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for cardiovascular events in patients with and
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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% Cl 1.83-3.14, low certainty; APRI: OR 1.61, 95% Cl
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% ClI 1.12-1.31; NFS: OR 1.38,95% Cl: 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% Cl 1.53-2.28; NFS: OR 2.59, 95% Cl 1.55-4.33) and without NAFLD
(FIB-4: OR 1.74,95% CI 1.51-2.00; NFS: OR 2.26, 95% Cl 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: http://www.crd.york.ac.uk/prospero/ PROSPERO (registration number: CRD42023421092).
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Graphical Abstract

Impact of NAFLD on FIB-4 and NFS associated cardiovascular events: A meta-analysis of cohort studies
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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 (LES) score is associated with
cardiovascular disease (CVD) in NAFLD and non-
NAFLD populations, with similar risk magnitudes,
suggesting that the relationship between LES score
and CVD is independent of NAFLD.

3

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 (LES)
includes fibrosis 4 scores (FIB-4), NAFLD fibrosis score
(NES), 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).
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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 x glutamic oxaloacetic transaminase (AST))
/ (platelet (PLT) x y/glutamic pyruvic
transaminase (ALT))

NFS =—-1.675 + 0.037 x Age + 0.094
x body mass index (BMI) (k—g)
m2
glocuse
diabetes
[yes = 1,n0 = 0] + 0.99 x (AST)/(ALT)

—0.013 x PLT(10%/L) — 0.66 x albumin(g/dl)

+ 1.13 X impaired fasting

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

Page 3 of 17

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
(ClIs) corresponding to ORs/RRs or HRs were utilized to
determine the relationship between LFS and the risk of
CVD. LES was treated as a categorical variable, compar-
ing the highest LES 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 (12) [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.



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

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.

Page 4 of 17

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

[ Identification of studies via databases and registers ]
M)
_5 Records identified from Records removed before
® Databases (n = 2953): screening:
5.% PubMed (n=973) > Duplicate records removed
k= the Cochrane Library(n=225) (n =95)
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—
A4
Records screened Records excluded examining the
—>
(n =2858) tiles and abstracts (n =2755)
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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, 12=76%, t2=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, 12=81%, 12=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, 12=76%, 12=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,
12 =84%, 12=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%
CIL: 1.17-2.21, 12=62%, 12=0.06; each 1 unit increase,
OR: 2.20, 95% CI: 1.23-3.93, 12 = 38%, 12 =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,
12=26%, T2 =0.06; each 1 unit increase, OR:1.07, 95% CI:
0.98-1.16, 12 =0%, t2=0.00, Online Figure S2A-B).
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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
NES and CVD events, with each increase in FIB-4 or
NES raising the risk by 21% and 38%, respectively. Fur-
thermore, we firstly showed FIB-4 and NEFS 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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Forest plot and NAFLD subgroup analysis of the association with FIB-4 and the risk of cardiovascular events

A. categorical variable

Odds Ratio Odds Ratio
% Cl 1V, Random, 95% Cl

Akuta 2021 1.0027 04143  1.6% 2.73[1.21,6.14]

Anstee 2024 0.2913 0.0514  9.1% 1.34[1.21, 1.48) -

Baek 2024 0.7242 0.1297  6.6% 2.06 [1.60, 2.66) -

Barbosa 2022 0.5897 0.0579  8.9% 1.80 [1.61, 2.02) -

Chew 2022 0.351 0.1591  5.7% 1.42[1.04, 1.94) —

Choi 2022 0.9555 0.3537  2.1% 2.60 [1.30, 5.20] —

Huang(NHANES) 2025 0.7109 0.2211  4.1% 2.04[1.32,3.14) I

Huang(UKBB) 2025 02293 0299 2.7% 1.26 [0.70, 2.26) T

Hwang 2017 0.1866 0.0801  8.2% 1.21[1.03, 1.41] —

Hydes 2024 0.524 0.0438  9.2% 1.69 [1.55, 1.84) -

Kaku 2020 0.3262 0.0734  8.4% 1.39 [1.20, 1.60) -

Kim 2013 0.986 0317 2.5% 2.68 [1.44, 4.99)] e

Sasaki 2025 0.8475 0.1382  6.3% 2.33[1.78, 3.06) -

Shibata 2024 1.2021 0.2546  3.4% 3.33[2.02, 5.48) EE—

Sinn 2020 0.4317 0.2411  3.7% 1.54 [0.96, 2.47) R

Tada 2017 0.6738 0314 2.6% 1.96 [1.06, 3.63] -

Vincentis 2019 0.7942 0.2483  3.5% 2.21[1.36, 3.60) na—

Xiong 2023 1.0916 0.2059  4.4% 2.981.99, 4.46) I

Yochai 2020 0.4887 0.1194  6.9% 1.63 [1.29, 2.06] -

Total (95% Cl) 100.0% 1.77 [1.58, 1.99] *

Heterogeneity: Tau? = 0.03; Chi? = 73.67, df = 18 (P < 0.00001); I = 76% (; ] 0’2 0=5 ; 2 5 15

Test for overall effect: Z = 9.80 (P < 0.00001) : lowest .FIB-4] (highest FIB-4)
B. continuous variable (per 1 unit)

Risk Ratio Risk Ratio
udy o ubg K 0 eigh o andom,95%Cl

Baek 2024 0.1617 0.1141  6.8% 1.18[0.94, 1.47) ™

Choi 2022 0.882 0.3265 1.3% 2.42(1.27, 4.58) I —

Higashiura 2020 0.1866 0.0801  9.5% 1.21[1.03, 1.41) —

Huang(NHANES) 2025 0.2144 0.068 10.7% 1.24 [1.08, 1.42) -

Huang(UKBB) 2025 0.0355 0.0833  9.2% 1.04 [0.88, 1.22) T

Hwang 2017 0.8641 0.2088  2.9% 2.37[1.58, 3.57) —_—

Kaku 2020 0.0574 0.0147 15.3% 1.06 [1.03, 1.09) "

Sinn 2020 0272 0.1161  6.6% 1.31[1.05, 1.65) —

Vincentis 2019 0.2294 0.0672 10.7% 1.26 [1.10, 1.43) -

Xiong 2023 0.2892 0.0513 12.4% 1.34[1.21, 1.48) -

Yochai 2020 0.1015 0.0256 14.7% 1.11[1.05, 1.16) -

Total (95% Cl) 100.0% 1.21[1.12,1.31] ¢

Heterogeneity: Tau? = 0.01; Chi? = 51.85, df = 10 (P < 0.00001); I = 81% ' t y t : i

Test for overall effect: Z = 4.92 (P < 0.00001) 01 02 [|owesgV§[B-4] 1 [highezsl FIB-4] 5 10
C. NAFLD subgroup analysis 0Odds Ratio Odds Ratio
_Study or Subgroup log[Odds Ratio] SE Weight IV.Random,95%Cl IV, Random,95%Cl

5.3.1 Yes

Akuta 2021 1.0027 04143  1.6% 2.73[1.21, 6.14) —

Barbosa 2022 0.5897 0.0579  8.9% 1.80 [1.61, 2.02) -

Chew 2022 0.351 0.1591  5.7% 1.42 [1.04, 1.94) ~

Huang(NHANES) 2025 0.7109 0.2211  4.1% 2.04 [1.32, 3.14)

Huang(UKBB) 2025 0.2293 0299  2.7% 1.26 (0.70, 2.26) T

Shibata 2024 1.2021 0.2546  3.4% 3.33[2.02, 5.48) -

Tada 2017 06738 0314  2.6% 1.96 (1.06, 3.63] —

Subtotal (95% CI) 29.0% 1.87 [1.53, 2.28] 2

Heterogeneity: Tau? = 0.03; Chi? = 10.85, df = 6 (P = 0.09); I = 45%

Test for overall effect: Z = 6.11 (P < 0.00001)

5.3.2 No

Anstee 2024 0.2913 0.0514  9.1% 1.34[1.21, 1.48) -

Baek 2024 0.7242 0.1297  6.6% 2.06 [1.60, 2.66) -

Choi 2022 0.9555 0.3537  2.1% 2,60 [1.30, 5.20) -

Hwang 2017 0.1866 0.0801  8.2% 1.21[1.03, 1.41) ™

Hydes 2024 0.524 0.0438  9.2% 1.69 [1.55, 1.84) -

Kaku 2020 0.3262 0.0734  8.4% 1.39 [1.20, 1.60] -

Kim 2013 0986 0317 25% 2.68 [1.44, 4.99) —_

Sasaki 2025 0.8475 0.1382  6.3% 2.33(1.78, 3.06) -

Sinn 2020 04317 0.2411  3.7% 1.54 (0.96, 2.47) —

Vincentis 2019 0.7942 0.2483  3.5% 2.21[1.36, 3.60] -

Xiong 2023 1.0916 0.2059  4.4% 2.98 [1.99, 4.46) -

Yochai 2020 0.4887 0.1194  6.9% 1.63[1.29, 2.06) -

Subtotal (95% Cl) 71.0% 1.74 [1.51, 2.00] ¢

Heterogeneity: Tau? = 0.04; Chi? = 55.26, df = 11 (P < 0.00001); I2 = 80%

Test for overall effect: Z = 7.76 (P < 0.00001)

Total (95% Cl) 100.0% 1.77 [1.58, 1.99] (]

Heterogeneity: Tau? = 0.03; Chi? = 73.67, df = 18 (P < 0.00001); I* = 76% :o.o y of p ; 1:0 p 00’

Test for overall effect: Z = 9.80 (P < 0.00001)

Test for subaroun differences: Chi? = 0.34. df = 1 (P = 0.56). 1> = 0%

[lowest FIB-4] [highest FIB-4]

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% Cls around the effect size estimate. FIB-4: Fibrosis
4 score; CVD: cardiovascular disease; NAFLD: non-alcoholic fatty liver disease
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Forest plot and NAFLD subgroup analysis of the association with NFS and the risk of cardiovascular events

A. categorical variable 0Odds Ratio 0dds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Chew 2022 0.2727 0.2791 9.7% 1.31[0.76, 2.27] 1T
Choi 2022 1.2597 0.3428 8.1% 3.52[1.80, 6.90]

Huang(NHANES) 2025 0.8453 0.1606 13.2% 2.33[1.70, 3.19] -
Huang(UKBB) 2025 0.4238 0.4769 5.5% 1.53[0.60, 3.89] -1

Hydes 2024 0.4809 0.0488 15.7% 1.62[1.47,1.78] =

Kim 2013 1.2398 0.3024 9.0% 3.45[1.91, 6.25] -
Shibata 2024 1.2515 0.2849 9.5% 3.50 [2.00, 6.11] -

Sinn 2020 0.6347 0.2141 11.6% 1.89[1.24, 2.87] -

Tada 2017 2.1382 0.4431 6.0% 8.48 [3.56, 20.22] -
Vincentis 2019 0.8841 0.2081 11.7% 2.42[1.61, 3.64] -

Total (95% CI) 100.0% 2.40 [1.83, 3.14] ‘

Heterogeneity: Tau? = 0.12; Chi? = 36.98, df = 9 (P < 0.0001); I? = 76% ! ! '
Test for overall effect: Z = 6.35 (P < 0.00001) 0.02 04 ! 10 50

[lowest NFS] [highest NFS]
B. continuous variable (per 1 unit)

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI 1V, Random, 95% ClI
Choi 2022 0.3519 0.0942 15.4% 1.42[1.18, 1.71] -
Huang(NHANES) 2025 0.1792 0.0359 18.8% 1.20 [1.11, 1.28] -
Huang(UKBB) 2025 0.0484 0.2215 8.0% 1.05[0.68, 1.62] -
Kim 2013 0.357 0.0752 16.7% 1.43[1.23, 1.66] -
Sinn 2020 0.0276 0.0635 17.4% 1.03[0.91, 1.16] T
Tada 2017 0.5608 0.1164 13.9% 1.75[1.39, 2.20] -
Vincentis 2019 0.8839 0.184 9.8% 2.42[1.69, 3.47] -
Total (95% CI) 100.0% 1.38 [1.17, 1.62] <>

Heterogeneity: Tau? = 0.03; Chi? = 37.94, df = 6 (P < 0.00001); I = 84% :

Test for overall effect: Z = 3.94 (P < 0.0001) 02 [[é)v.vsest NFS] ! [highest l\?FS] °

C. NAFLD subgroup analysis

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight 1V, Random, 95% CI IV, Random, 95% CI
7.3.1 YES
Chew 2022 0.2727 0.2791 9.7% 1.31[0.76, 2.27] 1T
Huang(NHANES) 2025 0.8453 0.1606 13.2% 2.33[1.70, 3.19] -
Huang(UKBB) 2025 0.4238 0.4769 5.5% 1.53 [0.60, 3.89] -1
Shibata 2024 1.2515 0.2849  9.5% 3.50[2.00, 6.11] -
Tada 2017 2.1382 0.4431 6.0% 8.48 [3.56, 20.22] -
Subtotal (95% ClI) 43.9% 2.59 [1.55, 4.33] <>
Heterogeneity: Tau? = 0.24; Chi? = 15.46, df = 4 (P = 0.004); 1> =74%
Test for overall effect: Z = 3.62 (P = 0.0003)
7.3.2NO
Choi 2022 1.2597 0.3428 8.1% 3.52[1.80, 6.90] -
Hydes 2024 0.4809 0.0488 15.7% 1.62[1.47,1.78] -
Kim 2013 1.2398 0.3024 9.0% 3.45[1.91, 6.25] -
Sinn 2020 0.6347 0.2141 11.6% 1.89 [1.24, 2.87] -
Vincentis 2019 0.8841 0.2081 11.7% 2.42[1.61, 3.64] -
Subtotal (95% CI) 56.1% 2.26 [1.64, 3.11] <
Heterogeneity: Tau? = 0.09; Chi? = 14.16, df = 4 (P = 0.007); I =72%
Test for overall effect: Z = 4.96 (P < 0.00001)
Total (95% ClI) 100.0% 2.40 [1.83, 3.14] 2
Heterogeneity: Tau? = 0.12; Chi2 = 36.98, df = 9 (P < 0.0001); I2 = 76% lo o1 0’ ] j 1’0 ] 00:
Test for overall effect: Z = 6.35 (P < 0.00001) ' [Ié)west NFS] [highest NFS]

Test for subaroup differences: Chi2 = 0.19. df = 1 (P = 0.66). 12 = 0%

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% Cls around the effect size estimate. NFS: NAFLD
fibrosis score; CVD: cardiovascular disease; NAFLD: non-alcoholic fatty liver disease
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Forest plot of the association with APRI and the risk of cardiovascular events

A. categorical variable

Odds Ratio Odds Ratio
Study or Subgroup _log[Odds Ratio] SE Weight IV, Random, 95% CI 1V, Random, 95% CI
Chew 2022 0.7011 1.2615 1.6% 2.02[0.17, 23.89]
Choi 2022 -0.8303 0.7512 4.2% 0.44 [0.10, 1.90] I
Hydes 2024 0.6143 0.0865 40.8% 1.85[1.56, 2.19] =
Kim 2013 093 0.329 15.9% 2.53[1.33, 4.83] -
Xiong 2023 0.2748 0.1153 37.5% 1.32[1.05, 1.65] L
Total (95% CI) 100.0% 1.61[1.17, 2.21] ‘
Heterogeneity: Tau? = 0.06; Chi? = 10.43, df = 4 (P = 0.03); I? = 62% ’0_02 of ] ] 1‘0 50’

Test for overall effect: Z =2.95 (P = 0.003)

B. continuous variable (per 1 unit)

llowest APRI] [highest APRI]

Risk Ratio Risk Ratio

Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% ClI 1V, Random, 95% ClI
Choi 2022 -1.9688 1.8013 2.6% 0.14[0.00, 4.77] *
Hydes 2024 0.7321 0.1029 68.7% 2.08 [1.70, 2.54] L
Xiong 2023 1.1717 04347 28.7% 3.23[1.38, 7.57] =
Total (95% CI) 100.0% 2.20 [1.23, 3.93] N

T2 = . Chiz = - - . |2 = 289 b f : !
Heterogeneity: Tau? = 0.12; Chi? = 3.25, df = 2 (P = 0.20); I = 38% 0.05 02 1 5 20

Test for overall effect: Z =2.65 (P = 0.008)

[lowest APRI] [highest APRI]

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% Cls around the effect size estimate. APRI: aspartate transaminase platelet ratio index; CVD: cardiovascular disease

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.
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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-a), 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.

Page 15 of 17

What do we update?

The meta-analysis by Yi et al. (#=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
LES 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 LES 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 NES 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.
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Abbreviations

APRI Aspartate transaminase/platelet ratio index

BMI Body mass index

BARD Body mass index aspartate transaminase alanine aminotransferase
ratio Diabetes

CVD Cardiovascular disease

Cls 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
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