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Evidence suggests a close connection between Nonalcoholic Fatty
Liver Disease (NAFLD) and increased cardiovascular (CV) risk. Sev-
eral cross-sectional studies report that NAFLD is related to preclin-
ical atherosclerotic damage, and to coronary, cerebral and periph-
eral vascular events. Similar results have been showed by prospec-
tive studies and also by meta-analyzes on observational studies. The
pathophysiological mechanisms of NAFLD are related to insulin re-
sistance, which causes a dysfunction in adipokine production, es-
pecially adiponectin, from adipose tissue. A proinflammatory state
and an increase in oxidative stress, due to increased reacting oxy-
gen species (ROS) formation with consequent oxidation of free fatty
acids and increased de novo lipogenesis with accumulation of triglyc-
erides, are observed. These mechanisms may have an impact on
atherosclerotic plaque formation and progression, and they can lead
to increased cardiovascular risk in subjects with NAFLD. This review
extensively discusses and comments current and developing NAFLD
therapies and their possible impact on cardiovascular outcome.
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1. Introduction
Non-alcoholic fatty liver disease (NAFLD) is the most

common cause of chronic liver dysfunction. It affects about
25%of the population and is associatedwith severalmetabolic
risk factors such as hypertension, diabetes, obesity and dys-
lipidemia [1, 2]. Evidence suggests a close link between Non-
alcoholic Fatty Liver Disease (NAFLD) and increased car-
diovascular (CV) risk. Several cross-sectional studies report
hepatic steatosis as an independent risk factor for both an in-
creased carotid intima-media thickness and diastolic cardiac
dysfunction [3, 4]. Moreover, a clinical investigation con-
ducted on a cohort of more than 2000 subjects with type 2
diabetes showed that a condition of hepatic steatosis, even

after correction for the main cardio-metabolic risk factors, is
associated with a higher prevalence of coronary, cerebral and
peripheral vascular disease [5].

Prospective studies confirm the association between
NAFLD and CV risk. A large longitudinal study with
a two-year follow-up demonstrated that the presence of
NAFLD at baseline assessment is an independent risk fac-
tor for the carotid disease [6]. Similarly, in the Valpolicella
study conducted on diabetic subjects, after correction for car-
diometabolic risk factors, NAFLD appeared as an indepen-
dent risk factor for the incidence of cardio-cerebrovascular
events [7].

Furthermore, a recent meta-analysis showed that subjects
with NAFLD, compared to the control groupwithout steato-
sis, had a 1.6 times higher risk of developing CV events, and
this risk is higher for non-fatal events [8]. The same meta-
analysis demonstrates that the presence of “severe NAFLD”
is associated with an approximately 2.5 times higher risk of
developing fatal and non-fatal CV events.

In a cohort of patients with a histological diagnosis of
NAFLD, carotid intima-media thickness increased signifi-
cantly and progressively alongwith the stage of hepatic fibro-
sis [9]. Furthermore, the severity of hepatic fibrosis assessed
through liver biopsy has been independently associated with
the worsening of both systolic and diastolic cardiac dysfunc-
tion [10].

A large retrospective study conducted on subjects with no
history of CV disease undergoing to serial Computed To-
mography (CT) to evaluate the Coronary Artery Calcium
(CAC) score, showed that the risk of progression of CAC in-
creased progressively from subjects without steatosis to those
with steatosis and advanced fibrosis [11].

The aim of this review is to provide a comprehensive
overview on the pathophysiological mechanisms underlying
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the development of NAFLD and its link between with CV
risk. Finally, the therapeutic strategies for NAFLD treatment
and their impact on CV outcome will be discussed.

2. NAFLD diagnosis
NAFLD is characterized by a large spectrum of disorders,

ranging from simple steatosis to non-alcoholic steatohepati-
tis, which both in turn may progress into overt cirrhosis and
hepatocellular carcinoma [12–14]. NAFLD diagnosis can be
performed only in absence of other causes of chronic liver
disease such as alcohol consumption (<30 g/day for men and
<20 g/day for women), congenital or autoimmune diseases,
viruses, and iatrogenic injury [15]. Liver biopsy is the gold
standard for NAFLD diagnosis, by detecting a liver fat accu-
mulation in>5% of hepatocytes and other hallmarks andmay
also distinguish from other causes of liver injury (e.g., non-
alcoholic fatty liver and steatohepatitis) [16]. The distinction
between NAFLD and non-alcoholic steatohepatitis (NASH)
is possible only by histological analysis. It detects the signs
of inflammation and the degree of fibrosis. The histological
findings most commonly associated with this condition are
the hepatocyte ballooning, the perisinusoidal fibrosis and the
Mallory bodies [17].

Recently, new non-invasive diagnostic tools, such as ul-
trasonography, CT, and magnetic resonance imaging (MRI),
have emerged, showing a greater safety profile and availabil-
ity, and sharing a good sensitivity and specificity compared
to gold standard [15, 18]. Ultrasonography has been recom-
mended as the first-line diagnostic tool to detect NAFLD,
though its sensitivity decreases when less than 30% of hep-
atocytes are involved as well as in obese patients [15, 19].
Controlled attenuation parameter (CAP), available on the
equipment “Fibroscan®”, represents a new and accurate tech-
nique to detect and quantify hepatic steatosis. Moreover,
transient elastography, by Fibroscan is also able to detect
liver stiffness, which is a reliable measure of liver fibrosis
[20–22]. This equipment has two M and XL probes capa-
ble of supplying ultrasounds and an elastic wave to measure
the stiffness of the liver tissue and steatosis. XL probe al-
lows to study obese patients who, due to their thick pannicu-
lus adipose, can hinder the propagation of the elastic wave
[23, 24]. Several clinical and imaging scores have been val-
idated to assess liver steatosis. The fatty liver index is cal-
culated through serum triglycerides levels, waist circumfer-
ence, and γ-glutamyl-transpeptidase [25]. This score showed
good performances in ruling in (≥60) or ruling out (<30) pa-
tients with steatosis, though it fails to stratify patients with a
score ranging from 30 to 59, which remains undetermined.
The ultrasound fatty liver index is based, instead, on ultra-
sonography parameters, suggesting hepatic steatosis when
a score >2 is present [26]. The NAFLD Fat score evalu-
ates several parameters (metabolic syndrome, type 2 diabetes
mellitus (T2DM), fasting serum levels of insulin, aspartate
aminotransferase (AST)/alanine aminotransferase (ALT) ra-
tio to predict NAFLD and liver fat content [27]. In patients

with known NAFLD, estimation of hepatic fibrosis degree
can be accurately performed by using NAFLD fibrosis score
(NFS), calculated through age, altered glucose metabolism,
body mass index (BMI), AST/ALT ratio, albumin levels and
platelet count [28]. The NFS is suggestive of hepatic fibro-
sis (equivalent to F3-F4 on liver biopsy) when>0.675. Two
other scores, the Fibrosis-4 score and theAST to Platelet ratio
index, have been developed to screen cirrhosis, though both
validated in a cohort of subjects affected by hepatitis C virus
[29, 30].

3. NAFLDmain pathophysiological
mechanism

The primaryNAFLDhallmark is fat accumulation (mostly
triglycerides) in the liver. However, how this accumulation
leads to a liver dysfunction is compound and incompletely
understood [31–34]. Of note, though triglycerides represent
the major part of intrahepatic lipid in NAFLD patients, new
evidence suggests that changes in liver lipid composition (in-
cluding ceramides, diacylglycerol, triglyceride/diacylglycerol
ratio, phospholipids and free cholesterol) may play a signifi-
cant role [35–37]. Particularly, alterations of free cholesterol
metabolism seem involved in the development and progres-
sion of NAFLD and consequently associated with a higher
CV risk. It has been observed that alteration of microbiota
could alter the absorption and elimination of free cholesterol,
thus determining an increase of its serum levels. Moreover,
some authors found that mitochondrial abnormalities and al-
tered activation of acyl coenzyme A cholesterol acyl trans-
ferase, SREBP-2 maturation, altered hydroxymethylglutaryl
coenzyme A reductase (HMG-CoA-R) expression and de-
creased phosphorylation of HMG-CoA-R, induced by genic
factors, could affect synthesis and transport of free cholesterol
[31, 37, 38].

Adipose tissue is also involved in hormone secretion (e.g.,
adipokines) [39]. Obesity represents an important cause of
adipose tissue dysfunction, which plays a relevant role in the
metabolic disorders’ progression, particularly in insulin re-
sistance and NAFLD [40, 41]. As a result of adipose tissue
dysfunction, there is a reduction of adiponectin, an insulin-
sensitizing adipokine. Adiponectin plays a crucial role in in-
creasing free fatty acids (FFA) oxidation and decreasing FFA
influx to the liver, gluconeogenesis, and de novo lipogenesis,
thus enhancing a protective hepatic role [42–44]. In addition,
it also plays a hepatic anti-inflammatory and antifibrotic role,
by reducing proinflammatory cytokines and the activation
and proliferation of hepatic stellate cells [45–49]. Impaired
insulin action, through stimulation of lipogenic enzymes via
sterol receptor-binding protein 1c (SREBP-1c), results in an
increase in circulating FFA, an increased storage into the liver
and increased de novo lipogenesis [50–53]. Furthermore, it
seems that insulin resistance is also involved in the triglyc-
eride synthesis increase through the Kennedy pathway and
in fatty acids β-oxidation decrease, though this latter is still
controversial [54]. Skeletal muscle insulin resistance may
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also be implicated in steatosis development, by redistribut-
ing postprandial glucose from peripheral glycogen storage to
hepatic de novo lipogenesis [55, 56]. Lipogenesis and triglyc-
erides accumulation may also be affected by lipogenic action
of dietary fructose. In addition, fructose causes liver damage
due to its metabolism. It is highly energy dependent and acti-
vates a cascade of impaired protein synthesis, mitochondrial
dysfunction and oxidative stress [57–59]. Moreover, the in-
creased lipid burden is also responsible for increased mito-
chondria activity (β-oxidation of free fatty acid, adenosine
triphosphate (ATP) production and reactive oxygen species
(ROS) generation) and mass [60]. Over time, mitochondria
may become exhausted, leading to uncoupling, with an in-
crease in oxidative stress due to increased ROS formation and
impaired hepatic insulin resistance, thus favouringNASHde-
velopment [61–63]. Mitochondrial ROS production plays a
leading role in propagating hepatocyte damage through lipid
peroxidation products and (tumor necrosis factor-α) TNF-α
production, both of which booster of mitochondrial injury,
permeability, and uncoupling [61, 64].

Genetic factors associated with CV events in NAFLD are
still undefined. Single-nucleotide polymorphisms (SNPs)
may have a role on NAFLD-related cardiovascular disease
(CVD) risk. The two most frequently SNPs in NAFLD are
the patatin-like phospholipase domain-containing protein 3
(PNPLA3) and the transmembrane 6 superfamily member
2 (TM6SF2). PNPLA3 modulates the lipid droplet profile
and appears to be related to tryglicerides (TG) metabolism
[65]. It is shown that carriers of this mutation could in-
crease atherosclerosis, paradoxically lowering serum TG lev-
els [66, 67]. In a Danish cohort study, using Mendelian ran-
domization to test a genetic variant in the gene encoding for
PNPLA3, a genetically elevated hepatic fat content was not
found associated to an increased risk of ischemic heart disease
[68]. TM6SF2modulates TG and cholesterol secretion in the
liver through the excretion of very low-density lipoprotein
(VLDL) [69]. The carriers of this mutation could raise the
risk of NAFLD development because of increased TG and
lipid retention in the liver, but they may exhibit some de-
gree of cardio protection resulting in reduced serum levels of
TG, low-density lipoprotein (LDL) and total cholesterol [70].
The glucokinase regulator (GCKR) is another susceptibility
gene for NAFLD, which encodes liver-specific glucokinase
regulatory protein (GKRP) and is involved in both hepatic de
novo lipogenesis andNAFLDdevelopment [52, 71]. A recent
study shown that commonvariants of theGCKRgeneweakly
could be associated with CVD risk (Odds Ratio per risk allele:
1.02, 95% confidence interval (CI): 1.0–1.04). However, the
increased CVD risk might also be due to changes (increased
levels) in VLDL [72].

Recent findings have proposed dysbiosis as a contribut-
ing mechanism in NAFLD development and progression. In
fact, alteration in intestinal composition seems to increase in-
testinal tissue permeability, due to increased ethanol produc-
tion. Therefore, gut-derived pathogen-associated molecular

patterns (PAMPs), such as lipopolysaccharide, can reach the
liver through blood flow, stimulate proinflammatory path-
ways and drive to liver inflammation and fibrosis [73–76].
Moreover, gut microbiota increases the choline metabolism,
which results in an increase in triglycerides content in the
liver, due to the lack of VLDL secretion. In addition, it seems
that dysbiosis is also associated to endothelial lipoprotein li-
pase inhibition, due to the decreased secretion of fasting-
induced adipocyte factors and angiopoietin-like 4, with a con-
sequent lack of hydrolyzation in the liver of triglycerides from
VLDL particles, and increased gluconeogenesis and lipogen-
esis due to increased substrate [73].

Even though NAFLD is strongly associated with obesity,
a substantial proportion of lean subjects without increased
waist circumference can also develop NAFLD. Visceral obe-
sity as opposed to general obesity, genetic predisposition,
unhealthy dietary pattern consisting of high cholesterol and
fructose intake may be associated with “lean” NAFLD [77].

4. NAFLD and CV risk: a phatological link
Recently, numerous epidemiologic studies have docu-

mented that NAFLD is associated to increased CV morbid-
ity and mortality both in general population and in patients
with diabetes mellitus (DM), a population already burdened
by chronic vascular and extravascular complications [78–85].

Paik et al. [86] proved CVD as one of the major causes
of death among NAFLD patients. NAFLD and CVD share
several common cardiometabolic risk factors such as genet-
ics, systemic inflammation, endothelial dysfunction, hep-
atic insulin resistance, adipose tissue dysfunction, oxida-
tive stress and lipid metabolism [87, 88]. Moreover, evi-
dence shows that NAFLD is closely interrelated with sev-
eral metabolic conditions that expose subjects to an increased
risk of CV disease [89–92]. The association between NAFLD
and CV events is also underlined by recent European guide-
lines, which recommend CV screening in all subjects with
NAFLD [93]. Many markers of subclinical atherosclero-
sis, such as increased carotid intima-media thickness, re-
duced flow-mediated vasodilation, arterial stiffness and in-
creased coronary artery calcification, are reported in patients
with NAFLD [94]. In a cohort of 755 patients, Moon et al.
[95] reported a severe and independent association between
NAFLD and carotid artery inflammation, which may be the
expression of plaque vulnerability, as assessed by positron
emission tomography with 18 F-fluorodeoxyglucose. Pa-
tients with NAFLD develop hyperglycemia, hyperinsuline-
mia, hyperlipidemia, and vascular endothelial cell damage
due to insulin resistance, which can also cause smoothmuscle
cell (SMC) proliferation. Thus, insulin resistance counts for
the development of bothNAFLD and atherosclerosis [96]. In
a meta-analysis of almost 300,000 individuals, subjects with
NAFLD had a>2-fold increased risk of DM compared to the
controls (hazard ratio [HR]: 2.22; 95% CI: 1.84 to 2.60) with
more advanced fibrosis scores conferring higher risk (HR: 4.
27; 95% CI: 3.54 to 5.94) [97]. NAFLD represents an addi-
tional risk conferred to patients with DM, as the prevalence
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of CVD in patients with DM andNAFLD is higher compared
to the risk in patients with DM without NAFLD [98]. In
NAFLD, systemic inflammation is characterized by increased
levels of TNF-α, interleukin (IL)-6, monocyte chemotactic
protein-1, and C-reactive protein, which are associated to
endothelial dysfunction. They alter vascular tone and play
a crucial role in vascular plaque formation and liver injury
[99, 100]. Moreover, steatosis hepatocytes release extracellu-
lar vesicles, which stimulate endothelial inflammation [101].
The vesicles from hepatocytes with steatosis were character-
ized by altered micro-ribonucleic acid (miRNA) expression,
thereby leading to vascular inflammation via micro-RNA-1
(miR-1) release and activation of nuclear factor kappalight-
chain-enhancer of activated B cells (NF-κB). It is reasonable
that steatotic hepatocyte-derived extracellular vesicles induce
vascular inflammation and facilitate atherogenesis through
miR-1 delivery, NF-κB activation and reduced Krüppel-like
factor 4 [102]. In addition, increased levels of matrix metal-
loproteinases have also been found in NAFLD and could play
a critical role in the atheromasic process through unstable
atherosclerotic plaques [103]. Increased levels of asymmetric
dimethylarginine, an endogenous nitric oxide synthase an-
tagonist, are frequent in subjects with NAFLD [101]. Hyper-
homocysteinemia is typical of NAFLD: it is mainly due to
changes in methionine metabolism and is associated with in-
creased intrahepatic vascular resistance compromising nitric
oxide formation and causing oxidative stress, which increases
platelet activation [104]. NAFLD modifies serum lipid pro-
files, leading to abnormally elevated levels of TG, VLDL, and
LDL, as well as abnormally reduced levels of high-density
lipoprotein (HDL) [105]. Subjects with obesity and/or type
2 DM have hypersecretion of VLDL due to high plasma lev-
els of free fatty acids and high hepatic fat content [35]. El-
evated serum concentrations of VLDL and LDL have been
linked to hepatic lobular inflammation, regardless of steato-
sis [106]. Investigations of lipoprotein subclasses reveal that
subjects with NASH have significantly smaller LDL peak di-
ameter and particle size, higher LDL particle concentration,
higher low-density lipoprotein subfraction IVb (LDL-IVb)
levels, and reduced HDL2b levels [107]. Probably, this al-
tered composition of serum lipoproteins contributes to the
increased CVD risk. Adiponectin produced in the liver could
activate vascular endothelial nitric oxide synthase and grad-
ually reduce atherosclerotic lesions and its levels are reduced
in patients with NAFLD [108–110]. Instead, leptin, also pro-
duced by the liver, is closely related to insulin resistance and
is higher in subjects with NAFLD, related to the severity of
the disease [111]. Visfatin, an adipocytokine produced by
visceral adipose tissue activity, correlates to several risk fac-
tors for AS including endothelial dysfunction, inflammation,
vascular endothelial proliferation, and atherosclerotic plaque
formation. Visfatin probably contributes to the atheroscle-
rotic process in NAFLD, since its increase is related to the
stage of NAFLD and in foamy macrophages in AS plaques
[112]. The intestinal microbiota has been observed as a

risk factor contributing to NAFLD development [113]. Gut
microbiota-derived lipopolysaccharide levels are increased in
subjects with NAFLD and exhibit endotoxic effects. When
endotoxin plasma concentrations increase in the portal vein,
systemic endotoxemia andmild chronic inflammation are ob-
served [114]. Gut microorganisms could contribute to AS
through indirect pathways in patients with NAFLD [115].

All these pathophysiological mechanisms can result in re-
modeling of left ventricle, increased ventricular mass and di-
astolic dysfunction. In NAFLD, portal pressure is increased
as a result of changes in sinusoidal morphology, reduced si-
nusoidal flow, and increased intrahepatic resistance, mainly
to the presence of fibrosis in more advanced stages of dis-
ease [110]. NAFLD leads to an increase in body surface area,
which further increases left ventricular filling pressure, car-
diac output, and volume overload [116, 117]. Recently, the
connection between NAFLD and increased risk of arrhyth-
mias, mainly permanent atrial fibrillation (AF), has achieved
extensive scientific interest [90]. Mantovani et al. [7] found
that NAFLD doubles the risk of prevalent AF independently
of other AF risk factors. In addition, several studies also
shown that NAFLD is associated with an increased risk of in-
cident AF, especially among subjects with established T2DM.
Park et al. [118] observed that individuals with NAFLD and
advanced fibrosis had a greater risk of prevalent AF even af-
ter adjusting for multiple CVD risk factors. The presence
and severity of NAFLD is associated with a higher risk for
corrected QT (QTc) interval prolongation resulting in an in-
creased risk of both ventricular tachyarrhythmias and sudden
cardiac death [90]. In a hospital-based cohort of 751 elderly
patients with T2DM, NAFLD shows a three-fold greater
risk of cardiac conduction defects (right bundle branch block
and left anterior hemiblock, persistent first-degree atrioven-
tricular block), so it would result in a close association be-
tweenNAFLD and cardiac arrhythmias [119]. However, fur-
ther research is still needed to better explain the increased
risk of cardiac death observed in patients with NAFLD. Fur-
thermore, Mantovani et al. [120] observed that ultrasound-
detectedNAFLD is associatedwith an approximately 3.5-fold
higher risk of both aortic valve sclerosis and mitral annu-
lar calcification in a population of hospitalized T2DM sub-
jects with no history of known liver disease, heart failure,
moderate-to-severe heart valve disease.

Moreover, an association of excessive peri-organ adipose
tissue, namely intrahepatic, epicardial/pericardial, perivascu-
lar, intramuscular, peripancreatic and perirenal fat, with car-
diometabolic and CVD risk factors was observed [121].

NAFLD, especially in advanced stage of liver fibrosis and
severity of disease, increases the risk of coronary atheroscle-
rosis, cardiomyopathy and arrhythmias, which clinically re-
sult in increasedCVDmorbidity andmortality. Further stud-
ies are still needed to better establish whether NAFLD inde-
pendently contributes to the risk of developing adverse CVD
outcomes and other cardiac/arrhythmic events. Thesemech-
anisms are summarized in Fig. 1.
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Fig. 1. NAFLD and CV risk: a pathophysiological link. NAFLD, Non-alcoholic fatty liver disease; TNF-α, Tumor necrosis factor; IL-6, Interleukin; CRP,
C-reactive protein; TG, Triglycerides; VLDL, very-low-density lipoprotein; LDL, low-density-lipoprotein.

5. NAFLD treatment and impact on
cardiovascular outcomes

Non-diabetic patients with NAFLD show a reduction in
endothelium-mediated vasodilation of the brachial artery,
which correlateswith the extent of histologically documented
liver damage, irrespective of age, sex, body mass index, and
the presence of insulin resistance [122]. The implication of
this association is that the treatment of NAFLD can have CV
benefits and impact on CV outcomes. NAFLD is a common
condition, particularly in patients who often consult the car-
diologist, such as obese, diabetic and patients with metabolic
syndrome. The close association with classic risk factors but
especially the high prevalence of CV diseases in patients with
NAFLD, mean that this disease cannot be considered the ex-
clusive domain of the hepatologist. The possible clinical sce-
narios that may present to the cardiologist could be: (1) eval-
uation of a patient in primary prevention (based on available
evidence and because it can be considered a “modifiable fac-
tor, NAFLD should be researched for optimal and complete
cardiovascular risk estimation”); (2) patient with recent CV
event (in these subjects the suspicion of NAFLD is less likely
because, especially in the acute phase, it is possible to have
an increase in transaminases related to the recent coronary
event). Hence the need to treat the CV risk factors that cause
NAFLD and to treat NAFLD as a CV risk factor.

If this condition of several comorbidities is observed in
elderly patients, they become fragile subjects with different
phenotypes. Different frailty phenotypes are differentially as-
sociated with adverse events that can worsen the prognosis
[123, 124].

Currently, NAFLDhas no approved drug therapy, and the
objective of treatment is to prevent or reduce the liver injury.
In this scenario, the target is to reduce NAFLD related risk
factors and hypertriglyceridemia, diabetes, high cholesterol
levels and obesity [125].
5.1 Change in lifestyle

The first suggested steps are lifestyle and diet changes. It is
well known that a Mediterranean diet and balanced physical
activity are essential to prevent the progression of NAFLD
and incidence of CVD. Through a reduction of body weight,
BMI, systolic blood pressure, ALT/AST, fasting glucose, total
cholesterol and low-density lipoprotein cholesterol (LDL-C)
and fatty liver index and liver stiffness many authors observe
a risk reduction of cirrhosis and CVD [126–130].

The European Association for the Study of the Liver
(EASL), European Association for the Study of Diabetes
(EASD), European Association for the Study of Obesity
(EASO) andAmericanAssociation for the Study of LiverDis-
eases (AASLD) practice guidelines for the management of
NAFLD recommend that, in overweight/obese NAFLD pa-
tients, a 5–10% weight loss is the key goal of lifestyle inter-
ventions [17, 131]. Exercise has both direct effects on lipid
metabolism and glycemic control, with an increase in VLDL
clearance, promoting reduction of liver fat storage [132].

At the same time, these interventions have a direct and
indirect effect on CV outcome. In fact, whereas these in-
terventions and lifestyle modifications have shown benefit in
patients with NAFLD, reducing liver involvement and con-
sequently its CV effects by indirect impact, the direct role of

Volume 22, Number 3, 2021 759



lifestyle in the prevention of CV disease has been extensively
established [133].

5.2 Drugs

In addition to Mediterranean diet and lifestyle changes,
some drugs are being evaluated for the treatment of NAFLD,
and mainly those who act on CV risk factors [134].

5.2.1 Probiotics
Some authors affirm that intestinal permeability, in-

creased in a condition of hepatic disease, results in the re-
lease of bacterial products (e.g., endotoxins) in mesenteric
circulation, and these products could promote the progres-
sion of liver damage [135]. Randomized clinical trials showed
that by decreasing intestinal permeability and endotoxemia,
probiotics could be considered significant treatment options
[136, 137]. Compared to placebo they offered reduction of
fatty liver index, ALT/AST, total cholesterol, homeostatic
model assessment of insulin resistance (HOMA-IR), (ALT:
weighted mean difference (WMD) –23.71, 95% CI: –33.46–
13.95, P < 0.00001; AST: WMD –19.77, 95% CI: –32.55–
7.00, P = 0.002; total cholesterol: WMD –0.28, 95% CI: –
0.55–0.01, P = 0.04; HOMA-IR:WMD–0.46, 95%CI: –0.73–
0.19, P = 0.0008) [138–140]. However, larger studies are
needed to better clarify these effects and to evaluate efficacy
on CV outcomes.

5.2.2 Vitamin E
Vitamin E is a well-known anti-oxidant agent and has

been proposed in this setting, although there is a lack of clin-
ical evidence. In the PIVENS trial, after 96 weeks of treat-
ment, Vitamin E reduces AST/ALT levels, hepatic steatosis
and lobular inflammation (P = 0.001, P = 0.005 and P = 0.02
respectively) [141]. Also, in this case, no effect was demon-
strated on liver stiffness or on CV risk factors.

5.2.3 Omega-3 fatty acid
Omega-3 fatty acid, by reducing lipogenesis, seems to de-

termine a triglyceride serum and hepatic fat content reduc-
tion and consequently a less production of VLDL. Therefore,
this drug has been proposed as a theoretically effective drug
to reduceCV risk in patientswithNAFLD, diabetes or hyper-
triglyceridemia. Results from REDUCE-IT trial have shown
a beneficial effect of icosapent ethyl 4 g/d in addition to statin
vs placebo, both on the primary composite end point (major
adverse cardiovascular events) (hazard ratio [HR], 0.69 [95%
CI, 0.59–0.80]; P = 0.000001), and on secondary CV end-
points. However, similar effects were not achieved in two re-
cent trials, STRENGTH (NCT02104817) and EFFECT I trial
(NCT02354976), respectively on the achievement of CV out-
come risk reduction and on the reduction of liver fat storage
compared to the control group [142–144]. Gastrointestinal
effects, such as abdominal pain and flatulence, were the main
reported adverse events, connected to omega-3 fatty acid as-
sumption [142].

5.2.4 Statins

Statins, due to the inhibition of 3-hydroxy-3methyl-
glutaryl-coenzyme A reductase (HMG-CoA reductase), de-
termines an LDL cholesterol levels reduction, thus leading
to a reduction of CV risk [145]. Also for what concerns the
use of statins, it seems that these drugs have a beneficial ef-
fect on the progression of NAFLD and on the reduction of
the related CV risk, despite their potential effect on CK and
AST/ALT elevation [146]. However, the use of different
endpoints in the different studies does not allow to confirm
the efficacy of these drugs on the evolution of NAFLD. Statin
and ezetimibe are well known as safe and in a population of
subjects not at high CV risk, AST/ALT and LDL cholesterol
were significantly reduced at the end of the follow-up [145].
In a recent work conducted on a similar population, a mul-
tidrug approach with atorvastatin and Vitamin E and C, al-
lowed a risk reduction of disease progression after a follow
up of 3.6 years [147]. Some authors have shown the same ef-
fects also in populations with NAFLD and diabetes and hy-
pertension [148, 149]. A sub analysis of the Greek Ator-
vastatin and Coronary Heart Disease Evaluation (GREACE)
study evaluated 437 patients with NAFLD (227 of whom
were treatedwith a statin and 210were not). The authors ob-
served that NAFLD patients who received statins had lower
incidence of CV morbidity, without significant liver-related
adverse events [150]. Several studies showed that statin use
in individuals with NAFLD, is associated with a consider-
able improvement of steatosis, inflammation, and liver fibro-
sis [151, 152]. An observational study of 11,593,409 Korean
subjects, showed that the statins were associated with a re-
duced risk of NAFLD (adjusted odds ratio (OR): 0.66, 95%CI:
0.65–0.67), aswell aswith a reduced risk of significant liver fi-
brosis [152]. Interestingly, in a recent systematic review and
metanalysis itwas described that in the interventional studies,
ALT, AST and gamma-glutamyltransferase (GGT) were re-
duced after statin treatment on average between 25 and 35%,
while observational studies showed an effect null, suggesting
the hepatic safety of statins in patients with NAFLD [153].
Moreover, genetics may play a role in the pathogenesis of
NAFLD/NASH and its treatment with statins [154].

5.2.5 Ezetimibe

Ezetimibe, a lipid-lowering agent acting by blocking the
mediator of cholesterol absorption in the intestine - namely,
the Niemann-Pick C1-Like 1 (NPC1L1) protein, showed a
beneficial effect on NAFLD. In fact, in a meta-analysis that
considered 273 NAFLD patients with and without T2DM, it
showed to significantly reduce serum liver biomarkers and
hepatic steatosis [155]. It is well-known that the combina-
tion of statin and ezetimibe and their effect on LDL-C values
is crucial to reduce CV risk. The use of statins, ezetimibe, or
their combination strategy is a mainstay in the therapy of pa-
tients at CV risk, and their use should be even more strongly
recommended in NAFLD patients in light of the liver effects
[133]. Moreover, a post-hoc analysis on 14,819 patients en-
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rolled in the IMPROVE-IT study showed that NFS identi-
fies patients at highest risk of recurrent CV events and most
likely to benefit from dual lipid-lowering therapy (ezetim-
ibe/simvastatin) [156]. Finally, Ezetimibe is generally well
tolerated and also the addition with statins does not increase
the risk of side effects [133].

5.2.6 PCSK9 inhibitors

Inhibitors of proprotein convertase subtilisin/kexin type
9 (PCSK9-i), a new class of lipid lowering treatment, pro-
mote the activity of LDL receptors, by inhibiting their degra-
dation. Data on PCSK9-i are poor, however, a recent ob-
servational study conducted on patients with familial hyper-
cholesterolemia has shown as also these drugs, through their
mechanism, particularly in a subgroup with low TG/HDL
levels, could determine a reduction of steatosis biomarkers,
triglyceride-glucose index (TyG) and hepatic steatosis index
(HSI) [157]. Some authors have suggested how these drugs
could be an optimal solution to prevent NAFLD and reduce
CV risk, however new trials are needed to better define this
hypothesis [158].

5.2.7 Anti-hyperglycemic drug

In diabetic patients with NAFLD, insulin-sensitizing drug
therapy is still the preferred choice, and many patients with
T2DM are already treated with these drugs. Both metformin
and thiazolidinediones have been shown to be useful not
only in reducing steatosis, but also in reducing inflammation
and fibrosis during treatment [159–162]. Nevertheless, de-
spite beneficial effects of metformin on liver enzymes and
HbA1c levels, a recent metanalysis of randomized controlled
trials that involving studies with patients with biopsy-proven
NAFLD, showed a small beneficial effect on liver steato-
sis or inflammation and no effects on the NASH resolution
and liver fibrosis [163]. It should be considered that met-
formin, which has numerous protective extra metabolic ef-
fects, can reduce the risk for CV events and death in T2DM
patients who are overweight or obese, but the EASL-EASO-
EASD andAASLDpractice guidelines for themanagement of
NAFLD, to date, do not support the use of metformin for the
treatment of NAFLD [17, 131, 164–166]. On the other hand,
the same guidelines recommend the use of pioglitazone in pa-
tients withNASH, in fact, pioglitazone has shown to improve
advanced fibrosis inNASHpatients, regardless of T2DM, and
in absence of significant side effects [17, 163, 167]. However,
mechanisms related to this beneficial effect on the liver are
still unknown.

Recently, new antidiabetic drugs have demonstrated a
great efficacy on CV outcomes [168, 169]. Moreover, some
trials have evaluated if these treatments could have a bene-
ficial effect also on NAFLD progression. In a recent study,
both liraglutide and sitagliptin separately, in a population
of subjects with diabetes and NAFLD, have shown efficacy
on the reduction of intrahepatic lipid and visceral adipose
tissue, evaluated through MRI after 24 weeks of treatment

(15.4% ± 5.6% to 12.5% ± 6.4%, P < 0.001 for liraglutide
and 15.5% ± 5.6% to 11.7% ± 5.0%, P = 0.001; 153.4 ± 31.5
to 139.8 ± 27.3, P = 0.027 for sitagliptin) [170]. Glucagon-
like peptide-1 receptor agonists (GLP-1 RA) and Dipeptidyl
Peptidase 4 inhibitors (DPP4i) seem to determine an increase
of adiponectin levels, a reduction of IL-6 levels, and a mod-
ulation of CD36 pathway, thus resulting in a reduction of
liver fat content [170, 171]. Results on the efficacy of DPP4
inhibitors are controversial. As elsewhere demonstrated, it
seems that sitagliptin has no positive effect on NAFLD pro-
gression compared to placebo [172]. However, as suggested
by the authors, the small sample size could explain these not
significant results and thus is challenging to generalize these
results [173]. Other studies have confirmed the protective
role of liraglutide, on CV system and on liver damage, al-
though it has not demonstrated a significant reduction in vis-
ceral adipose tissue [174–176]. Semaglutide, in patients with
NASH have demonstrated a resolution of the liver impair-
ment, even if with no significant fibrosis eradication, as pre-
viously emerged from the LEAN trial (P< 0.001 for semaglu-
tide 0.4 mg vs. placebo) [177]. As discussed by the authors,
these differences could be due to the short period of follow
up [178]. These drugs are generally well tolerated, and mild-
moderate gastrointestinal effects are recognized as the main
reported adverse events [170].

Effects of SGLT2 inhibitors on NAFLD and type 2 di-
abetes mellitus have been evaluated in some few studies.
The sodium-glucose co-transporter 2 inhibitors (SGLT2i)
through an inhibition of SGLT2 receptors, induce urinary
glucose excretion and consequently a reduction of serum glu-
cose levels and an increase of insulin sensitivity. The docu-
mented adverse events are generally few and mainly related
to urinary tract infections, related to the mechanism of ac-
tion. Some animal models suggest that these effects could de-
termine a reduction of liver lipogenesis and a down regula-
tion of transcription factors that play a key role in fatty acid
synthesis [179]. Dapagliflozin has shown efficacy on the re-
duction of liver damage indexes and on the liver disease pro-
gression, but also a reduction of visceral fat as compared to
the control group (decrease in CAP from 314± 61 to 290±
73 dB/m (P = 0.0424)) [180, 181]. Similar results have been
obtained by empagliflozin in other two trials, in which, at the
end of the follow up, in the experimental group there is a sig-
nificant reduction of liver fat evaluated by MRI (–22% (–36,
–7; P = 0.009) and 16.2% to 11.3%; P < 0.0001). Authors sug-
gest that empagliflozin could be useful in an early phase of
disease to prevent the progression of liver steatosis in sub-
jects with DM [182, 183]. Similar results have been observed
also for canagliflozin, by measuring liver fat by MRI [184].

5.2.8 Specific NAFLD drugs

Several specific NAFLD drugs are in development and
others are being studied in phase 3 trials [185]. Obeticholic
acid (OCA), which is an analogue of chenodeoxycholic acid,
is a synthetic ligand agonist of the farnesoidX receptor (FXR)
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[186]. This class of agent showed to improve insulin re-
sistance, modulate glucose and lipid metabolism, and have
direct anti-inflammatory effects in animal NASH models.
While showing efficacy on hepatic outcome, this drug ap-
pears to increase LDL-C levels, exposing patients to increased
CV risk [186, 187]. On the other hand, tight glycemic con-
trol improves the CV outcome even in non-diabetic subjects
[188, 189]. Moreover, it has recently been documented that
a reduction of multiple risk factors significantly improves the
risk of fatal and non-fatal major adverse CV events [190].

IONIS-DGAT2Rx is a 20-O-methoxyethyl chimeric an-
tisense oligonucleotide inhibitor that mediates degrada-
tion of Diacylglycerol-O acyltransferase 2 (DGAT2) mRNA.
DGAT2 is one of two enzyme isoforms involved in the final
step of triglyceride synthesis. It has been shown to be effec-
tive in improving liver parameters, but its CV safety needs to
be better elucidated, as someCVevents (i.e., cardiac arrest, is-
chemic cerebral infarction, deep-vein thrombosis) have been
reported [191].

NAFLD should become part of the cardiologist’s back-
ground because of its high prevalence, close association with
the main CV risk factors and relationship with coronary dis-
ease that seem to indicate an autonomous role of NAFLD on
the atherosclerosis progression.

In recent years some evidence from clinical trials have
shown that bariatric surgery, although not considered the
gold standard of treatment, could determine a beneficial ef-
fect in patientswithNAFLD and liver fibrosis. Notably, it has
been shown that patients observed before and after surgery,
present a reduction of both steatosis and liver fibrosis, eval-
uated through liver biopsy. Moreover, in these patients it
has been reported an improvement of biochemical parame-
ters (e.g., AST/ALT) [192]. Some authors suggest that the
beneficial effect could also improve the CV profile, however
there is still no clear evidence on this point and future studies
are required to better define this association [193, 194].

6. Conclusions
The recent literature has extensively documented patients

with NAFLD are exposed to an increased risk of progression
of liver disease, and a higher risk of extrahepatic complica-
tions, particularly CV disease. This risk seems to be condi-
tioned by several factors among which the most relevant is
the ability of NAFLD to interfere with cardiometabolic risk
factors.

New drugs, evaluated in phase 3 trials for the treatment
of NAFLD, can also impact metabolic risk factors such as
glycemic control and lipid profile. Therefore, the possible
protective effect of these drugs will be evaluated not only on
liver damage but also on CV risk.

In conclusion, NAFLD seems to be the epiphenomenon of
a systemic disease that can also affect the CV system, requir-
ing amultidisciplinary diagnostic and therapeutic assessment.
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