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Abstract. The fibrosis‑4 (FIB‑4) index is a non‑invasive 
score used to determine liver fibrosis. The present study 
aimed to assess the predictive ability of FIB‑4 for all‑cause 
mortality in patients with acute myocardial infarction (AMI). 
It retrospectively analyzed a total of 797 patients who were 
diagnosed with AMI. The patients were equally divided into 
three tertiles based on the values of the FIB‑4 index scores: 
Group A (FIB‑4 index <3.19; n=265), group B (3.19 ≤FIB‑4 
<8.14; n=267) and group C (FIB‑4 index ≥8.14 group; n=265). 
Kaplan‑Meier curves were used to analyze the incidence of 
all‑cause mortality among the three groups. Multivariate Cox 
regression analysis was used to assess the association of risk of 
all‑cause mortality in the patients. The Kaplan‑Meier curves 
showed that the incidence of all‑cause mortality was statisti‑
cally significantly higher in group C than in groups A and B 
(P<0.001). After adjusting for confounding factors, multivar‑
iate Cox analysis demonstrated the risk of all‑cause mortality 
in group C was significantly higher than in group A (hazard 
ratio: 2.898, 95% confidence interval: 1.069‑7.857, P=0.037). 
In receiver‑operating characteristics (ROC) analysis, an FIB‑4 
index of 6.647 and a Synergy between PCI with Taxus and 
Cardiac Surgery (SYNTAX) score of 26.75 had sensitivities 
of 67.3 and 55.8% and specificities of 63 and 71.9%, respec‑
tively. Comparing the area under the ROC curve revealed no 
statistical differences between the FIB‑4 index and SYNTAX 
score (0.654 vs. 0.661; P=0.864). Higher FIB‑4 index were 
associated with increased risks of all‑cause mortality among 
AMI patients. The FIB‑4 index, a noninvasive and convenient 
tool, plays a potential role in the prognosis of AMI.

Introduction

Acute myocardial infarction (AMI) remains a major cause 
of mortality worldwide, despite the development and popu‑
larity of primary percutaneous coronary intervention (1‑3). 
Early risk stratification of patients helps to improve disease 
prognosis through early interventions (4). Multiple clinical 
scoring systems are available to identify high‑risk patients. 
Fox et al (5) validated the GRACE score that assesses the 
short‑ and long‑term prognoses among patients with coronary 
artery disease. However, this evaluation system was mainly 
derived from and therefore applied for, non‑ST acute coronary 
syndrome patients.

The Gensini score and The Synergy between PCI with 
Taxus and Cardiac Surgery (SYNTAX) scores are the most 
common assessment system today (6). However, both are 
based on an arbitrary ranking of coronary lesion complexity. 
Another limitation of the scores is that they take into account 
the presence of lesions in very small vessels (1.5 mm), which 
are almost always functionally insignificant and in which the 
benefit of revascularization is uncertain (7).

The liver‑heart axis is a growing field of interest (8). 
Non‑alcoholic fatty liver disease (NAFLD) is the most 
common liver disorder. NAFLD is a part of cardiac metabolic 
disorder, rather than a dependent disease (8). NAFLD and 
cardiac metabolic disorders are different organ reflections of 
systemic metabolic syndrome. There is a significant connec‑
tion between NAFLD and cardiovascular disease, which have 
same risk factors including obesity, hypertension and insulin 
resentence (8).

The fibrosis‑4 (FIB‑4) index is a simple, convenient, 
non‑invasive tool that uses patient age and levels of platelets 
(PLT), aspartate transaminase (AST) and alanine transami‑
nase (ALT) in the blood for its estimation. Initially, the FIB‑4 
index was used to detect liver impairment and liver fibrosis 
in NAFLD. It can also evaluate the prognosis of NAFLD. 
Previous studies have demonstrated that the FIB‑4 index 
could be used to assess the risk of cardiovascular events, such 
as myocardial infarction and heart failure, in patients with 
NAFLD (9,10). In the cardiovascular field, FIB‑4 index can 
help predict adverse outcomes, ranging from readmission to 
all‑cause mortality, in patients with heart failure (10‑12). In 
heart failure patients, those with a FIB‑4 index >3.01 had 
3.5‑fold higher all‑cause mortality compared with patients 
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with a FIB‑4 index <3.01 (10). To date, it is unclear whether the 
FIB‑4 index can also help to predict poor outcomes after AMI. 
Therefore, this study aimed to investigate the relationship 
between the FIB‑4 index and prognoses of AMI.

Patients and methods

Study population. This retrospective study included 
896 patients from Yongchuan Hospital of Chongqing Medical 
University, a tertiary hospital in Southwest China, between 
January 2016 and January 2019. The inclusion criteria were 
age >18 years and AMI according to the relevant guide‑
lines (13). The exclusion criteria were a history of chronic 
viral hepatitis; previous or current diagnosis of bile duct 
obstruction; excessive alcohol consumption (>21 drinks/week 
in men and >14 drinks/week in women); severe renal insuf‑
ficiency; severe heart valvular disease, severe hematological 
diseases, incomplete data and/or being lost to follow‑up. 
Based on these criteria, the data of 797 patients was finally 
analyzed. All procedures performed in the studies involving 
human participants were in accordance with the ethical stan‑
dards of the institutional and national research committee 
and the 1964 Helsinki Declaration and its later amendments 
or comparable ethical standards. The Ethical Committee of 
the Yongchuan Hospital of Chongqing Medical University 
approved this retrospective study (approval no. 2019029). 
The requirement for informed consent was waived due to the 
retrospective design.

Measurements. The sociodemographic, lifestyle character‑
istics, medical history, comorbidity and laboratory data of 
all the participants was collected. Smoking was defined as 
at least one cigarette per day for half a year before admis‑
sion and alcohol intake was defined as drinking any types 
of alcoholic beverages at least once a week for more than six 
months before admission. Blood samples for evaluating the 
liver functions, including AST, ALT, gamma‑glutamyl trans‑
peptidase, total bilirubin (TBIL), direct bilirubin (DBIL) 
and fasting blood glucose level, were collected after ≤8 h of 
fasting. Other items were obtained soon after the admission, 
including white blood cell (WBC), hemoglobin, PLT, uric 
acid, creatinine, total cholesterol, hypertriglyceridemia (TG), 
low‑density lipoprotein cholesterol, high‑density lipoprotein 
cholesterol, cardiac troponin I (cTn I) and N‑terminal B‑type 
natriuretic peptide. Details of the discharge medication 
prescription of all patients, including antiplatelet agents, 
statins, β‑receptor blockers and angiotensin converting 
enzyme inhibitors or angiotensin receptor blockers 
(depending on their individual situation), was also collected 
through the medical record system.

FIB‑4 index. The FIB‑4 index was calculated using the 
following equation (14): 

The patients were equally divided into three tertiles based 
on the values of the FIB‑4 index scores: first tertile (FIB‑4 
index <3.19, n=265); second tertile (3.19 ≤FIB‑4 <8.14, n=267); 
and third tertile (FIB‑4 index ≥8.14, n=265) (15).

Follow‑up and endpoints. The patients were followed up via 
annual telephone interviews after discharge. The last follow‑up 
conducted in January 2020. Data were obtained through the 
inpatient medical records, outpatient medical records and 
telephone interviews. The primary endpoint was all‑cause 
mortality.

Statistical analysis. Continuous normally distributed vari‑
ables are presented as mean ± standard deviation and were 
compared between groups using one‑way analysis of vari‑
ance. Non‑normally distributed variables are presented as 
median and interquartile range and were compared using the 
Kruskal‑Wallis H test. Categorical variables are presented as 
number (percentage) and were analyzed via the Chi‑squared 
test. Kaplan‑Meier curves were plotted for the incidences of 
events and the log‑rank test was used to compare the differ‑
ences between groups. Multivariate Cox's regression was used 
to analyze the relationship between the FIB‑4 index and the 
occurrence of the endpoint. Pearson correlation analysis was 
used to analyze the correlation of data. The receiver‑operating 
characteristics (ROC) curve was used to determine the 
sensitivity and specificity of the FIB‑4 index and the optimal 
cut‑off value for predicting the outcome of patients with AMI. 
All statistical analyses were performed using SPSS v20.0 
(IBM Corp.). P<0.05 was considered to indicate a statistically 
significant difference.

Results

Baseline characteristics. Table I summarizes the sociodemo‑
graphic data and clinical characteristics of patients; the mean 
age was 66.3±11.7 years and 72.4% of the cohort were male. 
The 50% median time from onset chest pain symptom to 
sample collection was 22.1 h. Compared with those other in 
other two groups, the participants in the group C were older 
and had a higher prevalence of Killip class. Moreover, group C 
had the highest levels of WBC count and serum levels of AST, 
ALT, γ‑GT, TBIL, DBIL and cTn I; However, the serum levels 
of PLT and TG and amount of discharge medication were 
lowest in the group C (P<0.05).

Clinical outcomes. During a median follow‑up period of 
13 months, 113 deaths occurred: 19 (7.2%) patients in group A, 
33 (12.4%) in group B and 61 (23.0%) in group C. The 
Kaplan‑Meier curves indicated that group C had significantly 
lower cumulative event‑free survival rates than the other two 
groups (log‑rank test, P<0.001; Fig. 1).

The FIB‑4 index of groups B and C indicated 1.773‑fold 
and 3.36‑fold higher risk of all‑cause mortality compared to 
that of group A, respectively. After adjusting for hypertension, 
diabetes, sex, smoking, Killip class, total cholesterol, WBC, 
creatinine, cardiac troponin I, left ventricular ejection fraction, 
SYNTAX score, complete revascularization (excluding the 
variables included in the FIB‑4 index formula), the increased 
risk of all‑cause mortality risk for group C was higher than 
that for group A patients [hazard ratio, (HR): 2.898, 95% confi‑
dence interval (CI): 1.069‑7.857, P=0.037]. Patients in group B 
had an increased risk of all‑cause mortality compared with 
those in group A; however, the difference was not significant 
(HR: 1.587, 95% CI: 0.542‑4.649, P=0.400; Table II).
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In the ROC curve, an FIB‑4 index of 6.647 predicted 
all‑cause mortality with 67.3% sensitivity and 63% specificity; 
The area under the ROC curve (AUC) of the FIB‑4 index was 
0.654 (95% CI: 0.602‑0.707, P<0.001). A SYNTAX score of 
26.75 predicted all‑cause mortality with 55.8% sensitivity and 

71.9% specificity. The AUC of the SYNTAX score was 0.661 
(95% CI: 0.607‑0.715, P<0.001). No difference was observed 
between the AUC of the FIB‑4 index and SYNTAX score (0.654 
vs. 0.661, P=0.864; Fig. 2). The FIB‑4 index had a weak positive 
correlation with SYNTAX scores (r=0.117, P=0.001; Fig. 3).

Table I. Baseline characteristics of the participants.

Item Group A (n=265) Group B (n=267) Group C (n=265) P‑value

Male sex 187 (70.6) 195 (73.0) 195 (73.6) 0.71
Age, years 63.7±11.9 66.0±11.8 69.2±10.7a,b <0.001
Smoking 169 (63.8) 162 (60.7) 167 (63.0) 0.743
CAD 17 (6.4) 10 (3.7) 16 (6.0) 0.336
Hypertension 128 (48.3) 123 (46.1) 137 (51.9) 0.400
Diabetes 62 (23.5) 55 (20.6) 44 (16.6) 0.141
Stroke 13 (4.9) 18 (6.7) 24 (9.1) 0.168
Killip class ≥2 101 (38.1) 122 (45.7) 156 (58.9)a,b <0.001
Laboratory indicators    
WBC(x109/l) 6.3 (4.7,8.6) 7.7 (5.6,10.4)a 8.5 (6.8,11.1)a,b <0.001
  Hb, g/l 136 (123, 148) 134 (123, 146) 134 (121, 146) 0.506
  Plt, x109/l 220 (180, 263) 193 (150, 236)a 170 (138, 207)a,b <0.001
  ALT, U/l 24 (16, 38) 32 (21, 52)a 57 (38, 81)a,b <0.001
  AST, U/l 30 (22, 41) 78 (49, 141)a 256 (175, 384)a,b <0.001
  γ‑GT, U/l 32 (22, 61) 31 (20, 53) 29 (18, 48) 0.056
  ALB, g/l 38.7 (36.1, 42.0) 38.5 (36.1, 41.2) 38.8 (35.9, 40.9) 0.772
  TBIL, µmol/l 8.6 (6.1, 11.4) 10.1 (7.4,13.3)a 13.1 (10.0, 18.5)a,b <0.001
  DBIL, µmol/l 2.8 (2.0, 3.9) 3.4 (2.3, 4.5)a 4.1 (2.8, 6.0)a,b <0.001
  CR, µmol/l 75 (62, 93) 74 (62, 93) 79 (65, 96) 0.115
  TC, mmol/l 4.6 (3.9, 5.4) 4.4 (3.8, 5.2) 4.6 (3.8, 5.2) 0.391
  TG, mmol/l 1.5 (1.1, 2.1) 1.4 (1.0, 2.0) 1.3 (1.0,1.8)a,b <0.001
  LDL‑C, mmol/l (mmol/l) 2.7 (2.1, 3.2) 2.5 (2.1, 3.2) 2.6 (2.0, 3.1) 0.449
  HDL‑C, mmol/l (mmol/l) 1.2 (1.0, 1.4) 1.2 (1.0, 1.4) 1.2 (1.0, 1.4) 0.616
  cTn I, ng/ml 1.4 (0.3, 7.0) 5.2 (0.8, 18.1)a 20.0 (2.4, 25.0)a,b <0.001
  NT‑proBNP, pg/ml 3,539 (414, 3,555) 3,538 (393, 3,549) 3,520 (1,110, 3,547) 0.869
LVEF, % 59 (58, 62) 59 (58, 60) 59 (57, 60) 0.344
Number of lesions    0.600
  1 50 (19.1) 55 (20.8) 42 (15.8) 
  2 78 (29.8) 81 (30.7) 79 (29.8) 
  ≥3 134 (51.1) 128 (48.5) 144 (54.3) 
SYNTAX score 12.5 (20.0, 28.8) 21.5 (13.0, 29.00) 23.0 (16.0, 30.5)a 0.034
Complete revascularization 153 (57.7) 151 (56.6) 137 (51.7) 0.333
Discharge medication    
  Aspirin 245 (92.5) 246 (92.1) 226 (85.3)a,b 0.008
  Clopidogrel/ticagrelor 248 (93.6) 248 (92.9) 229 (86.4)a,b 0.006
  Statins 245 (92.5) 241 (90.3)a 224 (84.5)a,b 0.010
  β‑blocker 224 (84.5) 205 (76.8)a 201 (75.8)a,b 0.026
  ACEI/ARB 178 (67.2) 166 (62.2)a 140 (52.8)a,b 0.003

Values are presented as mean ± standard deviation, median (interquartile range) or n (%). aP<0.05 vs. First tertile, bP<0.05 Second tertile 
vs. Third tertile. CAD, coronary artery disease; WBC, white blood cell; Hb, hemoglobin; PLT, platelets; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; γ‑GT, γ‑glutamyl transpeptidase; TBIL, total bilirubin; DBIL, direct bilirubin; UA, uric acid; CR, creatinine; TC, 
total cholesterol; TG, hypertriglyceridemia; LDL‑C, low‑density lipoprotein cholesterol; HDL‑C, high‑density lipoprotein cholesterol; cTn I, 
cardiac troponin I; NT‑pro BNP, N‑terminal B‑type natriuretic peptide; LVEF, left ventricular ejection fraction; ACEI, angiotensin converting 
enzyme inhibitors; ARB, angiotensin receptor blockers.
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Discussion

Increasing research has demonstrated that liver diseases are 
associated with poor cardiovascular outcome (16,17) and 
both coronary atherosclerotic heart disease and NAFLD 
have common risk factors, such as obesity, hypertension, 
type 2 diabetes, metabolic syndrome and dyslipidemia (18). 
Patients with NAFLD are at an increased risk of developing 

atherosclerosis, cardiomyopathy and arrhythmia, which clini‑
cally result in cardiovascular morbidity and mortality (16). 
This may be due to several mechanisms including low‑grade 
systemic inflammation, oxidative stress, cytokines and insulin 
resistance (19,20), which can promote atherosclerosis.

Early identification of patients at high risk of AMI is 
important. A simple, convenient and effective scoring method 
is conducive to active interventions, which can improve the 
prognosis. Some of the available prediction scoring systems 
include the SYNTAX score, GRACE score, Gensini score, 
TIMI score and EUROSCORE scores; however, all of them 
require a detailed medical history, laboratory tests and invasive 
coronary angiography. The FIB‑4 index, as a simple, conve‑
nient, non‑invasive tool, is widely used to assess the probability 
of liver fibrosis and/or cirrhosis in patients with NAFLD 
and has been recommended by several guidelines (21,22). 
A meta‑analysis compared laboratory tests, ultrasound and 
magnetic resonance elastography to detect fibrosis in patients 
with NAFLD; among four noninvasive tools, FIB‑4 index 
offered the best diagnostic performance for detecting advanced 
fibrosis (23). The FIB‑4 index can even be used to stage fibrosis 
and diagnose cirrhosis (24). Generally, it is useful tool for iden‑
tifying patients with no to minimal fibrosis (F0) or advanced 
fibrosis (F3 to F4) but is less accurate at distinguishing early or 
intermediate stages of liver disease (F1 to F2).

Figure 1. Kaplan‑Meier curves to compare the incidences of all‑cause 
mortality in the three patient groups that different group of fibrosis‑4 index. 
Group C had significantly lower cumulative event‑free survival rates than the 
other two groups.

Table II. Cox's proportional hazard analysis for all‑cause mortality.

 Unadjusted Adjusteda

 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group HR 95% CI P‑value HR 95% CI P‑value

A Ref Ref Ref Ref Ref Ref
B 1.773 1.008‑3.118 0.047 1.587 0.542‑4.649 0.400
C 3.336 2.993‑5.583 <0.001 2.898 1.069‑7.857 0.037

aModels were adjusted for hypertension, diabetes, gender, smoking, Killip class, total cholesterol, white blood cell, creatinine, cardiac troponin 
I, left ventricular ejection fraction, SYNTAX score and complete revascularization as categorical variables, other than the variables included in 
the Fibrosis‑4 index formula. CI, confidence interval; HR, hazard ratio.

Figure 2. Receiver‑operating characteristic curve of FIB‑4 index in predicting 
all‑cause mortality. The area under receiver‑operating characteristics curve 
signifies no difference between FIB‑4 index and SYNTAX score. FIB‑4, 
fibrosis‑4.

Figure 3. Pearson correlation analysis revealed the correlation between 
FIB‑4 index and SYNTAX score.
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The present study found that the FIB‑4 index was indepen‑
dently associated with an increased risk of all‑cause mortality 
in patients with AMI; the higher the FIB‑4 index, the higher 
incidence of all‑cause mortality. To the best of the authors' 
knowledge, this is the first study to evaluate the association 
between the FIB‑4 index and all‑cause mortality in patients 
with AMI. The present study supported the use of the FIB‑4 
index for evaluations in patients with AMI for its convenient 
and non‑invasive feature. The FIB‑4 index has the same 
predictive power as the SYNTAX score.

Myocardial fibrosis is the most important pathophysiology 
after AMI, resulting in complications such as heart failure and 
arrhythmia which can affect disease prognosis of patients. 
The degree of liver fibrosis is closely related to the cardiac 
structure and function (25,26), such as left ventricular ejection 
fraction (27) and myocardial remodeling (28). Additionally, 
heart failure is a common complication in patients with AMI. 
Following myocardial infarction, congestion of the systemic 
circulation can lead to congestive liver disease, causing 
abnormal liver function. A previous study demonstrated that 
liver stiffness can reflect heart failure even in the compensa‑
tory phase (29). This may be due to residual congestion, which 
correlates with the risk of readmission due to heart failure 
and all‑cause mortality (11). Furthermore, decreased cardiac 
output and insufficient arterial perfusion lead to ischemic 
hepatitis (30), which is associated with systemic inflammation.

The liver is an essential metabolic organ involved with 
systemic inflammation via the secretion of inflamma‑
tory markers and cytokines, such as IL‑6 and C‑reactive 
protein (CRP). IL6 and CRP are involved in the onset and 
progression of atherosclerosis, as well as the progression 
of cardiovascular diseases, such as myocardial remodeling 
and myocardial fibrosis following AMI (19,31). Moreover, 
arrhythmia is common following myocardial infarction. Liver 
diseases were independently associated with a higher risk for 
QTc prolongation (32) and ventricular arrhythmias (33), while 
a prospective, observational, multicenter study indicated that 
the FIB‑4 index was independently associated with the risks of 
cardiovascular events and all‑cause mortality in patients with 
nonvalvular AF even after adjusting for the CHA2DS2‑VASc 
score (34).

To the best of the authors' knowledge, no studies have 
demonstrated a relationship between the FIB‑4 index and the 
prognosis among patients with AMI. In the present study, it was 
confirmed for the first time that the FIB‑4 index can predict 
poor outcomes in patients with AMI. As demonstrated by the 
Kaplan‑Meier curves, the higher the FIB‑4 index, the higher 
was the incidence of all‑cause mortality. After adjusting for 
traditional risk factors, multivariate Cox regression analysis 
revealed that the FIB‑4 index was an independent risk factor 
for all‑cause mortality. Furthermore, based on the ROC curve, 
it was found that the FIB‑4 index has a certain predictive 
power for all‑cause mortality.

However, to date, the underlying mechanisms between 
the baseline FIB‑4 index and long‑ and short‑term prognoses 
have not been clearly determined. It was hypothesized that 
the composition of the FIB‑4 index can reflect the association 
more accurately. The FIB‑4 index includes patient age, PLT, 
AST and ALT levels, which are independently correlated with 
arteriosclerotic cardiovascular disease. Age is an independent 

risk factor of coronary atherosclerotic heart disease and studies 
have demonstrated that elevated serum levels of AST and 
ALT are associated with short‑term and long‑term all‑cause 
mortality among patients with AMI (31,32,35). Additionally, 
increases in serum AST/ALT ratio are reported to be related 
to the long‑term prognosis of patients with AMI (19). Serum 
PLT count exhibits a U‑shaped curve of its association with 
all‑cause and cause‑specific mortality and cardiovascular 
events (36‑38).

The present study had some limitations. First, this was a 
retrospective study with a small sample size; thus, prospec‑
tive studies with larger sample sizes are needed to validate 
its findings. Second, the blood samples were acquired 22.1 h 
after the onset of chest pain. Due to the dynamic fluctuations 
in liver function, the present study did not compare the liver 
functions during and after the hospitalization of patients and 
hence could not confirm when the FIB‑4 index was the most 
valuable for predicting all‑cause mortality. Third, although 
patients with AMI patients with distinct liver disease were 
excluded, the possibility of potential liver disease in the 
patients who were included in the current study cannot be 
ruled out completely. The relationship between the FIB‑4 
index and other evaluations of fibrosis, such as liver biopsy, 
should also be assessed, which is not generally performed in 
patients with AMI.

In conclusion, the FIB‑4 index, a simple and convenient 
non‑invasive scoring method, was independently associated 
with an increased risk of all‑cause mortality among patients 
with AMI. It is thus a useful tool to predict poor outcomes for 
the risk assessment of patients with AMI.

Acknowledgements

The authors would like to thank Dr Chen Huang from 
Yongchuan Hospital of Chongqing Medical University 
(Yongchuan, China) for her excellent work in collecting data.

Funding

No funding was received.

Availability of data and materials

The datasets used and/or analyzed during the current study are 
available from the corresponding author on reasonable request.

Authors' contributions

MC and ZC performed the conception and design of the study. 
MC, TL, ZL FG and ZC performed the experiments. MC and 
TL analyzed and checked the data and drafted the manuscript. 
MC and TL prepared figures. ZC edited and revised manu‑
script. ZC was primarily responsible for final content. MC, TL 
and ZC confirm the authenticity of all the raw data. All authors 
read and approved the final manuscript.

Ethics approval and consent to participate

The methods of treatment meet the criteria of Helsinki 
declaration for human rights and the study was approved by 



CAO et al:  FIB‑4 INDEX AND ALL‑CAUSE MORTALITY IN AMI6

the Yongchuan Hospital of Chongqing Medical University 
(approval no. 2019029).

Patient consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

References

 1. Pedersen F, Butrymovich V, Kelbæk H, Wachtell K, Helqvist S, 
Kastrup J, Holmvang L, Clemmensen P, Engstrøm T, 
Grande P, et al: Short‑and long‑term cause of death in patients 
treated with primary PCI for STEMI. J Am Coll Cardiol 64: 
2101‑2108, 2014.

 2. Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, 
Deo R, de Ferranti SD, Floyd J, Fornage M, Gillespie C, et al: 
Heart disease and stroke statistics‑2017 update: A report from the 
American Heart Association. Circulation 135: e146‑e603, 2017.

 3. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli‑Ducci C, 
Bueno H, Caforio ALP, Crea F, Goudevenos JA, Halvorsen S, et al: 
2017 ESC Guidelines for the management of acute myocardial 
infarction in patients presenting with ST‑segment elevation: The 
Task Force for the management of acute myocardial infarction in 
patients presenting with ST‑segment elevation of the European 
Society of Cardiology (ESC). Eur Heart J 39: 119‑177, 2018.

 4. Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, 
Callaway CW, Carson AP, Chamberlain AM, Chang AR, 
Cheng S, Das SR, et al: Heart disease and stroke statistics‑2019 
update: A report from the American Heart Association. 
Circulation 139: e56‑e528, 2019.

 5. Fox KA, Dabbous OH, Goldberg RJ, Pieper KS, Eagle KA, 
Van de Werf F, Avezum A, Goodman SG, Flather MD, 
Anderson FA Jr and Granger CB: Prediction of risk of death and 
myocardial infarction in the six months after presentation with 
acute coronary syndrome: Prospective multinational observa‑
tional study (GRACE). BMJ 333: 1091, 2006.

 6. Gensini GG: A more meaningful scoring system for determining 
the severity of coronary heart disease. Am J cardiol 51: 606, 1983.

 7. Morice M: Has the SYNTAX score become obsolete? J Am Coll 
Cardiol 72: 1330‑1331, 2018.

 8. Duell PB, Welty FK, Miller M, Chait A, Hammond G, Ahmad Z, 
Cohen DE, Horton JD, Pressman GS, Toth PP, et al: Nonalcoholic 
fatty liver disease and cardiovascular risk: A scientific statement 
from the American heart association. Arterioscler Thromb Vasc 
Biol 42: e168‑e185, 2022.

 9. Alexander M, Loomis AK, van der Lei J, Duarte‑Salles T, 
Prieto‑Alhambra D, Ansell D, Pasqua A, Lapi F, Rijnbeek P, 
Mosseveld M, et al: Non‑alcoholic fatty liver disease and risk of 
incident acute myocardial infarction and stroke: Findings from 
matched cohort study of 18 million European adults. BMJ 367: 
l5367, 2019.

10. Valbusa F, Agnoletti D, Scala L, Grillo C, Arduini P, Bonapace S, 
Calabria S, Scaturro G, Mantovani A, Zoppini G, et al: 
Non‑alcoholic fatty liver disease and increased risk of all‑cause 
mortality in elderly patients admitted for acute heart failure. Int 
J Cardiol 265: 162‑168, 2018.

11. Sato Y, Yoshihisa A, Kanno Y, Watanabe S, Yokokawa T, Abe S, 
Misaka T, Sato T, Suzuki S, Oikawa M, et al: Liver stiffness 
assessed by Fibrosis‑4 index predicts mortality in patients with 
heart failure. Open Heart 4: e000598, 2017.

12. Maeda D, Sakane K, Ito T, Kanzaki Y, Sohmiya K and 
Hoshiga M: Fibrosis‑4 index reflects right‑sided filling pres‑
sure in patients with heart failure. Heart Vessels 35: 376‑383, 
2020.

13. Task Force on the management of ST‑segment elevation acute 
myocardial infarction of the European Society of Cardiology 
(ESC); Steg PG, James SK, Badano LP, Blömstrom‑Lundqvist C, 
Borger MA, Di Mario C, Dickstein K, Ducrocq G, 
Fernandez‑Aviles F, et al: ESC Guidelines for the manage‑
ment of acute myocardial infarction in patients presenting with 
ST‑segment elevation. Eur Heart J 33: 2569‑2619, 2012.

14. Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, 
Montaner J, S Sulkowski M, Torriani FJ, Dieterich DT, 
Thomas DL, et al: Development of a simple noninvasive index 
to predict significant fibrosis in patients with HIV/HCV coinfec‑
tion. Hepatology 43: 1317‑1325, 2006.

15. Saito Y, Okumura Y, Nagashima K, Fukamachi D, Yokoyama K, 
Matsumoto N, Tachibana E, Kuronuma K, Oiwa K, 
Matsumoto M, et al: Impact of the fibrosis‑4 index on risk strati‑
fication of cardiovascular events and mortality in patients with 
atrial fibrillation: Findings from a Japanese multicenter registry. 
J Clin Med 9: 584, 2020.

16. Stahl EP, Dhindsa DS, Lee SK, Sandesara PB, Chalasani NP 
and Sperling LS: Nonalcoholic fatty liver disease and the heart: 
JACC state‑of‑the‑art review. J Am Coll Cardiol 73: 948‑963, 
2019.

17. Bhatia LS, Curzen NP, Calder PC and Byrne CD: Non‑alcoholic 
fatty liver disease: A new and important cardiovascular risk 
factor? Eur Heart J 33: 1190‑1200, 2012.

18. Paul S and Davis AM: Diagnosis and management of nonalco‑
holic fatty liver disease. JAMA 320: 2474‑2475, 2018.

19. Ismaiel A and Dumitraşcu DL: Cardiovascular risk in fatty 
liver disease: The liver‑heart axis‑literature review. Front Med 
(Lausanne) 6: 202, 2019.

20. Meex RCR and Watt MJ: Hepatokines: Linking nonalcoholic 
fatty liver disease and insulin resistance. Nat Rev Endocrinol 13: 
509‑520, 2017.

21. Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, 
Rinella M, Harrison SA, Brunt EM and Sanyal AJ: The diagnosis 
and management of nonalcoholic fatty liver disease: Practice 
guidance from the American Association for the study of liver 
diseases. Hepatology 67: 328‑357, 2018.

22. European Association for the Study of the Liver (EASL); 
European Association for the Study of Diabetes (EASD); 
European Association for the Study of Obesity (EASO: 
EASL‑EASD‑EASO clinical practice guidelines for the manage‑
ment of non‑alcoholic fatty liver disease. Obes Facts 9: 65‑90, 
2016.

23. Xiao G, Zhu S, Xiao X, Yan L, Yang J and Wu G: Comparison of 
laboratory tests, ultrasound, or magnetic resonance elastography 
to detect fibrosis in patients with nonalcoholic fatty liver disease: 
A meta‑analysis. Hepatology 66: 1486‑1501, 2017.

24. Smith A, Baumgartner K and Bositis C: Cirrhosis: Diagnosis and 
management. Am Fam Physician 100: 759‑770, 2019.

25. Lee YH, Kim KJ, Yoo ME, Kim G, Yoon HJ, Jo K, Youn JC, 
Yun M, Park JY, Shim CY, et al: Association of non‑alcoholic 
steatohepatitis with subclinical myocardial dysfunction in 
non‑cirrhotic patients. J Hepatol 68: 764‑772, 2018.

26. Hallsworth K, Hollingsworth KG, Thoma C, Jakovljevic D, 
MacGowan GA, Anstee QM, Taylor R, Day CP and 
Trenell MI: Cardiac structure and function are altered in 
adults with non‑alcoholic fatty liver disease. J Hepatol 58: 
757‑762, 2013.

27. de Freitas Diniz TB, de Jesus RN, Jimenez LS, Pareja JC, 
Chaim EA and Cazzo E: Non‑Alcoholic fatty liver disease 
is associated with impairment of ejection fraction among 
individuals with obesity undergoing bariatr ic surgery: 
Results of a cross‑sectional study. Obes Surg 30: 456‑460, 
2020.

28. VanWagner LB, Wilcox JE, Colangelo LA, Lloyd‑Jones DM, 
Carr JJ, Lima JA, Lewis CE, Rinella ME and Shah SJ: 
Association of nonalcoholic fatty liver disease with subclinical 
myocardial remodeling and dysfunction: A population‑based 
study. Hepatology 62: 773‑783, 2015.

29. Taniguchi T, Ohtani T, Kioka H, Tsukamoto Y, Onishi T, 
Nakamoto K, Katsimichas T, Sengoku K, Chimura M, 
Hashimoto H, et al: Liver stiffness ref lecting right‑sided 
filling pressure can predict adverse outcomes in patients 
with heart failure. JACC Cardiovasc Imaging 12: 955‑964, 
2019.

30. Waseem N and Chen PH: Hypoxic hepatitis: A review and 
clinical update. J Clin Transl Hepatol 4: 263‑268, 2016.

31. Steininger M, Winter MP, Reiberger T, Koller L, El‑Hamid F, 
Forster S, Schnaubelt S, Hengstenberg C, Distelmaier K, 
Goliasch G, et al: De‑Ritis ratio improves long‑term risk 
prediction after acute myocardial infarction. J Clin Med 7: 
474, 2018.

32. Hung CS, Tseng PH, Tu CH, Chen CC, Liao WC, Lee YC, 
Chiu HM, Lin HJ, Ho YL, Yang WS, et al: Nonalcoholic fatty 
liver disease is associated with QT prolongation in the general 
population. J Am Heart Assoc 4: e001820, 2015.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  24:  643,  2022 7

33. Mantovani A, Rigamonti A, Bonapace S, Bolzan B, Pernigo M, 
Morani G, Franceschini L, Bergamini C, Bertolini L, 
Valbusa F, et al: Nonalcoholic fatty liver disease is associated 
with ventricular arrhythmias in patients with type 2 diabetes 
referred for clinically indicated 24‑hour Holter monitoring. 
Diabetes Care 39: 1416‑1423, 2016.

34. Gao M, Cheng Y, Zheng Y, Zhang W, Wang L and Qin L: 
Association of serum transaminases with short‑and long‑term 
outcomes in patients with ST‑elevation myocardial infarction 
undergoing primary percutaneous coronary intervention. BMC 
Cardiovasc Disord 17: 43, 2017.

35. Ndrepepa G, Holdenrieder S, Colleran R, Cassese S, Xhepa E, 
Fusaro M, Laugwitz KL, Schunkert H and Kastrati A: Inverse 
association of alanine aminotransferase within normal range 
with prognosis in patients with coronary artery disease. Clin 
Chim Acta 496: 55‑61, 2019.

36. Vin holt  PJ,  Hvas  A M, Freder i ksen H,  Bathum L, 
Jørgensen MK and Nybo M: Platelet count is associated 
with cardiovascular disease, cancer and mor tal ity: A 
population‑based cohort study. Thromb Res 148: 136‑142, 
2016.

37. Bonaccio M, Di Castelnuovo A, Costanzo S, De Curtis A, 
Donati MB, Cerletti C, de Gaetano G and Iacoviello L; 
MOLI‑SANI Investigators: Age‑sex‑specif ic ranges of 
platelet count and all‑cause mortality: Prospective find‑
ings from the MOLI‑SANI study. Blood 127: 1614‑1616, 
2016.

38. Tsai MT, Chen YT, Lin CH, Huang TP and Tarng DC: U‑shaped 
mortality curve associated with platelet count among older 
people: A community‑based cohort study. Blood 126: 1633‑1635, 
2015.


