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Abstract 

Background:  The prognostic implication of liver fibrosis in acute coronary syndrome (ACS) patients are scarce. We 
sought to evaluate whether liver fibrosis scores (LFS) were associated with thrombotic or bleeding events in patients 
with acute coronary syndrome.

Methods:  We included 6386 ACS patients who underwent percutaneous coronary intervention (PCI). This study 
determined liver fibrosis with aspartate aminotransferase to platelet ratio index (APRI), aspartate aminotransferase to 
alanine aminotransferase ratio (AST/ALT ratio), Forns score, and nonalcoholic fatty liver disease fibrosis score (NFS). The 
primary endpoint was major adverse cardiac and cerebrovascular events (MACCE), a composite of all-cause mortality 
(ACM), myocardial infarction (MI), and ischemic stroke (IS).

Results:  During the follow-up, 259 (4.06%) MACCE and 190 (2.98%) bleeding events were recorded. As a continuous 
variable or a categorical variable stratified by the literature-based cutoff, LFS was positively associated with MACCE 
(p > 0.05) but not with bleeding events. Compared with subjects with low APRI scores, AST/ALT ratio scores, Forns 
scores, and NFS scores, subjects with high scores had a 1.57- to 3.73-fold increase risk of MACCE after adjustment (all 
p < 0.05). The positive relationship between LFS and MACCE was consistent in different subgroups.

Conclusions:  In ACS patients, increased LFS predicted an elevated risk of thrombotic events but not bleeding. LFS 
may contribute to thrombotic risk stratification after ACS.
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Background
Acute coronary syndrome (ACS) is one of the leading 
causes of death worldwide [1]. Percutaneous coronary 
intervention (PCI), one of the most widely used thera-
peutic strategies for ACS patients, could improve patient 
outcomes. However, the risk of thrombotic and bleeding 

events after PCI remains high and may affect progno-
sis. The thrombotic and bleeding tradeoff is critical for 
the ACS patients. Therefore, exploring potential factors 
affecting thrombotic or bleeding events of ACS is mean-
ingful in clinical management.

The global burden of chronic liver diseases is increasing 
rapidly. It is estimated that 1.5 billion people worldwide 
suffer from chronic liver diseases, and more than 2 mil-
lion people die yearly [2]. Chronic injury in patients with 
chronic liver disease results in abnormal hepatic colla-
gen increase and excessive extracellular matrix deposi-
tion in the liver, leading to liver fibrosis [3]. Liver fibrosis 
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might silently exist in up to 9% of the general population 
[4]. Recent studies revealed that liver fibrosis was asso-
ciated with coronary calcification and the severity of 
coronary artery diseases [5–7]. However, the relation-
ship between liver fibrosis and adverse outcomes in ACS 
patients has been barely investigated.

The gold standard for liver fibrosis diagnosis is liver 
biopsy, an invasive procedure with a risk of complica-
tions [8]. High cost and sample variability also make 
liver biopsy unsuitable for routine population screening 
[9]. With the increasing burden of liver fibrosis and the 
need for simple evaluation tools, the liver fibrosis scores 
(LFS) calculated from clinical parameters and blood 
tests for predicting the severity of liver fibrosis were 
established and considered an alternative evaluation 
tool [10]. Compared with liver biopsy, LFS is simple, 
economical, non-invasive, and could be widely used in 
screening [11]. Commonly used LFS include the aspar-
tate aminotransferase to platelet ratio index (APRI), 
Forns score, aspartate aminotransferase to alanine ami-
notransferase ratio (AST/ALT ratio) [12–14], and non-
alcoholic fatty liver disease fibrosis score (NFS) [15]. In 
this study, we aimed to investigate whether LFS (e.g., 
APRI, AST/ALT ratio, Forns score, NFS) were associ-
ated with thrombotic and bleeding events in patients 
with ACS.

Methods
Study population
This study complied with the Declaration of Helsinki 
and was approved by the ethics committee of Fuwai 
Hospital. This study is an observational cohort study. 
Participants enrolled in this study have signed informed 
consent forms. From January to December 2013, a total 
of 10,724 patients who underwent PCI in Fuwai hos-
pital were screened. The eligibility criteria are listed as 
the following: (1) ACS patients underwent PCI in Fuwai 
hospital, including patients with ST-segment elevation 
myocardial infarction (STEMI), non-ST-segment eleva-
tion myocardial infarction (NSTEMI), and patients with 
unstable angina (UA); (2) patients over 18 years old. The 
exclusion criteria are (1) patients with incomplete clini-
cal information or incomplete follow-up; (2) patients 
lacking data on liver function, platelet count, and bio-
chemical tests. Finally, 6386 ACS patients who under-
went PCI in Fuwai hospital were enrolled in our study. 
Baseline demographic data, clinical data, and procedural 
data were collected prospectively. Before the procedure, 
patients were administered a loading dose of 300 mg aspi-
rin and a loading dose of 300 mg clopidogrel or a loading 
dose of 180 mg ticagrelor. After the procedure, patients 
were administered lifelong aspirin and clopidogrel or 

ticagrelor for 12 months. Medical equipment use is at the 
cardiologist’s discretion based on the patient’s condition.

Liver fibrosis scores
This study evaluated APRI, AST/ALT ratio, Forns score, 
and NFS. These scores were calculated as the following 
formula:

•	 APRI = AST (IU/L)/AST (the upper limit of normal, 
ULN) × 100 / platelet count (10^9/L)

•	 AST/ALT ratio = AST (IU/L)/ALT (IU/L)
•	 Forns score = 7.811–3.131 × log (platelet count 

[10^9/L]) + 0.781 × log (GGT [IU/L]) + 3.467 × log 
(age [year]) –0.014 × total cholesterol (mg/dL)

•	 NFS = − 1.675 + (0.037 × age [years]) + (0.094 * BMI [Kg/
m2]) + (1.13 × diabetes [yes = 1, no = 0]) + (0.99 × AST/
ALT ratio) – (0.013 × platelet count [109/L]) – (0.66 × albu-
min [g/dL])

Based on the cutoff values of previous literature, we 
divided LFS into low, intermediate, and high scores, 
indicative of mild, moderate, and advanced liver fibrosis. 
The cutoff values of APRI were 0.5 and 1.5 [12]. The cut-
off values of Forns score were 4.2 and 6.9 [13]. The cutoff 
values of NFS were − 1.455 and 0.676 [15]. The cutoff val-
ues of the AST/ALT ratio were 0.8 and 2 [16, 17].

Follow‑up and endpoints
The patients were followed up after the procedure 
through telephone or outpatient clinics by profes-
sional staff for 30 days, 6 months, and every year after 
that. Major adverse cardiac and cerebrovascular events 
(MACCE), composed of all-cause death, myocardial 
infarction (MI), and ischemic stroke, were primary end-
point. The secondary endpoints were the components of 
MACCE separately, major bleeding, target vessel revas-
cularization (TVR), and stent thrombosis. The definition 
of endpoints is according to the academic research con-
sortium (ARC) and bleeding academic research consor-
tium (BARC). All-cause death is caused by any causes. 
Cardiac death is caused by MI, congestive heart failure, 
malignant arrhythmia, or other direct cardiac causes. MI 
is defined according to the universal definition of myo-
cardial infarction (UDMI). Ischemic stroke refers to the 
neurological dysfunction caused by ischemia of brain tis-
sue and cells. Major bleeding refers to grade 2–5, based 
on the BARC definition [18].

Statistical analysis
Continuous variables were reported as mean and stand-
ard deviation, and categorical variables as count and 
percentage. Continuous variables were compared by 
analysis of variance (ANOVA), and categorical variables 
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were compared by the chi-square test. Unadjusted out-
comes rates were estimated by Kaplan-Meier analysis and 
compared with the log-rank test. The Cox proportional 
hazards regression model was used to assess the asso-
ciation between LFS and clinical outcomes and recorded 
as hazard ratios (HR) and 95% confidence interval (CIs). 
Variables with p < 0.1 in univariable Cox regression 
analysis (Supplementary Table  1) and clinically relevant 

variables were used as adjusted variables. Variables 
included in the adjustment were shown in the following: 
age, sex, BMI, diabetes mellitus, hypertension, hyperlipi-
demia, smoking, previous PCI, previous cerebrovascular 
disease, left ventricular dysfunction (LVEF less than 50%), 
lesion number, and high-sensitive C reactive protein lev-
els. Analytic components of LFS were not adjusted in the 
multivariable analysis. Restricted cubic splines were used 

Table 1  Baseline characteristics according to the liver fibrosis status staged by APRI

Variables are shown as mean (SD) or n (%). BMI, body mass index; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; MI, myocardial 
infarction; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-ST-segment elevation myocardial infarction UA, unstable angina; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol

Liver fibrosis Low Intermediate High p Value

Clinical characteristics
Age 58.7 (10.3) 57.6 (10.6) 58.1 (10.7) 0.028

Male 4235 (75.1) 542 (82.6) 70 (76.9) < 0.001

BMI 25.9 (3.3) 25.7 (3.2) 26.1 (2.6) 0.29

Diabetes mellitus 1700 (30.1) 176 (26.8) 22 (24.2) 0.108

Hypertension 3680 (65.3) 390 (59.5) 55 (60.4) 0.009

Hyperlipidemia 3800 (67.4) 409 (62.3) 56 (61.5) 0.019

Smoking 3267 (57.9) 407 (62.0) 52 (57.1) 0.127

Prior PCI 1310 (23.2) 161 (24.5) 30 (33.0) 0.076

Prior CABG 225 (4.0) 24 (3.7) 4 (4.4) 0.898

Prior MI 772 (13.7) 84 (12.8) 9 (9.9) 0.485

Prior cerebrovascular disease 635 (11.3) 74 (11.3) 10 (11.0) 0.997

Peripheral vascular disease 154 (2.7) 18 (2.7) 2 (2.2) 0.953

STEMI 1139 (20.2) 277 (42.2) 58 (63.7) < 0.001

NSTEMI 357 (6.3) 84 (12.8) 8 (8.8) < 0.001

UA 4143 (73.5) 295 (45.0) 25 (27.5) < 0.001

Left ventricular dysfunction 269 (4.8) 51 (7.8) 19 (20.9) < 0.001

Renal insufficiency 2 (0.0) 2 (0.3) 0 (0.0) 0.032

Procedural characteristics
Chronic total occlusion 396 (7.0) 24 (3.7) 2 (2.2) 0.001

Left main artery disease 333 (5.9) 37 (5.6) 5 (5.5) 0.952

Moderate to severe calcification 850 (15.1) 99 (15.1) 14 (15.4) 0.997

Lesion number 1.4 (0.7) 1.4 (0.7) 1.4 (0.7) 0.656

Lesion length 28.1 (18.8) 28.4 (17.2) 26.7 (17.1) 0.72

Minimum lesion diameter 0.4 (0.5) 0.3 (0.3) 0.2 (0.3) < 0.001

Drug-eluting stent 5399 (95.7) 618 (94.2) 81 (89.0) 0.002

Laboratory tests
AST, IU/L 20.0 (7.4) 56.1 (25.0) 216.9 (167.1) < 0.001

ALT, IU/L 28.5 (19.3) 71.9 (55.6) 134.2 (142.8) < 0.001

Albumin, g/dL 42.6 (4.2) 41.9 (4.7) 40.7 (4.2) < 0.001

Total bilirubin, μmol/L 14.4 (5.4) 15.7 (6.9) 19.4 (10.5) < 0.001

Triglycerides, mmol/L 1.8 (1.1) 1.8 (1.1) 1.8 (0.8) 0.499

Total cholesterol, mmol/L 4.2 (1.1) 4.2 (1.0) 4.5 (0.8) 0.043

LDL-C, mmol/L 2.5 (0.9) 2.5 (0.9) 2.7 (0.8) 0.075

HDL-C, mmol/L 1.0 (0.3) 1.0 (0.3) 1.1 (0.3) 0.04

Blood glucose, mmol/L 6.3 (2.3) 6.8 (3.0) 8.2 (4.5) < 0.001

High-sensitivity C-reactive protein, mg/L 3.4 (3.9) 5.3 (5.0) 8.7 (5.8) < 0.001
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to evaluate the correlation between continuous LFS and 
outcomes. Patients were divided into subgroups accord-
ing to age (< 60 and ≥ 60), sex (male and female), BMI 
(< 28 and ≥ 28), smoking (yes or no), diabetes mellitus 
(yes or no), hypertension (yes or no), hyperlipidemia (yes 
or no) and STEMI (yes or no). We examined the consist-
ency of the association between LFS and outcomes in 
different subgroups. Statistical analysis was performed 
using R 4.0.3 software. Two-tailed p < 0.05 was consid-
ered statistically significant.

Results
Baseline characteristics
6386 ACS patients who underwent PCI were enrolled 
in this study. The average age was 58.6 years old, and 
4847(75.9%) were men. The baseline characteristics 
are presented according to the presence of liver fibro-
sis staged by APRI (cutoff 0.5 and 1.5) in Table 1. Com-
pared to individuals with low fibrosis scores, those with 
intermediate and high fibrosis scores had a higher prev-
alence of male sex, STEMI, NSTEMI, left ventricular 

dysfunction (all p  < 0.05). Moreover, compared with 
patients with low fibrosis scores, patients with intermedi-
ate and high fibrosis scores had significantly higher AST, 
ALT, total bilirubin, blood glucose and high-sensitivity 
C-reactive protein (all p  < 0.05). The baseline character-
istics of the study population by dividing into MACCE 
groups or non-MACCE groups were shown in Supple-
mentary Table 2.

Clinical outcomes according to liver fibrosis scores
The median follow-up time was 2.4 years. During the 
follow-up, 259 (4.06%) subjects had MACCE. 93 (1.46%) 
subjects had all-cause mortality, 50 (0.78%) subjects had 
cardiac death. 90 (1.41%) subjects had MI. 104 (1.63%) 
subjects had ischemic stroke. 190 (2.98%) subjects had 
major bleeding. 332 (5.2%) subjects had TVR. 66 (1.03%) 
subjects had stent thrombosis.

As shown in Fig.  1 and Table  2, increasing LFS was 
associated with progressively higher rates of MACCE. 
The incidence of MACCE increased from low LFS 
(2.6 to 3.9%) to high LFS (4.9 to 13.2%). Considering 

p < 0.0001
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Fig. 1  The Kaplan-Meier analysis for MACCE according to liver fibrosis scores. APRI, aspartate aminotransferase to platelet ratio index; AST/ALT ratio, 
aspartate aminotransferase to alanine aminotransferase ratio; NFS, nonalcoholic fatty liver disease fibrosis score
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MACCE separately, mortality, myocardial infarction, 
ischemic stroke, and stent thrombosis had a posi-
tive relationship with fibrosis scores. All LFS was not 
associated with bleeding events and TVR (all p > 0.05) 
(Table 2).

Association between liver fibrosis scores and MACCE
As displayed in Table  3, in unadjusted Cox regression 
analysis, subjects with high APRI  scores exhibited an 
increased risk of MACCE compared to groups with 
low APRI  scores (HR 3.69, 95%CI 2.06–6.6, p < 0.001). 
The MACCE risk increased in subjects with interme-
diate or high AST/ALT ratio (HR 1.31, 95%CI 1.01–
1.69, p = 0.044; HR 2.59, 95%CI 1.74–3.85, p < 0.001), 
Forns score (HR 1.59, 95%CI 1.01–2.53, p = 0.047; HR 
1.91, 95%CI 1.14–3.2, p = 0.015) and NFS (HR 1.48, 
95%CI 1.13–1.94, p = 0.004; HR 3.43, 95%CI 2.39–4.92, 
p < 0.001) compared to the subjects with low scores. 
After adjustment for known predictors for MACCE 
(Table  4), the MACCE risk still increased in patients 
with a high APRI (HR 3.73, 95%CI 2.03–6.87, p < 0.001), 
high NFS (HR 2.73, 95%CI 1.86–4, p < 0.001), high AST/

ALT ratio (HR 1.57, 95%CI 1.02–2.43, p = 0.042) and 
high Forns score (HR 1.77, 95%CI 1.05–3, p = 0.032).

To simply compare the outcomes between patients 
with liver cirrhosis and without, the whole population 
was divided into two groups with or without liver cir-
rhosis based on APRI (APRI cutoff at 1.5). We found 
that liver cirrhosis is associated with  an increased 
risk of  MACCE, all-cause death, cardiac death, MI, 
ischemic stroke, and stent thrombosis but not TVR and 
major bleeding (Table 5).

As shown in Fig. 2, further adjusted restricted cubic 
spline analysis showed that as continuous variables, 
APRI, AST/ALT ratio, Forns score, and NFS were inde-
pendently associated with increased MACCE risk. 
AST/ALT ratio had a non-linear positive relationship 
with MACCE risk, while APRI, NFS, and Forns score 
had a linear positive relationship with the MACCE risk.

As shown in Supplementary Fig.  1–4, patients were 
divided into subgroups according to age (< 60 and ≥ 60), 
sex (male and female), BMI (< 28 and ≥ 28), smoking 
(yes or no), diabetes mellitus (yes or no), hyperten-
sion (yes or no), hyperlipidemia (yes or no) and STEMI 
(yes or no). Consistently, patients with intermediate 

Table 2  Clinical outcomes according to liver fibrosis status

LFS, liver fibrosis scores; MACCE, major adverse cardiac and cerebrovascular events; TVR, target vessel reconstruction; APRI, aspartate aminotransferase to platelet ratio 
index; AST/ALT ratio, aspartate aminotransferase to alanine aminotransferase ratio; NFS, nonalcoholic fatty liver disease fibrosis score

Liver fibrosis staged 
by LFS

MACCE All-cause death Cardiac death Myocardial 
infarction

Ischemic stroke Major bleeding TVR Stent thrombosis

APRI
Low (N = 5639) 219 (3.9) 77 (1.4) 37 (0.7) 72 (1.3) 89 (1.6) 169 (3.0) 289 (5.1) 53 (0.9)

Intermediate (N = 656) 28 (4.3) 10 (1.5) 7 (1.1) 14 (2.1) 11 (1.7) 18 (2.7) 38 (5.8) 8 (1.2)

High (n = 91) 12 (13.2) 6 (6.6) 6 (6.6) 4 (4.4) 4 (4.4) 3 (3.3) 5 (5.5) 5 (5.5)

p value < 0.001 < 0.001 < 0.001 0.011 0.108 0.922 0.76 < 0.001

AST/ALT ratio
Low (N = 3352) 112 (3.3) 31 (0.9) 18 (0.5) 37 (1.1) 54 (1.6) 94 (2.8) 182 (5.4) 30 (0.9)

Intermediate 
(N = 2666)

116 (4.4) 48 (1.8) 23 (0.9) 41 (1.5) 43 (1.6) 87 (3.3) 123 (4.6) 27 (1.0)

High (N = 368) 31 (8.4) 14 (3.8) 9 (2.4) 12 (3.3) 7 (1.9) 9 (2.4) 27 (7.3) 9 (2.4)

p value < 0.001 < 0.001 < 0.001 0.003 0.913 0.481 0.06 0.02

Forns score
Low (N = 763) 20 (2.6) 5 (0.7) 2 (0.3) 8 (1.0) 8 (1.0) 17 (2.2) 44 (5.8) 5 (0.7)

Intermediate 
(N = 4582)

188 (4.1) 58 (1.3) 32 (0.7) 66 (1.4) 83 (1.8) 135 (2.9) 242 (5.3) 45 (1.0)

High (N = 1041) 51 (4.9) 30 (2.9) 16 (1.5) 16 (1.5) 13 (1.2) 38 (3.7) 46 (4.4) 16 (1.5)

p value 0.051 < 0.001 0.005 0.648 0.174 0.209 0.397 0.152

NFS
Low (N = 3109) 92 (3.0) 33 (1.1) 17 (0.5) 33 (1.1) 37 (1.2) 86 (2.8) 157 (5.0) 24 (0.8)

Intermediate 
(N = 2842)

124 (4.4) 41 (1.4) 20 (0.7) 43 (1.5) 53 (1.9) 89 (3.1) 150 (5.3) 28 (1.0)

High (N = 435) 43 (9.9) 19 (4.4) 13 (3.0) 14 (3.2) 14 (3.2) 15 (3.4) 25 (5.7) 14 (3.2)

p value < 0.001 < 0.001 < 0.001 0.001 0.003 0.592 0.802 < 0.001
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and high APRI, AST/ALT ratio, Forns score, and NFS 
tended to have an elevated risk of MACCE compared 
to those with a low score. This positive correlation was 
consistent in different subgroups.

Association between liver fibrosis scores and secondary 
outcomes
Before and after adjustment, the risk of major bleeding 
did not significantly increase in groups with interme-
diate or high LFS (Table  3 and Table  4). Considering 
MACCE separately, elevated MACCE risks in the high 
APRI and NFS groups were mainly driven by increased 
mortality, MI, ischemic stroke and stent thrombosis (all 
p < 0.05). Elevated MACCE risks in the high Forns score 
group were primarily driven by increased mortality 

(p < 0.05). Elevated MACCE risks in the high AST/ALT 
ratio group were mainly driven by increased MI, and 
stent thrombosis (p < 0.05).

Discussion
Previous studies demonstrated that LFS was associated 
with cardiovascular events [19–21]. Investigating the 
association of noninvasive fibrosis scores with throm-
botic and bleeding events in acute coronary syndrome 
may open a new mind to thrombotic and bleeding trade-
offs in ACS management. Our study firstly evaluated the 
prognostic implication of APRI, AST/ALT ratio, Forns 
score, and NFS on the thrombotic and bleeding events 
of ACS patients who underwent PCI. We found that 
increased APRI, NFS, AST/ALT ratio, and Forns scores 

Table 3  Unadjusted Cox regression for clinical outcomes according to liver fibrosis status

LFS, liver fibrosis scores; MACCE, major adverse cardiac and cerebrovascular events; TVR, target vessel reconstruction; APRI, aspartate aminotransferase to platelet ratio 
index; AST/ALT ratio, aspartate aminotransferase to alanine aminotransferase ratio; NFS, nonalcoholic fatty liver disease fibrosis score

Liver fibrosis 
staged by LFS

MACCE All-cause 
death

Cardiac death Myocardial 
infarction

Ischemic 
stroke

Major 
bleeding

TVR Stent 
thrombosis

APRI
Low (N = 5639) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Intermediate 
(N = 656)

1.1 (0.74–1.63) 1.12 (0.58–
2.16)

1.62 (0.72–
3.63)

1.67 (0.94–
2.96)

1.06 (0.57–
1.98)

0.91 (0.56–
1.49)

1.13 
(0.81–1.59)

1.29 (0.61–2.72)

p value 0.638 0.743 0.242 0.079 0.855 0.717 0.471 0.498

High (n = 91) 3.69 (2.06–6.6) 5.14 (2.24–
11.8)

10.59 
(4.47–25.09)

3.65 (1.33–
9.99)

3.05 (1.12–8.3) 1.16 (0.37–
3.65)

1.13 
(0.47–2.74)

6.24 (2.49–
15.61)

p value < 0.001 < 0.001 < 0.001 0.012 0.029 0.794 0.784 < 0.001

AST/ALT ratio
Low (N = 3352) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Intermediate 
(N = 2666)

1.31 (1.01–
1.69)

1.94 (1.24–
3.05)

1.61 (0.87–
2.98)

1.4 (0.9–2.18) 1 (0.67–1.49) 1.17 (0.88–
1.57)

0.85 
(0.68–1.07)

1.13 (0.67–1.9)

p value 0.044 0.004 0.132 0.141 0.995 0.288 0.161 0.641

High (N = 368) 2.59 (1.74–
3.85)

4.15 (2.21–7.8) 4.59 (2.06–
10.21)

2.99 (1.56–
5.74)

1.2 (0.55–2.64) 0.89 (0.45–
1.75)

1.39 
(0.93–2.08)

2.75 (1.31–5.8)

p value < 0.001 < 0.001 < 0.001 0.001 0.647 0.726 0.11 0.008

Forns score
Low (N = 763) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Intermediate 
(N = 4582)

1.59 (1.01–
2.53)

1.95 (0.78–
4.87)

2.69 (0.64–
11.21)

1.39 (0.67–2.9) 1.76 (0.85–
3.64)

1.34 (0.81–
2.22)

0.92 
(0.67–1.27)

1.52 (0.6–3.82)

p value 0.047 0.151 0.175 0.377 0.126 0.257 0.628 0.376

High 
(N = 1041)

1.91 (1.14–3.2) 4.46 (1.73–
11.5)

5.94 (1.37–
25.83)

1.49 (0.64–
3.47)

1.22 (0.51–
2.95)

1.68 (0.95–
2.97)

0.77 
(0.51–1.16)

2.39 (0.87–6.51)

p value 0.015 0.002 0.018 0.36 0.655 0.077 0.214 0.09

NFS
Low (N = 3109) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Intermediate 
(N = 2842)

1.48 (1.13–
1.94)

1.36 (0.86–
2.15)

1.29 (0.67–
2.46)

1.43 (0.91–
2.25)

1.58 (1.04–2.4) 1.14 (0.84–
1.53)

1.05 
(0.84–1.31)

1.28 (0.74–2.21)

p value 0.004 0.192 0.445 0.124 0.034 0.401 0.688 0.377

High (N = 435) 3.43 (2.39–
4.92)

4.14 (2.35–
7.28)

5.5 (2.67–
11.32)

3.06 (1.64–
5.72)

2.75 (1.49–
5.08)

1.27 (0.73–2.2) 1.16 
(0.76–1.77)

4.2 (2.17–8.12)

p value < 0.001 < 0.001 < 0.001 < 0.001 0.001 0.392 0.495 < 0.001
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were associated with an elevated risk of thrombotic 
events but had no significant association with major 
bleeding. Compared to the patients with a low LFS, 
patients with a high LFS  exhibited an increased risk of 
MACCE by 1.57- to 3.73-fold. Subgroup analysis showed 
that this positive correlation  was consistent in different 
ages, sex, BMI, smoking status, diabetes mellitus, hyper-
tension, hyperlipidemia, and STEMI subgroups.

Liver fibrosis severity indicates liver health status. 
Since the liver plays a critical role in lipid and glucose 
metabolism, and liver disease shares common risk fac-
tors with cardiovascular diseases, such as hypertension, 
insulin resistance, and systemic inflammation [22–25], 
it is reasonable to explore the relationship between liver 

fibrosis and cardiovascular diseases. As an alternative 
tool for liver biopsy, noninvasive LFS could evaluate liver 
fibrosis accurately and have good prognostic values for 
adverse outcomes. Elevated APRI and NFS were asso-
ciated with an increased risk of mortality and hepatic 
complications in the NAFLD population [26]. National 
Health and Nutrition Examination Survey showed that 
increased APRI, Forns score, and NFS, were associated 
with increased risks of all-cause death, cardiac death, and 
liver-specific death in the U.S. population [27, 28]. NFS 
was associated with the risk of cardiovascular events in 
patients with diabetes mellitus [29]. These studies dem-
onstrated that LFS was associated with hepatic and non-
hepatic events in patients with and without liver diseases. 

Table 4  Adjusted Cox regression for clinical outcomes according to liver fibrosis status

LFS, liver fibrosis scores; MACCE, major adverse cardiac and cerebrovascular events; TVR, target vessel reconstruction; APRI, aspartate aminotransferase to platelet ratio 
index; AST/ALT ratio, aspartate aminotransferase to alanine aminotransferase ratio; NFS, nonalcoholic fatty liver disease fibrosis score

Liver fibrosis 
staged by LFS

MACCE All-cause 
death

Cardiac death Myocardial 
infarction

Ischemic 
stroke

Major 
bleeding

TVR Stent
thrombosis

APRI
Low (N = 5639) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Intermediate 
(N = 656)

1.14 (0.76–1.7) 0.97 (0.5–1.9) 1.43 (0.63–
3.27)

1.91 (1.07–
3.43)

1.15 (0.61–
2.16)

0.99 (0.61–
1.62)

1.13 
(0.80–1.59)

1.35 (0.63–2.87)

p value 0.524 0.931 0.394 0.029 0.676 0.977 0.495 0.438

High (n = 91) 3.73 (2.03–
6.87)

4.03 (1.66–
9.78)

8.87 (3.32–
23.72)

5.05 (1.76–
14.5)

3.32 (1.17–
9.43)

1.4 (0.44–4.45) 1.08 
(0.44–2.66)

8.87 (3.29–
23.94)

p value < 0.001 0.002 < 0.001 0.003 0.024 0.572 0.862 < 0.001

AST/ALT ratio
Low (N = 3352) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Intermediate 
(N = 2666)

0.92 (0.7–1.22) 1.13 (0.71–
1.82)

0.92 (0.48–
1.75)

1.14 (0.71–
1.82)

0.69 (0.45–
1.05)

0.89 (0.65–
1.21)

0.87 (0.68–1.1) 0.99 (0.58–1.72)

p value 0.57 0.605 0.788 0.581 0.085 0.458 0.243 0.985

High (N = 368) 1.57 (1.02–
2.43)

1.56 (0.77–
3.13)

1.54 (0.62–3.8) 2.64 (1.29–
5.41)

0.7 (0.3–1.62) 0.67 (0.33–
1.37)

1.39 
(0.90–2.14)

2.46 (1.06–5.67)

p value 0.042 0.214 0.352 0.008 0.408 0.276 0.141 0.035

Forns score
Low (N = 763) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Intermediate 
(N = 4582)

1.55 (0.98–
2.47)

2.1 (0.84–5.27) 2.89 (0.69–
12.16)

1.26 (0.6–2.64) 1.62 (0.78–
3.36)

1.26 (0.76–
2.09)

0.91 
(0.66–1.26)

1.36 (0.54–3.45)

p value 0.063 0.112 0.147 0.542 0.196 0.377 0.573 0.518

High 
(N = 1041)

1.77 (1.05–3) 4.46 (1.71–
11.62)

5.59 (1.26–
24.75)

1.32 (0.56–
3.13)

1.08 (0.44–
2.62)

1.57 (0.88–2.8) 0.74 
(0.49–1.13)

1.88 (0.68–5.22)

p value 0.032 0.002 0.023 0.53 0.871 0.128 0.166 0.226

NFS
Low (N = 3109) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Intermediate 
(N = 2842)

1.31 (1–1.72) 1.2 (0.76–1.92) 1.05 (0.55–
2.03)

1.24 (0.78–
1.96)

1.35 (0.88–
2.07)

1.06 (0.78–
1.43)

1.01 
(0.81–1.27)

1.12 (0.65–1.96)

p value 0.052 0.434 0.875 0.364 0.168 0.702 0.928 0.679

High (N = 435) 2.73 (1.86–4) 2.77 (1.51–
5.07)

3.49 (1.61–
7.57)

2.77 (1.44–
5.31)

2.12 (1.12–
4.04)

1.24 (0.7–2.17) 1.08 
(0.70–1.67)

4.08 (2.05–8.15)

p value < 0.001 0.001 0.002 0.002 0.022 0.462 0.719 < 0.001
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Recent studies started exploring the relationship between 
LFS and cardiovascular disease. APRI and Forns scores 
were reported to be associated with mortality in intracer-
ebral hemorrhage patients and ischemic stroke patients, 
respectively [30, 31]. Besides, APRI, Forns score, and NFS 
predicted all-cause mortality and cardiac death risks in 
coronary heart disease patients [28]. APRI was related to 
coronary calcification and severity in patients with coro-
nary heart disease [5, 32]. Elevated AST/ALT ratio and 
NFS were associated with the increased risk of cardiovas-
cular events in patients with the stable coronary disease 
after PCI [7]. This study is the first one exploring the rela-
tionship between LFS and thrombotic/bleeding events in 
ACS patients.

In our study, compared to the low score group, indi-
viduals with high APRI, AST/SLT ratio, Forns score, and 
NFS had a higher risk of MACCE. Additionally, APRI 
and NFS showed better performance predicting second-
ary outcomes than other scores, suggesting LFS could 
predict the risk of adverse outcomes in ACS patients 
undergoing PCI, which is consistent with previous stud-
ies. Besides, previous researches mainly focus on the 
predictive value of APRI or NFS on cardiovascular dis-
eases. In our study, we comprehensively investigated 
four LFS, including APRI, AST/ALT ratio, Forns score, 

and NFS, to evaluate and compare their predictive values 
for thrombotic and bleeding events. And we found that 
LFS could predict thrombotic events in ACS patients 
but not bleeding events. Procoagulant imbalance is com-
mon in people with chronic liver disease, even those 
with mildly elevated liver fibrosis scores [33]. Inflam-
matory status, elevated thrombophilic factors, endothe-
lial dysfunction, and oxidative injury in liver fibrosis or 
cirrhosis lead to hypercoagulable and thrombotic state 
[34, 35], increasing ischemic events risk. Besides, hyper-
lipidemia, insulin resistance, stress, and obesity, which 
are prevalent in ACS patients, may also exacerbate the 
hypercoagulable state [36]. This may be why liver fibro-
sis is associated with thrombotic events in our study 
but not bleeding. The ischemic and bleeding trade-off 
for ACS patients after PCI is vital. Our study suggested 
liver fibrosis staged by LFS was associated with ischemic 
events in ACS patients, and LFS might be a helpful tool 
for identifying patients with a high risk of ischemic 
events after PCI.

Limitation
There are some limitations existing in our study. First, 
this study is an observational cohort study, which can-
not identify a direct causal relationship because of the 
inherent limitations of such studies. Second, all patients 
received pre-loading of ticagrelor and or clopidogrel as 
recommended by the guidelines, which could influence 
the bleeding events in these populations. But we believed 
the treatment would not negate the bleeding character-
istic of patients with high bleeding risk, which might 
require further study. Third, this study lacks liver biopsy 
or imaging techniques such as ultrasound elastography to 
confirm the severity of liver fibrosis. Recent studies sug-
gested that the combination of imaging techniques and 
liver fibrosis scores could better diagnose liver fibrosis. 
And at the basis of this study, future research could seek 
to combine imaging techniques and LFS. Fourth, clopi-
dogrel could cause thrombocytopenia, but this is a small 
probability event during PCI, according to previous 
reports. Fifth, since liver fibrosis scores could properly 
evaluate fibrosis in a different population, the present 
study focused on the extent of overall liver fibrosis. Addi-
tional information about the study population’s chronic 
liver disease status (e.g., viral hepatitis, NAFLD) was not 
collected, which might require further research. 

Conclusions
This study found that elevate LFS was associated with 
an increased risk of MACCE, morality, MI, and stent 
thrombosis in patients with ACS, but not bleeding events 

Table 5  Unadjusted and adjusted Cox regression for clinical 
outcomes according to liver cirrhosis evaluated by APRI

MACCE, major adverse cardiac and cerebrovascular event; MI, myocardial 
infarction; TVR, target vessel reconstruction. Values are hazard ratio (95% 
confidence interval)

Non-cirrhosis Cirrhosis p value

Unadjusted risk
MACCE 1(reference) 3.65 (2.05–6.52) < 0.001

All-cause death 1(reference) 5.08 (2.22–11.62) < 0.001

Cardiac death 1(reference) 9.95 (4.24–23.34) < 0.001

MI 1(reference) 3.41 (1.25–9.30) 0.017

Ischemic stroke 1(reference) 3.03 (1.11–8.23) 0.030

TVR 1(reference) 1.12 (0.46–2.70) 0.81

Major bleeding 1(reference) 1.18 (0.38–3.68) 0.782

Stent thrombosis 1(reference) 6.06 (2.43–15.07) < 0.001

Adjusted risk
MACCE 1(reference) 3.65 (1.99–6.69) < 0.001

All-cause death 1(reference) 4.05 (1.68–9.75) 0.002

Cardiac death 1(reference) 8.19 (3.11–21.53) < 0.001

MI 1(reference) 4.45 (1.55–12.73) 0.005

Ischemic stroke 1(reference) 3.24 (1.15–9.17) 0.026

TVR 1(reference) 1.06 (0.43–2.60) 0.90

Major bleeding 1(reference) 1.40 (0.44–4.45) 0.57

Stent thrombosis 1(reference) 8.39 (3.14–22.47) < 0.001
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and TVR. LFS may contribute to thrombotic risk strati-
fication among ACS patients  and help clinical decision 
making.
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Fig. 2  Restricted cubic spline analysis for MACCE according to liver fibrosis scores. APRI, aspartate aminotransferase to platelet ratio index; AST/ALT 
ratio, aspartate aminotransferase to alanine aminotransferase ratio; NFS, nonalcoholic fatty liver disease fibrosis score
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Additional file 5: Supplementary Table 1. Univariable and multivari‑
able Cox regression analysis of MACCE. Supplementary Table 2. Baseline 
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