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Abstract

Purpose of Review Acute coronary syndrome (ACS) and non-alcoholic fatty liver disease (NAFLD) are two clinically com-
mon disease entities that share numerous risk factors. This review aimed to discuss the impacts of NAFLD on ACS.
Recent Findings In an era of improved control of traditional risk factors, the substantial burden of cardiometabolic abnor-
malities has caused widespread concern. NAFLD is considered the hepatic component of metabolic syndrome, which can
exert an impact on human health beyond the liver. Accumulating studies have demonstrated that NAFLD is closely related to
cardiovascular disease, especially coronary artery disease. Interestingly, although recent data have suggested an association
between NAFLD and the incidence and outcomes of ACS, the results are not consistent.

Summary In this review, we comprehensively summarized evidence and controversies regarding whether NAFLD is a con-
tributor to either the development of ACS or worse outcomes in patients with ACS. The potential pathophysiological and

molecular mechanisms involved in the impacts of NAFLD on ACS were also elucidated.

Keywords NAFLD - ACS - Mechanisms - Outcomes

Introduction

Acute coronary syndrome (ACS), a thrombotic, dramatic,
and life-threatening complication of atherosclerosis, remains
one of the leading causes of death [1], although substantial
progress has been made in the diagnosis and treatment of
this devastating disease [2, 3].

Over the past few decades, epidemiological shifts in ACS
have occurred. On the one hand, there has been a decline in
the incidence of ST-segment elevation myocardial infarc-
tion (STEMI) and an increase in non-ST-segment elevation
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myocardial infarction (NSTEMI), which might be partially
explained by changes in plaque biology [4]. Plaque erosion
with an intact fibrous cap now accounts for approximately
one-third of ACS cases and up to two-thirds of NSTEMI
cases due to the widespread intense control of lipid levels
and other traditional risk factors [4, 5]. On the other hand,
acute myocardial infarction (AMI) patients are increasingly
younger, with a high prevalence of cardiometabolic comor-
bidities and a 1-year mortality rate approaching 10% [6].
Obesity, consequent insulin resistance, and adverse lifestyles
are on the rise worldwide, contributing to an elevated preva-
lence of cardiometabolic disease [7].

Non-alcoholic fatty liver disease (NAFLD) is the hepatic
manifestation of systemic metabolic syndrome (Mets). It
is the most common cause of chronic liver disease glob-
ally, with an estimated prevalence of 25%, putting a sig-
nificant health and economic burden on all societies [8,
9]. NAFLD represents a clinically heterogeneous disease
entity, with a disease spectrum ranging from simple steato-
sis, non-alcoholic steatohepatitis (NASH), and non-alcoholic
liver cirrhosis to hepatocellular carcinoma (HCC) [10]. It
is a multiple-system disease with an impact that extends
beyond the liver. Most patients with NAFLD are affected
from the early stages of the disease and are often comorbid
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with other cardiometabolic risk factors [11]. Cardiovascular
events are the most common cause of mortality in patients
with NAFLD, although a causal relationship has not yet
been established [12]. There are likely multiple underlying
mechanisms by which NAFLD increases the risk of cardio-
vascular disease (CVD), including altered lipid metabolism,
systemic inflammation, systemic insulin resistance, oxida-
tive stress, endothelial dysfunction, and plaque formation/
instability [13].

In addition, due to the close connection between NAFLD
and metabolic syndrome, it has been suggested recently that
this kind of disease should have a new name—metabolic
dysfunction-associated fatty liver disease (MAFLD) [14,
15]. The diagnosis of MAFLD is based on the coexistence of
hepatic steatosis and one of three additional criteria, namely
overweight/obesity, type 2 diabetes mellitus (T2DM), or
evidence of metabolic abnormalities [14, 15]. Studies have
concluded that refining NAFLD as MAFLD may identify
more individuals with an increased risk of CVD and improve
clinical utility [16, 17].

For many years, NAFLD was thought to be benign and
without significant clinical importance. However, increasing
recognition of this disease entity and its strong relationship
with CVD have aroused an interest in further investigation.
To date, data on the role of NAFLD in ACS are limited
and inconsistent. In this review, we focused on updated
information regarding the impacts of NAFLD on ACS. We
attempted to provide a different perspective on the plausi-
ble underlying mechanisms and shed some light on areas of
further research.

Methods

We performed a narrative review of the literature in the
PubMed database. Study selection included cross-sectional,
case—control, cohort, or retrospective studies. We searched
titles or abstracts for the terms “acute coronary syndrome”
OR “myocardial infarction” AND “non-alcoholic fatty liver
disease” OR “non-alcoholic steatohepatitis” OR “metabolic
dysfunction-associated fatty liver disease.” English-language
publications were screened. There were no time restrictions
for eligible studies.

Impacts of NAFLD on ACS

The impacts of NAFLD on ACS are extremely complex and
multidirectional. Studies of this issue have shown inconsist-
ent results.

Currently, the gold standard for the diagnosis of NAFLD
is liver biopsy, but it is not widely used due to its invasive
nature, high cost, and inconvenience. In clinical practice,
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the commonly used methods for NAFLD identification are
imaging modalities, including ultrasound and computed
tomography (CT), as well as some non-invasive surrogates
or biomarkers.

NAFLD and Prediction of ACS (Table 1)

There are several findings on whether NAFLD increases the
risk of ACS in specific disease populations and otherwise
healthy subjects.

As early as 2005, Targher et al. conducted a prospective
nested case—control study on T2DM patients [18]. This study
indicated, for the first time, that NAFLD was independently
associated with an increased risk of future CVD events,
including non-fatal myocardial infarction (MI), coronary
revascularization, ischemic stroke, and cardiovascular death
(OR 1.53,95% CI 1.1-1.7, p=0.02) [18]. Subsequently, they
further validated their conclusion with a longer follow-up in
2007 [19]. However, a database cohort study using the Inter-
national Classification of Diseases (ICD) for subgrouping
in Germany last year had different results [20]. According
to this study, there was no significant association between
NAFLD and the incidence of MI in T2DM individuals (HR
0.77,95% CI1 0.58-1.03, p=0.08) [20]. A possible explana-
tion for this may be the difference in endpoint selection and
NAFLD diagnosis methods. In addition to T2DM, studies
have been performed on the coronary artery disease (CAD)
population. Some recent studies demonstrated that hepatic
steatosis was independently associated with main adverse
cardiovascular events (MACEs) in symptomatic patients
with suspected CAD [21, 22]. Thus, concurrent evaluation
of hepatic steatosis in this patient group may help to identify
subjects at higher risk of MACEs [22, 23]. However, a prior
study showed that although fatty liver was independently
associated with significant CAD in patients with clinical
indications for coronary angiography (CAG) (aOR 2.31,
95% CI 1.46-3.64, p <0.001), its presence did not increase
the incidence of cardiovascular deaths, non-fatal MI, or the
need for revascularization in patients with established CAD
(HR 0.93,95% C1 0.52-1.66, p=0.79) [24]. Apart from its
small sample size, it is noteworthy that the mean follow-up
time of this study was quite short (87 +22 weeks) [24].

The findings among healthy individuals are also diver-
gent. A prospective observational cohort study involving
apparently healthy Japanese men and women indicated that
NAFLD was a predictor of cardiovascular events, includ-
ing unstable angina, AMI, silent MI, ischemic stroke, and
cerebral hemorrhage, independent of conventional car-
diovascular risk factors (OR 4.12, 95% CI 1.58-10.75,
p=0.004) [25]. Moreover, post-hoc analyses of the MESA
study [26] and the EISNER cohort study [27] showed that
NAFLD was associated with adverse events in asymptomatic
patients free of CVD. However, a longitudinal investigation
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using unenhanced CT failed to identify hepatic steatosis as
an independent risk factor for subsequent cardiovascular
events (OR 1.110, 95% CI 0.553-2.228, p=0.77) [28]. Liu
et al. quantified hepatic steatosis by transient elastography-
controlled attenuation parameter (TE-CAP). They found
that neither the presence nor the severity of hepatic steato-
sis predicted liver-related events, cancer, or cardiovascular
events in the short term [29]. However, this study cohort
was heterogeneous, so the results should be interpreted with
caution. In addition, database studies have shown differential
results. Ghoneim et al. reported that NASH was associated
with MI independent of traditional risk factors (OR 1.5, 95%
CI 1.40-1.62). Compared to the older NASH population,
younger patients were more likely to have a higher relative
risk of MI [30]. A population-based matched cohort in pri-
mary care patients in Germany reached similar conclusions
[31]. Allen et al. confirmed this association from another
angle. They found that the advantage of female sex in CVD
protection was lost in NAFLD individuals (HR 0.71, 95%
CI 0.62-0.80, p<0.001 vs. HR 0.90, 95% CI 0.74-1.08,
p=0.25; general population vs. NAFLD population). More-
over, women with NAFLD developed CVD at a younger
age than their counterparts in the general population [32].
However, another database study performed by Alexander
et al. showed that the diagnosis of NAFLD was not associ-
ated with AMI (HR 1.01, 95% CI 0.91-1.12) or stroke risk
after adjustment for established cardiovascular risk factors
[33]. Discrepancies in the strength of adjustment may partly
explain the different results.

In addition to imaging techniques, several non-invasive
surrogates based on simple clinical, anthropometric, and
laboratory data have emerged as validated markers for the
detection of NAFLD. Olubamwo et al. first investigated the
prospective association between fatty liver index (FLI) and
the risk of incident AMI in Finland. They reported that FLI
could predict incident CVD, but the predictive value of FLI
for AMI was subject to interactions with metabolic factors
(HR 1.136,95% C10.777-1.662, p=0.510) [34]. However,
several studies in Asia reached different conclusions. A pop-
ulation-based cohort study done by Kim et al. concluded that
a higher FLI was an independent predictor of the develop-
ment of MI (HR 2.16, 95% CI 2.01-2.31), ischemic stroke
(HR 2.01; 95% CI 1.90-2.13), and cardiovascular mortality
(HR 1.98, 95% CI 1.90-2.06) [35]. There was a linear rela-
tionship between the FLI and adverse outcome measures
[35]. Subsequently, some other studies in South Korea fur-
ther confirmed the prognostic value of FLI for MI among
healthy individuals [36], young adults [37], and patients with
new-onset T2DM [38].

The NAFLD fibrosis score (NFS) and the Fibrosis-4 score
(FIB-4) are the two most commonly studied scoring sys-
tems for identifying advanced NAFLD and liver fibrosis. In
patients with stable CAD following percutaneous coronary
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intervention (PCI), a study using eight liver fibrosis scores
(including NFS and FIB-4) demonstrated that higher base-
line liver fibrosis scores were significantly associated with
the risk of cardiovascular events [39]. Baratta et al. reported
that individuals with NAFLD had a more than twofold
increased risk of cardiovascular events, including MI, and
those with liver fibrosis had a fourfold increased risk [12].
A real-world cohort further confirmed FIB-4 score >2.67
as an independent predictor of MACEs (aHR 1.80, 95% CI
1.61-2.02, p<0.001) and MI (aHR 1.46, 95% CI 1.25-1.70)
beyond the established cardiovascular risk factors and
NAFLD stage at baseline [40]. However, it is interesting
to note that two other investigations using MI as the single
endpoint yielded different results. Sinn et al. demonstrated
that NAFLD was associated with an increased incidence of
MI independent of established risk factors (HR 1.54, 95%
CI 1.11-2.14), but this association was not related to the
presence or absence of more advanced NAFLD indicated by
NFS [41]. Another study found that an elevated FIB-4 score
was not associated with MI incidence in either the general
population or patients with chronic liver disease [42].

The term MAFLD has recently been suggested as an
alternative for NAFLD, as it better reflects the metabolic
dysfunction. A prospective, community-based cohort study
with median follow-up of 15.7 years indicated that MAFLD
independently predicted CVD after adjustment for age,
sex, and body mass index (HR 1.35, 95% CI 1.13-1.62,
p=0.001), but the statistical significance was lost after fur-
ther adjustments [43]. Similar findings were obtained in two
other studies using MAFLD diagnosis [16, 17].

NAFLD and Coronary Severity in ACS (Table 2)

Multiple studies have demonstrated that NAFLD is associ-
ated with coronary stenosis severity and complexity in ACS
patients.

A study by Oztiirk et al. found that NAFLD was more
prevalent in MI patients than in stable CAD patients. In addi-
tion, a significant correlation between the severity of CAD as
assessed by the Gensini score and hepatosteatosis grade was
found in this study (r=0.648, p <0.001) [44]. A cross-sec-
tional analysis by Montemezzo et al. demonstrated that the
intensity of NAFLD measured by ultrasound was strongly
associated with the severity of coronary artery obstruction
on angiography among patients with ACS (p <0.001) [45].
Similar findings were obtained in a study including 325
elderly AMI patients. The proportion of patients undergoing
coronary artery bypass graft (CABG) or PCI was remarkably
higher in the NAFLD group than in the non-NAFLD group
(34% vs. 16%, p<0.001), indicating an association between
NAFLD and coronary artery stenosis severity [46].

Additionally, multivessel and complex coronary diseases
are also frequently observed in ACS patients with NAFLD.
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Boddi et al. found a very high prevalence of NAFLD in non-
diabetic patients admitted for STEMI. Worsening grades of
NAFLD were associated with a threefold risk for multives-
sel CAD associated with cardiovascular events and this
association remained significant after adjustment for waist
circumference and age [47]. Emre et al. conducted a study
in non-diabetic patients who underwent primary PCI for
STEMI and found that multivessel coronary disease was
more common in the moderate-to-severe NAFLD group
(FLD score > 3) than the mild group (FLD score < 3) (72%
vs. 51%, p=0.003). Moreover, abnormal myocardial perfu-
sion was also significantly more frequent in patients with
moderate-to-severe NAFLD [48]. Previous research has also
demonstrated that ACS patients with NAFLD have more
complex CAD as assessed by the SYNTAX score than those
without NAFLD (18 +8 vs. 11 +5, p=0.001), and the stage
measured by ultrasound was significantly associated with the
SYNTAX score in univariate analysis (r=0.6, p <0.001)
[49]. In addition, further multivariate logistic analysis
revealed that the presence of NAFLD was an independent
factor associated with the supra-median SYNTAX score (OR
13.20, 95% CI 2.52-69.15, p=0.002) [49]. Similar results
for the SYNTAX score were obtained in another observa-
tional study involving 360 STEMI patients [50].

NAFLD and Clinical Outcomes in ACS (Table 2)

The association between NAFLD and CVD has been well-
established by substantial evidence. However, study results
concerning the association of NAFLD and cardiovascular
outcomes in ACS patients remain discordant.

A study involving 120 non-fatal ACS patients dem-
onstrated that the ultrasound-determined NAFLD group
had a significantly higher GRACE score (120.2 +26.9 vs.
92.3+24.2, p<0.001) and exhibited higher predicted mor-
tality from ACS both during hospitalization (aOR 31.3, 95%
CI 2.2-439.8, p=0.011) and at 6 months after discharge
(aOR 15.59, 95% CI 1.6-130.6, p=0.011), thus requiring
aggressive treatment of CAD [51]. In addition, two studies
using surrogates of NAFLD have reached similar conclu-
sions. Simon et al. applied NFS to 14,819 post-ACS patients
from the IMPROVE-IT trial population. They concluded
that the high-risk NFS group (NFS > 0.67) had a 30% higher
risk of cardiovascular events than the low-risk NFS group
(NFS <-1.455) (HR 1.30, 95% CI 1.19-1.43, p<0.001)
[52]. The GRACE-ALT study found that NAFLD, diagnosed
by elevated serum alanine aminotransferase (ALT), was sig-
nificantly associated with more cardiac muscle injury (aOR
7.07,95% CI 1.83-27.37) and all-cause mortality in-hospital
and up to 6 months after discharge among ACS patients
(aOR 8.96, 95% CI 3.28-24.49) [53]. However, these
results may be biased, as ALT is also one of the myocar-
dial enzymes representing myocardial injury. Recently, with

the introduction of MAFLD as a new name for NAFLD,
Noda et al. investigated the relationship between MAFLD
and physical dysfunction and prognosis in 479 hospitalized
ACS patients. They demonstrated that MAFLD was inde-
pendently associated with lower leg strength, gait speed,
and 6-min walking distance (6MWD) (p =0.020; p =0.003;
p=0.011, respectively). Furthermore, the combination of
MAFLD and reduced physical functions was an independ-
ent predictor of adverse outcomes in ACS patients, after a
median follow-up period of 1.43 years [54].

Similar findings were obtained in some studies of the
STEMI subtype. Emre et al. conducted a prospectively
designed cohort analysis of 186 nondiabetic patients who
underwent primary PCI for STEMI and found that patients
with moderate-to-severe NAFLD were more likely to have
in-hospital MACE (31% vs. 8%, p <0.0001), defined as
nonfatal MI, acute heart failure (HF), and death. An FLD
score >3 was found to be an independent predictor of in-
hospital adverse outcomes (OR 2.454, 95% CI 1.072-4.872,
p=0.048) using multivariate analysis [48]. A retrospective
observational study involving 360 STEMI patients showed
that in-hospital mortality for patients with grade O, 1, 2,
and 3 NAFLD was 4.7%, 8.3%, 11.3%, and 33.9%, respec-
tively. The three-year mortality rates for these groups were
5.6%, 7.8%, 9.5%, and 33.3%, respectively [50]. Among
these patients, grade 3 NAFLD was the main subgroup with
higher rates of stent thrombosis and mortality, indicating
that the presence of NAFLD was associated with unfavora-
ble clinical outcomes in patients with STEMI [50]. Another
study reported that elderly MI patients with NAFLD had a
significantly higher risk for adverse cardiovascular events
than those without NAFLD, including ECG instability (26%
vs. 15%, p <0.001), hemodynamic instability (33% vs. 14%,
p=0.033), and death during hospitalization (7% vs. 5%,
p=0.016). Moreover, a GRACE score > 140 (OR 3.005,
95% CI 1.504-6.032, p=0.002), EF <35% (OR 2.649, 95%
CI 1.364-4.346, p=0.009), diabetes (OR 1.308, 95% CI
1.072-1.589, p=0.015), and NAFLD (OR 1.112, 95% CI
1.043-1.324, p=0.024) were independent predictors for
adverse cardiovascular events in these patients [46].

However, some studies have opposed the association
between NAFLD and adverse outcomes in ACS patients.
A prior study involved 612 patients with indications for
CAQG, including ACS, stable angina, valvular disease, and
others [55]. Wong et al. found that the presence of NAFLD
was associated with coronary artery stenosis and the need
for coronary intervention, but it did not increase composite
cardiovascular outcomes (cardiovascular death, non-fatal
MI, HF, or the need for further interventions) (37.1% vs.
36.5%, aHR 0.90, 95% CI 0.69-1.18, p=0.46) in patients
with indications for CAG after 3679 patient-years of fol-
low-up [55]. Another study conducted by Ali et al. recently
divided 429,855 patients undergoing PCI into NAFLD and
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non-NAFLD groups [56]. These two groups had similar pro-
portions of patients presenting with NSTEMI and STEMI.
They found that patients with NAFLD had a longer length
of hospital stay, were admitted at a younger age, and had
significantly more cardiovascular comorbidities, while no
difference was found for in-hospital mortality between these
two groups (aOR 1.11,95% CI10.570-2.164, p=0.757) [56].
A possible explanation for the discrepant conclusions may
be the composition and distribution of patients in these two
studies, as the inclusion of non-ACS individuals in the stud-
ies may somewhat attenuate the differences in prognosis
between the groups.

Potential Mechanisms of NAFLD in ACS
(Fig. 1)

Systemic inflammation, endothelial dysfunction, hepatic
insulin resistance, oxidative stress, and altered lipid metab-
olism are some of the mechanisms by which NAFLD
increases the risk of CVD [13]. Currently, there is a con-
siderable body of research suggesting that NAFLD may
increase ACS risk and lead to adverse outcomes in ACS
patients, although the results are somewhat controversial.
The exact pathophysiological mechanisms underlying this
complex association between NAFLD and ACS remain uni-
dentified, and few studies have directly addressed this issue.

Cardiometabolic Factors

The liver plays a crucial role in lipid and glucose metabolism
and therefore is at the center of cardiometabolic disease.

Several studies reported that ACS patients with NAFLD
had a significantly higher body mass index (BMI) and
waist circumference, diabetes or metabolic syndrome, and
increased levels of serum TGs and low-density lipoprotein
cholesterol (LDL-c) than those without NAFLD, while their
high-density lipoprotein cholesterol (HDL-c) was signifi-
cantly lower [46—49, 51]. Similar findings were obtained in
a recent study investigating MAFLD in hospitalized ACS
patients. Younger age, obesity, dyslipidemia, higher BMI,
waist circumference, fatty liver index (FLI), and poor liver
function (ALT, AST, and y-GTP) were more likely to be
observed in patients with MAFLD [54].

Visceral Obesity

Expanded visceral adipose tissue (VAT) has an elevated
expression of proinflammatory mediators in NAFLD/
NASH patients, and adipocyte tissue macrophages produce
increased levels of inflammatory cytokines, thus leading to
low-grade systemic inflammation [57]. It has been demon-
strated that coronary plaque vulnerability appears to be more

closely related to abnormal abdominal fat distribution than
with visceral or subcutaneous fat amount alone in patients
with ACS [58].

In addition to dysfunctional VAT, emerging evidence has
suggested that an accumulation of ectopic fat in the liver,
epicardium, pancreas, kidneys or muscle might contribute
to increased atherosclerotic and cardiometabolic risk [59,
60]. Epicardial adipose tissue (EAT) shares an unobstructed
microcirculation with the adjacent myocardium due to its
anatomical intimacy with the heart [61]. A prior meta-anal-
ysis indicated that an increase in EAT was associated with
the severity of steatosis, fibrosis, and CVD in patients with
NAFLD [62]. EAT is also thought to be a robust measure
of increased risk of MI [63]. With increasing EAT volume,
dangerous plaque composition burdens and high-risk fea-
tures increase significantly, which could be associated with
unfavorable outcomes in ACS patients [64, 65].

Moreover, adipose tissue is far more than a simple fat
storage depot. Adipokines, peptides produced by white adi-
pose tissue, are active metabolic players implicated in both
NAFLD and CVD pathogenesis with autocrine, paracrine,
and endocrine functions [66]. Adiponectin exerts beneficial
systemic metabolic effects through its actions on adipogen-
esis, atherosclerosis, insulin sensitivity, and inflammation,
while elevated levels of leptin are associated with obesity,
leptin resistance, and adverse effects on the heart [67, 68].
Alterations in circulating adipokines, namely a decrease in
adiponectin and an increase in leptin, have been observed in
patients with NAFLD [67, 69].

Glycolipid Metabolism Abnormality

The liver plays a central role in lipid metabolism. The ath-
erogenic lipid profile, characterized by hypertriglyceridemia,
increased small dense low-density lipoprotein (sdLDL) par-
ticles and decreased HDL-c levels, is frequently observed in
NAFLD patients and promotes the development of athero-
sclerotic plaques [70]. A predominance of sdLDL particles,
as well as an accumulation of triglyceride-rich lipoproteins
(TRLs), TRL remnants and intermediate-density lipoprotein
(IDL), are hallmarks of the atherogenic lipoprotein pheno-
type [11]. This altered composition of serum lipoprotein is
thought to drive atherosclerotic risk. A study by Duran et al.
revealed that TRLs and sdLDL were strongly associated with
future MI events in primary prevention populations [71].
Insulin resistance (IR) is strongly related to NAFLD,
and it has been implicated in both the pathogenesis and
disease progression of NAFLD. The prevalence of NAFLD
in diabetic patients is fivefold higher than that in nondia-
betic patients [72]. Insulin resistance, as well as impaired
insulin signaling, is also associated with atherogenesis,
atherosclerotic lesion progression, and plaque vulner-
ability [11, 73]. An analysis from the PROSPECT study
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showed that IR was common among ACS patients and that
advanced stages of IR were independently associated with
an increased risk of MACEs [74]. In addition, NAFLD-
related steatosis is associated with serum advanced gly-
cation end products (AGEs) levels, which induce tissue
inflammation and oxidative damage [75].

Plaque Instability

Beyond the degree of luminal stenosis, coronary plaque formation
and characteristics play a crucial role in the development of CAD,
especially ACS [76]. To date, there are no study data on the rela-
tionship between NAFLD and more advanced coronary plaque
characteristics in ACS patients, despite the established associa-
tion between NAFLD and atherosclerosis. We postulate that these
findings from a more general CAD population might be consistent
and referential since atherosclerosis is a continuous process.

Clinically, mixed plaques on coronary CTA were thought to
be associated with the worst prognosis, calcified plaques were
associated with the best event-free survival, and noncalcified
plaques had an associated risk in between the other two types
[77]. Kang et al. demonstrated that NAFLD was associated with
the presence and calcific morphology of coronary atheroscle-
rotic plaques in asymptomatic individuals without a history
of CVD using multidetector computed tomography (MDCT)
coronary angiography [78]. However, investigations performed
by Lee et al. and Park et al. a few years later reached different
conclusions. They found that NAFLD was independently asso-
ciated with the presence of non-calcified plaque morphology
[79, 80]. Recently, Meyersohn et al. found that mixed plaques
were more frequently observed in patients with hepatic steatosis
than in those without it (57.8% vs. 53.6%, p=0.027) [21].

In terms of high-risk coronary features in NAFLD patients,
research findings were quite consistent, suggesting an associa-
tion between NAFLD and the potential plaque vulnerability
in coronary arteries. According to the Coronary Artery Dis-
ease-Reporting and Data System (CAD-RADS), vulnerable
plaque characteristics identified by coronary CTA include
low-attenuation plaques, spotty calcification, positive remod-
eling, and the napkin-ring sign [81]. An early study revealed
that there was a statistically significant difference between
lipid pool plaques and positive remodeling in patients with
NAFLD compared with those without NAFLD, whereas no
statistical significance was found for the degree of coronary
luminal stenosis [82]. Recent research in the general popula-
tion showed that an increase in steatosis severity of NAFLD
correlated with a higher coronary artery atherosclerosis bur-
den and the presence of high-risk mixed type plaques and was
independent of traditional risk factors [83e]. Saraya et al. found
significant associations between NAFLD and high-risk plaque
features, including the napkin ring sign (OR 7.88, p<0.001),
positive remodeling (OR 5.84, p <0.001), low HU (OR 7.25,
p<0.001), and spotty calcium (OR 6.66, p <0.001) in CAD
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patients [84]. Another study, as one arm of the randomized
controlled trial (ROMICATTII), found that advanced high-risk
coronary plaque features were more frequently observed in
patients with NAFLD and the association between them (OR
2.13,95% CI 1.18-3.85, p=0.012) was independent of the
extent and severity of coronary atherosclerosis as well as tra-
ditional cardiovascular risk factors [85].

Vascular endothelial growth factors (VEGFs) have been
discovered to be key mediators of angiogenesis and play
an active role in the growth and destabilization of athero-
sclerotic lesions [86, 87]. Elevated serum VEGF levels are
observed in NAFLD patients and may be a plausible expla-
nation for plaque vulnerability [88]. Matrix metalloprotein-
ases (MMPs) have been found to be associated with fibrosis
and disease progression in NAFLD/NASH [89, 90], which
could enhance matrix dissolution and promote atheroscle-
rotic plaque instability [91]. Another aspect that may influ-
ence coronary plaque instability in NAFLD patients is the
extracellular vesicles (EVs) released by hepatocytes. A study
found that steatotic hepatocyte-derived EVs can promote
endothelial inflammation and facilitate atherogenesis via
microRNA-1 release, Kruppel-like factor 4 (KLF4) suppres-
sion, and nuclear factor-kB (NF-xB) activation [92].

Currently, the identification of coronary plaque morphol-
ogy in NAFLD patients is based on coronary CTA, while
intravascular imaging modalities with a higher resolution,
such as intravascular ultrasound (IVUS) and optical coher-
ence tomography (OCT), may add more details to plaque
composition and characteristics. Thus, further research is
needed in this field.

Prothrombotic Tendency

Drastic consequences of thrombotic complications account
for the majority of ACS cases. Accumulating evidence indi-
cates that NAFLD is closely associated with a prothrombotic
tendency and hypercoagulable state, which may to some
extent explain the increased risk of ACS among NAFLD
patients [93e]. A previous study showed that elevated serum
homocysteine levels are common in NAFLD patients, and
hyperhomocysteinemia may lead to oxidative stress and
further enhance platelet activation [13, 94]. A pilot study
conducted by Gidaro et al. found that patients with NAFLD
had elevated levels of coagulation factors, suggesting an
increased risk of thrombosis [95]. This study also suggested
that systemic inflammation predisposed patients to endothe-
lial dysfunction and thrombosis [95]. Another study indi-
cated that liver fat played a crucial role in the regulation of
protein C and protein S. It also demonstrated that NAFLD
patients had elevated levels of C-reactive protein (CRP),
fibrinogen, plasminogen activator inhibitor-1 (PAI-1), von
Willebrand factors, and coagulation factor VII, which are
known to be associated with an increased risk of thrombosis
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[96]. The activities of coagulation factors VIII, IX, XI, and
XII activities were increased in NAFLD patients and were
positively correlated with hepatic fat content, suggesting that
fatty liver may contribute to the risk of thrombosis [97].
Procoagulant imbalance, resulting from the increased level
of factor VIII and reduced protein C activity, was observed
in patients with NAFLD [98]. In addition, it has been proven
that NAFLD severity, as assessed by liver biopsy, contrib-
utes to the increase in PAI-1 levels independent of anthro-
pometric and metabolic parameters [99]. Previous studies
have noted that ACS patients with elevated whole blood vis-
cosity are at higher risk for arterial thrombosis, acute stent
thrombosis, and left ventricular apical thrombosis [100].
Whole blood viscosity at low shear stress was increased in
NAFLD patients [101]. Altered hemorheological parameters
may also explain the association between NAFLD and ACS
to some extent.

Circulation Disorders

Coronary collateral circulation is an important protective
mechanism for cardiomyocytes in the event of occlusion in
any coronary artery in ACS. A study conducted by Arslan
et al. found that NAFLD was independently associated with
poor coronary collateral development in nondiabetic patients
with severe CAD, which may partially explain the poor prog-
nosis of ACS patients with NAFLD [102]. Previous research
demonstrated that the presence of metabolic syndrome and
associated insulin resistance played an important role in

impaired collateral circulation [103]. According to an ani-
mal study, the receptor for advanced glycation end products
(AGEs) impaired collateral formation due to increased levels
of AGEs both in diabetic and nondiabetic conditions [104].

Microvascular circulation disorder may also be a contribu-
tor. Coronary flow reserve (CFR) is widely used to evaluate
the integrity of coronary microvascular circulation. A study by
Yilmaz et al. indicated that CFR is impaired in patients with
biopsy-confirmed NAFLD and that liver fibrosis scores are an
independent predictor of depressed CFR [105]. The presence
of fatty liver disease was also reported to be associated with a
reduction in myocardial perfusion reserve (MPR) on MRI, sug-
gesting impaired coronary microcirculation [106]. In addition,
another study found that coronary microvascular dysfunction
assessed by myocardial perfusion PET/CT was more prevalent
in patients with NAFLD than in those without NAFLD and
predicted MACE independently [107]. The exact underlying
mechanisms are still unknown. Endothelial dysfunction and
vascular tone alteration could be plausible explanations, as they
are implicated in the pathophysiological mechanisms linking
NAFLD and impaired microcirculation [13, 108].

Controversies Regarding the Effects
of NAFLD on ACS (Fig. 2)

Although an association between NAFLD/MAFLD and ACS

has been suggested, the strength of this relationship remains
controversial. The disagreements mainly concentrate on
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whether NAFLD independently increases ACS risk and
leads to more adverse outcomes in ACS patients. We con-
jecture that the plausible explanations for the inconsistent
results of these studies are as follows.

First, baseline population characteristics must be taken
into account. Patients from different racial backgrounds
have varying dietary habits, lifestyles, and genetic traits,
which should not be ignored. Senescence is a major risk
factor for a wide range of diseases. Along with aging,
cardiovascular risk factors are continuously accumulat-
ing, which may weaken the connection between NAFLD
and ACS, leading to negative findings. Differences in the
proportions of comorbidities, such as T2DM and dyslipi-
demia, can also account for divergent results.

Second, NAFLD is an exclusive diagnosis, and some-
times its etiological identification might be misleading,
as alcohol consumption is not the only factor we should
consider. The wide disease spectrum of this clinical entity
leads to a great degree of heterogeneity in NAFLD sever-
ity. The vast majority of these studies lack histologic data
owing to the invasive nature of liver biopsy. Studies in
more general CVD populations previously demonstrated
that while probably all subtypes of NAFLD were asso-
ciated with increased cardiovascular risk, the strongest
links were in patients with NASH and an advanced stage
of fibrosis [109, 110]

Third, NAFLD and metabolic syndrome are closely
intertwined and their effects on atherosclerosis might par-
tially overlap [111ee]. The degree of adjustment for tradi-
tional or non-traditional CVD risk factors varies among
studies. Moreover, FLI and NFS, which comprise known
cardiovascular risk factors (age, BMI, triglyceride levels,
and waist circumference), were used as the surrogates of
NAFLD in several studies. Thus, we must interpret these
findings with caution.

Fourth, the selection of endpoints differed in these stud-
ies. In addition, to increase statistical efficiency, composite
primary endpoints were frequently used, which may compli-
cate and challenge the interpretation of the role of NAFLD
on individual components of the composite outcome.

Fifth, ACS patients with NAFLD tended to have more
severe and complex lesions in some studies, leading to a
higher proportion of CABG/PCI. Notably, these interven-
tion methods may alter the natural course of ACS and pre-
vent adverse cardiovascular outcomes in the future, thereby
resulting in negative conclusions.

Sixth, NAFLD is a dynamic state that may change accord-
ing to factors such as age, medication, and disease progres-
sion. Hepatic steatosis tends to regress when it progresses to
the stage of advanced fibrosis and cirrhosis [112].

Finally, MAFLD, a novel concept proposed in recent
years, was demonstrated to be more practical for identify-
ing fatty liver disease patients at high risk of disease than

@ Springer

NAFLD in the real world [113]. Several studies involving
MAFLD patients are discussed in our review. However, it is
important to note that these two diagnoses are not entirely
equivalent and should not be used interchangeably.
Despite the current controversial findings, we believe
that it is of great clinical significance to study the associa-
tion between NAFLD/MAFLD and ACS. In the future, more
interventional studies, RCTs, and animal studies with rigorous
designs and larger sample sizes are needed. It is also urgent to
develop unified diagnostic and evaluation criteria for NAFLD.

Clinical Implications

International guidelines recommend that all patients
with NAFLD should be regularly screened for cardio-
metabolic abnormalities, such as obesity, T2DM, dys-
lipidemia, and hypertension [114, 115]. Moreover, an
individualized, holistic, and multidisciplinary approach
to these patients is increasingly necessary [116]. Both
ACS and NAFLD are clinically prevalent disease enti-
ties and share numerous risk factors, making it of great
clinical significance to investigate the relationship
between them.

On the one hand, diagnosing or staging NAFLD may
contribute to ACS prediction and identifying patients at
high risk of ACS for early intervention. Conventional
cardiovascular risk assessment models do not take insu-
lin resistance, a condition that is closely associated with
NAFLD, into account. The Framingham risk score may
underestimate the cardiovascular risk in patients with
metabolic dysfunction, leaving this part of the popula-
tion neither treated nor closely followed up. Ichikawa
et al. reported that concurrent evaluation of hepatic
steatosis in patients with suspected stable CAD dur-
ing coronary CTA enables more accurate detection of
patients at higher risk of MACEs (a composite of car-
diac death, ACS, and late revascularization). By add-
ing hepatic steatosis to the Framingham risk score and
adverse AL findings, the global x2 score and C-statistic
significantly increased from 29.0 to 49.5 (p <0.001) and
0.74 to 0.81 (p =0.026), respectively [22]. Similar con-
clusions were drawn in another study involving T2DM
outpatients from this research team. They found that in
addition to the coronary artery calcium score (CACS)
and Framingham risk score, NAFLD assessed by CT
showed incremental prognostic value for cardiovascular
events. The global x 2 score and C-statistic significantly
increased from 27.0 to 49.7 (»p <0.001) and 0.71 to 0.80
(p=0.005), respectively [23].

On the other hand, treatment for NAFLD or hepatic
steatosis may be expected to help reduce the incidence
and improve the prognosis of ACS. Breakthroughs have
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Fig.2 Heterogeneity of cur-
rent studies on the impacts of
NAFLD on ACS development
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alcoholic fatty liver disease;
MAFLD: metabolic dysfunc-
tion-associated fatty liver
disease; ACS: acute coronary
syndrome; CVD: cardiovascular
disease
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been made in drug repurposing as well as extensive cross-
talk between cardiovascular and other systems in recent
years. Currently, there is no approved pharmacological
therapy for NAFLD. Lifestyle modifications including
dietary change, physical exercise, and weight loss remain
the cornerstone of NAFLD management [117]. However,
several potential agents for the prevention and treatment
of both hepatic and extra-hepatic complications are under
active investigation. The insulin sensitizer pioglitazone
is a selective peroxisome proliferator-activated receptor
(PPAR)-y agonist, that exerts cardiovascular benefits by
decreasing the composite outcome of all-cause mortality,
non-fatal MI, or stroke in T2DM patients [118]. A meta-
analysis involving eight RCTs showed that pioglitazone
use improved advanced fibrosis in NASH, even in individ-
uals without diabetes [119]. Liraglutide, a glucagon-like
peptide-1 receptor agonist (GLP-1RA), was reported to
reduce cardiovascular events among patients with T2DM
[120] and lead to histological resolution of biopsy-proven
NASH [121]. In addition to beneficial effects on CVD
and reduction in LDL-c levels, proprotein convertase
subtilisin/kexin type 9 inhibitor (PCSK9-i) appeared to
ameliorate NAFLD/NASH [122]. An observational study
demonstrated that PCSK9-i therapy significantly amelio-
rates steatosis biomarkers (such as the triglyceride-glucose
index (TyG) and hepatic steatosis index (HSI)) in familial
hypercholesterolemia (FH) patients with low TG/HDL lev-
els [123]. Obeticholic acid, a selective farnesoid X recep-
tor agonist, is one of the most promising medications for
NASH under investigation. Owing to its adverse effect on
the lipid profile, it should be carefully considered in CVD
patients [124]. Overall, however, there is no direct evi-
dence that drugs targeting NAFLD reduce the incidence of
cardiovascular disease and improve its prognosis.
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Conclusion

Clinically, a growing number of patients with young age,
female gender, and few traditional cardiovascular risk fac-
tors are afflicted with ACS. Meanwhile, coronary plaques
are biologically characterized by a gradual increase in the
proportion of plaque erosion compared with plaque rupture.
Cardiometabolic disorders such as NAFLD have attracted
extensive attention in the cardiovascular field. NAFLD
may be part of a vast network of metabolic abnormali-
ties with multiple bidirectional relationships. It is safe to
say that NAFLD is closely associated with cardiovascular
disease, especially coronary artery disease. However, cur-
rent research findings are still controversial concerning the
impacts of NAFLD on ACS. Future larger-scale, prospective
studies may be needed to examine the association between
NAFLD and the incidence and outcomes of ACS. Intensive
mechanistic studies are also warranted to elucidate its clini-
cal implications, which could contribute to a better under-
standing of the relationship between NAFLD and ACS.

Abbreviations 6MWD: 6-Minute walking distance; 95%CI: 95%
Confidence interval; ACS: Acute coronary syndrome; AF : Atrial
fibrillation; AGEs: Advanced glycation end products; aHR: Adjusted
HR; ALT: Alanine aminotransferase; AMI: Acute myocardial infarc-
tion; aOR: Adjusted odds ratio; AST: Aspartate aminotransferase;
BMI: Body mass index; CABG: Coronary artery bypass graft;
CACS: Coronary artery calcium score; CACS: Coronary artery cal-
cium score; CAD: Coronary artery disease; CAD-RADS: Coronary
Artery Disease-Reporting and Data System; CAG: Coronary angiog-
raphy; CAP: Controlled attenuation parameter; CFR: Coronary flow
reserve; CRP: C-reactive protein; CT: Computed tomography; CTA
: Computed tomography angiography; CVA: Cerebrovascular accident;
CVD: Cardiovascular disease; CVE: Cardiovascular event; FAT: Epi-
cardial adipose tissue; ECG: Electrocardiogram; EF: Ejection fraction;
EV: Extracellular vesicle; FH: Familial hypercholesterolemia; FIB-
4: Fibrosis-4 score; FLD: Fatty liver disease; FLI: Fatty liver index;

@ Springer



764

Current Atherosclerosis Reports (2023) 25:751-768

GLP-1RA: Glucagon-like peptide-1 receptor agonist; HCC: Hepa-
tocellular carcinoma; HDL-c: High-density lipoprotein cholesterol;
HF: Heart failure; HR: Hazard ratio; HSI: Hepatic steatosis index;
ICD: International Classification of Diseases; IDL: Intermediate-den-
sity lipoprotein; IR: Insulin resistance; /VUS: Intravascular ultrasound;
KLF4: Kruppel-like factor 4; LDL-c: Low-density lipoprotein choles-
terol; MACE: Major adverse cardiovascular event; MAFLD: Metabolic
dysfunction-associated fatty liver disease; MDCT: Multidetector com-
puted tomography; Mets: Metabolic syndrome; MI: Myocardial infarc-
tion; MMP: Matrix metalloproteinase; MPR: Myocardial perfusion
reserve; MRI: Magnetic resonance imaging; NAFLD: Non-alcoholic
fatty liver disease; NASH: Non-alcoholic steatohepatitis; NF'S: NAFLD
fibrosis score; NF-kB: Nuclear factor-kB; NSTEMI: Non-ST-segment
elevation myocardial infarction; OCAD: Obstructive coronary artery
disease; OCT: Optical coherence tomography; OR: Odds ratio; PAI-
1: Plasminogen activator inhibitor-1; PCI: Percutaneous coronary
intervention; PCSK9-i: Proprotein convertase subtilisin/Kexin type
9 inhibitor; PPAR-y: Peroxisome proliferator-activated receptor-y;
PTCA: Percutaneous transluminal coronary angioplasty; RCT: Rand-
omized controlled trial; sdLDL: Small dense low-density lipoprotein;
STEMI: ST-segment elevation myocardial infarction; 72DM: Type 2
diabetes mellitus; TE-CAP: Transient elastography-Controlled attenu-
ation parameter; 7G: Triglyceride; T/A : Transient ischemic attack;
TRLs: Triglyceride-rich lipoproteins; 7yG: Triglyceride-glucose index;
UA: Unstable angina; VAT: Visceral adipose tissue; VEGF: Vascular
endothelial growth factor; y-GTP: y-Glutamyl transpeptidase

Authors’ Contributions JJL and YFZ designed the work; SYS and FJ
wrote the first draft of the manuscript; MFW reviewed the data. All
authors read and approved the final manuscript.

Funding This work was supported by grants from the National Natural
Science Foundation of China (81873486).

Data Availability Not applicable.

Declarations
Ethics Approval and Consent to Participate Not applicable
Consent for Publication Not applicable

Conflict of Interest The authors declare that they have no competing
interests.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any
of the authors.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer

References

Papers of particular interest, published recently, have
been highlighted as:

e Of importance

ee Of major importance

1. Virani SS, Alonso A, Benjamin EJ, et al. Heart Disease and
Stroke Statistics-2020 Update: a report from the American
Heart Association. Circulation. 2020;141(9):e139-596.

2. Bhatt DL, Lopes RD, Harrington RA. Diagnosis and treat-
ment of acute coronary syndromes: a review. JAMA.
2022;327(7):662-75.

3. Bergmark BA, Mathenge N, Merlini PA, Lawrence-Wright
MB, Giugliano RP. Acute coronary syndromes. Lancet.
2022;399(10332):1347-58.

4. Fahed AC, Jang IK. Plaque erosion and acute coronary syn-
dromes: phenotype, molecular characteristics and future direc-
tions. Nat Rev Cardiol. 2021;18(10):724-34.

5. Kolte D, Libby P, Jang IK. New insights into plaque ero-
sion as a mechanism of acute coronary syndromes. JAMA.
2021;325(11):1043-4.

6. Arora S, Stouffer GA, Kucharska-Newton AM, et al.
Twenty year trends and sex differences in young adults
hospitalized with acute myocardial infarction. Circulation.
2019;139(8):1047-56.

7. Sattar N, Gill J, Alazawi W. Improving prevention strategies for
cardiometabolic disease. Nat Med. 2020;26(3):320-5.

8. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L,
Wymer M. Global epidemiology of nonalcoholic fatty liver
disease-Meta-analytic assessment of prevalence, incidence, and
outcomes. Hepatology. 2016;64(1):73-84.

9. Kanwar P, Kowdley KV. The metabolic syndrome and its
influence on nonalcoholic steatohepatitis. Clin Liver Dis.
2016;20(2):225-43.

10. Mitra S, De A, Chowdhury A. Epidemiology of non-alcoholic
and alcoholic fatty liver diseases. Transl Gastroenterol Hepatol.
2020;5:16.

11. Kasper P, Martin A, Lang S, et al. NAFLD and cardio-
vascular diseases: a clinical review. Clin Res Cardiol.
2021;110(7):921-37.

12.  Baratta F, Pastori D, Angelico F, et al. Nonalcoholic fatty liver
disease and fibrosis associated with increased risk of cardiovas-
cular events in a prospective study. Clin Gastroenterol Hepatol.
2020;18(10):2324-2331.e4.

13. Stahl EP, Dhindsa DS, Lee SK, Sandesara PB, Chalasani
NP, Sperling LS. Nonalcoholic fatty liver disease and the
heart: JACC State-of-the-Art Review. ] Am Coll Cardiol.
2019;73(8):948-63.

14. Eslam M, Newsome PN, Sarin SK, et al. A new definition for
metabolic dysfunction-associated fatty liver disease: an interna-
tional expert consensus statement. J Hepatol. 2020;73(1):202-9.

15. Eslam M, Sanyal AJ, George J. MAFLD: a consensus-driven
proposed nomenclature for metabolic associated fatty liver dis-
ease. Gastroenterology. 2020;158(7):1999-2014.el.

16. Lee H, Lee YH, Kim SU, Kim HC. Metabolic dysfunction-
associated fatty liver disease and incident cardiovascular dis-
ease risk: a nationwide cohort study. Clin Gastroenterol Hepatol.
2021;19(10):2138-2147.e10.

17. Niriella MA, Ediriweera DS, Kasturiratne A, et al. Outcomes
of NAFLD and MAFLD: results from a community-based, pro-
spective cohort study. PLoS One. 2021;16(2):0245762.


http://creativecommons.org/licenses/by/4.0/

Current Atherosclerosis Reports (2023) 25:751-768

765

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Targher G, Bertolini L, Poli F, et al. Nonalcoholic fatty liver
disease and risk of future cardiovascular events among type 2
diabetic patients. Diabetes. 2005;54(12):3541-6.

Targher G, Bertolini L, Rodella S, et al. Nonalcoholic fatty liver
disease is independently associated with an increased incidence
of cardiovascular events in type 2 diabetic patients. Diabetes
Care. 2007;30(8):2119-21.

Labenz C, Kostev K, Algahtani SA, Galle PR, Schattenberg
JM. Impact of non-alcoholic fatty liver disease on metabolic
comorbidities in type 2 diabetes mellitus. Exp Clin Endocrinol
Diabetes. 2022;130(3):172-7.

Meyersohn NM, Mayrhofer T, Corey KE, et al. Association of
hepatic steatosis with major adverse cardiovascular events, inde-
pendent of coronary artery disease. Clin Gastroenterol Hepatol.
2021;19(7):1480-1488.e14.

Ichikawa K, Miyoshi T, Osawa K, et al. Incremental prog-
nostic value of non-alcoholic fatty liver disease over coro-
nary computed tomography angiography findings in patients
with suspected coronary artery disease. Eur J Prev Cardiol.
2021;28(18):2059-66.

Ichikawa K, Miyoshi T, Osawa K, et al. Prognostic value of non-
alcoholic fatty liver disease for predicting cardiovascular events in
patients with diabetes mellitus with suspected coronary artery dis-
ease: a prospective cohort study. Cardiovasc Diabetol. 2021;20(1):8.
Wong VW, Wong GL, Yip GW, et al. Coronary artery disease
and cardiovascular outcomes in patients with non-alcoholic fatty
liver disease. Gut. 2011;60(12):1721-7.

Hamaguchi M, Kojima T, Takeda N, et al. Nonalcoholic fatty
liver disease is a novel predictor of cardiovascular disease. World
J Gastroenterol. 2007;13(10):1579-84.

Zeb I, Li D, Budoff MJ, et al. Nonalcoholic fatty liver disease
and incident cardiac events: the multi-ethnic study of atheroscle-
rosis. J Am Coll Cardiol. 2016;67(16):1965-6.

Lin A, Wong ND, Razipour A, et al. Metabolic syndrome, fatty
liver, and artificial intelligence-based epicardial adipose tissue
measures predict long-term risk of cardiac events: a prospective
study. Cardiovasc Diabetol. 2021;20(1):27.

Pickhardt PJ, Hahn L, Muifioz del Rio A, Park SH, Reeder SB,
Said A. Natural history of hepatic steatosis: observed outcomes
for subsequent liver and cardiovascular complications. AJR Am
J Roentgenol. 2014;202(4):752-8.

Liu K, Wong VW, Lau K, et al. Prognostic value of controlled
attenuation parameter by transient elastography. Am J Gastro-
enterol. 2017;112(12):1812-23.

Ghoneim S, Dhorepatil A, Shah AR, et al. Non-alcoholic stea-
tohepatitis and the risk of myocardial infarction: A population-
based national study. World J Hepatol. 2020;12(7):378-88.
Labenz C, Huber Y, Michel M, et al. Impact of NAFLD on the
incidence of cardiovascular diseases in a primary care popula-
tion in Germany. Dig Dis Sci. 2020;65(7):2112-9.

Allen AM, Therneau TM, Mara KC, et al. Women with non-
alcoholic fatty liver disease lose protection against cardiovas-
cular disease: a longitudinal cohort study. Am J Gastroenterol.
2019;114(11):1764-71.

Alexander M, Loomis AK, van der Lei J, et al. Non-alcoholic
fatty liver disease and risk of incident acute myocardial infarc-
tion and stroke: findings from matched cohort study of 18 mil-
lion European adults. BMJ. 2019;367:15367.

Olubamwo OO, Virtanen JK, Voutilainen A, Kauhanen J, Pihla-
jamaki J, Tuomainen TP. Association of fatty liver index with
the risk of incident cardiovascular disease and acute myocardial
infarction. Eur J Gastroenterol Hepatol. 2018;30(9):1047-54.
Kim JH, Moon JS, Byun SJ, et al. Fatty liver index and develop-
ment of cardiovascular disease in Koreans without pre-existing
myocardial infarction and ischemic stroke: a large population-
based study. Cardiovasc Diabetol. 2020;19(1):51.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Lee CH, Han KD, Kim DH, Kwak MS. The repeatedly ele-
vated fatty liver index is associated with increased mortality:
a population-based cohort study. Front Endocrinol (Lausanne).
2021;12:638615.

Chung GE, Cho EJ, Yoo JJ, et al. Young adults with nonalcoholic
fatty liver disease, defined using the fatty liver index, can be at
increased risk of myocardial infarction or stroke. Diabetes Obes
Metab. 2022;24(3):465-72.

Park J, Kim G, Kim BS, et al. The associations of hepatic
steatosis and fibrosis using fatty liver index and BARD score
with cardiovascular outcomes and mortality in patients with
new-onset type 2 diabetes: a nationwide cohort study. Cardio-
vasc Diabetol. 2022;21(1):53.

Liu HH, Cao YX, Jin JL, et al. Liver fibrosis scoring sys-
tems as novel tools for predicting cardiovascular outcomes in
patients following elective percutaneous coronary interven-
tion. J Am Heart Assoc. 2021;10(3):e018869.

Vieira Barbosa J, Milligan S, Frick A, et al. Fibrosis-4 index
can independently predict major adverse cardiovascular
events in nonalcoholic fatty liver disease. Am J Gastroenterol.
2022;117(3):453-61.

Sinn DH, Kang D, Chang Y, et al. Non-alcoholic fatty liver
disease and the incidence of myocardial infarction: A cohort
study. J Gastroenterol Hepatol. 2020;35(5):833-9.

Loosen S, Luedde M, Demir M, Luedde T, Kostev K, Roder-
burg C. An elevated FIB-4 score is not associated with cardio-
vascular events: a longitudinal analysis from 137 842 patients
with and without chronic liver disease. Eur J Gastroenterol
Hepatol. 2022;34(6):717-23.

Moon JH, Kim W, Koo BK, Cho NH. Metabolic dysfunction-
associated fatty liver disease predicts long-term mortality and
cardiovascular disease. Gut Liver. 2022;16(3):433-42.
Oztiirk H, Giimriikciioglu HA, Yaman M, et al. Hepatosteatosis
and carotid intima-media thickness in patients with myocardial
infarction. J Med Ultrason (2001). 2016;43(1):77-82.
Montemezzo M, AlTurki A, Stahlschmidt F, Olandoski M,
Rodrigo Tafarel J, Precoma DB. Nonalcoholic Fatty liver dis-
ease and coronary artery disease: big brothers in patients with
acute coronary syndrome. Sci World J. 2020;2020:8489238.
Xia W, Yang N, Li Y. Analysis of risk factors for adverse car-
diovascular events in elderly patients with acute myocardial
infarction and non-alcoholic fatty liver disease (NAFLD). Med
Sci Monit. 2020;26:€922913.

Boddi M, Tarquini R, Chiostri M, et al. Nonalcoholic fatty
liver in nondiabetic patients with acute coronary syndromes.
Eur J Clin Invest. 2013;43(5):429-38.

Emre A, Terzi S, Celiker E, et al. Impact of nonalcoholic fatty
liver disease on myocardial perfusion in nondiabetic patients
undergoing primary percutaneous coronary intervention for
ST-segment elevation myocardial infarction. Am J Cardiol.
2015;116(12):1810-4.

Aga¢c MT, Korkmaz L, Cavusoglu G, et al. Association
between nonalcoholic fatty liver disease and coronary artery
disease complexity in patients with acute coronary syndrome:
a pilot study. Angiology. 2013;64(8):604-8.

Keskin M, Hayiroglu Mi, Uzun AO, Giiven¢ TS, Sahin
S, Kozan O. Effect of nonalcoholic fatty liver disease on
in-hospital and long-term outcomes in patients with ST-
segment elevation myocardial infarction. Am J Cardiol.
2017;120(10):1720-6.

Perera N, Indrakumar J, Abeysinghe WYV, Fernando V,
Samaraweera WM, Lawrence JS. Non alcoholic fatty liver dis-
ease increases the mortality from acute coronary syndrome: an
observational study from Sri Lanka. BMC Cardiovasc Disord.
2016;16:37.

@ Springer



766

Current Atherosclerosis Reports (2023) 25:751-768

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Simon TG, Corey KE, Cannon CP, et al. The nonalcoholic fatty
liver disease (NAFLD) fibrosis score, cardiovascular risk strati-
fication and a strategy for secondary prevention with ezetimibe.
Int J Cardiol. 2018;270:245-52.

Ravichandran L, Goodman SG, Yan AT, Mendelsohn A, Ray
JG. Non-alcoholic fatty liver disease and outcomes in persons
with acute coronary syndromes: insights from the GRACE-ALT
analysis. Heart Asia. 2012;4(1):137-40.

Noda T, Kamiya K, Hamazaki N, et al. The prevalence of meta-
bolic dysfunction-associated fatty liver disease and its associa-
tion with physical function and prognosis in patients with acute
coronary syndrome. J Clin Med. 2022;11(7).

Wong VW, Wong GL, Yeung JC, et al. Long-term clinical
outcomes after fatty liver screening in patients undergoing
coronary angiogram: A prospective cohort study. Hepatology.
2016;63(3):754-63.

Ali H, Kazmi M, Choi C, Hashemipour R, Singh I, Pyrsopou-
los NT. In-hospital outcomes of patients with non-alcoholic
fatty liver disease who underwent percutaneous coronary
intervention: a nationwide inpatient sample analysis. Cureus.
2021;13(8):e17338.

du Plessis J, van Pelt J, Korf H, et al. Association of adipose tis-
sue inflammation with histologic severity of nonalcoholic fatty
liver disease. Gastroenterology. 2015;149(3):635-48.e14.
Okada K, Hibi K, Honda Y, Fitzgerald PJ, Tamura K, Kimura
K. Association between abdominal fat distribution and coronary
plaque instability in patients with acute coronary syndrome. Nutr
Metab Cardiovasc Dis. 2020;30(7):1169-78.

Neeland 1J, Ross R, Després JP, et al. Visceral and ectopic fat,
atherosclerosis, and cardiometabolic disease: a position state-
ment. Lancet Diabetes Endocrinol. 2019;7(9):715-25.

Cusi K. Role of obesity and lipotoxicity in the development of
nonalcoholic steatohepatitis: pathophysiology and clinical impli-
cations. Gastroenterology. 2012;142(4):711-725.¢6.

Packer M. Epicardial adipose tissue may mediate deleterious
effects of obesity and inflammation on the myocardium. J] Am
Coll Cardiol. 2018;71(20):2360-72.

LiuB, Li Y, LiY, et al. Association of epicardial adipose tissue
with non-alcoholic fatty liver disease: a meta-analysis. Hepatol
Int. 2019;13(6):757-65.

Hendricks S, Dykun I, Balcer B, Totzeck M, Rassaf T, Mahabadi
AA. Epicardial adipose tissue is a robust measure of increased
risk of myocardial infarction - a meta-analysis on over 6600
patients and rationale for the EPIC-ACS study. Medicine (Bal-
timore). 2021;100(52):¢28060.

Shan D, Dou G, Yang J, et al. Epicardial adipose tissue vol-
ume is associated with high risk plaque profiles in suspect CAD
patients. Oxid Med Cell Longev. 2021;2021:6663948.
Nakanishi K, Fukuda S, Tanaka A, et al. Persistent epicardial
adipose tissue accumulation is associated with coronary plaque
vulnerability and future acute coronary syndrome in non-
obese subjects with coronary artery disease. Atherosclerosis.
2014;237(1):353-60.

Polyzos SA, Kountouras J, Mantzoros CS. Adipokines in nonal-
coholic fatty liver disease. Metabolism. 2016;65(8):1062—79.
Boutari C, Mantzoros CS. Adiponectin and leptin in the diagno-
sis and therapy of NAFLD. Metabolism. 2020;103:154028.
Poetsch MS, Strano A, Guan K. Role of leptin in cardiovascular
diseases. Front Endocrinol (Lausanne). 2020;11:354.

Cernea S, Roiban AL, Both E, Hutanu A. Serum leptin and lep-
tin resistance correlations with NAFLD in patients with type 2
diabetes. Diabetes Metab Res Rev. 2018;34(8):¢3050.

@ Springer

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

Deprince A, Haas JT, Staels B. Dysregulated lipid metabo-
lism links NAFLD to cardiovascular disease. Mol Metab.
2020;42:101092.

Duran EK, Aday AW, Cook NR, Buring JE, Ridker PM, Prad-
han AD. Triglyceride-rich lipoprotein cholesterol, small dense
LDL cholesterol, and incident cardiovascular disease. J Am Coll
Cardiol. 2020;75(17):2122-35.

Khan RS, Bril F, Cusi K, Newsome PN. Modulation of insu-
lin resistance in nonalcoholic fatty liver disease. Hepatology.
2019;70(2):711-724.

Iguchi T, Hasegawa T, Otsuka K, et al. Insulin resistance is asso-
ciated with coronary plaque vulnerability: insight from optical
coherence tomography analysis. Eur Heart J Cardiovasc Imag-
ing. 2014;15(3):284-91.

Farhan S, Redfors B, Maehara A, et al. Relationship between
insulin resistance, coronary plaque, and clinical outcomes in
patients with acute coronary syndromes: an analysis from the
PROSPECT study. Cardiovasc Diabetol. 2021;20(1):10.
Pereira E, Paula DP, de Araujo BP, et al. Advanced glycation
end product: a potential biomarker for risk stratification of non-
alcoholic fatty liver disease in ELSA-Brasil study. World J Gas-
troenterol. 2021;27(29):4913-28.

Adriaenssens T, Allard-Ratick MP, Thondapu V, et al. Opti-
cal coherence tomography of coronary plaque progression and
destabilization: JACC Focus Seminar Part 3/3. ] Am Coll Car-
diol. 2021;78(12):1275-87.

Aengevaeren VL, Mosterd A, Sharma S, et al. Exercise and coro-
nary atherosclerosis: observations, explanations, relevance, and
clinical management. Circulation. 2020;141(16):1338-50.
Kang MK, Kang BH, Kim JH. Nonalcoholic Fatty liver disease
is associated with the presence and morphology of subclinical
coronary atherosclerosis. Yonsei Med J. 2015;56(5):1288-95.
Lee SB, Park GM, Lee JY, et al. Association between non-alco-
holic fatty liver disease and subclinical coronary atherosclerosis:
An observational cohort study. J Hepatol. 2018;68(5):1018-24.
Park HE, Lee H, Choi SY, et al. Clinical significance of hepatic
steatosis according to coronary plaque morphology: assess-
ment using controlled attenuation parameter. J Gastroenterol.
2019;54(3):271-80.

Cury RC, Abbara S, Achenbach S, et al. Coronary artery disease
- reporting and data system (CAD-RADS): an expert consensus
document of SCCT, ACR and NASCI: endorsed by the ACC.
JACC Cardiovasc Imaging. 2016;9(9):1099-113.

Akabame S, Hamaguchi M, Tomiyasu K, et al. Evaluation of
vulnerable coronary plaques and non-alcoholic fatty liver dis-
ease (NAFLD) by 64-detector multislice computed tomography
(MSCT). Circ J. 2008;72(4):618-25.

Hsu PF, Wang YW, Lin CC, et al. The association of the stea-
tosis severity in fatty liver disease with coronary plaque pattern
in general population. Liver Int. 2021;41(1):81-90. This study
demonstrates that steatosis severity of NAFLD is associated
with coronary artery atherosclerosis burden as well as the
presence of high-risk plaque features.

Saraya S, Saraya M, Mahmoud M, Galal M, Soliman HH, Raafat
M. The associations between coronary artery disease, and non-
alcoholic fatty liver disease by computed tomography. Egypt
Heart J. 2021;73(1):96.

Puchner SB, Lu MT, Mayrhofer T, et al. High-risk coronary
plaque at coronary CT angiography is associated with nonal-
coholic fatty liver disease, independent of coronary plaque and
stenosis burden: results from the ROMICAT II trial. Radiology.
2015;274(3):693-701.



Current Atherosclerosis Reports (2023) 25:751-768

767

86.

87.

88.

89.

90.

91.

92.

93.e

94.

95.

96.

97.

98.

99.

100.

101.

102.

Khurana R, Simons M, Martin JF, Zachary IC. Role of angiogen-
esis in cardiovascular disease: a critical appraisal. Circulation.
2005;112(12):1813-24.

Yla-Herttuala S, Rissanen TT, Vajanto I, Hartikainen J. Vascular
endothelial growth factors: biology and current status of clini-
cal applications in cardiovascular medicine. ] Am Coll Cardiol.
2007;49(10):1015-26.

Coulon S, Francque S, Colle I, et al. Evaluation of inflammatory
and angiogenic factors in patients with non-alcoholic fatty liver
disease. Cytokine. 2012;59(2):442-9.

Irvine KM, Okano S, Patel PJ, et al. Serum matrix metallopro-
teinase 7 (MMP7) is a biomarker of fibrosis in patients with
non-alcoholic fatty liver disease. Sci Rep. 2021;11(1):2858.
Ando W, Yokomori H, Tsutsui N, et al. Serum matrix metal-
loproteinase-1 level represents disease activity as opposed to
fibrosis in patients with histologically proven nonalcoholic stea-
tohepatitis. Clin Mol Hepatol. 2018;24(1):61-76.

Li T, Li X, Feng Y, Dong G, Wang Y, Yang J. The role of matrix
metalloproteinase-9 in atherosclerotic plaque instability. Media-
tors Inflamm. 2020;2020:3872367.

Jiang F, Chen Q, Wang W, Ling Y, Yan Y, Xia P. Hepato-
cyte-derived extracellular vesicles promote endothelial
inflammation and atherogenesis via microRNA-1. J Hepatol.
2020;72(1):156-66.

Ciavarella A, Gnocchi D, Custodero C, et al. Translational
insight into prothrombotic state and hypercoagulation in non-
alcoholic fatty liver disease. Thromb Res. 2021;198:139-150.
This review summarizes several metabolic features of
NAFLD that may contribute to prothrombotic state and
hypercoagulability.

Pacana T, Cazanave S, Verdianelli A, et al. Dysregulated
hepatic methionine metabolism drives homocysteine elevation
in diet-induced nonalcoholic fatty liver disease. PLoS One.
2015;10(8):e0136822.

Gidaro A, Manetti R, Delitala AP, et al. Prothrombotic and
inflammatory markers in elderly patients with non-alcoholic
hepatic liver disease before and after weight loss: a pilot study.
J Clin Med. 2021;10(21).

Horber S, Lehmann R, Stefan N, et al. Hemostatic alterations
linked to body fat distribution, fatty liver, and insulin resist-
ance. Mol Metab. 2021;53:101262.

Kotronen A, Joutsi-Korhonen L, Sevastianova K, et al.
Increased coagulation factor VIII, IX, XI and XII activities in
non-alcoholic fatty liver disease. Liver Int. 2011;31(2):176-83.
Tripodi A, Fracanzani AL, Primignani M, et al. Procoagulant
imbalance in patients with non-alcoholic fatty liver disease. J
Hepatol. 2014;61(1):148-54.

Verrijken A, Francque S, Mertens I, et al. Prothrombotic
factors in histologically proven nonalcoholic fatty liver
disease and nonalcoholic steatohepatitis. Hepatology.
2014;59(1):121-9.

Cmnar T, Saylik F, Akbulut T, et al. The association between
whole blood viscosity and high thrombus burden in patients
with non-ST elevation myocardial infarction. Kardiol Pol.
2022;80(4):429-35.

Yu XY, LiY, Liu T, Wang RT. Association of whole blood vis-
cosity with non-alcoholic fatty liver disease. Clin Hemorheol
Microcirc. 2015;62(4):335-43.

Arslan U, Kocaoglu I, Balc1 M, Duyuler S, Korkmaz A. The
association between impaired collateral circulation and non-
alcoholic fatty liver in patients with severe coronary artery dis-
ease. J Cardiol. 2012;60(3):210-4.

103.

104.

105.

106.

107.

108.

109.

110.

111

112.

113.

114.

115.

116.

117.

118.

119.

Mougquet F, Cuilleret F, Susen S, et al. Metabolic syndrome and
collateral vessel formation in patients with documented occluded
coronary arteries: association with hyperglycaemia, insulin-
resistance, adiponectin and plasminogen activator inhibitor-1.
Eur Heart J. 2009;30(7):840-9.

Hansen LM, Gupta D, Joseph G, Weiss D, Taylor WR. The
receptor for advanced glycation end products impairs collateral
formation in both diabetic and non-diabetic mice. Lab Invest.
2017;97(1):34-42.

Yilmaz Y, Kurt R, Yonal O, et al. Coronary flow reserve is
impaired in patients with nonalcoholic fatty liver disease: asso-
ciation with liver fibrosis. Atherosclerosis. 2010;211(1):182-6.
Nakamori S, Onishi K, Nakajima H, et al. Impaired myocardial
perfusion reserve in patients with fatty liver disease assessed by
quantitative myocardial perfusion magnetic resonance imaging.
Circ J. 2012;76(9):2234-40.

Vita T, Murphy DJ, Osborne MT, et al. Association between
nonalcoholic fatty liver disease at CT and coronary microvas-
cular dysfunction at myocardial perfusion PET/CT. Radiology.
2019;291(2):330-7.

Padro T, Manfrini O, Bugiardini R, et al. ESC working group on
coronary pathophysiology and microcirculation position paper
on “coronary microvascular dysfunction in cardiovascular dis-
ease.” Cardiovasc Res. 2020;116(4):741-55.

Targher G, Byrne CD, Lonardo A, Zoppini G, Barbui C. Non-
alcoholic fatty liver disease and risk of incident cardiovascular
disease: a meta-analysis. J Hepatol. 2016;65(3):589-600.
Mantovani A, Csermely A, Petracca G, et al. Non-alcoholic
fatty liver disease and risk of fatal and non-fatal cardiovascular
events: an updated systematic review and meta-analysis. Lancet
Gastroenterol Hepatol. 2021;6(11):903-13.

Muzurovié¢ E, Mikhailidis DP, Mantzoros C. Non-alco-
holic fatty liver disease, insulin resistance, metabolic syn-
drome and their association with vascular risk. Metabolism.
2021;119:154770. This review discusses the complex and
multidirectional links between NALFD, insulin resistance
and cardiovascular risk.

Kwok R, Choi KC, Wong GL, et al. Screening diabetic patients
for non-alcoholic fatty liver disease with controlled attenuation
parameter and liver stiffness measurements: a prospective cohort
study. Gut. 2016;65(8):1359-68.

Lin S, Huang J, Wang M, et al. Comparison of MAFLD and NAFLD
diagnostic criteria in real world. Liver Int. 2020;40(9):2082-9.
EASL-EASD-EASO Clinical Practice Guidelines for the
management of non-alcoholic fatty liver disease. J Hepatol.
2016;64(6):1388-402.

Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and
management of nonalcoholic fatty liver disease: Practice guid-
ance from the American Association for the Study of Liver Dis-
eases. Hepatology. 2018;67(1):328-57.

Mantovani A, Valenti L. A call to action for fatty liver disease.
Liver Int. 2021;41(6):1182-5.

Powell EE, Wong VW, Rinella M. Non-alcoholic fatty liver dis-
ease. Lancet. 2021;397(10290):2212-24.

Dormandy JA, Charbonnel B, Eckland DJ, et al. Secondary pre-
vention of macrovascular events in patients with type 2 diabetes
in the PROactive Study (PROspective pioglitAzone Clinical
Trial In macroVascular Events): a randomised controlled trial.
Lancet. 2005;366(9493):1279-89.

Musso G, Cassader M, Paschetta E, Gambino R. Thiazolidinedi-
ones and advanced liver fibrosis in nonalcoholic steatohepatitis:
a meta-analysis. JAMA Intern Med. 2017;177(5):633—40.

@ Springer



768

Current Atherosclerosis Reports (2023) 25:751-768

120.

121.

122.

123.

124.

125.

Marso SP, Daniels GH, Brown-Frandsen K, et al. Liraglutide
and cardiovascular outcomes in type 2 diabetes. N Engl J Med.
2016;375(4):311-22.

Armstrong MJ, Gaunt P, Aithal GP, et al. Liraglutide safety and
efficacy in patients with non-alcoholic steatohepatitis (LEAN): a
multicentre, double-blind, randomised, placebo-controlled phase
2 study. Lancet. 2016;387(10019):679-90.

Theocharidou E, Papademetriou M, Reklou A, Sachinidis A,
Boutari C, Giouleme O. The role of PCSKO9 in the pathogen-
esis of non-alcoholic fatty liver disease and the effect of PCSK9
inhibitors. Curr Pharm Des. 2018;24(31):3654-7.

Scicali R, Di Pino A, Urbano F, et al. Analysis of steato-
sis biomarkers and inflammatory profile after adding on
PCSKO inhibitor treatment in familial hypercholesterolemia
subjects with nonalcoholic fatty liver disease: a single lipid
center real-world experience. Nutr Metab Cardiovasc Dis.
2021;31(3):869-79.

Polyzos SA, Kechagias S, Tsochatzis EA. Review article: non-
alcoholic fatty liver disease and cardiovascular diseases: asso-
ciations and treatment considerations. Aliment Pharmacol Ther.
2021;54(8):1013-25.

Fracanzani AL, Tiraboschi S, Pisano G, et al. Progression
of carotid vascular damage and cardiovascular events in

@ Springer

126.

127.

128.

non-alcoholic fatty liver disease patients compared to the gen-
eral population during 10 years of follow-up. Atherosclerosis.
2016;246:208-13.

Xu J, Dai L, Zhang Y, et al. Severity of nonalcoholic fatty
liver disease and risk of future ischemic stroke events. Stroke.
2021;52(1):103-10.

Seo BS, Roh JH, Lee JH, et al. Association between nonalco-
holic fatty liver disease and cardiovascular disease revealed after
comprehensive control of metabolic risk factors: a nationwide
population-based study in Korea. Eur J Gastroenterol Hepatol.
2021;33(1S Suppl 1):e375-e382.

Lee CO, Li HL, Tsoi MF, Cheung CL, Cheung B. 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):1065-73.

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



	Impacts of Non-alcoholic Fatty Liver Disease on Acute Coronary Syndrome: Evidence and Controversies
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Methods
	Impacts of NAFLD on ACS
	NAFLD and Prediction of ACS (Table 1)
	NAFLD and Coronary Severity in ACS (Table 2)
	NAFLD and Clinical Outcomes in ACS (Table 2)

	Potential Mechanisms of NAFLD in ACS (Fig. 1)
	Cardiometabolic Factors
	Visceral Obesity
	Glycolipid Metabolism Abnormality

	Plaque Instability
	Prothrombotic Tendency
	Circulation Disorders

	Controversies Regarding the Effects of NAFLD on ACS (Fig. 2)
	Clinical Implications
	Conclusion
	References


