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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.
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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 

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, 

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% CI 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% CI 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% CI 0.777–1.662, 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 

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 Öztürk 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 0, 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 
CAG, 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% CI 0.570–2.164, 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 γ-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 [83•]. 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 

patients [84]. Another study, as one arm of the randomized 
controlled trial (ROMICATII), 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-κB (NF-κB) 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 [93•]. 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 

Fig. 1   Potential mechanisms of NAFLD in ACS. NAFLD: non-alcoholic fatty liver disease; ACS: acute coronary syndrome; VAT: visceral adi-
pose tissue; AGEs: advanced glycation end products; EVs: extracellular vesicles.
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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 [111••]. 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 

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 χ2 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 χ2 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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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)-γ 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.

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.
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