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Abstract
Background  The association between non-alcoholic fatty liver disease (NAFLD) and cardiovascular disease (CVD) 
is well studied. Liver fibrosis is the main histopathologic manifestations of NAFLD. However, whether concomitant 
NAFLD influence the association of non-invasive liver fibrosis scores with CVD remains unclear.

Methods  We systematically searched PubMed, Cochrane Library, and Embase databases for cohort studies exploring 
the association between liver fibrosis score (LFS)and CVD events up to June 10, 2025. Random-effects model was 
used to pool results. CVD events were defined as cardiovascular mortality, myocardial infarction, and coronary heart 
disease.

Results  Nineteen cohorts involving 1,481,875 adults were included with an average age of 54.8 years old, and 
50.2% males. Fibrosis 4 score (FIB-4), nonalcoholic fatty liver disease fibrosis score (NFS) and APRI (Aspartate 
transaminase/platelet ratio index) were associated with increased risks of CVD events (FIB-4: odds ratio [OR] 1.77, 95% 
confidence interval [CI] 1.58–1.99, low certainty; NFS: OR 2.40, 95% CI 1.83–3.14, low certainty; APRI: OR 1.61, 95% CI 
1.17–2.21, low certainty). Each one-unit increment in FIB-4, NFS scores was associated with CVD events (FIB-4: OR 
1.21, 95% CI 1.12–1.31; NFS: OR 1.38, 95% CI: 1.17–1.62). A positive linear relationship was observed between FIB-4 
(P-nonlinearity = 0.000), NFS (P-nonlinearity = 0.7145) and CVD events. Risk estimates for cardiovascular events were 
similar in patients with NAFLD (FIB-4: OR 1.87, 95% CI 1.53–2.28; NFS: OR 2.59, 95% CI 1.55–4.33) and without NAFLD 
(FIB-4: OR 1.74, 95% CI 1.51-2.00; NFS: OR 2.26, 95% CI 1.64–3.11) (P for difference: FIB-4 = 0.56; NFS = 0.66).

Conclusion  FIB-4 and NFS were associated with an increased risk of CVD events in patients with and without NAFLD. 
FIB-4 and NFS risk estimates for cardiovascular events were not influenced by concomitant NAFLD.

Registration  URL: ​h​t​t​p​​:​/​/​​w​w​w​.​​c​r​​d​.​y​​o​r​k​​.​a​c​.​​u​k​​/​p​r​o​s​p​e​r​o​/ PROSPERO (registration number: CRD42023421092).
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Clinical perspective
What is already known on this topic?

 	• Nonalcoholic fatty liver disease (NAFLD) as a 
predictor of cardiovascular events, especially during 
the fibrosis phase. Fibrosis 4 score (FIB-4) and 
nonalcoholic fatty liver disease fibrosis score (NFS) 
are widely used and validated for assessment of liver 
fibrosis.

What is new?

 	• The liver fibrosis score (LFS) score is associated with 
cardiovascular disease (CVD) in NAFLD and non-
NAFLD populations, with similar risk magnitudes, 
suggesting that the relationship between LFS score 
and CVD is independent of NAFLD.

What is the clinical implication?

 	• LFS may improve the prediction of cardiovascular 
events, independent of concomitant NAFLD.

Introduction
Epidemiological research has consistently linked nonal-
coholic fatty liver disease (NAFLD) to an elevated inci-
dent cardiovascular disease (CVD), including coronary 
heart disease, heart failure, and atrial fibrillation [1]. A 
recent meta-analysis report found that regardless of sex, 
age, the presence of hypertension, type 2 diabetes mel-
litus, and other common cardiovascular metabolic risk 
factors, NAFLD is associated with the risk of heart failure 

[2, 3]. Hepatic fibrosis is the most common features of 
various chronic liver disorders and has been shown to 
be the strongest histologic predictor for disease-specific 
and overall mortality in patients with liver diseases [4–6]. 
Traditionally, liver biopsies have been the gold standard 
for assessing fibrosis severity. However, their limited 
availability necessitated the development of noninva-
sive scoring systems, such as liver fibrosis score (LFS) 
includes fibrosis 4 scores (FIB-4), NAFLD fibrosis score 
(NFS), based on routine clinical and laboratory variables. 
These scores offer advantages such as wide applicability, 
accessibility, affordability, and safety, as a measurement 
and real-time prognostic tool for liver fibrosis instead of 
liver biopsy [7].

Several articles have reported association between 
LFS and the incident myocardial infarction, heart fail-
ure, and major adverse cardiovascular events [8–14]. 
We also previously showed LFS were associated with 
adverse outcomes in patients with CVD [15]. Despite 
these advances, the systematic research between LFS and 
incident CVD remains limited. Hence, this study aims to 
systematically explore the relationship between LFS and 
the risk of CVD events.

Methods
Protocol and registration
The protocol of this study was registered in PROS-
PERO (International Prospective Register of Systematic 
Reviews-registration number-CRD42023421092). This 
meta-analysis was reported according to the PRISMA 
2020 guidelines (Online Table S1).

Keywords  Nonalcoholic fatty liver disease, Cardiovascular disease, Cardiovascular mortality, Meta-analysis
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Search strategy
We followed the population, intervention, comparison, 
outcome, and study design (PICOS) framework to com-
bine keywords and MeSH terms/emtree terms for our 
search across electronic databases (PubMed, Cochrane 
Library, Embase) until June 10, 2025 (Online Table 
S2). We did not limit the search by language, titles, or 
abstracts to ensure a comprehensive review. Manual 
searches and Google Scholar were used to identify addi-
tional relevant studies, including grey literature (e.g. con-
ference papers, theses/dissertation):

For exposure and comparison: ‘FIB4’ OR ‘FIB-4’ OR 
‘Fibrosis-4’ OR ‘NAFLD-FS’ OR ‘NAFLD fibrosis score’ 
OR ‘aspartate aminotransferase to platelet ratio index’ 
OR ‘APRI’ OR ‘BARD score’ OR ‘liver fibrosis’.

For outcome: ‘cardiovascular disease’ OR ‘heart disease’ 
OR ‘cardiovascular mortality’ OR ‘cardiopathy’ OR ‘heart 
trouble’ OR ‘atrial fibrillation’ OR ‘coronary artery dis-
ease’ OR ‘coronary disease’ OR ‘coronary arteriosclerosis’ 
OR ‘myocardial infarction’ OR ‘heart attack’ OR ‘heart 
failure’ OR ‘heart decompensation’ OR ‘arrhythmia’.

Non-invasive liver fibrosis scoring systems play a cru-
cial role in assessing chronic hepatic conditions, espe-
cially in patients with NAFLD. Predominantly utilized 
metrics include FIB-4, NFS, aspartate transaminase/
platelet ratio index (APRI), and Body mass index aspar-
tate transaminase alanine aminotransferase ratio Diabe-
tes (BARD) scores, with FIB-4 and NFS being the most 
prevalent non-invasive screening tools for liver fibrosis. 
Additional scores like APRI and BARD were also consid-
ered [6].

Calculation of four liver fibrosis scoring systems:

	

FIB − 4 = Age × glutamic oxaloacetic transaminase (AST))
/ (platelet (PLT) ×

√
glutamic pyruvic

transaminase (ALT))

	

NFS = − 1.675 + 0.037 × Age + 0.094

× body mass index (BMI)
(

kg
m2

)

+ 1.13 × impaired fasting glocuse
diabetes

[yes = 1, no = 0] + 0.99 × (AST)/(ALT)
− 0.013 × PLT(109/L) − 0.66 × albumin(g/dl)

	
APRI = [(AST / upper limit of normal (ULN)) / PLT]

× 100

	
BARD = BMI ≥ 28 kg/m2 = 1 point; AST/ALT ratio ≥ 0.8

= 2 points; and diabetes mellitus = 1 point.

Study selection
Three investigators (L-L, Q-L, and YH-G) indepen-
dently managed the literature search, selection, and data 

extraction using Endnote X9 software (Tomson Reuters, 
New York, New York, USA). The process involved initial 
screening through titles and abstracts, followed by full-
text reviews to identify relevant studies. In cases of miss-
ing information, we reached out to the corresponding 
authors. Any disagreements were resolved by consulting 
a senior reviewer (X-L).

Eligible studies met the following PICOS criteria:
(1) population: adult (age > 18 years); (2)  intervention 

(exposure) and comparator: high liver fibrosis versus low 
liver fibrosis score; (3)  outcomes: reporting the associa-
tion between LFS and CVD events expressing as OR/RR/
HR. CVD events were defined as cardiovascular mortal-
ity, myocardial infarction, heart failure, or coronary heart 
diseases [16], either individually or combined. (4)  study 
design: retrospective or prospective cohort studies. Pro-
tocols, cross-sectional studies, meta-analyses, reviews, 
and animal studies were excluded.

Data extraction and quality assessment
Data extraction and quality assessment were conducted 
by three authors (L-L, Q-L, and YH-G) using established 
criteria, with discrepancies resolved by consensus. A 
senior author (X-L) verified the data. Study quality was 
assessed using the Newcastle Ottawa Scale, with scores 
above 6 indicating acceptable quality [17]. The Grading of 
Recommendations Assessment, Development, and Eval-
uation system (GRADE) system was utilized for evidence 
quality levels and recommendations [18, 19].

Statistical analysis
For statistical analysis, the 95% confidence intervals 
(CIs) corresponding to ORs/RRs or HRs were utilized to 
determine the relationship between LFS and the risk of 
CVD. LFS was treated as a categorical variable, compar-
ing the highest LFS levels to the lowest group. RRs/HRs 
were considered as equal to ORs [20, 21]. Inconsisten-
cies across studies were assessed using the I2 statistics. 
The presence of true heterogeneity was evaluated using 
the Q test (P < 0.10 is considered indicative of heteroge-
neity) and Tau2 (τ2) [22]. The random-effects model was 
employed to pool the effect size [23]. We analyzed the 
publication bias for the results with more than 10 eligible  
articles by funnel plot, and Egger’s test [24]. Pre-plan  
subgroup analysis based on NAFLD, mean age, sample 
size, follow-up, study design, region, and adjustments 
were conducted when included studies ≥ 10. A statisti-
cally significant effect was considered when the P value 
was less than 0.05. RevMan software, version 5.3 (The 
Cochrane Collaboration 2014, Nordic Cochrane Center 
Copenhagen, Denmark) was used for analyses.
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Results
Figure 1 shows the database search procedure. We ini-
tially retrieved 2,953 articles from PubMed, Cochrane 
Library, and Embase. After removing 95 repetitions,  
we received 2,858 initial citations. By reviewing the  
titles and the abstract, we excluded 2,755 unrelated  
articles. A total of 103 articles were initially evaluated  
for eligibility. Out of these, 84 articles were subse-
quently excluded for the following reasons: (1)  focused 
on other populations (8 articles), (2) focused on irrel-
evant exposure (6 articles), (3) without targeted out-
comes (65 articles), (4) cross-sectional or case-control 
studies (4 articles), and (5) duplicated population (1 
article) (Online Table S3). Finally, this meta-analysis 
included 19 cohort studies.

Study characteristics
The characteristics of the included studies are summa-
rized in Table 1. We included 4 prospective cohorts, and 
15 retrospective cohorts, involving 1,481,875 adults. The 
sample size varied from 477 to 413,860. The average age 
of participants ranged from 39.0 to 74.4 years, with male 
participation rates varying from 29.8 to 96.0%. Twelve 
studies from Asia [8, 11, 25–34], three from Europe [35–37],  
and four from North America [9, 10, 38, 39].

Nineteen articles reported FIB-4 (1,481,875 partici-
pants) [8–11, 25–39], 9 articles reported NFS (819,517 
participants) [8, 10, 27, 28, 31, 33, 35, 37, 38], 5 articles 
reported APRI (449,260 participants) [10, 25, 28, 37, 38], 
and 3 articles reported BARD (12,828 participants) [25, 
28, 35]. The follow-up period varied from 0.5 to 14.5 

Fig. 1  Flow chart of the study selection process in prognostic value of FIB-4 and NFS for cardiovascular events in patients with and without NAFLD
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years. The definition of cardiovascular events of each 
cohort is shown in Online Table S4.

The quality of the studies was deemed acceptable, as all 
of them achieved ≥ 6 points in Newcastle-Ottawa Scale 
scores (Online Table S5).

Association between FIB-4 and CVD events
Eighteen studies with 1,468,427 individuals reported the 
association between FIB-4 as a categorical variable and 
CVD events [8–10, 25–39]. The results showed that the 
higher FIB-4 levels were associated with CVD events 
(highest vs. lowest, OR: 1.77, 95% confidence interval 
[CI] 1.58–1.99, I2 = 76%, τ2 = 0.03, Fig.  2A). When the 
FIB-4 was analyzed as a continuous variable [8, 9, 11, 25, 
28–30, 32, 33, 35, 37] (1,329,277 individuals), each unit 
of the FIB-4 increased the risk of CVD events by 21% 
(OR: 1.21, 95% CI 1.12–1.31, I2 = 81%, τ2 = 0.01, Fig. 2B). 
A positive linear association was found (1,329,277 indi-
viduals) (P-nonlinearity = 0.000) [8–10, 25–33, 35–39] 
(Online Figure S1 A).

NAFLD subgroup analyses showed no significant dif-
ference in the association between the FIB-4 and CVD 
events (with NAFLD, FIB-4: OR 1.87, 95% CI 1.53–2.28; 
without NAFLD, FIB-4: OR 1.74, 95% CI 1.51-2.00, P for 
difference = 0.56, Fig. 2C).

Association between NFS and incidence of CVD events
Nine studies (819,517 individuals) reported the associa-
tion between NFS as a categorical variable [8, 10, 27, 28, 
31, 33, 35, 37, 38], showing that the relationship between 
participants with the highest NFS was 2.40 times as asso-
ciated with CVD events (highest vs. lowest, OR: 2.40, 95% 
CI: 1.83–3.14, I2 = 76%, τ2 = 0.12; Fig. 3A). When the NFS 
was treated as a continuous variable [8, 27, 28, 33, 35, 38] 
(807,182 individuals), each unit of the NFS increased the 
risk of CVD events by 38% (OR:1.38, 95% CI: 1.17–1.62, 
I2 = 84%, τ2 = 0.03, Fig. 3B).

NAFLD subgroup analyses showed no significant dif-
ference in the association between the NFS and CVD 
events (with NAFLD, OR 2.59, 95% CI 1.55–4.33; with-
out NAFLD, OR 2.26, 95% CI 1.64– 3.11, P for differ-
ence = 0.66, Fig. 3C).

Association between APRI and BARD with the incidence of 
CVD events
Five cohorts (449,260 participants) showed the association 
between APRI and CVD events was statistically signifi-
cant [10, 25, 28, 37, 38] (highest vs. lowest OR: 1.61, 95% 
CI: 1.17–2.21, I2 = 62%, τ2 = 0.06; each 1 unit increase, 
OR: 2.20, 95% CI: 1.23–3.93, I2 = 38%, τ2 = 0.12, Fig. 4A-B).

A non-significant association was found for BARD [25, 
28, 35], (highest vs. lowest, HR: 1.09, 95% CI: 0.70–1.70, 
I2 = 26%, τ2 = 0.06; each 1 unit increase, OR:1.07, 95% CI: 
0.98–1.16, I2 = 0%, τ2 = 0.00, Online Figure S2A-B).

Meta-regression, sensitivity analysis, publication bias, and 
GRADE assessment
A multivariate meta-regression analysis was performed 
on following variables, including mean age, sex, BMI, 
smoking, region, and study period. No significant sources 
of heterogeneity were found in the FIB-4 and NFS group 
(Online Table S6). Sensitivity analysis by leaving one out 
(Online Figure S3-5) and random effect model was con-
sistent with the main results. GRADE assessment showed 
low certainty evidence for FIB-4 and BARD, and moder-
ate certainty for APRI (Online Table S7).

Funnel plots, and Egger’s test (P = 0. 014) indicated low 
evidence of publication bias (Online Figure S5).

Subgroup analyses
Subgroup analyses showed no significant difference 
according to mean age, sample size, follow-up, study 
design, region, and adjustment for age, BMI, smok-
ing, high-density lipoprotein, glycated hemoglobin and 
hypertension in the association between the FIB-4 and 
CVD events (Online Table S8). The association was 
stronger in groups with sample size adjustments (OR: 
2.30 versus 1.56, P = 0.001), sex adjustments (OR: 1.94 
versus 1.43, P = 0.003), suggesting a subgroup difference 
in sample size and the adjustment for sex.

Subgroup analyses showed no significant difference 
according to mean age, follow-up, study design, region, 
and adjustment for age, sex, BMI, smoking, diabetes, 
glycated hemoglobin and hypertension for the associa-
tion between the NFS and CVD events (Online Table S9). 
The association was stronger in groups with sample size 
adjustments (OR: 3.60 versus 1.90, P = 0.01), suggesting a 
subgroup difference in sample size.

Discussion
Major finding
This meta-analysis revealed that higher FIB-4 and NFS 
scores are associated with an increased risk of CVD 
events, regardless of NAFLD at baseline. An exposure-
effect analysis indicated a linear relationship between 
NFS and CVD events, with each increase in FIB-4 or 
NFS raising the risk by 21% and 38%, respectively. Fur-
thermore, we firstly showed FIB-4 and NFS risk estimates 
for cardiovascular events were similar in patients with 
NAFLD and without NAFLD.

Comparison with previous studies
Although the FIB-4 score and NFS are known for their 
effectiveness in ruling out patients without liver fibrosis 
[40–42] and assessing liver-related risk, comprehensive 
reviews of their association with CVD events are lim-
ited. Yi et al. found that FIB-4 and NFS may be useful in 
identifying those who are at higher risk of CVD among 
patients with NAFLD [43]. Our research, compiling data  
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Fig. 2  Forest plot and NAFLD subgroup analysis of the association with FIB-4 and the risk of cardiovascular events. FIB-4 was analyzed as category vari-
ables (highest vs. lowest) (A); FIB-4 was analyzed as continuous variable (per 1 unit) (B); NAFLD subgroup analysis (C). In the forest plot, the diamond indi-
cates the pooled estimate. Red boxes are relative to study size and the black vertical lines indicate 95% CIs around the effect size estimate. FIB-4: Fibrosis 
4 score; CVD: cardiovascular disease; NAFLD: non-alcoholic fatty liver disease
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Fig. 3  Forest plot and NAFLD subgroup analysis of the association between NFS with the risk of cardiovascular events. NFS was analyzed as category 
variables (highest vs. lowest) (A); NFS was analyzed as continuous variable (per 1 unit) (B); NAFLD subgroup analysis (C). In the forest plot, the diamond 
indicates the pooled estimate. Red boxes are relative to study size and the black vertical lines indicate 95% CIs around the effect size estimate. NFS: NAFLD 
fibrosis score; CVD: cardiovascular disease; NAFLD: non-alcoholic fatty liver disease

 



Page 14 of 17Zhang et al. BMC Public Health         (2025) 25:2747 

from 19 longitudinal studies with a total of 1,481,875 
participants, demonstrated that both FIB-4 and NFS are 
significantly associated with CVD events. FIB-4 and NFS 
risk estimates for cardiovascular events were similar in 
patients with NAFLD and without NAFLD. We are the 
firstly meta-analysis that assess the impact of NALFD on 
the association between FIB-4 score and NFS associated 
cardiovascular risk.

Our results bring into an interesting question, can 
LFs improve the predictive ability for the cardiovascular 
events by adding to traditional models? Recent research 
suggests impressive results. Xiong et al. demonstrated 
that incorporating LFs significantly improved the C-sta-
tistics, integrated discrimination improvement and net 
reclassification index for CVD prediction based on 4,164 
hypertensive participants without a history of CVD in a 
community-based prospective cohort [44]. A retrospec-
tive analysis of 17,244 participants took utility of LFS as a 
marker of CVD outcomes, including coronary heart dis-
ease, myocardial infarction, congestive heart failure, and 
stroke, with an area under the receiver operating curve 
ranging from 0.61 to 0.66 [45]. Despite these findings, 
comprehensive studies examining whether LFs can serve 
as new predictors of CVD risk when added to estab-
lished risk scores, such as the Framingham 10-year CVD 
risk score, are limited. Our results provide exploratory 
insights and further study are needed.

Age is a well-known predictor for CVD. Previous arti-
cles also reported age difference in the diagnostic abil-
ity of LFs for liver fibrosis. Jang et al. revealed that the 
association between FIB-4 index and the disease did not 
significantly vary with age (p = 0.15). However, a pro-
nounced effect was observed in participants aged 65 and 
above, with a threefold increase in risk (OR: 3.32, 95% 
CI: 1.39–7.85) compared to the younger cohort (OR: 
1.34, 95% CI: 0.77–2.32) [12]. This suggests a heightened 
impact of the FIB-4 index on cerebral small vessel disease 
among the elderly. Further subgroup analysis indicated a 
stable relationship between FIB-4, NFS, and CVD events 
across age groups, yet hinted at a stronger connection 
in the elderly (Online Table S8). Adjei-Mosi’s theory on 
age-related SIRT1 changes potentially exacerbating liver 
fibrosis underscores the complex interplay between 
aging, metabolic syndromes, and increased CVD risk 
[46]. The higher prevalence of metabolic syndrome and 
diabetes in older adults further elevates CVD incident 
and mortality rates, underscoring the critical role of age 
in exacerbating liver fibrosis and cardiovascular events 
[47, 48]. These findings call for more in-depth research to 
uncover the mechanisms behind age’s amplifying effect 
on these health issues.

Diabetes is a major risk factor for cardiovascular events 
in individuals with NAFLD. Data from 30,895 Ameri-
can adults, including 12.9% with diabetes, Wong et al. 

Fig. 4  Forest plot of the association between APRI with the risk of cardiovascular events. APRI was analyzed as category variables (highest vs. lowest) (A); 
APRI was analyzed as continuous variable (per 1 unit) (B); In the forest plot, the diamond indicates the pooled estimate. Red boxes are relative to study size 
and the black vertical lines indicate 95% CIs around the effect size estimate. APRI: aspartate transaminase platelet ratio index; CVD: cardiovascular disease
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identified an association between diabetes, increased 
FIB-4 scores, and atherosclerotic cardiovascular disease 
[49]. Further subgroup analysis indicated a stable rela-
tionship between FIB-4 and CVD events across diabetes 
groups, yet hinted at a stronger connection in adjust for 
diabetes group (Online Table S8).Conversely, Pennisi’s 
study of 542 patients, 11.4% of whom had type 2 diabetes, 
suggests that diabetes may affect the accuracy of FIB-4, 
NFS, and similar assessments in those with NAFLD [50]. 
Kim’s et al., involving 363 patients (32.8% diabetes), fur-
ther highlights the FIB-4 score’s limitations in detecting 
advanced liver fibrosis among diabetics [51]. These find-
ings underline the need for further research to determine 
if diabetes directly impacts liver fibrosis scores.

Ballestri et al. demonstrated a strong correlation 
between liver fibrosis biomarkers (APRI, FIB-4, Forns 
Index) and cardiovascular risk scores in predicting 
10-year fatal and non-fatal CVD events. These non-
invasive scores showed good accuracy for detecting 
advanced fibrosis, with marginally superior performance 
in NAFLD patients versus viral liver disease (e.g., FIB-4 
AUROC 0.91 vs. 0.88). Notably, NFS, HFS, and BARD 
exhibited excellent negative predictive values (96–97%) 
for excluding advanced fibrosis in NAFLD [52]. We 
showed NAFLD has no significant impact in the associa-
tion between the FIB-4 and CVD events (with NAFLD, 
FIB-4: OR 1.87, 95% CI 1.53–2.28; without NAFLD, FIB-
4: OR 1.74, 95% CI 1.51-2.00, P for interaction = 0.56, 
Fig. 2C). Our recent study showed a positive association 
between FIB-4, NFS, and APRI scores and the preva-
lence of heart failure in the general U.S. population and, 
independent of traditional risk factors [53]. This sup-
ports the idea that these scores can identify cardiovas-
cular risk in a general population, not just in patients 
with known liver conditions. We propose that the ability  
of scores like FIB-4 and NFS to predict cardiovascular 
events in individuals without clinically diagnosed liver 
disease stems from the fact that their components reflect 
systemic pathophysiological processes that are common 
to both liver fibrosis and cardiovascular disease. These 
scores may be acting as composite biomarkers for multi-
systemic subclinical pathology rather than being specific 
to the liver: cytokine-driven chronic inflammation (e.g., 
IL-6, TNF-α), endothelial dysfunction and atheroscle-
rosis, and metabolic health and insulin resistance [54]. 
Emerging non-invasive tools like FibroScan-AST score 
can identify high-risk nonalcoholic steatohepatitis-a 
critical NAFLD stage preceding severe fibrosis [55]. Early 
detection during the reversible stage of non-alcoholic 
hepatitis is crucial, as targeted interventions may prevent 
the progression of cirrhosis and alleviate cardiovascular 
complications [56]. Overall, the non-invasive fibrosis 
score has a certain predictive effect on non-liver disease 
patients.

What do we update?
The meta-analysis by Yi et al. (n = 155,382) linked liver 
fibrosis score to increased CVD risk in NAFLD patients 
[43]. Mantovani et al. identified NAFLD as a critical 
predictor of cardiovascular events, noting that the risk 
increases with NAFLD severity, especially during the fibro-
sis phase [57]. Our previous research also highlighted those 
individuals with elevated baseline levels of FIB-4 or NFS 
faced worse outcomes in the context of existing cardiovas-
cular diseases [15]. Our recent work highlights a positive 
association between FIB-4, NFS, and APRI scores and the 
prevalence of heart failure, independent of liver diseases 
[53]. Extending these findings, our study revealed that the 
LFS is significantly linked to a higher risk of cardiovascu-
lar events. FIB-4 and NFS risk estimates for cardiovascular 
events were similar in patients with NAFLD and without 
NAFLD. These results showed LFS may be a predictor for 
patients without liver diseases. To our knowledge, this is 
the first meta-analysis exploring the NAFLD stratified rela-
tionship between LFS and the risk of cardiovascular events.

Strength and limitation
This is the first meta-analysis to demonstrate an NAFLD 
stratified association between LFS and CVD events. 
Based on pooled results from cohort studies, we showed 
FIB-4 and NFS risk estimates for cardiovascular events 
were not influenced by concomitant NAFLD. The inclu-
sion of cohorts and large sample size makes the robust-
ness of present study. However, several limitations should 
be noted. First, we observed significant heterogeneity 
across the studies. This variability could stem from differ-
ences in baseline characteristics of the study populations. 
Second, the number of included studies is limited. Our 
use of comprehensive cardiovascular outcomes (rather 
than analyzing events such as stroke separately) may lead 
to imbalanced results in our publication bias assessment. 
Although no evidence of publication bias cannot be ruled 
out, larger prospective studies are needed to confirm our 
results. Third, due to data restriction, we cannot directly 
evaluate the NAFLD-stratified predictive ability of LFs 
on CVD events. Last, the binary classification of covari-
ate adjustment failed to capture the differences in adjust-
ment strategies in various studies, which oversimplified 
complex adjustment practices and could not assess the 
impact of adjustment comprehensiveness.

Conclusion
In conclusion, the evidence from cohort studies indicates an 
association between FIB-4 and NFS scores and higher CVD 
events. FIB-4 and NFS risk estimates for cardiovascular 
events were not influenced by concomitant NAFLD. These 
results showed LFS may be a predictor for patients without or 
without liver diseases. Further prospective research is imper-
ative, particularly among patients without liver diseases.



Page 16 of 17Zhang et al. BMC Public Health         (2025) 25:2747 

Abbreviations
APRI	� Aspartate transaminase/platelet ratio index
BMI	� Body mass index
BARD	� Body mass index aspartate transaminase alanine aminotransferase 

ratio Diabetes
CVD	� Cardiovascular disease
CIs	� Confidence intervals
FIB-4	� Fibrosis 4 score
AST	� Glutamic oxaloacetic transaminase
ALT	� Glutamic pyruvic transaminase
GRADE	� Grading of Recommendations Assessment, Development and 

Evaluation system
HR	� Hazard ratio
LFS	� Liver fibrosis score
NFS	� Nonalcoholic fatty liver disease fibrosis score
NAFLD	� Nonalcoholic fatty liver disease
OR	� Odds ratio
PLT	� Platelet
PICOS	� Population, intervention, comparison, outcome and study design
ULN	� Upper limit of normal

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​9​-​0​2​5​-​2​3​8​8​3​-​x.

Supplementary Material 1.

Acknowledgements
Not applicable.

Authors’ contributions
X-L was responsible for the entire project and revised the draft. L-L and L-L 
conducted the research selection, data extraction, statistical analysis, and 
data interpretation. L-L drafted the first edition of the manuscript. All authors 
(J-Z, L-L, L-L, Y.F-W, L.F-H, Z.L-F, D.J-Z, T.L-F, H.L-Z, X-G, X.P-Y, L-X, P-Y, W.T-W) 
participated in the interpretation of the results and prepared the manuscript 
of the final version.

Funding
Not applicable.

Data availability
All data generated or analyzed during this study are included in this published 
article [and its Online information files].

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Cardiology, Affiliated Hospital of Jiujiang University, 
Jiujiang, China
2Department of Traditional Chinese Medicine, Fujian University of 
Traditional Chinese Medicine, Fuzhou, China
3Fujian Medical University, Fuzhou, Fujian, China
4Department of Endocrinology and Metabolism, the Second Affiliated 
Hospital of Nanchang University, Nanchang, China
5Department of Infectious Diseases, the First Affiliated Hospital of Anhui 
Medical University, Jixi Road 218, Hefei, Anhui, China
6Department of Cardiovascular Medicine, Jiu jiang NO.1 People’s Hospital, 
Jiujiang, China

7Food and Nutritional Sciences, School of Biological Sciences, The 
University of Hong Kong, Hong Kong, China
8Department of Endocrinology and Metabolism, The Third Hospital of 
Nanchang, Nanchang, Jiangxi, China
9Department of Anesthesiology, The Third Hospital of Nanchang, 
Nanchang, Jiangxi, China
10Department of Neurology, Affiliated Hospital of Jiujiang University, 
Jiujiang, China
11Jiujiang Clinical Precision Medicine Research Center, Jiujiang, China
12Department of Cardiology, Sun Yat-sen Memorial Hospital of Sun Yat-
sen University, Guangzhou, Guangdong, China
13Department of Anesthesiology, The Second Affiliated Hospital of 
Hainan Medical University, Haikou, China

Received: 4 September 2024 / Accepted: 7 July 2025

References
1.	 Kasper P, Martin A, Lang S, Kütting F, Goeser T, Demir M, et al. NAFLD and 

cardiovascular diseases: a clinical review. Clin Res Cardiol. 2021;110(7):921–37.
2.	 Mantovani A, Petracca G, Csermely A, Beatrice G, Bonapace S, Rossi 

A, et al. Non-alcoholic fatty liver disease and risk of new-onset heart 
failure: an updated meta-analysis of about 11 million individuals. Gut. 
2023;72(2):372–80.

3.	 Roderburg C, Krieg S, Krieg A, Vaghiri S, Mohr R, Konrad M, et al. Non-alco-
holic fatty liver disease (NAFLD) and risk of new-onset heart failure: a retro-
spective analysis of 173,966 patients. Clin Res Cardiol. 2023;112(10):1446–53.

4.	 Vilar-Gomez E, Calzadilla-Bertot L, Wai-Sun Wong V, Castellanos M, Aller-de 
la Fuente R, Metwally M, et al. Fibrosis severity as a determinant of Cause-
Specific mortality in patients with advanced nonalcoholic fatty liver disease: 
A Multi-National cohort study. Gastroenterology. 2018;155:443–e5717.

5.	 Wong SW, Chan WK. Epidemiology of non-alcoholic fatty liver disease in Asia. 
Indian J Gastroenterol. 2020;39(1):1–8.

6.	 Younes R, Caviglia GP, Govaere O, Rosso C, Armandi A, Sanavia T, et al. Long-
term outcomes and predictive ability of non-invasive scoring systems in 
patients with non-alcoholic fatty liver disease. J Hepatol. 2021;75(4):786–94.

7.	 Tamaki N, Kurosaki M, Huang DQ, Loomba R. Noninvasive assessment of liver 
fibrosis and its clinical significance in nonalcoholic fatty liver disease. Hepatol 
Res. 2022;52(6):497–507.

8.	 Sinn DH, Kang D, Chang Y, Ryu S, Cho SJ, Paik SW, et al. Non-alcoholic fatty 
liver disease and the incidence of myocardial infarction: a cohort study. J 
Gastroenterol Hepatol. 2020;35(5):833–9.

9.	 So-Armah KA, Lim JK, Lo Re V3rd, Tate JP, Chang CH, Butt AA, et al. FIB-4 stage 
of liver fibrosis is associated with incident heart failure with preserved, but 
not reduced, ejection fraction among people with and without HIV or hepati-
tis C. Prog Cardiovasc Dis. 2020;63(2):184–91.

10.	 Chew NWS, Ng CH, Chan KE, Chee D, Syn N, Tamaki N, et al. FIB-4 predicts 
MACE and cardiovascular mortality in patients with nonalcoholic fatty liver 
disease. Can J Cardiol. 2022;38(11):1779–80.

11.	 Higashiura Y, Tanaka M, Mori K, Mikami T, Hosaka I, Ohnishi H, et al. High 
fibrosis-4 index predicts the new onset of ischaemic heart disease during a 
10-year period in a general population. Eur Heart J Open. 2022;2(3):oeac030.

12.	 Jang H, Kang D, Chang Y, Kim Y, Lee JS, Kim KW, et al. Non-alcoholic fatty 
liver disease and cerebral small vessel disease in Korean cognitively normal 
individuals. Sci Rep. 2019;9(1): 1814.

13.	 Lee HH, Cho Y, Choi YJ, Huh BW, Lee BW, Kang ES, et al. Non-alcoholic steato-
hepatitis and progression of carotid atherosclerosis in patients with type 2 
diabetes: a Korean cohort study. Cardiovasc Diabetol. 2020;19(1): 81.

14.	 Mantovani A, Csermely A, Taverna A, Cappelli D, Benfari G, Bonapace S, et al. 
Association between metabolic dysfunction-associated fatty liver disease 
and supraventricular and ventricular tachyarrhythmias in patients with type 2 
diabetes. Diabetes Metab. 2023;49(2): 101416.

15.	 Yan Z, Liu Y, Li W, Zhao X, Lin W, Zhang J, et al. Liver fibrosis scores and 
prognosis in patients with cardiovascular diseases: a systematic review and 
meta-analysis. Eur J Clin Invest. 2022;52(11): e13855.

16.	 Ahmad A, Lim LL, Morieri ML, Tam CH, Cheng F, Chikowore T, et al. Precision 
prognostics for cardiovascular disease in type 2 diabetes: a systematic review 
and meta-analysis. medRxiv. 2023. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​0​1​​/​2​​0​2​3​​.​0​4​​.​2​6​.​​2​3​​2​8​9​1​7​7.

https://doi.org/10.1186/s12889-025-23883-x
https://doi.org/10.1186/s12889-025-23883-x
https://doi.org/10.1101/2023.04.26.23289177


Page 17 of 17Zhang et al. BMC Public Health         (2025) 25:2747 

17.	 Lo Ck Fau -, Mertz D, Mertz D, Fau - Loeb M, Loeb M. Newcastle-Ottawa Scale: 
comparing reviewers’ to authors’ assessments. BMC Med Res Methodol. 
2014(14):45.

18.	 Atkins D, Fau - Best D, Best D, Fau - Briss PA, Briss Pa Fau -, Eccles M, Eccles M, 
Fau - Falck-Ytter Y, Falck-Ytter Y, Fau - Flottorp S, Flottorp S, Fau - Guyatt GH 
et al. Grading quality of evidence and strength of recommendations. BMJ. 
2004((7454):1490):328.

19.	 Guyatt GH, Oxman Ad. GRADE: An emerging consensus on rating quality of 
evidence and strength of recommendations. BMJ. 2008;336(7650):924–6.

20.	 Xu C, Doi SAR. The robust error meta-regression method for dose-response 
meta-analysis. International Journal of Evidence-Based Healthcare. 
2018;16(3):138–44.

21.	 Zhang C, Jia P, Yu L, Xu C. Introduction to methodology of dose-response 
meta-analysis for binary outcome: with application on software. J Evid Based 
Med. 2018;11(2):125–9.

22.	 Wilker EH, Osman M, Weisskopf MA-O. Ambient air pollution and clinical 
dementia: systematic review and meta-analysis. BMJ. 2023;381:e071620.

23.	 DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 
1986;7(3):177–88.

24.	 Higgins JP. Cochrane handbook for systematic reviews of interventions ver-
sion 6.3 (updated February 2022). Cochrane. 2022.

25.	 Xiong S, Yin S, Deng W, Zhao Y, Li W, Wang P, et al. Predictive value of liver 
fibrosis scores in cardiovascular diseases among hypertensive population.  
J Hypertens. 2023;41(5):741–50. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​H​​J​H​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​3​3​9​4.

26.	 Akuta N, Kawamura Y, Arase Y, Saitoh S, Fujiyama S, Sezaki H, et al. PNPLA3 
genotype and fibrosis-4 index predict cardiovascular diseases of Japanese 
patients with histopathologically-confirmed NAFLD. BMC Gastroenterol. 
2021;21(1): 434.

27.	 Tada T, Kumada T, Toyoda H, Mizuno K, Sone Y, Akita T, et al. Progression of 
liver fibrosis is associated with non-liver-related mortality in patients with 
nonalcoholic fatty liver disease. Hepatol Commun. 2017;1(9):899–910.

28.	 Choi SW, Kweon SS, Lee YH, Ryu SY, Nam HS, Shin MH. Association of liver 
fibrosis biomarkers with overall and CVD mortality in the Korean population: 
the Dong-gu study. PLoS One. 2022;17(12): e0277729.

29.	 Hwang YC, Ahn HY, Park SW, Park CY. Nonalcoholic fatty liver disease associ-
ates with increased overall mortality and death from cancer, cardiovascular 
disease, and liver disease in women but not men. Clin Gastroenterol Hepatol. 
2018;16(7):1131-e75.

30.	 Schonmann Y, Yeshua H, Bentov I, Zelber-Sagi S. Liver fibrosis marker is an 
independent predictor of cardiovascular morbidity and mortality in the 
general population. Dig Liver Dis. 2021;53(1):79–85.

31.	 Shibata N, Ito T, Toyoda H, Tanaka A, Morita Y, Kanzaki Y, et al. Predictability of 
noninvasive liver fibrosis score for cardiac events in patients with nonalco-
holic fatty liver disease. Nutr Metab Cardiovasc Dis. 2024. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​
0​1​6​​/​j​​.​n​u​​m​e​c​​d​.​2​0​​2​4​​.​0​3​.​0​2​5.

32.	 Baek JW, Yang YS, Jung KJ, Kimm H, Kim SY, Lee S, et al. Metabolic dysfunc-
tion-associated steatotic liver disease, liver fibrosis and risk of cardiovas-
cular disease: a prospective cohort study. Nutr Metab Cardiovasc Dis. 
2024;34(12):2623–9.

33.	 Huang Y, Wan T, Hong Y, Wang X, Jiang X, Yang 杨洋 Y, et al. Impact of NAFLD 
and fibrosis on adverse cardiovascular events in patients with hypertension. 
Hypertension. 2025;82(6):1012–23.

34.	 Sasaki N, Ueno Y, Ozono R, Nakano Y, Higashi Y. Association between liver 
fibrosis, plasma volume status, and cardiovascular mortality: the Hiroshima 
study on glucose metabolism and cardiovascular diseases. Eur J Heart Fail. 
2025. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​e​​j​h​f​.​3​6​7​7.

35.	 De Vincentis A, Costanzo L, Vespasiani-Gentilucci U, Picardi A, Bandinelli 
S, Ferrucci L, et al. Association between non-invasive liver fibrosis scores 
and occurrence of health adverse outcomes in older people. Dig Liver Dis. 
2019;51(9):1330–6.

36.	 Anstee QM, Berentzen TL, Nitze LM, Jara M, Jensen AB, Kjær MS, et al. Prog-
nostic utility of Fibrosis-4 index for risk of subsequent liver and cardiovascular 
events, and all-cause mortality in individuals with obesity and/or type 2 
diabetes: a longitudinal cohort study. Lancet Reg Health Eur. 2024. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​l​a​​n​e​p​​e​.​2​0​​2​3​​.​1​0​0​7​8​0.

37.	 Hydes TJ, Kennedy OJ, Glyn-Owen K, Buchanan R, Parkes J, Cuthbertson DJ, 
et al. Liver fibrosis assessed via non-invasive tests is associated with incident 
heart failure in a general population cohort. Clin Gastroenterol Hepatol. 2024. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​c​g​h​.​2​0​2​4​.​0​3​.​0​4​5.

38.	 Kim D, Kim WR, Kim HJ, Therneau TM. Association between noninvasive fibro-
sis markers and mortality among adults with nonalcoholic fatty liver disease 
in the united States. Hepatology. 2013;57(4):1357–65.

39.	 Vieira Barbosa J, Milligan S, Frick A, Broestl J, Younossi Z, Afdhal N, et al. Fibro-
sis-4 index can independently predict major adverse cardiovascular events in 
nonalcoholic fatty liver disease. Am J Gastroenterol. 2022;117(3):453–61.

40.	 Pennisi G, Di Marco V, Buscemi C, Mazzola G, Randazzo C, Spatola F, et al. 
Interplay between non-alcoholic fatty liver disease and cardiovascular risk 
in an asymptomatic general population. J Gastroenterol Hepatol (Australia). 
2021;36(9):2389–96.

41.	 Park JG, Jung J, Verma KK, Kang MK, Madamba E, Lopez S, et al. Liver stiffness 
by magnetic resonance elastography is associated with increased risk of car-
diovascular disease in patients with non-alcoholic fatty liver disease. Aliment 
Pharmacol Ther. 2021;53(9):1030–7.

42.	 Henson JB, Simon TG, Kaplan A, Osganian S, Masia R, Corey KE. Advanced 
fibrosis is associated with incident cardiovascular disease in patients with 
non-alcoholic fatty liver disease. Aliment Pharmacol Ther. 2020;51(7):728–36.

43.	 Yi M, Peng W, Teng F, Kong Q, Chen Z. The role of noninvasive scoring sys-
tems for predicting cardiovascular disease risk in patients with nonalcoholic 
fatty liver disease: a systematic review and meta-analysis. Eur J Gastroenterol 
Hepatol. 2022;34(12):1277–84.

44.	 Xiong S, Yin S, Deng W, Zhao Y, Li W, Wang P, et al. Predictive value of liver 
fibrosis scores in cardiovascular diseases among hypertensive population. J 
Hypertens. 2023;41(5):741–50.

45.	 Lee C-O, Li H-L, Tsoi M-F, Cheung C-L, Cheung BMY. Association between the 
liver fat score (LFS) and cardiovascular diseases in the National health and 
nutrition examination survey 1999–2016. Ann Med. 2021;53(1):1067–75.

46.	 Adjei-Mosi J, Sun Q, Smithson SB, Shealy GL, Amerineni KD, Liang Z, et al. 
Age-dependent loss of hepatic SIRT1 enhances NLRP3 inflammasome signal-
ing and impairs capacity for liver fibrosis resolution. Aging Cell. 2023;22(5): 
e13811.

47.	 Abdellatif M, Rainer PP, Sedej S, Kroemer G. Hallmarks of cardiovascular age-
ing. Nat Rev Cardiol. 2023;20(11):754–77.

48.	 Tao H, Liu Q, Zeng A, Song L. Unlocking the potential of mesenchymal stem 
cells in liver fibrosis: insights into the impact of autophagy and aging. Int 
Immunopharmacol. 2023;121: 110497.

49.	 Wong ND, Bang M, Fan W, Espinueva A. Liver fibrosis and associated cardio-
vascular disease risk and its predictors among US adults with and without 
diabetes. Circulation. 2020;142(SUPPL 3). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​6​1​​/​c​​i​r​c​​.​1​4​​2​.​s​u​​p​
p​​l​_​3​.​1​7​0​9​8.

50.	 Pennisi G, Enea M, Falco V, Aithal GP, Palaniyappan N, Yilmaz Y, et al. Noninva-
sive assessment of liver disease severity in patients with nonalcoholic fatty 
liver disease (NAFLD) and type 2 diabetes. Hepatology. 2023. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​0​9​7​​/​H​​E​P​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​0​3​5​1.

51.	 Kim RG, Deng J, Reaso JN, Grenert JP, Khalili M. Noninvasive fibrosis screening 
in fatty liver disease among vulnerable populations: impact of diabetes and 
obesity on FIB-4 score accuracy. Diabetes Care. 2022;45(10):2449–51.

52.	 Ballestri S, Mantovani A, Baldelli E, Lugari S, Maurantonio M, Nascimbeni F, 
et al. Liver fibrosis biomarkers accurately exclude advanced fibrosis and are 
associated with higher cardiovascular risk scores in patients with NAFLD or 
viral chronic liver disease. Diagnostics. 2021. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​3​3​​​9​0​​/​d​i​​a​g​n​​o​s​t​
i​​c​s​​1​1​0​1​0​0​9​8.

53.	 Liu X, Zhang HJ, Fang CC, Li L, Lai ZQ, Liang NP, et al. Association between 
noninvasive liver fibrosis scores and heart failure in a general population. J 
Am Heart Assoc. 2024;13(22):e035371.

54.	 Hydes TJ, Kennedy OJ, Glyn-Owen K, Buchanan R, Parkes J, Cuthbertson DJ, 
et al. Liver fibrosis assessed via noninvasive tests is associated with incident 
heart failure in a general population cohort. Clin Gastroenterol Hepatol. 
2024;22(8):1657–67.

55.	 Oeda S, Takahashi H, Imajo K, Seko Y, Kobayashi T, Ogawa Y, et al. Diagnostic 
accuracy of FibroScan-AST score to identify non-alcoholic steatohepatitis 
with significant activity and fibrosis in Japanese patients with non-alcoholic 
fatty liver disease: comparison between M and XL probes. Hepatol Res. 
2020;50(7):831–9.

56.	 Boeckmans J, Sandrin L, Knackstedt C, Schattenberg JM. Liver stiffness as a 
cornerstone in heart disease risk assessment. Liver Int. 2024;44(2):344–56.

57.	 Mantovani A, Csermely A, Petracca G, Beatrice G, Corey KE, Simon TG, et al. 
Non-alcoholic fatty liver disease and risk of fatal and non-fatal cardiovascular 
events: an updated systematic review and meta-analysis. Lancet Gastroen-
terol Hepatol. 2021;6(11):903–13.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1097/HJH.0000000000003394
https://doi.org/10.1016/j.numecd.2024.03.025
https://doi.org/10.1016/j.numecd.2024.03.025
https://doi.org/10.1002/ejhf.3677
https://doi.org/10.1016/j.lanepe.2023.100780
https://doi.org/10.1016/j.lanepe.2023.100780
https://doi.org/10.1016/j.cgh.2024.03.045
https://doi.org/10.1016/j.cgh.2024.03.045
https://doi.org/10.1161/circ.142.suppl_3.17098
https://doi.org/10.1161/circ.142.suppl_3.17098
https://doi.org/10.1097/HEP.0000000000000351
https://doi.org/10.1097/HEP.0000000000000351
https://doi.org/10.3390/diagnostics11010098
https://doi.org/10.3390/diagnostics11010098

	﻿Prognostic value of FIB-4 and NFS for cardiovascular events in patients with and without NAFLD
	﻿Abstract
	﻿Clinical perspective
	﻿What is already known on this topic?
	﻿What is new?
	﻿What is the clinical implication?

	﻿Introduction
	﻿Methods
	﻿Protocol and registration
	﻿Search strategy
	﻿Study selection
	﻿Data extraction and quality assessment
	﻿Statistical analysis

	﻿Results
	﻿Study characteristics
	﻿Association between FIB-4 and CVD events
	﻿Association between NFS and incidence of CVD events
	﻿Association between APRI and BARD with the incidence of CVD events
	﻿Meta-regression, sensitivity analysis, publication bias, and GRADE assessment
	﻿Subgroup analyses

	﻿Discussion
	﻿Major finding
	﻿Comparison with previous studies
	﻿What do we update?
	﻿Strength and limitation

	﻿Conclusion
	﻿References


