algorithm Cut-offs 

NAFLD Fibrosis Score (NFS) -1.675 + (0.037 × age [years]) + (0.094 * BMI [Kg/m2]) + (1.13 × IFG/DM [yes=1, no=0]) +

(0.99 × AST/ALT ratio) – (0.013 × platelet count [109/L]) – (0.66 × albumin [g/dL]) 

Low risk <-1.455 

Intermediate risk -1.455-0.675 

High risk >0.675 

Fibrosis-4 (FIB-4) (age [years] × AST [IU/L]) / (platelet count [109/L] ×√ALT[IU/L]) Low risk <1.3 

Intermediate risk 1.3-2.67 

High risk >2.67 

BARD BMI ≥28 kg/m2 = 1 point, AST to ALT ratio ≥ 0.8 = 2 points, DM = 1 point Low risk 0-1 

Intermediate risk 2 

High risk 3-4 

AST/ALT ratio AST (IU/L)/ALT (IU/L) Low risk <0.8 

Intermediate risk 0.8-1.0 

High risk >1.0 

Forns score 7.811-3.131 × log(platelet count [109/L]) + 0.781 × log(GGT [IU/L]) + 3.467 × log(age 

[year]) –0.014 × total cholesterol (mg/dL) 

Low risk <4.2 

Intermediate risk 4.2-6.9 



High risk >6.9 

GGT platelet ratio (GPR) GGT/platelet count (109/L) Tertiles by gender 

AST to platelet ratio index 

(APRI) 

AST (IU/L)/AST (the upper limit of normal, ULN) × 100 / platelet count (109/L) Low risk <0.5  

Intermediate risk 0.5-1.5 

High risk >1.5 

HUI y = 3.148 + 0.167 × BMI [kg/m2] + 0.088×TBil [umol/L]-0.151 × albumin [g/L] – 0.019× 

platelet count [×109/L], HUI score = exp. (y) / (1+exp. (y)) 

Low risk <0.15  

Intermediate risk 0.15-0.5 

High risk >0.5 

NAFLD, non-alcoholic fatty liver disease; BMI, body mass index; IFG, impaired fasting glucose; DM, diabetes mellitus; AST, aspartate aminotransferase; ALT, 

alanine aminotransferase; BARD, Body Mass Index, AST/ALT ratio, Diabetes score; GGT, gamma glutamyltransferase.



Table S2. Procedural characteristics of patients with and without primary 

endpoints.

Variables 

Overall 

(n=4003) 

Events 

(n=315) 

Non-events 

(n=3688) 

Number of lesion vessels 

Single-vessel, n (%) 1019 (25.5) 64 (20.4) 955 (25.9) 

Double-vessel, n (%) 1369 (34.2) 97 (30.8) 1272 (34.5) 

Multi-vessel, n (%) 1613 (40.3) 153 (48.6) 1460 (39.6) 

Target vessels 

LM, n (%) 186 (4.6) 16 (5.1) 170 (4.6) 

LAD, n (%) 2657 (66.4) 186 (59.2) 2471 (67.0) 

LCX, n (%) 1642 (41.0) 163 (51.8) 1479 (40.1) 

RCA, n (%) 1942 (48.5) 157 (49.8) 1785 (48.4) 

Grafts, n (%) 49 (1.2) 5 (1.6) 44 (1.2) 

Number of target vessels 1.20±0.44 1.13±0.43 1.20±0.44 

Number of stents implanted 1.82±1.01 1.77±0.94 1.83±1.01 

Bifurcation lesion, n (%) 1540 (38.5) 127 (40.3) 1413 (38.3) 

Occlusion lesion, n (%) 417 (10.4) 41 (13.0) 376 (10.2) 

In-stent restenosis, n (%) 184 (4.6) 14 (4.5) 170 (4.6) 

Number of pre-dilations 2 (1-4) 2 (1-5) 2 (1-4) 

Number of post-dilations 4 (2-5) 4 (2-6) 4 (2-5) 

Total stent length, mm 40.09±20.58 41.73±26.41 40.07±19.97 

DES, n (%) 3506 (87.6) 279 (88.7) 3227 (87.5) 

Continuous values are summarized as mean ± SD, median (interquartile range) and categorical variables as 

number (percentage). DES, drug-eluting stent; LM, left main; LAD, Left anterior descending; LCX, left 

circumflex; RCA, right coronary artery. 



Table S3. Multivariate Cox regression analysis for the primary endpoints among 

patients following selective percutaneous coronary intervention. 

Variables Hazard ratio (95% confidence interval) p value 

Age 1.03 (1.02-1.05) <0.001 

Male 1.02 (0.68-1.55) 0.914 

Current smoking 1.12 (0.77-1.63) 0.545 

Alcohol consumption 0.80 (0.51-1.25) 0.319 

Diabetes 1.07 (0.68-1.70) 0.763 

Hypertension 1.63 (1.10-2.41) 0.015 

Systolic blood pressure 1.01 (0.99-1.01) 0.327 

LDL-C 0.97 (0.76-1.25) 0.812 

HbA1c 1.08 (0.90-1.30) 0.428 

HsCRP 1.04 (1.00-1.09) 0.049 

Number of lesion vessels 1.34 (1.08-1.67) 0.008 

Baseline statin use 0.65 (0.46-0.90) 0.010 

AST/ALT ratio (per 1-SD) 1.15 (1.04-1.27) 0.009 

AST, aspartate aminotransferase; ALT, alanine aminotransferase; HbA1c, glycosylated hemoglobin; 

HsCRP, high sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; SD, standard 

deviation. 
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Table S4. Sensitivity analysis of the association of per 1-SD (per 1-point for BARD) 

increase of liver fibrosis scores with hard endpoint events by separate adjustment for 

each of the other significant variables.

Adjustment variable 

Hazard ratio (95% confidence interval) 

NFS FIB-4 BARD AST/ALT 

Age - - 1.22 (1.07-1.40)† 1.09 (1.00-1.19)* 

Sex 1.27 (1.01-1.59)* 1.08 (1.01-1.15)* 1.30 (1.14-1.48)‡ 1.13 (1.03-1.23)† 

Hypertension 1.56 (1.31-1.86)‡ 1.09 (1.03-1.16)† 1.30 (1.15-1.48)‡ 1.16 (1.06-1.26)† 

Diabetes - 1.08 (1.01-1.24)* - 1.15 (1.06-1.24)†

Current smoking 1.53 (1.28-1.84)‡ 1.08 (1.01-1.15)* 1.31 (1.15-1.49)‡ 1.14 (1.05-1.24)† 

SBP 1.58 (1.24-2.01)‡ 1.08 (1.02-1.14)† 1.28 (1.11-1.46)‡ 1.14 (1.01-1.29)* 

HbA1c 1.53 (1.28-1.83)‡ 1.08 (1.01-1.15)* 1.31 (1.15-1.49)‡ 1.15 (1.06-1.24)† 

HsCRP 1.54 (1.30-1.83)‡ 1.07 (1.02-1.13)† 1.31 (1.16-1.49)‡ 1.13 (1.04-1.23)† 

Number of lesion 

vessels 

1.53 (1.29-1.81)‡ 1.07 (1.01-1.14)* 1.31 (1.15-1.49)‡ 1.14 (1.05-1.23)† 

Baseline statin use 1.53 (1.29-1.82)‡ 1.07 (1.01-1.14)* 1.40 (1.22-1.60)‡ 1.14 (1.05-1.24)† 

AST, Aspartate aminotransferase; ALT, alanine aminotransferase; BARD, Body Mass Index, AST/ALT ratio, 

Diabetes score; FIB-4, fibrosis-4; NFS, non-alcoholic fatty liver disease fibrosis score; HbA1c, glycosylated 

hemoglobin; HsCRP, high-sensitivity C-reactive protein; SBP, systolic blood pressure. 



Table S5. Adjusted hazard ratios of each primary cardiovascular event separately 

according to baseline liver fibrosis scores.  

Score 

Adjusted Hazard ratio (95% confidence interval) 

All-cause death CVD death Non-fatal MI Ischemic stroke 

NFS 

<-1.455 1.00 1.00 1.00 1.00 

≥-1.455 3.50 (2.01-6.11)‡ 2.56 (1.33-4.93)† 2.83 (1.71-4.70)* 1.23 (0.72-2.10) 

Per 1-SD 2.10 (1.76-2.51)‡ 2.26 (1.82-2.82)‡ 1.45 (1.17-1.80)† 1.14 (0.94-1.39) 

FIB-4 

<1.3 1.00 1.00 1.00 1.00 

≥1.3 2.18 (1.56-3.05)‡ 2.27 (1.41-3.66)† 1.67 (1.01-2.76)* 1.55 (1.02-2.37)* 

Per 1-SD 1.09 (1.03-1.16)† 1.09 (0.98-1.21) 1.09 (0.94-1.26) 1.04 (0.94-1.16) 

BARD 

0-1 1.00 1.00 1.00 1.00 

2-4 1.78 (1.24-2.56)† 2.36 (1.38-4.05)† 1.50 (1.05-2.14)* 1.17 (0.93-1.48) 

Per 1-point 1.47 (1.25-1.74)‡ 1.84 (1.43-2.36)‡ 1.25 (1.07-1.48)† 1.08 (0.97-1.20) 

AST/ALT ratio 

<0.8 1.00 1.00 1.00 1.00 

≥0.8 2.76 (1.52-5.01)† 2.45 (1.43-4.21)† 1.55 (1.08-2.21)* 1.13 (0.89-1.43) 

Per 1-SD 1.19 (1.01-1.41)* 1.31 (1.18-1.45)‡ 1.10 (0.92-1.30) 1.02 (0.91-1.14) 

The adjusted model included age, sex, current smoking, current drinking, diabetes, hypertension, systolic 

blood pressure, low-density lipoprotein cholesterol, glycosylated hemoglobin, high-sensitivity C-

reactive  



protein, number of lesion vessels, and baseline statin use, other than the variables included in the score 

formula. AST, Aspartate aminotransferase; ALT, alanine aminotransferase; BARD, Body Mass Index, 

AST/ALT ratio, Diabetes score; FIB-4, fibrosis-4; NFS, non-alcoholic fatty liver disease fibrosis score. 

*p<0.05; †, p<0.01.



Table S6. C-statistic of LFSs for predicting primary endpoints in patients after 

selective PCI.

C-statistic

(95% CI) 

ΔC-statistic 

(95% CI) 

p value 

Original model 0.651 (0.588-0.714) 

Original model + NFS 0.691 (0.637-0.746) 0.040 (0.009-0.080) 0.026 

Original model 0.652 (0.615-0.690) 

Original model + FIB-4 0.689 (0.655-0.724) 0.037 (0.004-0.067) 0.022 

Original model 0.688 (0.653-0.723) 

Original model + BARD 0.706 (0.672-0.741) 0.018 (0.007-0.034) 0.008 

Original model 0.689 (0.654-0.724) 

Original model + AST/ALT ratio 0.702 (0.668-0.737) 0.013 (-0.002-0.029) 0.094 

Original model included included age, sex, current smoking, current drinking, diabetes, hypertension, 

systolic blood pressure, low-density lipoprotein cholesterol, glycosylated hemoglobin, high-sensitivity C-

reactive protein, number of lesion vessels, and baseline statin use, other than the variables included in the 

score formula. AST, Aspartate aminotransferase; ALT, alanine aminotransferase; BARD, Body Mass Index, 

AST/ALT ratio, Diabetes score; FIB-4, fibrosis-4; LFSs, liver fibrosis scores; NFS, non-alcoholic fatty liver 

disease fibrosis score; PCI, percutaneous coronary intervention. 



Figure S1. The difference of cardiovascular events incidence according to the 

categorizations of LFSs. (A) Primary endpoint; (B) Secondary endpoint. AST, Aspartate 

aminotransferase; ALT, alanine aminotransferase; APRI, AST to platelet ratio index; BARD, 

Body Mass Index, AST/ALT ratio, Diabetes score; FIB-4, fibrosis-4; GPR, gamma-

glutamyltransferase platelet ratio; NFS, non-alcoholic fatty liver disease fibrosis score. 



Figure S2. The cumulative event-free survival analysis for secondary endpoint according to baseline LFSs. (A) NFS; (B) FIB-4; (C) 

BARD; (D) AST/ALT ratio; (E) Forns score; (F) GPR; (G) APRI; (H) HUI. AST, Aspartate aminotransferase; ALT, alanine aminotransferase; 

APRI, AST to platelet ratio index; BARD, Body Mass Index, AST/ALT ratio, Diabetes score; FIB-4, fibrosis-4; GPR, gamma-glutamyltransferase 



platelet ratio; NFS, non-alcoholic fatty liver disease fibrosis score. 



Figure S3. Age- and sex-adjusted restricted cubic spline plot of liver fibrosis scores 

and risk of primary endpoint events. (A) NFS; (B) FIB-4 index; (C) AST/ALT ratio. NFS, 

non-alcoholic fatty liver disease fibrosis score; FIB-4, fibrosis 4; AST, aspartate 

aminotransferase; ALT, alanine aminotransferase. 



Figure S4. Subgroup analyses of FIB-4 for predicting primary cardiovascular 

events. CI, confidence interval; FIB-4, fibrosis 4; HR, hazard ratio; LVEF, left ventricular 

ejection fraction; MI, myocardial infarction. 
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